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Different parameters influence the production of rice. For the study, the effects of longitude, latitude, 
Rain (Jan-Dec), Rain (Nov-May), Rain (June-Oct), Temperature (Jan-Dec), Temperature(Nov-May), and 
Temperature(June-Oct) on production of rice was studied.“Pipeline Pilot module of Biovia software” 
(Dassault Systems of France) was used for analysis. The software provides different built-in components 
to develop a “machine learning model” and use the model for prediction. 
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INTRODUCTION 
 
Machine Learning 
The study of computer algorithms that improve automatically through experiment is called Machine Learning (ML). 
To develop data analysis that automates analytical model building the machine learning method is used. The 
“machine learning” is a branch of “artificial intelligence” based on the idea that systems can learn from the data, 
recognize patterns and make decisions with minimal human intervention. The machine learning today is not like 
machine learning of past because of new computing technologies. It was born out of pattern recognition and the 
theory that computers can learn to do certain works without being programmed; researchers interested in artificial 
intelligence want to see if computers can learn from the data. The iterative aspect of machine learning is important, 
because they can adapt independently as models are exposed to new data. 

 
While many "machine learning algorithms" have been around for a long time, a recent breakthrough is the ability to 
automatically apply complex mathematical computations to big data-over and over, faster and faster. Here are a 
number of highly known examples of machine learning applications that we should know about: 
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  “The heavily hyped, self-driving Google car”? 
(The essence of machine learning) 

 “Online recommendation offers such as those from Amazon, Netflix etc”.? 
(The application of machine learning in everyday life) 

 “The detection of Fraud”? 
(One of the more important uses in our world) 

 “Get the idea that what customers are saying about us on Twitter”? 
(Combination of machine learning with linguistic rule creation) 
 

As we know that "artificial intelligence" (AI) is a broad science of imitating human abilities, "machine learning" is a 
specific branch of AI that trains a computer to learn. The resurgent interest in "machine learning" stems from the 
same reasons that made "data mining" and "Bayesian analysis" more common than ever before. Many financial 
industry and banks companies use "machine learning technology" for two main purposes: finding valuable data 
trends and preventing fraud. The insights can identify opportunities to invest, or help investors know when to trade. 
"Data mining" may also identify high-risk clients or use cyber surveillance to detect fraud warning signs. Moreover 
the “machine learning and artificial intelligence” is useful in Health care, Oil and Gas, Transportation and many 
other Government sector. 

 
Rice Production 
The production of rice in India is an important part of national economy. The most prominent crop of India is rice so 
rice is the main food of most of the people in India. This crop is the back bone of the millions of people in India, and 
plays a vital role in the country’s food security, so “rice is life” is the most prominent word in Indian context. So to 
get maximum production in rice many models and techniques are developed by using Machine Learning (ML) and 
Artificial Intelligence (AI).Machine learning in agriculture used to improve the productivity and quality of the crops 
in the agricultural field. The seed retailers use this technique to churn the data to create bettor crops, whereas the 
pest control industries are using them to identify the various bacteria’s, bugs and vermins. Mainly agriculture uses 
AI technology to aid to find disease in crops, pests and poor plant nutrition on farms. Rice is a significant harvest 
used as a staple food across the world and especially in Asia. The production to develop rice is exceptionally human 
work escalated. A significant part of the troublesome work of rice creation can be mechanized with cleaver and 
automated stages. 

 

REVIEW OF LITERATURE 
 

Rice as a Crop 
Rice, (Oryza sativa), edible starchy cereal grain, and the grass plant (Poaceae family) from which it is made. 
Approximately half of the world's population, including virtually all of East and Southeast Asia, relies heavily on 
rice as a staple food; 95 % of the world's rice crop is eaten by humans [1]. Rice is the most important human food 
crop in the world, directly feeding more people than any other crop. In 2012, nearly half of world’s population – 
more than 3 billion people – relied on rice every day. It is also the staple food across Asia where around half of the 
world’s poorest people live and is becoming increasingly important in Africa and Latin America [2]. “Rice is 
produced in a wide range of locations and under a variety of climatic conditions, from the wettest areas in the world 
to the driest deserts. It is produced along Myanmar’s Arakan Coast, where the growing season records an average of 
more than 5,100 mm of rainfall, and at Al Hasa Oasis in Saudi Arabia, where annual rainfall is less than 100 mm. 
Temperatures, too, vary greatly. In the Upper Sind in Pakistan, the rice season averages 33 °C; in Otaru, Japan, the 
mean temperature for the growing season is 17 °C. The crop is produced at sea level on coastal plains and in delta 
regions throughout Asia, and to a height of 2,600 m on the slopes of Nepal’s mountains” [3]. 
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Productivity 
“Global rice production more than tripled between 1961 and 2010, with a compound growth rate of 2.24% per year 
(2.21% in rice-producing Asia). This increase was slightly greater than that for wheat (2.02% per year), but 
substantially less than that for maize, which grew at 2.71% per year. Most of the increase in rice production was due 
to higher yields, which increased at an annual average rate of 1.74%, compared with an annual average growth rate 
of 0.49% for area harvested. In absolute terms, paddy yields increased at an annual average rate of 51.1 kg/ha per 
year, although this rate of increase has declined in both percentage and absolute terms” [4]. 
Half of the global human population is dependent on rice as a staple food crop and more than 25% increase in rice 
productivity is required to feed the global population by 2030. 
 

Recent work done 

There are plenty of research articles available in the field of rice production and the allied area of rice production. In 
the present section of this paper our objective is to provide an insight in the field of IT integration in agriculture 
(especially in rice production). Here are some important eye opener (few selected) recent articles which comprises of 
Machin Learning techniques (such as NN, ANN, PSO etc). Chen and Mcnairn [5] studied “A neural network 
integrated approach for rice crop monitoring”. They have used neural network to predict the rice yield. Asada and 
Matsumoto [6] investigated “Effects of rainfall variation on rice production in the Ganges-Brahmaputra Basin”. They 
have concentrated their study about the rice production in Ganges-Brahmaputra basin area. Gandhi et al [7] carried 
out a research study on "Rice crop yield prediction using artificial neural networks”. They have used Support Vector 
Machine approach for the prediction. Liu et al [8] studied “Geographical Variation of Climate Change Impact on Rice 
Yield in the Rice-Cropping Areas of Northeast China during 1980–2008”. Lu et al [9] have done a research study on 
“Identification of rice diseases using deep convolutional neural networks”. Maeda et al [10], studied “Yield 
Prediction of Paddy Rice with Machine Learning”,  Recently Zhang et al [11] investigated “Mapping Rice Paddy 
Based on Machine Learning with Sentinel-2 Multi-Temporal Data: Model Comparison and Transferability”. Coming 
forward in the similar direction, many researchers [12-21], concentrated their studies to get some insights into the 
production of rice using different methods into consideration.  
 
Objectives 
To determine the effect of parameters on production of Rice using machine learning. In this study we can determine 
the suitable condition where the rice grows in a manner that we can get maximum profit. 

 

MATERIALS AND METHODS 
 

Software used 

“Pipeline Pilot module of Biovia software” (DassaultSystems of France) is used for analysis. The software provides 
different built-in components to develop a “machine learning model” and use the model for prediction. 

 
Methodology 

Collection of data 
Data was collected from website. Longitude, latitude, Temperature (Jan-Dec), Temperature (Nov-May), Temperature 
(June-Oct), Rain (Jan-Oct), Rain (Nov-May), Rain (June-Oct) were taken as input while production of rice was used as 
output parameter. 
 

Development of deep learning neural network model 
The dataset was read using "Delimited Text Reader" component of “pipeline pilot”. The component was connected to 
the "Learn R Deep Neural Net Model” component. The output of the model was displayed using "HTML Table 
Viewer" component. The parameters for the "Learn R Deep Neural Net Model” component were set as shown in 
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Figure 1. The setting for which the experimental output parameter and the predicted parameter were close to a 45⁰ 
line were considered for the final model. 
 

Study of effect of different input parameters on rice production 
Text files were prepared where one parameter was varied within the range of data analyzed. All other parameters 
were kept constant at an average value. 

 

RESULTS AND DISCUSSION 
 
Rice production varies due to different reasons. However, the relationships are difficult to predict. Thus, this study 
focuses on the effect of various input parameters on the rice production. 
 

Prediction ability of the model 

Figure 2a shows the model developed. Figure 2b shows that the prediction ability of the model was good and the 
predictions were close to the experimental values. 
 

Prediction by the model 
Figure 3 shows that the rice production in the particular area is gradually increasing after the longitude crossed 80oE, 
while the production of rice is minimum in between longitude 0oE to 80oE. The results showed that high value of 
longitude favored rice production. Figure 4 shows that the production of rice is gradually decreasing if the latitude 
exceeds 15o N while the production is increasing if the latitude is in between 0oN to 15o N. The analysis shows that 
rice production is high at around 15oN. Figure 5 indicates that the production of rice in gradually increasing when 
the rain amount in the month June-October exceeds 250mm. The production of crop is minimum when the rain is in 
between around 250mm. The production of rice is very high if the rainfall during June-October is high (around 600 
mm). 
 
Figure 6 shows that the rice production is gradually decreasing in the month November-May when the rain amount 
exceeds 40mm .And the rice production is in the pick if the rain amount is between 0 mm to 40mm. Figure 7 
represents that the production of rice is directly proportional to the temperature in the month January-December. But 
after the temperature 250C  it starts slow decrease. So the maximum productivity of rice in Jan-Dec is in 25oC. Figure 
8 shows that the production of rice is gradually increasing when the temperature is increasing in November-May 
and after the temperature exceeds 23oC the production rate is constant. Figure 9 indicates that the production of rice 
is inversely proportional to the temperature in June-October i.e. the rice production is gradually decreasing when the 
temperature is increasing in June-October. Figure 10 shows that the production of rice is gradually decreasing if the 
rain is increasing in between January-December. The production of rice is maximum when the amount of the rain is 
minimum in January-December. So the figure shows that the productivity of rice is maximum when the amount of 
rain is 50mm in between Jan-Dec. 
 

CONCLUSIONS 

 
The effects of different parameters on rice production have been studied using Pipeline pilot. The results shown that 
rice production is high at high values of longitude (above 80o E), latitude (at 150 N), 600mm rain in June-Oct, 40mm 
rainin Nov-May, 50mm rain in Jan-Dec, 10oC temperature in June-Oct, 23oC temperature in Nov-May and  23oC 
temperature in Jan-Dec. 
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Figure 1. Parameters for the "Learn R Deep Neural Net 

Model" component 

 
Figure 2(a) Machine learning model 

 
Figure 2 (b) Prediction capability of the model 

 
Figure 3: Effect of longitude in the production of Rice 

 
Figure 4: Effect of Latitude in the production of Rice 

 

 
Figure 5: Effect of Rain in Jun-Oct in the production of 

Rice 

 
Figure 6: Effect of Rain in Nov-May in the production 

of Rice 

 
Figure 7: Effect of temperature in Jan-Dec in the 

production of Rice 
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Figure 8: Effect of temp in Nov-May in the production 

of Rice 

 
Figure 9: Effect of temp in June-Oct in the production 

of rice 

 
Figure 10: Effect of rain in Jan-Dec in the production of Rice 
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 Different parameters influence the production of sugarcane. For the study, the effects of longitude, 
latitude, Rain (Jan-Dec), Rain (Nov-May), Rain (June-Oct), Temperature (Jan-Dec), Temperature (Nov-
May), and Temperature (June-Oct) on production of sugarcane was studied. Pipeline Pilot module of 
Biovia software (Dassault Systemes of France) was used for analysis. The software provides different 
built-in components to develop a machine learning model and use the model for prediction. 
 
Keywords:Neural Network, Sugarcane, Latitude, Longitude, Rain, Temperature. 

 

INTRODUCTION 
 
Sugarcane as a Crop 

“Sugarcane is one of the main perennial crop grown in tropical areas of various countries like India, Brazil, Thailand, 
China, Pakistan, Mexico etc. FAO suggested that more than 90 countries are cultivating sugarcane within the area of 
26 million hector where the global harvest is 1.83 billion tons (FAO [1]). India is the second largest producer of 
sugarcane crop and produces about 20% of the world’s sugarcane. It is one of the staple foods that are used in 
different countries. It is the raw material of mostly used food and other materials like bread, beverage & single cell 
protein (Pezhman et al. [2])”. In view of worldwide environment, sugarcane is a significant resource of alcohol to 
convert into biofuels for motor vehicle and electricity generation. Simplified models for the prediction of growth of 
crop are capable of effective implementation of estimation of models for land use susceptibility (Adam et al. [3]). 
Such systems consider uptake of water through roots, succeeding loss through transpiration & their impact on 
growth. Several factors like daily growth (G), daily irrigation water (I), electric soil conductivity (EC), temperature 
(T), daily evaporation (E), wind speed (W), daily sun shine hours (S), humidity (H) are considered in different 
studies. 
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Machine Learning 
BIOVIA Machine Learning provides a comprehensive range of capabilities for learning and data processing, 
statistical filters and clustering modules designed for massive data sets in the real world. 

 
BIOVIA Machine Learning Features 
Main features of BIOVIA Machine Learning are listed below: 
i. Quickly combine data  

ii. Use Bayesian statistics to employ categorical learning 
iii. Conduct key component analysis ( PCA)  
iv. Apply regression-Linear, partial least squares (PLS) and neighbor k-nearest (kNN)  
v. Using Recursive Partitioning methods to construct models of single tree or forest. The methods may be used to 

create models for single or multiple responses. 
vi. Analyze vector value to classify the descriptors which are most selective  

vii. Deploy Domain Applicability Model (MAD) methods and allow cross-validation to assess the quality of 
predictions  

viii. Instead of a single "best" model, return multiple models by creating a number of trial models. Combine several 
models into one built model 

ix. Employ Genetic Function Approximation (GFA) methods to perform variable selection and build multiple 
models, which may be combined into a consensus or ensemble model 

x. Employ Pareto Optimization for multi-objective optimization problems 
xi. Generate interactive reports with ROC plots, enrichment plots and other visualization techniques for evaluating 

model quality and understanding the relationships between descriptors and responses. 
xii. Integrate with other statistic platforms like R, JMP and SAS. 

 
Sugarcane production 
The annual growing season covers the year of entry and is related to crops with yearlong growth cycle, such as 
sugarcane. Sugarcane is an important land-based cash or income crop. 

 

REVIEW OF LITERATURE 
 
Many researchers have done their research work in the area of the production of sugarcane. Few of them are listed 
below: Bahraniet al. [4] studied“Sugarcane responses to irrigation andnitrogen in subtropical Iran”.Barzegar et al[5] 
carried out a research study on“Effectiveness of sugarcane residue incorporation at different water contentsand the 
proctor compaction loads in reducing soilcompactibility”.Dashtegol et al [6] investigated“Effects of every-other 
furrow irrigation on water use efficiency and sugarcane characteristics in southern Ahvaz sugarcane fields”.Hamdi 
et al [7] have done an study on“Advances in TAE Sugarcane Breeding Program in Iran”.Karimi et al [8] studied 
“Energy analysis of sugarcane production in plant farms a case study in DebelKhazai agro-industry in Iran”. 

 
Objectives 
Objective of the present study is to determine the effect of various parameters on production of sugarcane using 
machine learning. In this study we can determine the suitable condition where the sugarcane grows in a manner that 
we can get maximum profit. 

 

MATERIALS AND METHODS 
Software used 

“Pipeline Pilot module of Biovia software” (Dassault Systems of France) is used for analysis. The software provides 
different built-in components to develop a “machine learning model” and use the model for prediction. 
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Methodology 

Collection of data 
Data was collected from website. Longitude, Latitude, Temperature (Jan-Dec), Temperature (Nov-May), 
Temperature (June-Oct), Rain (Jan-Oct), Rain (Nov-May), Rain (June-Oct) were taken as input while production of 
sugarcane was used as output parameter. 
 

Development of deep learning neural network model 
The dataset was read using "Delimited Text Reader" component of pipeline pilot. The component was connected to 
the "Learn R Deep Neural Net Model” component. The output of the model was displayed using "HTML Table 
Viewer" component. The parameters for the "Learn R Deep Neural Net Model” component were set as shown in 
Figure 1. The setting for which the experimental output parameter and the predicted parameter were close to a 45⁰ 
line were considered for the final model. 
 
Study of effect of different input parameters on Sugarcane production 
Text files were prepared where one parameter was varied within the range of data analysed. All other parameters 
were kept constant at an average value. 

 

RESULTS AND DISCUSSION 
 
Sugarcane production varies due to different reasons. However, the relationships are difficult to predict. Thus, this 
study focuses on the effect of various input parameters on the sugarcane production. 

 
Prediction ability of the model 
Figure 2a shows the model developed.Figure 2b shows that the prediction ability of the model was good and the 
predictions were close to the experimental values. 
 

Prediction by the model 

Figure 3 shows that the sugarcane production in the particular area is gradually increasing from 0°E to 85°E then it is 
decreasing after longitude crossed 85°E to 90°E. Then it is increasing after longitude crossed 90°E. Figure 4 shows 
that the production of sugarcanein the particulararea is gradually decreasing from 0°N to 30°N. Figure 5 indicates 
that the production of sugarcane is increases highly when the rainfall is in between 125 mm to 300 mm during the 
month June-October. The production of sugarcane is very high if the rainfall during June-October is high (around 
600 mm). Figure 6 shows that the production of sugarcane in the particular area is gradually increasing, during the 
month Nov-May, when the rainfall increases from 0 mm to 110 mm. It is highest when the rainfall is around 120 mm. 
Figure 7 represents that the production of sugarcane in the particular area is gradually decreasing, during the month 
Jan-Dec, when temperature varies from 0°c to 25°c. Figure 8 shows that the production of sugarcane in the particular 
area is gradually decreasing when the temperature increases from 0°c to 30°c (during Nov-May). Figure 9 indicates 
that the production of sugarcane in the particular area is constantly increasing when the temperature increases from 
0°c to 30°c (during June-Oct). Figure 10 shows that the production of sugarcane in particular area is gradually 
decreasing when the rainfall varies from 0 mm to 165 mm (during Jan-Dec) then it increases after crossed over 
around 160 mm. 
 

CONCLUSIONS 

The effects of different parameters on wheat production have been studied using Pipeline pilot. The results shows 
that wheat production is high at low values of longitude, latitude between 20°N to 25°N and low rainfall(100mm or 
less) , low temperature areas. 
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Figure 1.Parameters for the "Learn R Deep Neural Net 

Model" component 

 
 
 
 

 
Figure 2 (a) Machine learning model  
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Figure 2 (b) Prediction capability of the model 

 

 
Figure 3: Effect of longitude 

 
Figure 4: Effect of Latitude 

 
Figure 5: Effect of Rain in Jun-Oct 

 
Figure 6: Effect of Rain in Nov-May 

 
Figure 7: Effect of temperature in Jan-Dec 

 
Figure 8: Effect of temp in Nov-May 

 
Figure 9: Effect of temp in June-Oct 

 
Figure 10: Effect of rain in Jan-Dec 
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 Different parameters influence the production of wheat. For the study, the effects of longitude, latitude, 
Rain and temperature for different seasons on production of wheat was studied. “Pipeline Pilot” module 
of “Biovia software” (Dassault Systemes of France) was used for analysis. The software provides 
different built-in components to develop a machine learning model and use the model for prediction. 

Keywords: Neural network, Wheat, Latitude, Longitude, Rain, Temperature 

 

INTRODUCTION 
 
Machine Learning 
“Machine learning” is an application of “Artificial Intelligence” (AI) that provides systems the ability to 
automatically learn and improve from experience without being explicitly programmed. “Machine Learning” 
focuses on the development of computer programs that can access data and use it learn for themselves. “BIOVIA 
Pipeline Pilot Analytics” and “Machine Learning” offers a comprehensive set of learning and data modelling 
capabilities, statistical filters and clustering components optimized for large real-world data sets. It gives everything 
from data cleaning and exploration, to model building, validation, deployment, optimization, and design of future 
experiments all in a single platform. 
 

Machine learning in agriculture 
“Machine learning” is a trending technology nowadays and it can be used in modern agriculture industry. The use of 
machine learning in agriculture helps to create more healthy seeds. By machine learning agriculture become smarter 
the applications like 

i. Yield prediction and quality assessment 
ii. Species identification  

iii. Crop disease and weed detection  
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iv. Diary and egg production  
v. Water and soil management etc 

 
Combined with Sensing and Imaging technology “Machine Learning” will be a great boon for agriculture. Via 
sensors se can sense moisture, humidity, etc. Imaging can give real images of land. Then “machine learning” can 
assess the conditions for sowing, provide insights on right crop timing, etc. to overall improve productivity. Same 
way machine learning on land images can help in predicting agriculture related yields / crops etc. 
In short machine learning in agriculture is used for smart farming for sustainable agriculture. 

 
Wheat production 

“Wheat is the main cereal crop in India. The production of wheat in the country has increased significantly from 
75.81 million MT in 2006-07 to an all-time record high of 94.88 million MT in 2011-12. Wheat is the major staple food 
crop, providing almost half of all calories in the region of North Africa and West and Central Asia. Being next to rice, 
wheat constitutes one of the key sources of protein in least developed countries and middle-income nations and in 
terms of calories and dietary intake”. 

 

REVIEW OF LITERATURE 
 
“Wheat plays a vital role in the food production as it fulfils 60% requirements of calories and proteins to the 35% of 
the world population. Owing to wheat importance in food, wheat demand is increasing continuously. Wheat yield is 
committed to the availability of water supply. Due to climatic and environment variations of different countries, 
water supply is not available in constant and desire quantity that is necessary for better wheat yield. So, there is a 
strong relationship and dependency that exists between water supply and wheat yield. Therefore, water supply is 
becoming an issue because it directly affects wheat yield”. In this research, a model is proposed using “Machine 
Learning” technique to measure the effect of rain, temperature, latitude, longitude on wheat production. Many 
researchers have done their research work in the area of ML in agriculture. Few of them are listed below: 

 
Cannell et al [1] studied “Effects of waterlogging at different stages of development on the growth and yield of 
winter wheat”. Fortin et al [2] carried out a research study on “A neural network experiment on the site-specific 
simulation of potato tuber growth in Eastern Canada”. Ayoubi and Sahrawat [3] have done a study on “Comparing 
multivariate regression and artificial neural network to predict barley production from soil characteristics in 
northern Iran”. Pantazi et al [4] investigated “Wheat yield prediction using machine learning and advanced Sensing 
techniques”. Chlingaryan et al [5] done a review on “Machine learning approaches for crop yield prediction and 
nitrogen status estimation in precision agriculture: A review”.Priyanka et al [6] investigated “Agricultural Crop 
Yield Prediction Using Artificial Intelligence and Satellite Imagery”. Recently, Kusum Lata, and Bhushan Chaudhari 
[7], done a research study on “Crop Yield Prediction Using Data Mining Techniques and Machine Learning Models 
for Decision Support System”. 

 
Objectives 
Objective of the present study is to determine the effect of various parameters on production of wheat using machine 
learning. In this study we can determine the suitable condition where the wheat grows in a manner that we can get 
maximum profit. 

 

MATERIALS AND METHODS 
 

Software used 
“Pipeline Pilot module of Biovia software” (DassaultSystems of France) is used for analysis. The software provides 
different built-in components to develop a “machine learning model” and use the model for prediction. 
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Methodology 

Collection of data 
Data was collected from different sources.Longitude, Latitude, Rainfall, Temperature in different seasons were taken 
as input while production of wheat was used as output parameter. 
 

Development of deep learning neural network model 
The dataset was read using "Delimited Text Reader" component of pipeline pilot. The component was connected to 
the "Learn R Deep Neural Net Model” component. The output of the model was displayed using "HTML Table 
Viewer" component. The parameters for the "Learn R Deep Neural Net Model” component were set as shown in 
Figure 1. The setting for which the experimental output parameter and the predicted parameter were close to a 45⁰ 
line were considered for the final model. 
 

Study of effect of different input parameters on rice production 
Text files were prepared where one parameter was varied within the range of data analysed. All other parameters 
were kept constant at an average value 

 

RESULTS AND DISCUSSION 
 
Wheat production varies due to different reasons. However, the relationships are difficult to predict. Thus, this study 
focuses on the effect of various input parameters on the wheat production. 

 
Prediction ability of the model 
Figure 2(a) shows the model developed.Figure 2(b) shows that the prediction ability of the model was good and the 
predictions were close to the experimental values. 
 

Prediction by the model 
Figure 3 shows that the wheat production in the particular area is gradually decreasing till longitude 80o E , while the 
production of wheat is increasing slowly with the increase in longitude above 80oE. The result shows that low value 
of longitude favoured wheat production. Figure 4 shows that the production of wheat is gradually increasing if the 
latitude exceeds 10o N while the production is decreasing if the latitude above 25o N. The analysis shows that wheat 
production is high at around 25o N. Figure 5 indicates that the production of wheat is gradually decreasing when the 
rain amount in the month June-October exceeds 100mm. The production of crop is maximum when the rain is less 
then 100mm. The production of wheat is very high if the rainfall during June-October is low (i.e. 100 mm). Figure 6 
shows that the wheat production is gradually increasing in the month November-May when the rain amount is in 
between 0 mm to 100 mm. And the wheat production is decreasing as the rain amount above 100 mm. Figure 7 
represents that the production of wheat is inversely proportional to the temperature in the month January-December. 
But the temperature between  5oC to 10oC, it starts decreasing slowly. Figure 8 shows that the production of wheat is 
gradually increasing when the temperature is increasing in November-May and after the temperature exceeds 10 the 
production rate is decreasing continuously.  Figure 9 indicates that the production of wheat is inversely proportional 
to the temperature in June-October i.e. the wheat production is gradually decreasing when the temperature is 
increasing in June-October. But temperature above 25 production decreasing rate is more. Figure 10 shows that the 
production of wheat is gradually decreasing if the rain is increasing in between January-December. The production 
of wheat is maximum when the amount of the rain is minimum in January-December. 
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CONCLUSIONS 

 
The effects of different parameters on wheat production have been studied using Pipeline pilot. The results shows 
that wheat production is high at low values of longitude, latitude between 20°N to 25°N and low rainfall(100mm or 
less) , low temperature areas. 
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Figure 1. Parameters for the "Learn R Deep Neural 

Net Model" component 

 
Figure 2(a) Machine learning model 
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Figure 2 (b) Prediction capability of the model  

Figure 3: Effect of longitude 

 
Figure 4: Effect of Latitude 

 
Figure 5: Effect of Rain in Jun-Oct 

 
Figure 6: Effect of Rain in Nov-May  

Figure 7: Effect of temperature in Jan-Dec 

 
Figure 8: Effect of temp in Nov-May 

 
Figure 9: Effect of temp in June-Oct 

 
Figure 10: Effect of rain in Jan-Dec 
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In this article we obtain some sufficient conditions in term of coefficients for the oscillation and 
nonoscillation of solutions of following difference equation 

   , ,   .
m m m m m m

s x t x G m x x     
 
Where, 0an 0dm   . 

 

Keywords: Generalized difference equation, oscillatory and non-oscillatory behaviour. 

 

INTRODUCTION 
 

The theory of difference equation is significant for its wide range of applications in numerical analysis, control 
theory, finite mathematics, statistics, economics, biology and Computer Science etc. For example, if a certain 

population has discrete generations, the size of  th
k 1 generation 1ky   is a function of the thk generation ky  . 

The relation expresses itself in the difference equation 1 ( )k ky f y  . An equation of the 

form 2( , , , ......) 0k k kf k z z z    is called difference equation. Where,  is the forward difference operator. And 

the forward difference operator defined as 1k k kz z z   . Though non-linear difference equations are little bit 

difficult to analyse than linear difference equations. Some linear representations do not get sufficiently accurate 
model for physical systems. Thus the study of nonlinear difference equations is both an interesting and useful area of 
research. So there is a need to study oscillatory and non-oscillatory theory of difference equations.  For the basic 
theory of difference equations and its application, one can refer the monograph of Agarwal [8], Kelly & Peterson [10] 
and Lakshmikanthan and Trigiante [9]. For the past few decades, there has been a lot of interest in the study of 
oscillatory behavior of solutions of difference equations. For example, E. Thandapani; K. Mahalingam [3], S.S. Cheng 
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and W. Patula [7], B. G. Zhang and Y. Zhou [1], N.Parhi [6] have done extensive work on this topic. J. Popenda [4] 
discussed the oscillatory and non-oscillatory behaviour of the solutions of some second-order difference equations in 

the from 2
( , , ).a n n b nx f n x x   B. Szmanda [2] gives the idea about non oscillation, oscillation growth of the 

solutions of the nonlinear difference equation of second order in the form 

( ) ( , , ) ( , , ).n n n n n n nr u a f n u u g n u u     
 

Here we obtained sufficient conditions for oscillatory and nonoscillatory behaviour of solutions of following 
generalized difference equation.  
 

    (1,   ),
m m m m m m

s x t x G m x x         

Where, 0 andm  { },{ }m ms t  are real sequences such that 0ms   for m n  . The generalized difference 

operator a  for 0a  , is defined as 1a n n nz z az   and 
2: ,G N R R  X : N R . Here we denote 

 m
x as the class of non-trivial solutions of (1) i.e. a solution of difference equations (1) and for every, 

,   i N n i    such that 0nx   and  1
: 0holds for 

m k
X x X x k N     , 2 1X X X  . 

The corresponding homogeneous difference equation can be written as 

  0. (2)
m m m m

s x t x     
     

Oscillatory solution of equation (1) we mean it is neither eventually positive nor eventually negative. Else it is termed 
as nonoscillatory solution . 
 

Oscillatory Behaviour 

In this section we studied oscillatory and non-oscillatory behaviour of equation (1) and (2). 
 

Lemma 2.1 

 [5] Let  be a real sequence. If  , 0mx   , is eventually of one sign, then  is eventually of one sign. 

Lemma 2.2 

 [5] For 0  , a real sequence   is oscillatory if  mx  is oscillatory. 

Proposition 2.3 

 If 
mm

s t  then all solutions of equation (2) are oscillatory. 

Proof: From equation (2) we obtain 

 1

1

1
mm

m

m mx t
s

xs Or 


      

   2

1

1

1
0

m m mm m

m

sx x t x
s

  


       

1and are of opposite sign.m mx x     

Repeating the above procedure we obtain mx  is oscillatory that implies  m
x    is oscillatory. 

 

Proposition 2.4  

If mms t  then all solutions of equation (2) are non-oscillatory. 
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Proof of the Proposition 2.4 follows from Proposition 2.3 and lemma 2.1. 
 

Proposition 2.5 

For 0  , if the equation (1) and satisfies the condition 

 
For  m N  and ,w z R , then all non-trivial solutions of equation (1) are non-oscillatory. 

Proof:  Let’s choose  m
x  be the non-trivial solution of equation (1). 

So either 
1 2
   

m m
x X or x X   

In the 1st case let’s choose 1mx X  

1 0k k kx x x      k N   

So the 1st condition of equation (2) satisfies 

 , , 0 G m w z   

For m   in equation (1) we get, 

  0 s x      

1 1
0s x s x          

1

1

0
s

x x
s


   








      

Repeating this process we get 2
0x     

So by method of induction we can easily derive, 

0,
i

x i N      

So      , i

i
x x i N     

  0    0and x    

Thus ix  is eventually positive or negative as 0 or  0 x x    

Let us take 2mx X  and assumes mx is oscillatory. 

Then either   1
   0 ,    0a x x    or   1

  0  , 0b x x    holds for some N   

In both case we have 0 x                                                                             (4)  

By rewriting equation (1) we get 

   1 
1 

1 , ,  m m m m m m

m

x G m x x s t x
s

  


                    (5) 

Let’s take m   in equation (5) and multiplying x   both sides we get 
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   1 
1 

, ,  
x

x x G x x s t x
s

 
          



 



          

1  0 x x                                                                  (6) 

Repeating this process we get,   0    
i

x i N       

1 0    0and x    

So
1

2  1  0i

i
x x  

    , a contradiction. 

Hence mx  is non-oscillatory. 

 
Proposition 2.6 

If 0   and satisfies the condition 

   
1

, , 0m

m

m

z w
G m w z s t z

s

 



      for  m N  and ,w z R , where 0z w  , then all non-trivial 

solution of equation (1) are non-oscillatory. 

Proof:   Here  m mz w x x     1 0m m mx x x      

Let  mx X be any non-trivial solution of equation (1) then for some N  , we get 1 0x   

Let m   in equation (5) and multiplying 1
x   on both sides we get, 

1 1
  0 x x                                                                      (7) 

a) If 1 0 x   then in equation (7) 1 0 x    

And hence 
2 1

 x x  
 
by method of induction we have,

 

( 1) ( 1)
  0i

i
x x i N       . So mx is eventually positive solution. 

b) If 1
0x    , from  (7) we get, 1

0x   
 
. So  2 1

  0x x     

By of method induction we have, 1  1 0   i

i
x x i N       .So   mx is eventually negative.  

 
Proposition 2.7 

 If 0   and satisfies the condition 
                                        
 
                                                                                                          (8) 
 
 

For  m N  and ,w z R , then all non-trivial solutions of equation (1) are oscillatory. 

Proof: Let’s consider that  m
x be any non-trivial solution equation (1) so it must satisfy either 

1 2   m mx X or x X   

If 1mx X  then 1 0k k kx x x      for some k N  and by condition (1) of (8) we have,  , , 0G m w z  . 
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For m   in equation (1) 
1

1

0
s

x x
s

 










    

By method of induction we get, 0ix     

i

i
x x  

 
holds for some  i N  

So we have 
2 1 2

1
0i

i i
x x x   

     .Hence mx is oscillatory. 

If 2mx X  , by 2nd condition of equation (8) we have 

   
1

, , 0m
m

m

m m

x
G m w z s t x

s






     


 

Let us assume the contrary i.e mx  is non-oscillatory. 

Then it must be either eventually positive or eventually negative. 

If 0mx   for m  , where   is an even integer. 

Let m   in equation (4) and multiplying x   both sides we get, 

1  0x x        

   1 2 1
0x x x x           

1 2 11 2

1 2 1
0

x x x x    
    

   
   
  

   
      

   
 

11 2

1
  0

x x  
  

 
 


    
       

                   

1

1
0 (9 )

x x 
  




   
      

     

0   and 1
x

x


  


  
   

 
 

If 0
x


 
  
 

then 
1

1
0

x x 
  

    holds 

We get 1
0x    which is contradiction that 0mx   holds for m   

Again if 0
x


 
  
    

1

1
0

x




 
   

 
 

i.e 
2 1

2 1

x x 
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1
0, 0x   and N   is an even integer so 

2

2
0

x


   

Therefore 2
0x  (  is even integer). 

Similarly we can prove for 0mx  . 

 

Proposition 2.8 

If 0   and  satisfies the condition 

   ,  , 0 (10)
1

m m m m

m

z w
G m x x s t z

s


 
    

  

For  m N and ,w z R  , 0z w   then all non-trivial solution of equation (1) are oscillatory. 

Proof: Here 1 0m m m m mz w x x x x x            

From equation (10) we get, 

   1 ,  , 0
1

m
m m m m

m

x
G m x x s t z

s
      

 For 1 0mx  
                  

 (11) 

Let mx X be any non-trivial solution of equation (1) then there is N  such that 1
0x    

Let m   in equation (5) and multiplying 1
x   both sides we get, 

1 1
0x x                                                                                       (12) 

i) If 1 0x  
 
then by equation (12)  we have 1 0x    

Hence 2 1
0x x     

ii) If 1
0x    then by equation (12) we have 1

0x     and hence 

2 1 0x x   
 

Proceeding as above we get, 
1

0
i i

x x     is true for i N .So { }mx is oscillatory. 

By putting 1ms  and 0mt  for  m N  equation (1) reduces to 

 2 ,  ,    
m m m

x G m x x   m N                                     (13) 

Corollary 2.9 

 If 0    and satisfies the condition 
 

 
,  ,   0     

   
,  ,   0     0

0
m m m

m m m m m

G m x x if x

x G m x x x if x

 

   
  

        




              

            (14) 

Where m N  and ,w z R  

Then all non-trivial solutions of (13) are non-oscillatory 
Proof of the corollary 2.9 follows from Proposition 2.5. 

 
Corollary 2.10 

 If 0   and satisfies the condition 

  For m N and ,w z R  with   0z w   
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Then all non-trivial solutions of (13) are non-oscillatory                               
Proof of the corollary 2.10 to 2.11 follows from Proposition 2.6. 

Corollary 2.11: If 0   and satisfies condition  

 
 

,  ,   0     
   

,  ,   0     0
0

m m m

m m m m m

G m x x if x

x G m x x x if x

 

   
  

        




       (16) 

Where m N  and ,w z R  
Then all non-trivial solutions of equation (13) are oscillatory. 
Proof of the corollary 2.10 follows from Proposition 2.7 

 
Corollary 2.12 

 If 0   and satisfies condition  

  For m N  and ,w z R  with   0z w   

                                          (17) 

Then all non-trivial solutions of equation (13) are oscillatory  
Proof of the corollary 2.11to 2.12 follows from Proposition 2.8. 
 

CONCLUSION 
 
 We obtained some sufficient conditions for oscillatory and non-oscillatory behavior of solutions of non-linear 
difference equations. Further we can also study the asymptotic behavior and stability of non-liner difference 
equation. Also higher order non-linear difference equations can be considered to analysis the qualitative behavior of 
solutions of difference equation. 
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The paper’s goal is to build a computer based, proactive maintenance scheduling and fault diagnosis 
model for CNC wire EDM that reduces the mean repair time and provides a timely optimization for a 
given model. The model established plays significant processes in predicting and diagnosing of WEDM 
faults on site through expert guidance to support CNC. This paper suggested a questionable rule- based 
model for Wire – EDM’s maintenance schedule and fault-diagnosis. This method is a powerful 
development tool for a complicated consulting method like a Wire EDM project, thanks to the 
advantages of fuzzy logic. The design software will accompany with trainer and fabrication worker by 
explaining the fault diagnosis and fault therapy. Through easily detecting faults it can help achieve 
trouble- free and smooth machining. A simulation model for predict the maintenance requirement of 
machine components operating under established conditions will be built. 
 
Keywords: Wire EDM, Fuzzy logic and Simulation model 

 

INTRODUCTION 
 
Maintenance Item Allocation Model is a constructive maintenance scheduling model based on the computer, which 
decreases the mean repair time. Maintenance obligation predicated on real or imminent failure preferably 
maintenance is done to maintain equipment and system working effectively for the component’s design life at least.  
Past and existing maintenance  procedures  in both the private and government sectors will suggest that 
maintenance is the steps concerned with fixing equipment after it has been broken. This will mean that 
maintenance steps must be taken to avoid the failure or fixation of from failing normal equipment failure associated 
with the operation of the system by a computer or part to maintain in the proper working order. Sadly, data 
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collection in several surveys over the past decade shows that most private and government facilities do not expand 
the required resources in proper working order to maintain equipment. Instead,  they anticipate  failure  
of equipment and then take whatever action is necessary to fix or remove the equipment.Design and testing of the m
odel will be focused on knowledge and statistics of the current operations and maintenance activities.This saves time
 in the acquisition of knowledge, is easy to manage and can self-learn. Suggestions to remove faults are introduced 
sequentially according to the priority assumed once a fault occurs. 

 
Wire EDM 
Wire electrical discharge machining (WEDM) is a commonly recognized method for the removal of nontraditional m
aterials used to create components with complex shapes and profiles.It is considered a novel modification of the mod
ern EDM process, which initializes the sparking cycle using an electrode. WEDM, however, uses a continuously 
moving wire electrode made of thin 0.05-0.3 mm diameter copper, brass or tungsten, which can achieve very low 
corner radii. Using a mechanical tensioning tool, the wire is held in tension which reduces the propensity to produce 
inaccurate parts. The material is eroded in front of the wire during the WEDM process and there is no direct 
interaction between work piece and the wire, thereby reducing the mechanical stresses during machining. 
Furthermore, the WEDM process is capable of machining exotic and high strength and temperature resistive (HSTR) 
materials and removing the geometric changes that occur in the production of heat-treated steels. It was introduced 
in the late 1960s', and has revolutionized the tool and die, mold, and metalworking industries. It was only towards 
the end of the 1970s, when computer numerical control (CNC) system was initiated into WEDM that brought about a 
major evolution of the machining process. Due to the wire, which has to move 
through the component to be machined, the WEDM process was extensively used for any by hole machining. 
WEDM’s popular applications include the manufacture of stamping and extrusion tools and dies, fixtures and gages, 
prototypes, aircraft and medical components, and equipment for the grinding wheel. The manufacturing 
scenario has changed dramatically in today's metal cutting industry, based on an automated factory model, in view 
of achieving higher performance through consistent efforts by the manufacturing engineer. 

 
Principle of Wire Electrical Discharge Machining 
Typical WEDM configuration consists of cable, running, electrical and electronic control unit, electrical power 
supply, cable feed drive and dielectric supply system. WEDM’s material removal mechanism is very similar to 
traditional EDM process involving the erosion effect created by electrical (sparks) discharges. In WEDM, material is 
eroded from the work piece by a series of distinct sparks that occurs between the piece of work and the wire 
separated by a stream of dielectric fluid that is continuously fed into the machining field. The CNC machine 
performs functions such as serial cutting operation, partial modeling and generation of CNC code, wire feed, 
working motion, dielectric The  CNC  machine  performs  functions  such as serial  cutting operation,  
partial modeling and generation of CNC code, wire feed, working motion, dielectric circulation, wire diameter comp
ensation, etc. Owing to its superior reaction time (approx. 2μs), the electro hydraulic servo control system is 
generally over the electromechanical servo system.  
 
The key benefit of a servo control system is that it allows the device to withdraw in the event of a short circuit 
around the gap before the right distance (ranging from 0.025 to 0.05 mm) is calculated. The work piece is clamped on 
the worktable (X-Y). The table is driven by D.C servo motors along X and Y-axis directions. Continuously fed from a 
wire supply spool, the wire electrode  passes through  the wire guide where it selects the necessary current cutting 
the work piece under defined tension. The used wire is directed to a chopper. The chopped pieces are collected in a 
collection bin. The upper wire guide supported to the auxiliary table (U-V) can be moved along U and V-axis with 
respect to the stationary lower wire guide.  By moving the quill, the upper wire guide can also be vertically 
positioned along Z-axis to accommodate various job thicknesses. The path information of X-Y table and U-V table is 
passed to the controller in terms of linear and circular interpolations via NC program. A series of electrical pulses 
generated by the pulse generator unit is applied between the work piece and the travelling wire electrode, to cause 
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the electro erosion of the work piece material. As the process proceeds, the X-Y controller moves the worktable 
carrying the work piece transversely along a predetermined path programmed in the controller. While machining is 
in progress, the machining zone is continuously flushed with distilled water (dielectric medium) passing through the 
nozzle on both sides of the work piece. 
 

Problem Formulation 
It is quiet complicated and expensive machine and only few units of EDM are found in an industry. It is a time 
consuming process and some faults such as wire breaking, dielectric losing its strength exaggerated the total 
processing time. Although it is a good technique for industrial application but still there are some problems 
associated with it. In order to overcome such problem a fuzzy rule based model and bond graph model is developed 
to avoid wire breakage and to diagnose the fault in dielectric system respectively, which helps in quick detection of 
fault and hence improves maintenance efficiency. 
 

Fuzzy Logic 
Fuzzy logic, originally developed by LoftiZadeh, Professor of the University of California at Berkeley, is an attempt 
to model human experience and intuition. Zadeh stated that the rigidity of conventional set theory made it 
impossible to properly account for the vagueness that is commonplace in the real world. In conventional set theory, 
elements are either a member of a given set or they are not. There is no middle ground. In fuzzy set theory, an 
element’s membership in a set is a matter of degree. An element may also be a member of more than one set. A 
common way of applying fuzzy sets is to represent human knowledge or rules of thumb in the form of IF-THEN 
logical statements, also known as rules. In a fuzzy logic system only the elements being manipulated are fuzzy; the 
rules of logic are well defined. The opposite concept to fuzzy is crisp. The crisp world is a binary world that can be 
represented by yes and no, 0 and 1. A lot of applications can be processed with crisp logic. But fields such as expert 
systems, decision making, pattern recognition, product design, and machine monitoring require more than crisp 
logic. Membership functions span some problem domain and show the degree of membership of each value in the 
problem domain in that function. Membership functions are subjective evaluations and can be in any kinds of curve. 
Membership functions, however, cannot be assigned arbitrarily. A fuzzy variable would then consist of degrees of 
membership in these membership functions for a given output.  
 
Fuzzy Knowledge Base  
Figure 3 shows the triangle-shaped membership functions of input variables 
VL - very low value (range is -1.25 to 3) 
L - Low value (range is 1 to 5)  
M - Medium value (range is 3 to 7) 
H - High value (range is 5 to 9) 
VH - very high value (range is 7 to 11) 
 
The Mamdani algorithm is the inference technique used in this framework. The fuzzy sets are designated by the 
labels: 
VL - very low value ( range is  -1.25 to 2) 
L - low value (range is 1 to 4)  
M - medium value (range is 3 to 7) 
H -  high value ( range is 6 to 9) 
VH -  very high value ( range is 8 to 11) 
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Design a Fuzzy Rules 
The design of a fuzzy system, the first step refers to the collection of the available information. It has two have two 
forms: human experience and sampled input-output pairs recorded by the human expert. Human experience is 
presented as a set of IF-THEN rules explaining under what conditions what action should be taken. The sampled 
pairs give numerical information concerning the inputs and the outputs. This consisted of the generation of fuzzy 
rules from numerical data pairs, the collection of the fuzzy rules into a common FAM, and finally, designing a 
control system based on the FAM bank using the centroid defuzzifying method.  
 
Membership Functions 
To associate crisp inputs with fuzzy sets, you need to identify membership functions. The triangular membership 
functions are used for computational efficiency for variable inputs and outputs. The three fuzzy sets (wire tension, 
wear & tear at wire guide and inter electrode gap) are proposed for the inputs and one (wire breakage) for the output 
(Fig. 5). The membership functions for input fuzzy sets are selected as follows: 1 as very low value (VL), 2 as low 
value (L), 3 as medium value (M), 4 as high value (H) and 5 as very high value (VH). Similarly the output fuzzy sets 
are defined in this order: 1 as very low value (VL), 2 as low value (L), 3 as medium value (M), 4 as high value (H) and 
5 as very high value (VH). 
 
Rule no- 23:  IF wire tension is very low, wear & tear at wire guide is very high , inter electrode gap is medium 
THEN wire breakage is medium. 
Rule no- 45 : IF wire tension is low, wear & tear at wire guide is high , inter electrode gap is very high THEN wire 
breakage is high. 
Rule no-82 : IF wire tension is high, wear & tear at wire guide is low , inter electrode gap is low  THEN wire 
breakage is medium. 
Rule no- 102: IF wire tension is high, wear & tear at wire guide is very low , inter electrode gap is low  THEN wire 
breakage is low. 

 

RESULT AND DISCUSSION 
 
A fuzzy model for the maintenance-schedule and fault-diagnosis of wire EDM is developed. It is time-saving in 
knowledge acquisition, is easy to maintain and is capable of self-learning. The role of this fuzzy inference engine is to 
perform the fuzzy operations necessary for the determination of the fault cause. The model works according to the 
fuzzy inputs and the activated rules and provides a very quick response.   
Description for input and output variables along with their membership function and range are given as follows: 
 
[Input1] 
Name=']_wire tension' 
Range=[1 10] 
NumMFs=5 
MF1='very_low':'trimf',[-1.25 1 3] 
MF2='low':'trimf',[1 3 5] 
MF3='medium':'trimf',[3 5 7] 
MF4='high':'trimf',[5 7 9] 
MF5='very_high':'trimf',[7 9 11] 
[Input2] 
Name='wear_&_tear_at_wire_guide' 
Range=[1 10] 
NumMFs=5 
MF1='very_low':'trimf',[-1.25 1 3] 
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MF2='low':'trimf',[1 3 5] 
MF3='medium':'trimf',[3 5 7] 
MF4='high':'trimf',[5 7 9] 
MF5='very_high':'trimf',[7 9 11] 
[Input3] 
Name='inter electrode gap' 
Range=[1 10] 
NumMFs=5 
MF1='very_low':'trimf',[-1.25 1 3] 
MF2='low':'trimf',[1 3 5] 
MF3='medium':'trimf',[3 5 7] 
MF4='high':'trimf',[5 7 9] 
MF5='very_high':'trimf',[7 9 11] 
[Output1] 
Name='wire breakage' 
Range=[1 10] 
NumMFs=5 
MF1='very_low':'trimf',[-1.25 1 2] 
MF2='low':'trimf',[1 2.5 4] 
MF3='medium':'trimf',[3 5 7] 
MF4='high':'trimf',[6 7.5 9] 
 MF5='very_high':'trimf',[8 9.5 11] 

 

CONCLUSIONS 

 
The following conclusions are drawn on the basis of an established Fuzzy rule based model for WEDM fault diagnos
is and maintenance: 

1) Based on this, minimization of wire breakage and maintaining the machining accuracy due to input 
parameters will be made. 

2) Wastage of wire can be minimized by reducing the feed rate depending on input parameters. This will help 
in reducing the down time and increase productivity. 

3) The developed model can meet the requirement of the manufacturing industry through fault findings on 
WEDM in a short cycle of time and enhance the productivity by reducing the lead time. 

4) This designed method can also be applied to other fault diagnostic applications, where the input and output
 module are specific and well defined. 
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Figure 1: Wire Electrical Discharge machining system 

 

 
Figure 2: Generation of spark in WEDM 
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Figure 3. Triangular membership functions of input 

variable 

 
Figure 4. Triangular membership function for output 

variable 

 
Figure 5. Fuzzy input and output 

 
Figure 6. Input variable Membership function (wire 

tension) 

 
Figure 7: function for input variable (wear& tear at 

wire guide) 

 
Figure 8: Membership function for input variable (inter 

electrode gap) 

 
Figure 9: Output variable membership function (wire 

breakage) 

 
Figure 10: Fuzzy rules for wire breakage 
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This is the purpose of this paper to demonstrate that a pH neutralization process can be managed using a 
pulse width modulated fuzzy logic controller. pH neutralization is a process that is infamous for its  
extreme  nonlinearity expressed in its process  gaining up to 1,000 over a small area ,  especially as it gets 
close to pH 7, the set point for neutralization. Unlike the standard pulse width  modulation controller 
that uses electronic circuits to produce the modulation of width, the pulse width  modulation fuzzy logic 
controller has already integrated the pulse width modulation principle into its  membership feature, 
which can then be used to regulate the mechanism of neutralization. The method of neutralization would 
use a basic two position pump for dosing the  neutralizing agents. A strongly concentrated neutralizing 
agent which is 4 M HCL and NaOH is used. A comparison with  two location controllers which are two 
stage controller, proportional controller and proportional plus derivative controller reveals that the 
performance of fuzzy logic controller is much higher not only in terms of the use of  neutralizing agents, 
but also in terms of the neutralization process. 
 
Keywords: pH control, fuzzy logic, pH neutralization, non-linear system and two position control 

 

INTRODUCTION 

Two position control or ON/OFF control play an important part in our life. Many system around us use this type of 
control because of its simplicity. The most common use of this type of control is in the air conditioning and 
refrigeration industries. There are many studies done revolving around this two position controller. An adaptive 
ON/ON control were used to introduce damping to the system dynamics to reduce noise, shock and vibration [1]. A 
predictor was also use to estimate the future system output sequences after taking accounts the whole set of future 
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ON-OFF input sequence over a specified number of intervals [2]. Huang [4] use a PI controller together with a pulse 
width modulator circuit. The latest in 1998, Choi [5] use a fuzzy logic controller to maintain the inner temperature of 
refrigerator inspite of environment variations. 

Differ from pH control, where the set point can be in any value of pH, pH neutralization only happens when the 
targeted pH is pH 7 which is the neutral point. Parekh et. al (1994) says probably the pH neutralization is one of the 
most difficult control application. Fuzzy logic becomes very useful when the mathematical model of the process is 
too complex or very difficult to derive. This paper will test the fuzzy logic pulse width modulated PD controller with 
a high concentration of sodium hydroxide (4M) and high concentration (4M) of hydrochloric acid as a neutralizing 
agents. The proposed controller will only use a two position pumps which is still being widely used because of its 
simplicity and cheaper price. This combination of problem (high concentration and pumping limitation) makes the 
problem unique and very difficult case to handle. 

PWM  
The technique used in the proposed fuzzy logic controller is the pulse width modulation. In the normal PWM, the 
width of each pulse in a train is made proportional to the value of the signal at any particular point or zoning. The 
nth pulse can be calculated using the following equation: 

n ( 1) /
sin( )

n N

n N
t dtP




   

Where the width index is equal to 1. The centre of the (n)th pulse is found by: 

2N/1)(2nCn
  

Where the N is the number of pulse/ half cycle. 

  

Experiment Set-Up 
Experiments are being done using a lab scale set-up. The set-up of the experiments is as in figure 1. The fuzzy logic 
controller main program is in the computer using BORLAND C++ language and using an interface card (PCL 818), to 
do the control of the system. The defuzzification technique used is based on center of gravity method. Commercially 
available software FULLDEK 1.1 was used to generate the fuzzy arithmetic conversion. 
 
Design of the Fuzzy Logic Control 
Fuzzy controllers have got a lot of advantages compared to the classical controllers such as the simplicity of control, 
low cost and the possibility to design without knowing the exact mathematical model of the process. Fuzzy logic is 
one of the successful applications of fuzzy set in which the variables are linguistic rather than the numeric variables. 
Linguistic variables, defined as variables whose values are sentences in a natural language (such as large or small), 
may be represented by fuzzy sets. Fuzzy set is an extension of a ‘crisp’ set where an element can only belong to a set 
(full membership) or not belong at all (no membership). Fuzzy sets allow partial membership, which means that an 
element may partially belong to more than one set. A fuzzy set A of a universe of discourse X is represented by a 
collection of ordered pairs of generic element x  ∈ X and its membership function  M : X → [ 0 1], which associates a 
number  A(x): X → [ 0 1], to each element x of X. 

 
PWM Fuzzy Logic Controller 
The PWM fuzzy logic controller being used is a rule based type controller. Membership function chosen is a triangle 
type and IF x AND y THEN z rules were used to implement this control. The antecedents to the fuzzy logic controller 
are error and error trend, whereas the consequences will be the act of controlling the dosing pumps of NaOH and 
Hcl. Membership functions for all the inputs and output parameters use for controlling the pH processes are as in fig 
II, III and IV. 
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 Both of the dosing pumps will only have two position that is open and close. Although there are two pumps to be 
control there is only one membership function needed. This is because the positive parts of the function will be 
assign for NaOH pumping and the negative parts is for Hcl pumping. The controller will manipulate the duty cycle 
of the pumps to have an optimum effect on the process exactly like a pulse width modulator operates. This can be 
illustrated in figure V. Duty cycle of the pump used were 100% working, 8% working and 4% working. The duty 
cycle of the pumps will response accordingly to the ph values being monitored used in the decision matrix. The rules 
matrix used is as in TABLE 1. 

 

RESULTS AND DISCUSSION 
 
The result of the proposed controller is shown in FIGURE VI. This is then comparing to the other conventional Fuzzy 
PD controller, which is shown in FIGURE VII. The process neutralization is smooth and there is no overshoot or 
under shoot in FIGURE VI unlike in FIGURE VII, the neutralization process keep on overshoot and undershoot for a 
couple of times. The time taken by the proposed controller is also shorter. 

 

CONCLUSION 
We have presented that the proposed PWM fuzzy logic controller has been able to control the pH neutralization 
process very well even by using high concentration of acid and two position dosing pumps. Through the use of 
PWM results shown that the proposed controller is very-very much improvement from the existing fuzzy logic 
controller. This directly reduced the amount of neutralizing agents used and as a whole reduces the operating cost of 
the treatment system. 
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Figure 1.Experiment set-up 

 
Figure 2. Membership function of error 
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 Figure 3. Membership function of trend  Figure 4. Membership function of pumps 

 
Figure5. Illustration of PWM FLC 

 
Figure 6.  PWM Fuzzy logic controller 

 
Figure 7.  Fuzzy logic PD controller 
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Tool Condition Monitoring (TCM) is a very important aspect to maintain quality of products 
manufactured in any machining process. This chapter presents a general overview of tool condition 
monitoring systems and techniques. Real-time control of the tool state is one of the most critical strategies 
to build in the automated cutting processes. In this method, reducing overall machining time by 
preventing damage in machine tools is easy. Since tool wear has a direct impact on the consistency of the 
machined components, online tool wear control is one of the most critical manufacturing challenges. The 
main aim of the work is to develop an automatic tool condition monitoring system. This system will help 
us to monitor the tool wear state continuously. This system will help to monitor the cutting tool in real 
time and, during metal cutting, it would be able to recognize most or all forms of tool anomalies. Hence it 
has been widely acknowledged that a better solution lies in the form automatic tool condition monitoring 
which could without human assistance and/or interruption recognize most or all forms of tool 
abnormalities during metal cutting. 
 
Keywords: Tool condition monitoring, Tool wear 

 

INTRODUCTION 
 
Today, this aim has already penetrated research areas and the subject is now popularly known as automated 'Machin
e State Monitoring (TCM).Manufacturing equipment has experienced major improvements in the machining industr
y in the recent years. One of the most significant developments has been the trend towards cost savings through 
various means like reduction in staff numbers while at the same time desiring to improve product quality and 
reduce production time. In order to achieve the goal of automation-optimization, one of the major obstacles has been 
the ability to reliably detect tool wear or failure on-line. The condition of the cutting tool has to be monitored 
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continuously in order to replace it at appropriate time, for which some indication is required. Traditionally, tool 
condition monitoring has been undertaken by machine operators themselves. Based on his/her experience or using 
some mathematical models of the cutting process, the operator would change the tool when he/she judged it to be no 
longer capable of performing satisfactorily. These methods were not able to detect any sudden failure of the cutting 
tool or the onslaught of any failure mechanism. And these methods did not take into account the complex and 
diverse nature of the metal cutting operation. Thus the cutting tools were either underutilized or over utilized. To 
avoid this problem various types of sensory signals have been used to evaluate the condition of the cutting tool. 
 
Tool Condition Monitoring Techniques 
The need for monitoring in a metal cutting process encompasses monitoring the machine and cutting process, cutting 
tools and work piece to ensure optimum performance of the system. The lack of a tool condition monitoring system 
(TCMS) can lead to excessive power take-off, inaccurate tolerances and uneven work piece surface finish, sometimes 
damage to the machine tool and also injury to the operator. Research is going on for the past several years for the 
development of a reliable TCMS. One of the primary reasons for the lack of industrial application of TCMSs is due to 
the fact that these systems have been developed mainly based on mathematical models, which require huge amounts 
of empirical data. The nature and characteristics of the utilized sensor signals in general, tend to be stochastic and 
non-stationary and therefore difficult to model. It poses a practical problem, because of the complex nature of a 
typical metal cutting process, limiting the precision and control of the cutting process. There is a need for the TCMS 
to be capable of diagnosing and identifying the fault and to possibly isolate or respond with remedial action within a 
prescribed response time.  Major work directions aimed at increasing efficiency, costeffectiveness and cost savings  
in big batch automated production focus on noise, tool break identification and control of wear cutting equipment. 
The monitoring of tool wear and failure necessitates the development of very sensitive, accurate and reliable 
methods, which may be classified as being either 'direct' or 'indirect' methods. Fig. 1 shows the various methods of 
tool wear monitoring. 

 

DIRECT METHODS 
These methods generally involve taking measurements associated with the volumetric loss of the cutting tool 
material. They tend to be 'off-line' techniques, since the measurement can only be taken when the tool is out of cut. 
The two major disadvantages associated with offline techniques are:  
 They can be very time consuming from production rate standpoint and  
 The onslaught of premature cutting edge failure while tool is actually in cut cannot be detected. 

Indirect methods 
The shortcomings and difficulties in the implementation of direct methods have made researchers attempt to detect 
tool wear in-process by measuring parameters which can be closely correlated with tool wear.  

 
Tool Wear/Failure 
Failure of a cutting tool has occurred when it is no longer capable of producing parts within required specifications. 
Every tool, when put to use is subjected to wear after certain machining time. This is called gradual or progressive 
wear of the tool. During gradual wear, the tool will reach its limit of life by either flank wear or crater wear. Flank 
wear involves wear on the nose and the primary cutting edge with its accompanying notch. These are classified as 
regular wear, as they are always present in a machining operation and have 'regular' cutting time related growth 
characteristics. The other types of tool wear are classified as irregular tool wear phenomena and can generally be 
avoided by proper selection of tool material and cutting conditions. Breakage, fracture, chipping come under this 
category. Fracture occurs more easily in brittle tools under interrupted cutting conditions, causing not only a 
complete failure, but sometimes a small chipping of the cutting edge. Wear loss may be treated by replacing the 
instrument regularly, but cutting edge fracturing or chipping cannot be handled this way, as it typically happens as a 
disastrous operation. Illustration. 2 Highlights major tool wear / failure forms. 
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EXPERIMENTAL WORK 

Abrasive wear occurs when hard inclusions of work material or escaped tool particles scratch the flank and work 
piece as they move across the contact area. The abrasive wear is proportional to the sliding velocity and the cutting 
force.  
The abrasive wear can be modeled as- 
 

 
 
Where, 
A= Abrasive wear constant 
H= Cutting tool material hardness 
Ff= Normal cutting force 
V= Cutting speed 
f= feed rate 
VS= Sliding velocity 
Although abrasive wear mechanism is predominant in flank wear, some diffusion wear also exists. Diffusion takes 
place when the molecules gain sufficient energy to leave their original position. Hence activation energy too comes 
into the picture. 
The diffusive wear rate can be modeled as- 
 

 
 
Where, 
B=Diffusive wear constant 
E=Activation energy 
R=Universal gas constant 
Tf=Temperature in the tool flank zone  
The total wear rate is given by- 
 

 
 
We need to calculate the values of A and B. Equation 3 is an equation with two variables. Hence we need to develop 
at least two equations to find the out the values of the two variables. So we need to run the experiment at least twice 
and get two values of wear rate. This will give us two equations which may be like- 
 10=2A+4B &20=5A+7B 
where 10 &20 are wear values. Now we have two equations and two variables. It can be easily solved to get A & B. 
 
Calculation of Ff( normal cutting force) 

The forces in the different directions can be resolved as shown below 
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                                                                       (4) 

 

And,        (5) 

And,                                                                (6) 

Where, γ is the side cutting edge angle (here γ=450). 
 
Calculation of sliding velocity(Vs) 

 

 
 
Where V= Cutting speed (m/sec) 
 

 
 
Where, 
D = work piece diameter   & N=rpm 
Now as we are focusing on oblique cutting, the rake angle and the shear angle will be replaced by the effective rake 
angle and the effective shear angle. 
Effective rake angle (αe)- 
 

 
 
Where, 

= side rake angle 
αb= back rake angle  and, =chip flow angle 
Calculation of chip flow angle- 
 

 
 
Where, αn =normal rake angle 
Calculation of I (angle of inclination)- 
 

 
 
Where, γ= cutting edge angle 
Calculation of αn (normal rake angle)- 
 

                                                (12) 
 
Where, γ= cutting edge angle 
Calculation of effective shear angle(øe)- 
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Where, 
= chip velocity 

v= uncut chip velocity 
And = effective rake angle 

Now, 
 

 

Experiments 

1.Cutting conditions are as follows (Fig.3) 
N= 250 rpm 
Depth of cut= 0.5 mm 
Feed= 0.04mm/rev. 
Time= 2 min. 
Work piece diameter= 23.30 mm 
Chip thickness, tc=0.21 mm 
The forces measured by the dynamometer are as follows 
Fx= 5N 
FY= 26.123 N 

2.Cutting conditions are as follows (Fig.4) 

 

N= 250 rpm, Depth of cut= 0.5 mm, Feed= 0.04mm/rev. and Time= 1.5 min. 
Work piece diameter= 23.30 mm 
Chip thickness, tc=0.21 mm 
The forces measured by the dynamometer are as follows 
Fx= 6 and  FY= 19.043 N 
The values of the abrasive wear constant A and diffusive wear constant B is calculated and is obtained as follows- 
A= -4.92x10-9 
B= 14.93 
 

3.Cutting conditions are as follows (Fig.5) 

N= 840 rpm, Depth of cut= 1 mm, Feed= 0.04mm/rev. and Time= 2 min. 
Work piece diameter= 27.30 mm 
Chip thickness, tc=0.21 mm 
The forces measured by the dynamometer are as follows 
Fx= 6N and FY= 136.719 N 
The average flank wear measured by the microscope is 0.207 mm. 
 
4. Cutting conditions are as follows (Fig.6) 

N= 840 rpm, Depth of cut= 1 mm, Feed= 0.04mm/rev. and Time= 1.5 min. 
Work piece diameter= 25.30 mm, Chip thickness, tc=0.21 mm 
The forces measured by the dynamometer are as follows 
Fx= 7N and   FY= 129.883 N 
The average flank wear measured by the microscope is 0.197 mm 
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CONCLUSIONS 

 
In this report, a method for cutting-tool condition monitoring on lathe machine is define, the method being focused 
on measuring the axial force. From the edge test, one may draw the following conclusions. 
 The axial stress, measured at a set pressing distance, and the cutting tool's flank  wear are closely related. 
 Instead of measuring the real flank wear the force criterion may be used to determine the cutting-tool situation. 
 Much work needs to be undertaken to successfully incorporate automatic device  

failure sensing in scalable manufacturing and better understand the interactions  
between these factors and the failure of the devices. Fx and FY has been found to be the best feature 
correlated with flank wear. 
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   Figure. 1 Various Methods of Tool Wear Monitoring 
 

Figure 2 Tool wear phenomenon and Crater wear 
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Figure 3. The average flank wear measured by the 

microscope is 0.0492 mm. 

 
Figure 4 The average flank wear measured by the 

microscope is 0.0384mm 

  
Figure 5 Flank wear measured by the microscope 

 

 
Figure 6 Flank wear measured by the microscope is 

0.197 mm 
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Back or Reverse engineering is the practice in which a product design can be analyzed or re-created by 
means of a physical part or mock up. In the automotive industry, reverse engineering of spare parts is 
evident. Parts that are dropped or quite challenging to obtain may be recreated in a limited time, 
guaranteeing consumer service. Again Rapid prototyping (RP) has a significant influence on the 
worldwide manufacturing sector. The combination of reverse engineering and rapid prototyping is used 
to rapidly bring the product into the market by overcoming a persistent gap between concept and 
manufacturing. The paper  examines possible uses for metal casting, as well as an effort to test the 
technology’s limits. 

Keywords: CAD, Rapid Prototyping, Metal Casting, FDM, Reverse or Back Engineering 

 

INTRODUCTION 
 
The goal reverse engineering to quickly and successfully sustain and/or improve the  production skills of today using 
the equipment of yesterday, before tomorrow arrives. Reverse engineering is the equivalent to forward technologies. 
To modify or reproduce the design aspect of the product. It can also be defined as the process of duplicating an 
individual component by collecting the physical measurements of the components. Reverse engineering is typically 
undertaken to modify the system for improved maintenance or to make a replica of a system without reference to the 
original  version. The development of their CAD models is required to facilitate the operations of these physical  
models in computer-aided manufacturing (CAM). RE is the easiest way to transfer the data through any operating 
device. The aim of reverse engineering an object is to effectively create an object’s 3D CAD model which can be used 
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to possibly model parts  where there is no CAD model. To create clean, smooth 3D models which are noiseless and 
holes-free. It requires a solid, reliable image acquisition device that can acquire data in a reasonable time frame with 
a high degree of accuracy. The output is converted data, represented as 3D reconstructions. 
 
Reverse Engineering Process 
In general terms, reverse engineering is a series of four different stages preceded by a pre-screening process, each 
stage building on previous stage performance. In general, engineers and researchers follow the following four-stage 
process in order to reverse engineer a product or component of a system: 
Stage 1: Assessment & Verification 
Stage 2: Evaluation and Verification 
Stage 3: Design Verification 
Stage 4: Implementation of project 

 
Application of Manufacturing Process through Rapid Prototyping 
Reverse engineering is a method used where an current part needs to be replicated and  prototypes are unavailable. 
To receive new data, the part must be weighed and redrawn, as well as to allow the item to be re-manufactured. This 
can be achieved in many ways, from actually calculating the measurements with calipers to capturing the data to be 
redrawn, to the advanced methods of converting x-ray imaging or 3D  LASER scanning images into CAD data files 
today. The entire RP method creates structures by creating very thin cross-sections of the part before the solid 
physical component is executed. By this process of three-dimensional construction to forming and piling together, 
basically two-dimensional slices. 

Fundamentals of RP System 
There are a few common features to all prototypes developed using current and evolving RP processes. While at 
present they are more than 20 vendors for RP systems, the method used by each vendor can generally be classified 
into the following categories: photo-curing, cutting and gluing / joining, melting and solidifying / fusing and joining / 
binding. Photo-curing can be further divided into single laser beam, double laser beam and masked lamp categories. 

Experimental Procedure 
By connecting Solid Works to a 3D Digitizer or Coordinate Measuring System (CMM), Rev Works opens the door to 
dramatically improved flexibility that allows the design purpose of the pieces to be captured quicker. Equipped with 
Catalyst tools, the computer system converts / slices the 3D CAD model into STL (Stereo lithography) format as well 
as provides support to the framework for new components. 
 

Sand Casting and FFDM Process 
The method of casting sand is fairly easy, and the sand is created molds and parts made of cast metal are fairly easy. 
However, it can be time consuming to manufacture the patterns for making the sand molds. Applying FDM to the 
sand casting process decreases design creation time to speed the receipt of sample or sand cast pieces from 
manufacturing. 
 
Process Overview 
In the casting of sand the tool has two parts. The cope is the tool’s top-side. Depending on the form of metal being 
poured, it can include sprue, lock, vent, risers, and filters.  Depending on the form of metal being poured, it can 
include sprue, lock, vents, risers, and filters. The drag usually features runners, gates, and wells. The loose cores, 
often made of clay, are placed in the cope and dragged where undercuts are present, or where there are hollow areas 
in the cast component. The process begins with the design of the cast part and the delivery of metal routes within the 
container. The compacted sand is bound together by binders that are uses in clay (green sand), or chemical agents 
(dry sand).Molten metal is shed through the sprue onto the container. It flows into the part cavity via the runners 
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and gates. When the metal cools and shrinks, the metal also fills the riser, which serves as a tank that helps to feed 
the component cavity.  The metal is then allowed to cool and solidify, and the pieces of the sand are torn apart. 
 

CONCLUSION 
 
For centuries casting of sand has been used with no alteration to the simple method. It is concluded that developing 
a larger scale market tools produced using layer manufacturing techniques requires two things: technical 
developments, especially in terms of precision, surface finishing and durability; and increased awareness of 
manufacturing volume economies and the importance of tools within that economic frame work. Rapid prototyping 
(RP) will influence the design process and this article illustrates the whole manufacturing process for the product. 
The speed and versatility of RP technologies reduced the average time needed to complete the drug. 
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Figure 3 RevWorks Toolbar 

 
Figure 4 Data Selection from Solidworks  Menu 
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Figure 5 Menu for Datum Selection 

 
Figure 6 Comparison of Casting and ABS pattern 
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This paper proposed a new hybrid cuckoo-bat algorithm which offers better solution for the optimal trajectory 
planning problem of robot manipulator. A Kawasaki RS06L robot manipulator with 6R configuration has been 
considered for illustration of the entire trajectory planning task. The 4x4 DH forward transformation matrix of the 
considered 6R manipulator has been calculated. The end-effector target point in terms of position and orientation 
coordinates is defined with definite robot workspace (specified joint limits).  An error function which is a 
combination of both error in position and error in orientation coordinates is defined as total objective function for the 
optimization assignment. In order to accomplish an optimal trajectory, best cost of the error objective fitness 
function, algorithm convergence speed, the variation of joint angles, and the error in positions are chosen as 
performance parameters. The objective function has been executed using bat algorithm (BA), cuckoo-search 
algorithm (CS), firefly algorithm (FA), artificial bee colony (ABC) algorithm, particle swarm optimization algorithm 
(PSO), teaching–learning-based optimization algorithm (TLBO) and the proposed hybrid cuckoo-bat algorithm 
(HCB). The intermediated coordinates of locus has been found out using forward kinematics equation.  The 
accomplished optimal trajectory results for the defined task using the new HCB algorithm have been depicted in 
graphical form. The effectiveness of the proposed HCB is validated by carrying out a comparative review of the 
acquired HCB algorithm trajectory results with that of other considered existing algorithms. The significance and the 
rank of the algorithms have been computed by conducting Friedman test for the mean solutions of error in positions 
and orientation. The comparative study of the implemented algorithms confirms that HCB executes superior than 
the other algorithms with less computational effort in same boundary conditions. 

 

Keywords: Trajectory planning, optimization, heuristic optimization methods, hybrid cuckoo-bat algorithm (HCB), 
graphical simulation, motion analysis 
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INTRODUCTION 
 
Robots are greatly being engaged for various applications in so many fields due to its flexibility, repeatability, 
preciseness and accuracy of performing the assigned task. The application area mostly includes the industrial robot 
manipulator operations such as assembly, machining, spray painting, machine loading/ unloading, welding, material 
handling, etc. The motive of the industries and the engineers are to carry out the process of automation effectively 
and accurately in less manufacturing cycle time. So the automation process needed to be optimized in terms total 
time i.e. manufacturing lead time (MLT) and optimal motion control. The smoothness and accuracy assigned 
trajectory to perform the whole operation affects the final end product precise and accuracy. So, in the context of 
trajectory planning and robot motion planning the execution time must be minimized in order to increase total 
productivity. So as to acquire smooth and accurate manipulation of the considered manipulators for the intended 
task, its joints parameters or variables are also must be optimized. In real time environment robot motion and 
trajectory planning are performed in Cartesian-space, whereas the control is performed in joint-space. Therefore, the 
trajectory planning problem which involves the inverse kinematics (IK) solution of robot manipulators must be 
optimized. And, the nature of effecting in multiple solutions while solving IK problem makes the mathematical 
computation more complex and difficult.  The current generation researchers mostly implement the metaheuristic 
techniques and algorithms for faster execution of trajectory planning problem as compared to the conventional 
algebraic and geometric approaches. The metaheuristics methods are also providing better optimal solution to the 
concerned problem.  In order to find solution to trajectory planning and IK problem, so many researchers have 
worked upon the application of soft computing methods for various defined operations. In the following section 
some of earlier conducted research works were explained.  
 
Problem Definition and Objective Function 
The prime objective of the trajectory planning problem is to generate an optimal trajectory (i.e. optimum trajectory 
length/ best cost, optimal joint angle and joint angle variation, minimum error in positions). For illustration purpose, 
a manipulator as shown in Figure 3 has been chosen so as to move to a specific desired target. The robot kinematic 
model of the chosen Kawasaki RS06L robot has been presented in the Figure 1. The specification of the Kawasaki 
RS06L robot model has been given in Table 1. The schematic link diagram with coordinate frame of the Kawasaki 
RS06L manipulator has been presented in Figure 2.  The DH kinematic parameters extracted from the Figure 2 are 
tabulated in Table 2.   
 
Proposed Hybrid Cuckoo-Bat Algorithm (HCB) 
This section of the paper presents a brief description of the new proposed hybrid algorithm for the optimal trajectory 
planning problem of a Kawasaki manipulator. In order to acquire optimal solutions for the desired task, the concept 
of CS and BA has been merged to custom the hybrid algorithm. The optimization process do considers two 
objectives function i.e. one for the error in position and the other being the error for orientation. And hence, the total 
fitness function is the combination of both i.e. error in position (equation-18) and error in orientation (equation-19) 
and it is defined as by equation (21), 

 

                                 (1) 
 
where, w1 and w2 are weighing factor. In this case equal weightage has been assigned to both position and 
orientation so as to obtained optimal solution for the end-effector trajectory accurately. Hence,  w1 = 0.5 and w2 = 0.5. 
 
The entire process of optimization of the trajectory planning problem using the developed hybrid algorithm has been 
presented in the Figure 5. The optimization planning begins with the inputs of kinematic parameters, the workspace 
and the desired target point. The feasibility of the position and orientation has been verified for the defined joint 
variables limits. The forward kinematics equations along with a combined objective function for position and 
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orientation coordinates are defined. Then the initialization of optimization algorithms is done with a random 
population and a set of optimization parameters such as pulse frequency, pulse rate loudness, etc. then the concept 
of CS algorithm has been implemented to find a local optimal solutions. Firstly, a random cuckoo i.e. set of position 
and orientation coordinates are chosen for evaluation of objective fitness value. And then, another cuckoo i.e. set of 
coordinates are picked followed by its fitness evaluation. The lower value fitness among two calculated fitness is 
forwarded to the next step which is termed as current best. The worst finesses among them are eliminated. The best 
local optimal solution viz. the current best of the CS   algorithm is given as input to the bat algorithm (BA) for global 
optimization. In BA, new solutions are generated by updating the velocity, pulse emission rate and loudness of the 
local solutions obtained from CS algorithm. The new solution is checked for its efficacy in reference to the previous 
solution and accordingly the best are accepted to calculate the position orientation, objective fitness using forward 
kinematics. The best bats i.e. the optimal trajectory solutions in the terms of various performance parameters are 
stored in the system. The entire process is repeated until the previously defined maximum iteration is reached. The 
considered algorithms have been run for 500 iterations with the same population size. The values of tuning 
parameters used in different algorithms are given in Table 3. The algorithm tuning parameters are denoted as given 
below,  
 
β = Levy flight factor for CS, 
pa = probability factor (Discover rate of ailing eggs), 
γ = Light Absorption Coefficient, β0 = Attraction Coefficient Base Value,  
α = Mutation Coefficient, α-damp = Mutation Coefficient Damping Ratio, 
δ = Uniform Mutation Range, w = Inertia weight, 
α-damp = Inertia Weight Damping Ratio, C1 = Personal Learning Coefficient, 
C2 = Global Learning Coefficient. 
 
In ABC, the number onlooker bees are equal to number of employed bees and acceleration coefficient is 1. In BA 
frequency ranges from 0 to 2. The considered algorithms are run for 10 independent runs and the best results are 
picked. 
 

RESULTS 

 
Results Obtained with Hybrid Cuckoo-Bat Algorithm (HCB) 

The convergence of HCB algorithms at different runs has been presented in Figure 6, where, R’s represent the runs of 
algorithm execution. As it can be observed that at R24 run, the algorithm is resulting in best solution of the fitness 
value.  Figure 7 depicts the best cost plot of the proposed HCB algorithm. The variations of joint angle θ1, θ2 and θ3 
have been shown in Figure 8. Similarly, the variations of joint angle θ4, θ5 and θ6 have been shown in Figure 9. The 
position and orientation errors in different directions obtained from HCB method are presented in Figure 8 and 
Figure 9 respectively. 
 
The error in position in X-direction presented in Figure 19 indicates that the error in HCB is least showing that the 
best solution accuracy as compared to other methods. Here, FA, TLBO and PSO are providing good results whereas 
CS, BA and ABC perform the worst.  The error plot as shown in Figure 20 shows that the error in Y-direction 
obtained with HCB is least while CS, BA, FA, ABC and PSO are resulting in inaccurate results. The result of HCB is 
as good as of the TLBO. Figure 21 reveals that the error in position for Z-direction for HCB, BA, ABC and TLBO are 
lesser as compared to other.  Similarly, the error in orientation value in X-direction for all algorithms has been 
presented in Figure 22. It indicates that HCB, ABC and BA are yielding optimum and accurate solution relative to 
other methods. Here, CS, FA and TLBO are worst performer. 
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The trajectory solution results of mean error in positions and orientations for the defined objective functions of 10 
runs have been taken to check the statistical significance of all techniques. In order to verify the effectiveness of the 
HCB method, the comparative student’s t-test of results of two groups/methods at once has been conducted using 
Friedman ANOVA test [36]. Sometimes, for more than two groups results the t-test leads to improper results at 
constant confidence interval, α = 0.05 and the results comes as  at this significance level, the populations are different.  
The Friedman test works on the concept of accepting/rejecting a predefined null hypothesis and check whether the 
input parameters are significant or not.  
 
The Friedman ANOVA test is performed in OriginPro 2016 software and the output results in terms of p-value at 
significance level, α = 0.05  has been presented in Table 3. It can be observed from the results of Table 3 that the p-
value of HCB-TLBO and CS_TLBO are 0.52709 and 1 respectively. This confirms that the solutions of HCB and TLBO 
are not significantly different. The p-value 1 indicates that the results of CS and TLBO are same. Similarly, the p-
value of CS-HCB, CS-FA, HCB-FA, ABC-PSO, PSO-FA combinations shows that there is no statistical difference in 
their solutions. It is concluded from the overall p-value of algorithms solutions in the Table 3 that BA, FA, ABC, and 
PSO are producing results having more statistical difference relative to CS, HCB and TLBO. 
 
Furthermore, the CS, HCB and TLBO techniques have provided better results relative to other methods. There is 
very small difference in algorithms tendency in finding the worst and mean solutions. Therefore, in order to quantify 
the algorithms performance, Friedman rank test [36] has been conducted for all algorithms at a time in OriginPro 
environment. The Friedman rank test result of mean error fitness value for the implemented algorithms has been 
shown in Table 4. The rank test confirms that HCB is ranked 1 followed by TLBO and CS in the 2nd and 3rd rank 
respectively.  BA and ABC are ranked in the last in this test. It can also be seen that the difference in the Friedman 
rank of HCB, TLBO and CS is minimal i.e. 19, 23 and 24 respectively.  The Friedman rank of PSO, ABC and BA are 
52, 60 and 62 respectively which are much lower in rank than the proposed HCB algorithm with Friedman rank 19.  
Similarly, the mean rank of HCB is 1.9 which is much higher than PSO, ABC and BA having mean rank of 5.2, 6.0 
and 6.2 respectively. The mean rank of TLBO and CS are 2.3 and 2.4 respectively which have minimal difference with 
that of HCB. From the above test it can be concluded that HCB is performing best and BA is offering worst solutions. 
The familiar algorithms like TLBO and PSO are the next best methods after HCB. 
 

CONCLUSION 
 
This paper proposes a hybrid cuckoo bat algorithm (HCB) for the trajectory optimization problem for a simple 6R 
Kawasaki RS06L robot manipulator. The existing algorithms such as CS, BA, FA, ABC, PSO and TLBO algorithms 
are also used to solve the trajectory optimization problem for the same manipulator with same set of constraints. The 
optimized trajectory results obtained from HCB in terms of performance parameters such as best cost, joint angle 
variations, error in positions and orientations has been presented. The results of HCB were compared with that of the 
CS, BA, FA, ABC, PSO and TLBO. The results of simulation verify that HCB is producing optimal trajectory with 
minimum error in positions and orientations. The variations in joint angles obtained through HCB are least as 
compared to other algorithms. On the other hand, CS and TLBO are performing well for some cases whereas the new 
hybrid algorithm performs consistently better in all cases of evaluation of optimal performance parameters. The 
Friedman ANOVA test confirms that the results obtained for mean solution of the error fitness function are not 
significantly different. The other two are CS and TLBO where the results produced are of not much statistical 
difference. In order to verify the effectiveness of all algorithms the Friedman rank test results is also conducted 
which reveals that the HCB is ranked 1st  among the other chosen existing algorithms. The execution/computational 
time is also less for HCB as compared to other algorithms (except CS) as they converge for the optimum solutions. In 
the overall review of algorithms HCB is performing better and BA being the worst one. Therefore, the 
aforementioned evaluation recommends that a better, optimal, precise and accurate trajectory planning can be 
performed with HCB in lesser time. 
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Table 1. Specification of Kawasaki RS06L robot 

 

Specification Value Units 

No of degrees of freedom 6  
Maximum reach 1960 mm 

Work envelope 
θ1: ±180 , θ2: +145-(-105). θ3: +150-(-163), θ4: ±270. 
θ5: ±145, θ6: ±360 

Degrees 

Configuration 
All axis are completely independent and are 
controlled simultaneously 
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Table 2. Link parameters of Kawasaki RS06L robot 
 

 

 

 

 

 

 

 

 

Table 3. Tuning parameters values of different optimization algorithms 

Algori

-thms 

Itera-

tion 

Popu-

lation 

size 

Ub and 

Lb 

of design 

variable 

γ β β0 α δ 
α-

damp 
pa 

w 

 

w-

damp 
C1 C2 

CS 

500 25 

Same for 
all as 

given in 
Table 2 

** 1.5 ** ** ** ** 0.25 * * ** ** 
BA ** ** ** ** ** ** ** * ** ** ** 

HCB ** 1.5 ** ** ** ** 0.25 * * ** ** 
FA 0.8 ** 0.2 0.2 0.9 0.997 ** * ** ** ** 

ABC ** ** ** ** ** ** ** * ** ** ** 
PSO ** ** ** ** ** ** ** 1 .99 1.5 2 

TLBO ** ** ** ** ** ** ** * ** ** ** 
The ‘**’ symbols indicates that the parameters is not a tuning parameters of that algorithm. 
 

Table 4. Result of the Friedman ANOVA test 

Algorithm 

Combination 
p-value 

Algorithm 

Combination 
p-value 

CS-BA 0.00157 HCB-PSO 0.00157 
CS-HCB 0.2059 HCB-TLBO 0.52709 
CS-FA 0.05778 PSO-TLBO 0.00157 

CS-ABC 0.00157 TLBO-ABC 0.00157 
CS-PSO 0.00157 TLBO-BA 0.00157 

CS-TLBO 1 FA-ABC 0.01141 
HCB-BA 0.00157 ABC-PSO 0.05778 
HCB-FA 0.05778 PSO-FA 0.2059 

HCB-ABC 0.00157   
 

Table 5. Friedman rank test result of mean error fitness value for the implemented algorithms 

 

 

 

 

 

 

 

 

 

Joint i αi-1 ai-1 di θi Parameter value 

1 0 0 0 θ1 d1=430 mm 
2 90 0 0 θ2 a2=650mm 
3 0 a2 0 θ3  
4 -90 0 d4 θ4 d4=900mm 
5 90 0 0 θ5  
6 90 0 0 θ6  

Algorithms Rank Mean Rank Friedman Rank 

CS 3 2.4 24 
BA 7 6.2 62 

HCB 1 1.9 19 
FA 4 4 40 

ABC 6 6 60 
PSO 5 5.2 52 

TLBO 2 2.3 23 
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Figure 1 Kinematic model of RS06L [Kawasaki Robotics 

Pvt. Ltd.] 

 
Figure 2  Schematic link diagram of the robot 

Kawasaki RS06L 

 
 

 
Figure 3. A flowchart for the optimal trajectory planning using the HCB scheme 
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Figure 4. Convergence of HCB at different runs 

 
Figure 5. Best cost plot with iteration obtained from 

HCB 

 
Figure 6. Variation of joint angle θ1, θ2 and θ3 obtained 
from HCB 

 
Figure 7. Variation of joint angle θ4, θ4 and θ6 
obtained from HCB 

 
Figure 8. Error in X, Y and Z-positions obtained from 

HCB 

 
Figure 9. Error in X, Y and Z-orientation value 

obtained from HCB 

 Figure 10. Best cost convergence plot with iteration for 

all algorithms 
Figure 11. Variation of joint angle θ1 of all 

algorithms 

 
Figure 12. Variation of joint angle θ2 of all algorithms 

 
Figure 13. Variation of joint angle θ3 of all algorithms 
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Figure 14. Variation of joint angle θ4 of all algorithms 

 
Figure 15. Variation of joint angle θ5 of all 

algorithms 

 
Figure 16. Variation of joint angle θ6 of all algorithms 

 
Figure 17. Error in X-positions of all algorithms 

 
Figure 18. Error in Y-positions of all algorithms 

 
Figure 19. Error in Z-positions of all algorithms 

 
Figure 20. Error in X-orientation value of all algorithms 

 
Figure 21. Error in Y- orientation value of all 

algorithms 

 
Figure 22. Error in Z- orientation value of all algorithms 

 
Figure 23. Computational time taken for execution of 

all algorithms 
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India is the largest producer of Jute in all over the world. Traditionally jute has been utilized as 
packaging material and decorative purpose. But in the present scenario it has been utilized in the 
composite industry. The most important thing is that it is a Natural fibber hence it is biodegradable. The 
performance of the fiber is very effective as compared to traditional artificial fiber. Light weight 
composite material can be prepared by using the jute fiber. It can be used in the field of automobile, 
Aerospace, construction and Defense Technology. This research outlines the manufacturing and 
mechanical description of a modern type of multi-phase composite developed from epoxy, jute fiber and 
titanium carbide (TiC) particles. The impact of fillers have been observed to change the physical and 
mechanical properties of  jute epoxy composite. 

Keywords: Composite, Hand Lay-up Process, Mechanical Testing, Scanning Electron Microscope 

 

INTRODUCTION 
 
Composite materials do provide capacity for part integration. Composites are common both in surroundings as well 
as among engineering materials. The components were usually macroscopic in the initial days of new man-made 
composite materials. As composite technology has progressed in recent decades, the component sizes, especially 
reinforcing materials, has been steadily decreasing. Composites are processed in four simple steps: Impregnation, 
lay-up, consolidation, and solidification.  
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MATERIAL, EQUIPMENT AND METHODS 
 

Table 1 Material and Equipment 

Matrix Material Resin, Epoxy Araldite AW 106 
Fiber Material Jute 
Particulate Filler Material Titanium carbide (TiC) 
Micro-Hardness  Leitz Micro-Hardness Tester 
Universal Testing Machine Instron 1195 

 

Table 2 Different Composites with Compositions 

 
 
 
 
 

 

 

 

Table 3 Densities- Measured and Theoretical 

Composites 

Measured 

Density 

(gm/cc) 

Theoretical 

Density 

(gm/cc) 

Volume 

Fraction of 

Voids (%) 

C1 1.127 1.135 0.71 
C2 1.139 1.153 1.35 
C3 1.157 1.172 1.28 
C4 1.199 1.258 4.68 
C5 1.287 1.358 5.22 

 

Experimental Details 
 

Table 4. Various Mechanical Properties 

Composites 
Mean Hardness 

(Hv) 

Tensile Strength 

(MPa) 

Flexural Strength 

(MPa) 

Inter-laminar Shear 

Strength (MPa) 

C1 57 302.8 312.6 20.52 
C2 59 331.5 345.8 19.32 
C3 63 349.6 368.6 18.42 
C4 83 304.5 357.8 22.57 
C5 86 279.4 353.2 28.99 

Table 5. Impact Test Values 

Specimen C1 C2 C3 C4 C5 

Impact test Value in Izod 
(No of Divisions) 

23 32 41 40 38 

Strength in joule. 
1 div = 2 joule 

46 64 82 80 76 

 

 

Composites Jute Fibre %wt in Epoxy TiC % wt in Epoxy 

C1 20 0 
C2 30 0 
C3 40 0 
C4 40 10 
C5 40 20 
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Figure. 1 Micro-Hardness Values 

 
Figure. 2   Tensile Strength Values 

 
Figure 3   Flexural Strength Values 

 
Figure.4 Inter-laminar Shear Strengths 

 
Figure 5 Comparison of Toughness 

 
Figure 6 SEM Images after Tensile Tests 

 

CONCLUSION 

 
The following conclusions have been drawn from the study of the jute epoxy composite: 
 
1. The hand lay-up method was used to effectively assemble the bidirectional jute fibre-reinforced epoxy resin. 
2. The void content decreases as fiber loading increases but the hardness, tensile strength and impact strength 

increases. 
3. Void content influences flexural strength and inter-laminar shear strength dramatically.  
4. Filler content strongly affects density and hence micro-hardness. 
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The laser printer is as common as the computer system. Can't say the same about the 3D printer. But it 
might be about to change. 3D Printers create parts through the addition of materials and are the new 
hotness in the field manufacturing. Molten Polymer Deposition (MPD) or Fused Deposition Modeling 
(FDM) or Fused Filament Fabrication (FFF) is technique in additive manufacturing, which describes 
pushing a solid plastic filament into a hot-end, which then extrudes a thin stream of molten material into 
layers to build up the desired piece. The developed machine is used to print PLA, ABS, TPU plastics with 
simple design, reduced cost, maximum capacity, and increased accuracy. Simply, the heated bed makes a 
difference. 

 

Keywords: 3D Printing, Hardware, Software, Materials 

INTRODUCTION 
 
You can print anything with length, width and height by a 3D printer. Plastic requires a significant melting 
temperature and is therefore a favorite material for three-dimensional printing. A 3D printer requires a plastic 
heating system before the material transforms from solid to liquid form. The hot end is heat up with electricity to 
melt the plastic. The extruder pushes the plastic into hot end. Motors controlled by computer and controller in a 3D 
printer are used for movement, spinning at varying speeds (clockwise and anticlockwise). The hot-end acts like a 
pen, drawing a path on the flat work surface. We have to connect 3D printer to a computer running relevant 
software. The software is used to build the required object and to send data to the 3D printer as instructions. If you 
get the hang of 3D printing, there are plenty of possibilities. The main objective was to develop a cost effective 3D 
printer. 
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Parts and Details 
The 3D printer consists of parts like frame, extruder, part plate, stepper motor, circuit board, power supply, nozzle, 
belt, Lead Screw, Passive Block, Hand Twist Levelling Nut, Flexible Heater, Filament Sensor, Power supply cable, 
Lead Screw Holder (coupler), Filament, Nut and bolts, End Stop, 3D Innovation Pulley Wheel, Gantry Plate Set. It 
has resume printing features with v-slot linear bearing system and wheel moving parts.  
 

CONCLUSION 

 
a) The printer does a fantastic job printed at a much finer point 1 mm layer height the level of details is 

breathtaking. It makes everything take way longer to print but it almost makes the layer lines completely 
invisible for naked eyes. 

b) Everything is attached to the frame so its nice and compact but more importantly it encapsulated the power 
supply so there is no exposed mains voltage unless you open it, so its relatively safe. The power supply is 24 
Volts. The heated bed will heat up significantly faster and just based on results it will reach a maximum 
temperature of around 110 degrees Celcius  

c) Though it’s quite a bit smaller in size, the boat in setup is that you can print faster. If the speed is increased to 120 
mm/sec, the print is also pretty cool. 

d) The building volume is more than enough and which it keeps it nice and compact. It’s not particularly noisy in 
fact it is more quiet as it has motor dampeners. 

e) Flexible filament by far the most exciting filament. Through the printer flexible filaments can be printed. Bowden 
extruder and the extruder motor that pushes the film in forward connected by a tube to the heating element 
where the plastic actually gets melted that tube causes friction and is an indication to how well a 3D printer will 
be able to print flexible filament. In this printer the tube is small so it can print flexible filament better. 
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Table 1 Important Parts 

Printer Controller Board 
RAMPS 1.4 3D Printer controller+Mega2560 with 

cable +5Pcs A4988 Driver with Heat Sink Kit; Fits 5 
Pololu stepper driver board. 

Stepper Motor Bipolar Nema 17 

Hardware 
Smooth and threaded rods; Linear bearing , ball 
bearing , coupling , belt , GT pulley , GT 2 belt; 

Aluminium Frame 

Hot End 
Magma Hot end kit (Thermister& resistor 

included) 40 mm Fan & its Holder. 
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Table 2.2 Printer Description 

Modeling Technology Fluid Deposition Modeling 
Printing Size 220 mm x 220mm x 250 mm 
Printing Accuracy 0.1 mm 
Max. Travelling Speed 180 mm/sec 
Filament Diameter- 1.75 mm 
Layer Thickness 0.1 mm-0.3 mm 
Nozzle Diameter 0.4 mm 
Extruder Mk-10 
File Format .stl 
Software Ultimaker Cura 
Maximum Nozzle 
Temperature 

225 Degree Celcius 

Hotbed Temperature 110 Degree Celcius 
 

CATIA Design 

Figure .1 Isometric View- 3D Printer 
 

Figure .2 Extruder Holder and Frame 

 
Figure .3 Extruder Figure .4 Bed with Holder 

 
Figure .5 3D Printer 

 
Figure .6 Printed Products 
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The present study is carried out to assess the best combination of process parameters which will satisfy 
multiple objectives like lesser tool wear, greater material removal and lower surface roughness value in 
Electric Discharge Machining (EDM) of D2 Steel by varying the tool. Direct metal laser sintered electrode 
using Directmetal20 has been selected along with traditionally used electrodes like copper and brass to 
assess the possibility of replacing these traditional electrodes by DMLS electrode. The study makes use of 
Grey relational analysis along with the Taguchi method to develop a hybrid method which can solve 
multi-objective optimization problems unlike the traditional Taguchi method. Confirmatory test is 
performed to validate the effectiveness of the method.  
 
Keywords: Multi-objective optimization; grey relational analysis; Taguchi method; electric discharge 
machining, direct metal laser sintering 

 

INTRODUCTION 
 
EDM is a highly developed non-traditional machining process which is employed to machine any electrically 
conductive metal by using thermal energy. It is capable of producing any complex shape and size. Due to this it finds 
extensive application in the manufacturing of automobile and aerospace components of complex shape and size. 
EDM is performed with a system involving a machine tool and a power supply. A sequence of spark produced 
between the tool and work causes material removal from the work. The common performance measures in any 
machining (both traditional and non-traditional) are material removal rate (MRR), tool wear rate (TWR) and surface 
roughness (Ra ) of the generated cavity. The EDM tool has maximum influence on these performance parameters. 
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Simultaneous optimization of these performance measures by considering different EDM tools as a process variable 
can further help in the development in EDM.  
 

Literature study and objective of the research 
Complexity of eroded cavity increases the cost of EDM machining. In order to minimize the cost of production of 
EDM tool and time for product development different innovative methods to produce EDM tool have been explored. 
Rapid prototyping (RP) technology refers to a group of advanced and innovative manufacturing methods where the 
parts are created by addition of materials on layer-by-layer basis. A good number of researchers have taken the help 
of different RP technologies to create EDM tools. Arthur et al. [1] engaged thin coated Stereo Lithography (SL) 
models to machine hardened tool steel. Those electrodes found their suitability for semi-roughing as well as 
finishing operations in EDM. Rennie et al. [2] created complex EDM electrodes by applying electroforming to rapid 
prototyping which offered performance comparable with the traditional solid copper electrode. Durr et al. [3] used 
direct metal laser sintering (DMLS) to manufacture simple cylindrical metal electrodes using metal powders of 
bronze, nickel and copper phosphite.  Greater tool wear and worse surface quality was observed in comparison with 
conventional electrodes. Dimla et al. [4] produced intricate components having sloped surfaces and deep slots by 
electroplating of DMLS electrodes.  
 
Meena and Nagahanumaiah [5] studied the influence of EDM process parameters on workpiece with DMLS 
electrodes. The wear at the front edge of the electrode was found to be greater than wear at the side as a result of the 
porosity of the DMLS electrodes. Czyzewski et al. [6] manufactured EDM electrodes by 3D printing technology. 
Amorim et al. [7] used tools made by selective laser sintering (SLS) using different powder materials. Ferraris et al. 
[8] examined the behavior of ceramic composites in EDM and studied their impact on MRR, relative tool wear and 
Ra. Czelusniak et al. [9] focused on the choice of suitable ingredients to produce EDM electrode using selective laser 
sintering. They performed experiments by varying discharge energies and calculated the MRR and volumetric 
relative wear (VRW). Mohanty et al. [10] also performed EDM operation with electrodes prepared by DMLS using 
Directmetal 20 and found peak current to be the most important factor followed by spark-on time. Reddy et al. [11] 
manufactured EDM electrodes by electroless coating of parts made up of PLA and ABS materials produced by fused 
deposition modelling.  
 
The electrical conductivity of PLA based electrode was found to be more than the conductivity of ABS based 
electrode. Padhi et al. [12] found the suitability of thick copper-electroplated FDM ABS plastic electrode for rough 
cutting and semi-finishing operation of D2 steelIn this case due to inability of conventional Taguchi technique to 
address problems with multiple objectives, grey relational analysis has been combined with Taguchi method. This 
method known as grey Taguchi method [13] is one of the many hybrid Taguchi methods used in solving multi 
response optimizations. Other well-known hybrid Taguchi methods are principal component based Taguchi method 
[14], utility concept based Taguchi method [15] and desirability concept based Taguchi method [16] etc. Grey 
Taguchi method is chosen because it requires less mathematical calculations compared to the other hybrid Taguchi 
methods. Detailed method has been explained in this paper.   
 
Taguchi method 
Taguchi method is a state-of-the-art method to resolve single objective optimization problems with minimum 
number of experiments. It uses Signal-to-Noise (S/N) ratio [17] as a measure of performance. The S/N ratio rests on 
the quality characteristics of the process. The S/N ratios for three possible situations used are presented by Eqs. (1-
3).The best setting corresponds to the maximum S/N ratio.   
Higher-the-better (HB) 

S/N ratio = 









 



n

i iyn 1
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Here, n represents number of repetitions and 
i

y  is the measured output. This is used where higher value is required 

such as agricultural yield, petrol mileage, or tensile strength of a material. 
 

Lower-the-better (LB) 

S/N ratio = 
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Here, n represents number of repetitions and 
i

y  is the measured output. This is used where lower value is required 

such as emission of a vehicle and corrosion in metal surface etc. 
 

Nominal-the-best (NB) 

S/N ratio = 











2

2

10log10



                  (3) 

Here,  mean and  Standard deviation. This is used where attaining a nominal or target value is required such 

as diameter of spindle to be attained and weight of product to be maintained etc.  
 

Grey relational analysis (GRA) based Taguchi Method 
Grey relational analysis helps in converting problem with more than one objective into problem with a single 
objective which can then be solved by Taguchi method. 
In the first step of the grey relational analysis, measured values of the responses are normalized in the range between 
0 and 1. The normalized data for smaller-the-better condition is represented as:  
 

max (k) (k)
(k)

max (k) min (k)

i i
i

i i

b b
a

b b





         (4) 

 
The normalized data for larger-the-better condition is represented as, 
 

(k) min (k)
(k)

max (k) min (k)

i i
i

i i

b b
a

b b





         (5) 

 
where (k)ia is the normalized value, min (k)ib  is the smallest value of (k)ib for the kthresponse and max (k)ib is the 

largest value of (k)ib for the kth response. An ideal sequence is 0 (k)a for the responses.  

In the second step grey relational numbers are computed on the basis of the normalized data. The grey relational 
number (k)i is given as   

 

min max

0 max

(k)
(k)

i

i





  


  

          (6) 

 
Here 0 0 (k) (k)i ia a     difference of the absolute value 0 (k)a and (k);ia  is the differentiating coefficient 

min min
min 00 1; (k) ( )j i k a aj k         the smallest value of 0i ; 

and max max
max 0 (k) ( )j i k a aj k       = largest value of 0i .  
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In the third step the overall grey relational score (OGRS) which is denoted by i  is calculated. i  is the mean of the 

grey relational numbers and is given as: 
 

1

1
(k)

n

i i

kn
 



             (7) 

 

n represents total number of outputs(responses). The greater value of grey relational score indicates to intense 
relational degree between 0 (k)a and (k)ia .  Therefore, higher grey relational score indicates better quality. 

By taking this OGRS as a single objective, the problem is solved by traditional Taguchi method.   
 

Experimentation 
The process parameters selected are peak current (Ip), spark-on time (Ton), spark-off time (Toff), flushing pressure (Fp) 
and tool electrode (TE). TWR, MRR and Ra have been selected as response variables. D2 steel has been selected as 
work piece. Different process parameters along their levels during EDM are given in Table 1. Three cylindrical tools 
(20mm x 20mm) selected were brass, copper and DMLS part. DMLS is a developed RP process to form 3D parts. 
DMLS part has been prepared employing EOSINT M250 Extended machine using DirectMetal20 as a powder 
material. The schematic diagram of the direct metal laser sintering process is shown in Fig 1. Computer aided design 
(CAD) model (in .STL format) was sliced by means of “EOS RP Tools” and transmitted to the process compute. PSW 
software was used to create the laser path. Laser power, layer thickness, hatch width, hatch spacing and laser scan 
speed during the sintering process have been kept at 228W, 40µm, 5mm, 0.2mmand 500mm/sec respectively.  
Sintering was carried out in nitrogen environment (with O2 < 1.5%). Wire EDM was used to remove the platform 
from the base plate. 

 

RESULTS AND ANALYSIS 

 
The results of the experiments performed following Taguchi’s L27 OA design have been presented in Table 2. The 
normalized experimental data using Eqs.(4) and (5) are shown in Table 3. SB criteria are used for TWR & Ra, while a 
LB criterion is used for MRR. Quality loss estimations (Δ0i) associated with the individual quality characteristics are 
provided in Table 4. Then grey relational numbers for individual quality characteristics are computed using Eq. (6) 
and are presented in Table 5. The distinguishing coefficient (Φ) is taken as 0.5. The overall grey relational score is 
calculated using Eq. (7), which represents the multi-quality features. The evaluated OGRS values are presented in 

Table 5. The predicted ideal setting for optimum OGRS using Taguchi method becomes 
1 3 3 1 1p on off pI T T F TE  

(observed from main effects plot for S/N ratio presented in Fig. 2). Then a confirmatory test has been performed to 
validate the predicted settings. R-Sq value of 92.66% indicates the effectiveness of carrying out the tests. The ANOVA 
for OGRS presented in Table 6 indicates tool electrode (TE) to be the most important factor. OGRS is in decreasing 
order for brass, copper and DMLS electrodes.  
 

CONCLUSIONS 

 
The following observations have been made from the results of the experiments:  
1) Best parametric combination can be found out by combining GRA with Taguchi method. 

2) Confirmatory test has been done to endorse the predicted best setting
1 3 3 1 1( )p on off pI T T F TE obtained.  

3) TE is found to be the most important factor affecting the output.  
4) This cited technique can be suggested for solving other similar problems.  
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5) The DMLS electrode has offered inferior performance compared to both the conventional electrodes (brass and 
copper) used in the study. The poor performance of DMLS electrode is owing to the higher porosity level. So 
porosity level of DMLS electrode should be significantly reduced to make it suitable as a substitute for 
conventional electrodes like copper and brass.  

6) DMLS electrode may be recommended for roughing and semi-finishing operation.  
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Table 1: Process parameters along with their levels 

 
Levels Ip (A) Ton (µs) Toff(µs)

 
Fp (kN/m²) TE 

1 7.5 120 10 30 Brass 
2 10 150 20 60 Copper 
3 12.5 180 30 90 DMLS 

 
Table 2 Experimental results along with design matrix 

 

Sl. 
No. 

L27 OA Measured responses 

I  on
T  offT  pF  Tool TWR MRR 

 
1 1 1 1 1 1 10.379 9.286 2.108 
2 1 1 1 1 2 5.425 9.895 2.938 
3 1 1 1 1 3 6.69 5.991 3.698 
4 1 2 2 2 1 8.361 12.982 1.925 
5 1 2 2 2 2 5.145 13.145 3.028 
6 1 2 2 2 3 7.581 6.77 4.365 
7 1 3 3 3 1 7.415 11.995 1.898 
8 1 3 3 3 2 4.025 12.045 2.665 
9 1 3 3 3 3 6.028 6.873 3.138 

10 2 1 2 3 1 7.735 12.688 2.281 
11 2 1 2 3 2 5.345 12.982 3.571 
12 2 1 2 3 3 4.604 2.429 4.788 
13 2 2 3 1 1 9.252 17.208 2.345 
14 2 2 3 1 2 5.365 17.783 3.345 
15 2 2 3 1 3 5.774 9.992 5.131 
16 2 3 1 2 1 11.935 12.495 2.308 
17 2 3 1 2 2 7.945 12.395 3.528 
18 2 3 1 2 3 8.232 5.311 3.975 
19 3 1 3 2 1 12.015 18.427 2.308 
20 3 1 3 2 2 9.515 19.195 3.455 
21 3 1 3 2 3 10.619 12.826 5.255 
22 3 2 1 3 1 14.115 17.195 2.781 
23 3 2 1 3 2 10.645 15.815 3.898 
24 3 2 1 3 3 11.231 9.733 5.081 
25 3 3 2 1 1 15.395 19.995 2.645 
26 3 3 2 1 2 10.495 20.295 3.931 
27 3 3 2 1 3 11.455 12.634 4.571 

 
Table 3 Normalized experimental data 

 

Sl. No. 
Normalized value 

of TWR 

Normalized value 

of MRR 

Normalized 

value of Ra 

Ideal 1 1 1 
1 0.4412 0.3838 0.9374 
2 0.8769 0.4179 0.6902 
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3 0.7656 0.1994 0.4638 
4 0.6186 0.5907 0.992 
5 0.9015 0.5998 0.6634 
6 0.6872 0.243 0.2651 
7 0.7018 0.5354 1 
8 1 0.5382 0.7715 
9 0.8238 0.2487 0.6306 

10 0.6737 0.5742 0.8859 
11 0.8839 0.5907 0.5016 
12 0.9491 2.00E-17 0.1391 
13 0.5403 0.8272 0.8668 
14 0.8821 0.8594 0.569 
15 0.8462 0.4233 0.0369 
16 0.3043 0.5634 0.8779 
17 0.6552 0.5578 0.5144 
18 0.63 0.1613 0.3813 
19 0.2973 0.8954 0.8779 
20 0.5172 0.9384 0.5362 
21 0.4201 0.5819 0 
22 0.1126 0.8265 0.737 
23 0.4178 0.7492 0.4042 
24 0.3662 0.4088 0.0518 
25 0 0.9832 0.7775 
26 0.431 1 0.3944 
27 0.3465 0.5712 0.2038 

 
Table 4 Calculations of quality loss estimations 

 

Sl. No. 
Quality loss 

estimations of TWR 

Quality loss estimations 

of MRR 

Quality loss 

estimations of Ra 

Ideal 0 0 0 
1 0.5588 0.6162 0.0626 
2 0.1231 0.5821 0.3098 
3 0.2344 0.8006 0.5362 
4 0.3814 0.4093 0.008 
5 0.0985 0.4002 0.3366 
6 0.3128 0.757 0.7349 
7 0.2982 0.4646 0 
8 0 0.4618 0.2285 
9 0.1762 0.7513 0.3694 

10 0.3263 0.4258 0.1141 
11 0.1161 0.4093 0.4984 
12 0.0509 1 0.8609 
13 0.4597 0.1728 0.1332 
14 0.1179 0.1406 0.431 
15 0.1538 0.5767 0.9631 
16 0.6957 0.4366 0.1221 
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17 0.3448 0.4422 0.4856 
18 0.37 0.8387 0.6187 
19 0.7027 0.1046 0.1221 
20 0.4828 0.0616 0.4638 
21 0.5799 0.4181 1 
22 0.8874 0.1735 0.263 
23 0.5822 0.2508 0.5958 
24 0.6338 0.5912 0.9482 
25 1 0.0168 0.2225 
26 0.569 0 0.6056 
27 0.6535 0.4288 0.7962 

 
Table 5 Individual grey relational numbers and OGRS 

 

Sl. No. 
Grey relational 

numbers for TWR 

Grey relational 

numbers for MRR 

Grey relational 

numbers for Ra 

Overall grey 

relational score 

1 0.4722 0.4479 0.8887 0.6029 
2 0.8024 0.4621 0.6174 0.6273 
3 0.6808 0.3844 0.4825 0.5159 
4 0.5673 0.5499 0.9843 0.7005 
5 0.8354 0.5554 0.5977 0.6628 
6 0.6152 0.3978 0.4049 0.4726 
7 0.6264 0.5183 1 0.7149 
8 1 0.5199 0.6863 0.7354 
9 0.7394 0.3996 0.5751 0.5714 

10 0.6051 0.5401 0.8142 0.6531 
11 0.8116 0.5499 0.5008 0.6208 
12 0.9076 0.3333 0.3674 0.5361 
13 0.521 0.7432 0.7896 0.6846 
14 0.8092 0.7805 0.5371 0.7089 
15 0.7648 0.4644 0.3417 0.5236 
16 0.4182 0.5338 0.8037 0.5852 
17 0.5919 0.5307 0.5073 0.5433 
18 0.5747 0.3735 0.4469 0.465 
19 0.4157 0.827 0.8037 0.6821 
20 0.5088 0.8903 0.5188 0.6393 
21 0.463 0.5446 0.3333 0.447 
22 0.3604 0.7424 0.6553 0.586 
23 0.462 0.666 0.4563 0.5281 
24 0.441 0.4582 0.3453 0.4148 
25 0.3333 0.9675 0.692 0.6643 
26 0.4677 1 0.4522 0.64 
27 0.4335 0.5383 0.3857 0.4525 
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Table 6 ANOVA for OGRS 

 

Source DF Seq SS Adj SS Adj SS F P 

I  2 0.016786 0.016786 0.008393 8.27 0.003 

on
T  2 0.000451 0.000451 0.000226 0.22 0.803 

offT  2 0.040056 0.040056 0.020028 19.73 0.000 

pF  2 0.002941 0.002941 0.001470 1.45 0.264 

TE 2 0.144856 0.144856 0.072428 71.35 0.000 

Error 16 0.016242 0.016242 0.001015   

Total 26 0.221333     
S = 0.0318613   R-Sq = 92.66%   R-Sq (adj) = 88.08% 
 

 
Fig.1 Schematic diagram of DMLS process 
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This work presents the development of biogas purification system through water scrubbing to substitute 
the fuels used in cooking and I.C. engine applications. A water scrubber is designed to remove carbon 
dioxide from raw biogas through physical absorption method by water at a pressure of 3-4 bar. It is 
found from the test that the scrubbing unit can remove 89.74% of carbon dioxide present in the raw 
biogas. After water scrubbing, cleaning of biogas is done through desulphurization to remove hydrogen 
sulphide and dehydration to remove moisture present in the biogas. The purified and enriched biogas is 
used as alternate fuel for running the I.C. engine to produce power and as cooking fuel in rural 
households. 

Keywords: Anaerobic digestion, desulphurization, dehydration, kitchen wastes, I.C. engines, 
chromatography 

 

INTRODUCTION 

The continuous generation of organic wastes like municipal wastes, kitchen wastes and dairy wastes are becoming 
environmental and social issues for their improper treatments. It is therefore required to decompose the organic 
wastes to produce biogas. Anaerobic digestion is one of the processes to decompose the organic wastes into methane, 
carbon dioxide and other constituents in absence of oxygen. In this process microbial decomposition of organic 
wastes occurs which is also known as bio-methanogenesis to produce methane. Anaerobic digestion has the 
advantage of biogas production and contribution to the conservation of non- renewable energy sources. In this 
context, we have installed a small biogas plant of 2 m3capacity to use kitchen wastes as feed stock. A water scrubbing 
unit has been designed and developed for biogas purification to remove carbon dioxide and cleaning to remove 
hydrogen sulphide and water moisture for utilization as fuel in cooking applications and as an alternate fuel for I.C. 
engines. 
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BIOGAS  PURIFICATION 
Application of biogas technology has already gained acceptance in developed and developing countries both at the 
community usage and commercial applications although on a limited scale. The biogas produced by anaerobic 
digestion is a clean, cheap and efficient fuel containing about 50-60% of methane (CH4), 30-40% carbon dioxide (CO2), 
1-6% other gases and traces of hydrogen sulphide (H2S). Carbon dioxide and hydrogen sulphide present in the 
biogas are insignificant for practical purposes and occupy considerable amount of volume in storage system. For 
better heating values in cooking and I.C. engine applications, these gases should be removed to make the biogas 
suitable for applications as is the case with natural gas which contains more than 90% CH4. The biogas purification 
aims to increase the lower calorific value of the biogas and convert it to higher fuel standard [14]. If the biogas is 
purified to specifications similar to natural gas, the final gas product is called biomethane. In the upgrading process, 
the CO2  contained in the raw biogas is either removed or is converted to CH4 by reaction with H2 [9]. In the process 
of water scrubbing, CO2 has the affinity of absorption with water resulting more amount of CH4 content in the 
purified biogas. Therefore, high pressure water can be sprayed on pressurized raw biogas and large amounts of CO2 
gas will be absorbed resulting more amount of CH4 [1]. Biogas upgrading through other fermentation processes, CO2 
in biogas can be biologically converted to methane with the addition of H2 [8].In some cases H2S and CO2 should be 
removed depending upon the specific gas utilization as shown in the table 1 [6]. 
 
SCRUBBING OF CARBON  DIOXIDE 
The feasible processes of removal of CO2 from biogas are generally classified into 5 groups as follow [4, 2]. 

 Absorption in toliquid 
 Adsorption on solid surface 
 Cryogenic separation 
 Chemical conversion to another compound 
 Membrane separation 
 

Absorption in to liquid 
Absorption is one of the most commonly used processes for purification of biogas. In this process, gas dissolves in 
the liquid through phase boundary and absorption involves mass transfer in opposite direction from liquid to gas 
phase. Absorbers used in most gas treatment processes are either packed plate or spray towers. In general the 
absorber types are interchangeable to a considerable extent although certain specific conditions may favor one over 
the other. Absorption process can be classified in to two major groups; mainly physical absorption and chemical 
absorption. The major difference between physical and chemical solvents lays in their phase equilibrium 
characteristics with respect to carbon dioxide. 
Physical absorption process 
In physical absorption process water under pressure absorbs CO2 which is called water scrubbing. It is the simplest 
method to remove CO2 from biogas, but higher amount of water is required in this process. The flow diagram of 
water-absorption method is shown in Fig. 1 [11]. The absorption unit consists of an absorption column operating at 
high pressure and CO2is mixed with water in theflash chamber. In water absorption method biogas is feed 
intothechamberatthebottomandwaterissprayedfromthetopforpropermixingofbiogaswithwater.TheCO2contentdecrea
ses with increase in CH4. In thisprocesshighpressure water and high pressure biogas aresuppliedto the absorption 
tower[12]. 
 
WATER  SCRUBBING METHODOLOGY 
Biogas from kitchen wastes is a renewable source of energy for both cooking and I.C. engine applications. For larger 
quantities of production, it is difficult to store and transport due to high volume content of CO2and H2S in biogas. 
Therefore it is required for scrubbing to remove CO2and H2S. A water scrubbing method is adopted to remove CO2to 
produce enriched biogas for cooking and I.C. engine applications. 
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The scrubbing unit consists of a vertical cylindrical tower with three perforated trays mounted horizontally. Biogas 
enters the tower at the bottom and travels upward through openings in the trays, while the water flows from the top 
and across each tray. The gas mixes with the water flowing over the tray, providing more gas-water contact. The gas 
velocity prevents water from flowing down through the perforations in the tray. The bottom end is equipped with 
biogas inlet and waste water outlet. The top end provides water inlet and gas outlet. After the scrubbing, the purified 
gas leaves the tower and passes through desulphurizer to remove H2S and dehydrator to remove moisture. Then the 
enriched biogas is stored for cooking and I.C. engine applications. 
 

Experimental design of water scrubber 
A cylindrical scrubbing column of height 3000 mm and diameter 150 mm is designed and fabricated as shown in Fig. 
2. The temperature range of water is 20-50oC and flow rate is 2 m3/hr at pressure of 4 bar. Inlet pressure of biogas is 3 
bar and the flow rate is 1.5 m3/hr. The raw biogas is compressed up to 8-10 bar pressure and stored in the compressor 
vessel. A reciprocating pump is used to supply pressurized water at 4 bar, which is used as an absorbent liquid. 
Perforated plates are used as packing material.  
 

Components of water scrubbing unit 
The water scrubbing unit consists of a scrubbing tower with perforated trays, a reciprocating pump to supply high 
pressure water, a reciprocating compressor to supply pressurized biogas, an elastic balloon to store enriched biogas, 
a desulphurizer to remove H2S, a dehydrator to remove moisture, pipe fittings and different accessories like 
pressure gauges and regulatory valves. The complete biogas enrichment unit is shown in Fig. 3. 
 

Scrubbing tower 
The scrubbing tower consists of transparent fibre cylinders joined vertically and provided with 3 perforated trays. 
They are held by 3 mild steel tie rods bolted at top and bottom. The tower is supported by fabricated mild steel frame 
with a stand. The details of the scrubbing tower are shown in table 3. The schematic view of the scrubbing tower is 
shown in Fig. 4. 
 
The scrubbing tower is divided in to three sections, as given below. 
 

Top Section : The top section of the scrubber consists of a 5 mm thick mild steel plate provided with 15 mm purified 
gas outlet pipe, 15 mm water inlet pipe and 3 mm water spraying nozzle as shown in Fig. 5. The top plate is bolted 
with the bottom plate by means of three tie rods of diameter 10 mm. Schematic diagram of top view with dimensions 
is shown in Fig. 6. 
Middle Section: Middle section consists of 3 perforated plates of 160 mm diameter, which are fitted as packing 
material at a distance of 0.5 m, 1.5 m and 1.7 m from the top of the scrubber as shown in Fig. 7. 
Bottom Section: The bottom section consists of a 5 mm thick mild steel plate provided with 15 mm gas feeding pipe 
attached with a regulatory valve and a pressure gauge. The bottom plate is also provided with a 30 mm waste water 
outlet pipe fitted with a valve to control the flow as shown in Fig. 8. The top plate is bolted with the bottom plate by 
means of three tie rods of diameter 10 mm. Schematic diagram of top view with dimensions is shown in Fig.9. 
 

Water supply system 
A reciprocating pump is selected to supply water under pressure to the scrubber at low discharge. A 15 mm 
diameter GI pipe is fitted with a regulating valve to control the flow of water. To measure the pressure of water a 
pressure gauge is fitted as shown in Fig.10. 
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Gas supply system 
Biogas is collected from the plant by means of a flexible balloon and stored in the vessel of a 1 kW two stage 
compressor with the suction capacity of 15 m3/h. The biogas can be compressed up to 10 bar pressure before 
supplying to the scrubber as shown in Fig. 11. Pressure of gas in the vessel and supplied to the scrubber is measured 
by pressure gauges. A flexible pipe of 15 mm diameter is used to supply compressed biogas to the scrubber and the 
gas flow rate is controlled by a regulatory valve. 
 

COST ESTIMATION OF WATER SCRUBBER 
The following items are purchased for water scrubber from local market with reasonable price and the fabrication 
cost, transportation cost and labour cost are stated below in table 4. 
 

STORAGE AND CLEANING OF ENRICHED BIOGAS 
The purified biogas is collected from the outlet valve provided at the bottom of the scrubber by a flexible balloon for 
cooking and I.C. engine applications as shown in Fig. 12. 
 

Cleaning of Biogas 

Biogas contains traces of H2S and moisture after the scrubbing, which cause corrosion of engine parts and cooking 
stoves [10, 3]. Hence proper elimination of these components to an acceptable level is to be carried out before 
supplying it to the I.C. engine and cooking application. The cleaning is done through the process of desulphurization 
to remove H2S and dehydration to remove moisture. 
Desulphurization 
Hydrogen sulphide is a colorless, corrosive, poisonous and flammable gas with foul odor of rotten eggs [13]. 
Hydrogen sulphide is to be removed from biogas as it causes corrosion in the cooking stove and engine parts. 
Different methods are adopted to remove H2S from biogas. In water scrubbing process some amount of H2S is also 
removed along with CO2. The most commonly used processes are dry oxidation process, liquid phase oxidation 
processes, membrane separation and biological treatment. The dry oxidation process used for H2S removal is given 
below: 
 

Dry oxidation using iron oxide 
The biogas is passed through a desulphurizer as shown in Fig. 13, containing iron oxide as desulfurizing agent. The 
biogas desulphurizer consists of a container of dimensions 350 x 150 x 150 mm, 15 mm diameter soft pipe at inlet and 
outlet openings, a pressure gauge to measure between 0-10 bar and 2 kg of iron oxide as desulfurizing agent. The 
purified biogas is passed though the desulphurizer by the inlet pipe. Hydrogen sulphide is removed through 
chemical reaction as it reacts with iron oxide (Fe2O3) to form iron sulphide (Fe2S3) as shown in Eq. (1) [5]. 

        (1) 
 
The iron oxide is regenerated with oxygen according to the reaction in Eq. (2) by exposing it to the atmosphere to 
react with the atmospheric oxygen. 
 

         (2) 

Dehydration 
The presence of moisture in biogas causes corrosion and also reduces the heating value of the flame. Therefore, water 
vapor is to be removed before use. The most common method is dehydration process. In this process the purified 
biogas after desulphurization is passed through the dehydrator containing silica gel as shown in Fig. 14 to eliminate 
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the moisture present in it. The dehydrator introduces inlet and outlet points in the gas flow system, where moisture 
is absorbed by the silica gel from the biogas. 
 

POWER COST FOR UPGRADING 1 m3 OF BIOGAS 

 
To store raw biogas in the compressor: 0.3 kWh  
To run the reciprocating pump: 0.2kWh 
Total power consumption: 0.5kWh 
Power cost for1kWh: USD 0.036  
Total power cost for 1m3 

Biogas enrichment: USD 0.036 

 

RESULTS AND DISCUSSIONS 
 
A vertical floating drum type digester of 2 m³ capacity has been installed to produce biogas from kitchen wastes. 
Raw biogas is collected by a flexible balloon of 1 m³ capacity for purification purpose twice daily. A water scrubber 
has been designed and fabricated for removal of CO2 from the raw biogas. It is found that the highest CO2 removal is 
88% at the gas flow rate of 1.5 m3/h at 3 bar inlet pressure and water flow rate of 2 m3/h at 4 bar pressure. The 
estimated cost of the water scrubber is Rs. 9,500/ only. The power cost of 1 m3 biogas enrichment is Rs. 2.25/ only. The 
enriched biogas is used as fuel for cooking applications and as an alternate fuel in I.C. engines. A chromatography 
test has been carried out by using a Biogas Check Analyzer to find the different constituents of biogas before and 
after scrubbing as shown in Fig. 15. The results found by gas analyzer are shown in Figs. 16 and 17. The results of the 
biogas contents are provided in Table 5. Before scrubbing, the contents of CH4, CO2 and H2S are found as 69.7%, 
30.1% and 1236 ppm respectively. After scrubbing, the contents are found to be 96.3% for CH4, 3.6% for CO2 and 967 
ppm for H2S. 
 

CONCLUSION 

 
The study revealed that the designed and fabricated water scrubber is able to remove 89.74% of CO2 present in raw 
biogas. The fabrication and maintenance cost of the scrubber is low. The power cost for enrichment of biogas is low. 
The enriched biogas containing 96.3% of CH4 is used as fuel for cooking and as an alternate fuel in I.C. engines. This 
enrichment unit can be installed in the areas where large quantities of organic wastes and sufficient water are 
available. 
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Table 1. Biogas Utilization and Purification [6] 

 

Biogas Utilization H2S Removal CO2 Removal 

Cooking Yes No 

Domestic heating No No 

Boilers Depends No 

Vehicles Yes Yes 

Delivery to natural gas Yes Yes 

Transportation Yes Yes 
 
Table 2. Scrubber design  

Designparameters Specification 
Plant capacity 2 m3 
Plantefficiency 50% 

Biogas produced 1 m3/day 
% of methane in raw biogas 69% 

% of methane in scrubbed gas 96% 
Diameter of scrubber 150 mm 

Height of scrubber 3000 mm 
Number of stages 3 
Pressure of biogas 3 bar 

Pressure of water used forscrubbing 4 bar 
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Table 3 Parameters and specifications of scrubbing tower 

Designparameters Specification Designparameters Specification 

Height of the scrubbing 
tower 

3000 mm 
Thickness of transparent 
fibre cylinders 

5 mm 

Diameter of the scrubbing 
tower 

150 mm 
Number of transparent 
fibre cylinders 

3 

Supporting frame with stand 
fabricated by square bar. 

40 mm Diameter of tie rods 10 mm 

Diameter of transparent 
fibre cylinders 

150 mm Number of tierods 3 

Length of each transparent 
fibre cylinders 

1000 mm   

Table 4 Cost estimation of water scrubber 

Sl. No. Description Cost in USD 

1 Raw materials of supporting frame and fabrication 14.29 
2 Transparent fibre cylinders (3 nos.) 21.44 
3 Mild steel tie rods with nuts and bolts for top and bottomplates 4.28 
4 Top and bottom section mild steel plates 2.85 
5 Water spraying nozzle 4.28 
6 Packing materials 2.85 
7 Pressure gauge (2 nos.) and a regulatory valve (3nos.) 21.44 
8 GI pipe of 15 mm & 30 mm diameter with fittings 35.73 
9 Transportation cost and labour cost 28.58 
 Total estimated cost 135.74 

 

Table 5 Biogas analysis results obtained by chromatography 

Sample Location CH4 (%) CO2 (%) H2S (ppm) 

Raw Biogas 69.7 30.1 1236 

Purified Biogas 96.3 3.6 967 
 

 
Fig. 1 Flow diagram of water absorption method [11]  

Fig. 2 Water scrubber 
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Fig. 3 Biogas enrichment unit 

 
Fig. 4 Schematic view of the scrubbing tower 

 
Fig. 5 Top section of the scrubber 

 
Fig. 6 Top view of scrubber 

 
Fig. 7 Middle section of the scrubber  

Fig. 8 Bottom section of the scrubber 

 
Fig. 9 Bottom view of scrubber 

 
Fig. 10 Reciprocating pump 

 
Fig. 11 Raw biogas compression and storage 

 
Fig. 12 Storage of enriched biogas 
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Fig. 13 Biogas desulphurizer 

 
Fig.14 Biogas dehydrator 

 
Fig. 15 Biogas check analyzer 

 
Fig. 16 Initial biogas analysis byanalyzer 

 
Fig. 17 Final biogas analysis byanalyzer 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiCwas doped with Terbium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Terbium 
doping on SiC.  
Keywords: manner, structure, Terbium, energies 

 

INTRODUCTION 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
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environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand, the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties. Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high-power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. Its properties have made SiC a research focus till date [3,4,5]. This study started with 
calculating the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic 
SiC.Then, SiC was doped with Terbium and the changes after adding the impurity was observed by comparing the 
undoped and doped results.The modification in the band gap will affect or ensure the application of SiC. 

 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., BIOVIA. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work.BIOVIA Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger[8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Terbium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One Terbium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undopedSiC and doped SiC with Terbium 
are compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig. 2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
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the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Terbium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Terbium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 

 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6. shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap.  
 
The total density of states (DOS) of undopedSiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 8. showed the many peaks but the maximum peak is at 8.2 eV. Fig. 9 shows the band 
energy plot for SiC doped with Terbium in the supercell calculation. Here top of valence band is taken as zero. From 
the fig it is observed that top of valence band and bottom of conduction band occurs at one point showing direct 
band gap. This indicates a change in the behavior of Terbium doped SiC than pure SiC. Fig. 10 shows the DOS plot 
for SiC doped with Terbium in the supercell calculation. From the fig it is observed that SiC after doping with 
Terbium its band gap decreases, and almost it looks like a continuous plot which probably indicate metallic 
behavior. A sharp peak is observed exactly on the Fermi energy level. This indicates the presence of charge carriers at 
Fermi level. 

 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC.All these were also done for SiC doped with Terbium. The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows. 

Sharmistha Mahakul and Padmaja Patnaik 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25240 

 

   

 

 

The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for Terbium doped SiC.From the DOS plot it is observed 
that SiC after doping with Terbium its band gap decreases, and almost it looks like a continuous plot which indicate 
metallic behavior. A sharp peak is observed exactly on the Fermi energy level. This indicates the presence of charge 
carriers at Fermi level. 
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Figure 1:  Crystal structure ofSiC 

 
Figure 2: Primitive cell of SiC 

 
Figure 3:Brillouine zone of SiCFigure 

 

 
Figure 4:Terbium doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and green 

color for Terbium atoms. 

Fig 5. :Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero on 

the energy axis.  

 
Fig 6. Band structure of SiC for the primitive cell of 

32 atoms. Top of the valence band is taken as zero 

on the energy axis.  
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Fig 7:Density of states of SiC for the primitive cell of 32 atoms. Dotted line represents the Fermi energy. 

Fig 8: Band structure of Terbium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  

Fig 9 :Density of states of Terbium doped SiC for 

the primitive cell of 32 atoms. Dotted line represents 

the Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Samarium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Samarium 
doping on SiC. 
 

Keywords: Density, Samarium, electronics, properties, SiC 

 

INTRODUCTION 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
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shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Samariumand the changes after adding the impurity was observed by comparing the undoped and 
doped results.The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Samarium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One  atom is placed in place of Si atom. SO the percentage of impurity 
becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell.    The band energies, band plot and the density of states of undopedSiC and doped SiC withSamariumare 
compared and presented here. The calculations for the structural properties of the SiC was done taking a face 
centered cubiccrystals and a primitive cell with 2 atoms in it. The cube taken into consideration having side ‘a’, 
where a is the lattice constant. The primitive cell had 2 two atoms with Si at origin and C situated on the diagonal at a 
distance of 0.25 A. The primitive cell is shown inFig. 2 and the BZ sampling is shown in Fig. 3. A supercell was 
created by expanding the lattice constant in the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is 
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replaced with Samarium atom. The new primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Samarium 
atom and 16 C atoms. The doped supercell is shown in Fig. 4. All calculations for doped case were done with this 
new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
 
The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. The total density of states 
(DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown in Fig. 7. Here the 
calculated densities of states are plotted against energy. The dotted line represents the Fermi energy. The left side of 
the line is the valence band and the right side represents the conduction band. The valence band has more number of 
electrons than the conduction band. This hence indicates the semiconducting behavior of SiC. The calculated density 
of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density of states plot given in Fig. 8 
showed the many peaks but the maximum peak is at 8.2 eV.  
 
Fig. 9 shows the band energy plot for SiC doped with Samarium in the supercell calculation. Comparing with the 
energy bands shown in Fig. 6, it is observed that the band gap vanishes after doping with Samarium. This indicates a 
change in the behavior ofSm doped SiC than pure SiC.Fig. 9 shows the DOS plot for SiC doped with Samarium in the 
supercell calculation. Comparing with the DOS plot shown in Fig. 7, it is observed that the band gap is zero after 
doping withSamarium. A sharp peak is seen on the Fermi energy level. The distribution of electrons in the valence 
and conduction band is found to be same in both undoped and doped cases.  The band gap between valence and 
conduction band becomes 0. The DOS plot show many peaks but it has a maximum peak at 6.60ev. After doping 
with Samarium,SiC shows metallic behavior.  

 

CONCLUSIONS 
 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
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SiC. All these were also done for SiC doped with Samarium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 
The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for Sm doped SiC. The band gap decreases to zero after 
doping witSamarium and it shows metallic behavior. This indicates a change in the behavior of Sm dopedSiC than 
pure SiC. This is an interesting result and it will be further interesting to verify the properties by increasing the 
percentage of doping. 
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Figure 1:  Crystal structure of SiC 

 
Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3: Brillouine zone of SiC  

Figure 4:Samarium doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Green is for 

Samarium atoms. 

Fig 5.Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis. 

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis. 

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 
Fig 8. Band structure of Samarium dopedSiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
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Fig 9: Density of states of Samarium doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiCwas doped with Silver and the band 
energies were calculated. Plotted the band structure with the impurity and also plotted the Density of 
states. The results obtained before and after doping were compared to find the effect of Silver doping on 
SiC. 
 

Keywords: semiconductor, power, materials, Silver 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
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environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand, the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties. Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high-power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2].Its properties have made SiC a research focus till date [3,4,5]. This study started with 
calculating the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic 
SiC.Then, SiC was doped with Silver and the changes after adding the impurity was observed by comparing the 
undoped and doped results.The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., BIOVIA. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work.BIOVIA Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger[8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Silver in SiC so created a supercell of 32 
atoms (16 Si atoms and 16 C atoms). One Silver atom is placed in place of Si atom. SO the percentage of impurity 
becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell.  The band energies, band plot and the density of states of undopedSiC and doped SiC with Silver are 
compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig.2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
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the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Silver atom. The new primitive cell 
contains total 32 atoms with 15 Silicon atoms, 1 Silver atom and 16 C atoms. The doped supercell is shown in Fig. 4. 
All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
 
The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6  shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. The total density of states 
(DOS) of undopedSiCusing first principle DFTwith LDA using pseudopotential are shown in Fig. 7. Here the 
calculated densities of states are plotted against energy. The dotted line represents the Fermi energy. The left side of 
the line is the valence band and the right side represents the conduction band. The valence band has more number of 
electrons than the conduction band. This hence indicates the semiconducting behavior of SiC. The calculated density 
of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density of states plot given in Fig. 7 
showed the many peaks but the maximum peak is at 8.2 eV.  
 
Fig. 8 shows the band energy plot for SiC doped with Silver in the supercell calculation. Here top of valence band is 
taken as zero. By analyzing the graph, it is found that, SiC after doping with Silver its band gap decreases almost 
equal to zero. This negligible band gap indicates change in conductivity. Comparing this with the energy bands 
shown in Fig. 6, it is observed that the band gap changes after doping with Silver. Fig. 9 shows the DOS plot for SiC 
doped with Silver in the supercell calculation. From the plot it is observed that there is no gap between the 
conduction band and valence band that means the curve is continuous which may indicate towards metallic 
behavior. The Fermi level has shifted up and located between the conduction band and valence band. Small peaks 
are seen on and near the Fermi level. 
 

CONCLUSIONS 
 
The first principle DFT calculations to study the structural and electronic properties of cubic SiC was done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
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SiC.All these were also done for SiC doped with Silver. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 
The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for Silver doped SiC. By analyzing the band plot, it is 
found that, SiC after doping with Silver its band gap decreases almost equal to zero and here the top of valence band 
and bottom of conduction band occurs at one point which shows direct band gap. From the DOS plot it is observed 
that there is no gap between the conduction band and valence band that means the curve is continuous which may 
indicate towards metallic behavior. Comparing this result with the DOS for pure SiC, it is found that the band gap 
decreases after doping with Silver.The Fermi level has shifted up and located between the conduction band and 
valence band. Small peaks are seen on and near the Fermi level. 
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Figure 1:  Crystal structure of SiC                                

 
Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3: Brillouine zone of SiC 

 

 
Figure 4:Silver doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Pink is 

for Silver atoms. 

 
Fig 5.Band structure of SiC for the primitive cell of two 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 6. Band structure of SiC for the primitive cell of 

32 atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 7.:Density of states of SiC for the primitive cell of 32 

atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8. Band structure of Silver doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis. 
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Fig 9 Density of states of Silver doped SiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Technetium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Technetium 
doping on SiC. 
 
Keywords: electrical, Technetium, parameters, temperature 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
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ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. 
 
This study started with calculating the lattice constant, band gap, plotting the band structure and plotting the density 
of states for cubic SiC. Then, SiC was doped with Techentium and the changes after adding the impurity was 
observed by comparing the undoped and doped results.The modification in the band gap will affect or ensure the 
application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Techentium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One  atom is placed in place of Si atom. SO the percentage of impurity 
becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell. The band energies, band plot and the density of states of undoped SiC and doped SiC withTechentiumare 
compared and presented here. 
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The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig. 2 and the BZ sampling is shown in Fig..3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Techentium atom. The new 
primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Techentium atom and 16 C atoms. The doped supercell 
is shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
 
The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. The total density of states 
(DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown in Fig. 7. Here the 
calculated densities of states are plotted against energy. The dotted line represents the Fermi energy. The left side of 
the line is the valence band and the right side represents the conduction band. The valence band has more number of 
electrons than the conduction band. This hence indicates the semiconducting behavior of SiC. The calculated density 
of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density of states plot given in Fig. 7 
showed the many peaks but the maximum peak is at 8.2 eV.  
 
Fig. 8 shows the band energy plot for SiC doped with Techentium in the supercell calculation. Comparing with the 
energy bands shown in Fig. 6, it is observed that the band gap decreases after doping with Techentium.Fig. 9 shows 
the DOS plot for SiC doped with Techentium in the supercell calculation. Comparing with the DOS plot shown in 
Fig. 7, it is observed that the decrease in band gap is associated with a shifting of the Fermi energy level. The Fermi 
energy level is located inside the conduction band. The distribution of electrons in the valence band has changed in 
the presence of the impurity.The DOS plot show many peaks but it has a maximum peak at 6.20ev.  
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CONCLUSIONS 
 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Technetium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. The lattice constant of SiC is calculated 
with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Tc doped SiC. The band gap decreases to zero after doping with Technetium and it shows 
metallic behavior. This indicates a change in the behavior of Tc doped SiC than pure SiC. This is an interesting result 
and it will be further interesting to verify the properties by increasing the percentage of doping. 
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Figure 1:  Crystal structure of SiC 

 
Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3: Brillouine zone of SiC 

 
Figure 4:Technetiumdoped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Green is for 

Technetium atoms. 

 
Fig 5.Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 6.: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Technetium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis. 
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Fig 9: Density of states of Technetium doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Titanium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Titanium 
doping on SiC. 
 

Keywords: range, structure, gap, density, Titanium, manner, SiC 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
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semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc.) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties. Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high-power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2].Its properties have made SiC a research focus till date [3,4,5]. 
 
 
This study started with calculating the lattice constant, band gap, plotting the band structure and plotting the density 
of states for cubic SiC. Then, SiC was doped with Titanium and the changes after adding the impurity was observed 
by comparing the undoped and doped results. The modification in the band gap will affect or ensure the application 
of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Titanium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One Titanium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell.  
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The band energies, band plot and the density of states of undoped SiC and doped SiC with Titanium are compared 
and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig. 2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Titanium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Titanium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 

 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive cell. 
More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap.  
 
The total density of states (DOS) of undopedSiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV.  Fig. 8 shows the band 
energy plot for SiC doped with Titanium in the supercell calculation. Comparing with the energy bands shown in 
Fig. 6 it is observed that the band gap decreased after doping with Titanium. The distribution of electrons in the 
valence and conduction band is more towards the both sides of bandgap. This indicates a possible change in the 
behavior of Ti doped SiC than pure SiC.Fig. 9 shows the DOS plot for SiC doped with Titanium in the supercell 
calculation. Comparing with the DOS plot shown in Fig. 3.3, it is observed that the band gap decreased slightly after 
doping with Titanium. No significant change is observed in the Fermi energy level. The distribution of electrons in 
the valence and conduction band is different in undoped and doped cases. 
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CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Titanium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observationscan be summarized as follows. The lattice constant of SiC is calculated 
with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Ti doped SiC. The band gap remains the same before and after doping with Titanium. But the 
indirect band gap of SiC has now changed to direct band gap. This indicates a change in the behavior of Ti doped SiC 
than pure SiC. We observed that the band gap decreased after doping with Titanium. No significant change is 
observed in the Fermi energy level. The distribution of electrons in the valence and conduction band is more towards 
the both sides of bandgap.  
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Figure 1:  Crystal structure of SiC 

 
Figure 2. Primitive cell of SiC Si in yellow and C 

in grey. 

 
Figure 3: Brillouine zone of SiC .Yellow color represents 

Si atom, Grey is for C atoms and Pink is for Titanium 

atoms. 

 
Figure 4:Titanium doped SiC supercell. 

Fig  5:Band structure of SiC for the primitive cell of two 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell 

of 32 atoms. Top of the valence band is taken as 

zero on the energy axis.  
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Fig 7: Density of states of SiC for the primitive cell of 32 

atoms. Dotted line represents the Fermi energy. 

Fig 8: Band structure of Titanium doped SiC for 

the primitive cell of 32 atoms. Top of the valence 

band is taken as zero on the energy axis.  

 
Fig 9.Density of states of Titanium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Indium and the band 
energies were calculated. Plotted the band structure with the impurity and also plotted the Density of 
states. The results obtained before and after doping were compared to find the effect of Indium doping 
on SiC. 
 

Keywords: electrical, Indium, doping, Density, semiconductor 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC (band gap:2.3 to 3.4 eV), GaN (3.4)eV), diamond (5.5eV), ZnS (3.6eV) etc. Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
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shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC, GaN and ZnO etc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108 V/m for different polytypes), high thermal conductivity (4.9Wcm-1k-1) and 
high inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage. High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Indium and the changes after adding the impurity was observed by comparing the undoped and 
doped results. The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt  pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels. The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a supercell. Since we intend to do a doping of Indium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One Indium atom is placed in place of Si atom. So the percentage of impurity 
becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell.  The band energies, band plot and the density of states of undoped SiC and doped SiC with Indium are 
compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubic crystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
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shown in Fig. 2.2 and the BZ sampling is shown in Fig. 2.3. A supercell was created by expanding the lattice constant 
in the form 2x2x1 in X-, Y- and Z-direction. The corner Silicon atom is replaced with Indium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Indium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiC were done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 3.1. The top of the valence band is 
taken as ‘zero’ along the energy axis. The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band  minimum do not occur on the same symmetry line, indicating an 
indirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA. Fig. 3.2 shows the band plot for SiC with 32 atoms in the primitive 
cell. More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 

 
The total density of states (DOS) of undoped SiC using first principle DFT with LDA using pseudopotential are 
shown in Fig. 3.3. Here the calculated densities of states are plotted against energy. The dotted line represents the 
Fermi energy. The left side of the line is the valence band and the right side represents the conduction band. The 
valence band has more number of electrons than the conduction band. This hence indicates the semiconducting 
behavior of SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. 
The density of states plot given in Fig. 3.3 showed the many peaks but the maximum peak is at 8.2 eV.  Fig. 3.4 shows 
the band energy plot for SiC doped with Indium in the supercell calculation. Comparing with the energy bands 
shown in Fig. 3.2, it is observed that the band gap decreases slightly after SiC is doped with Indium . It implies that 
there is an appreciable shift  of electric properties of In doped SiC than that of pure SiC. Fig. 3.5 shows the DOS plot 
for SiC doped with Indium in the supercell calculation. Comparing with the DOS plot shown in Fig. 3.3, it is 
observed that the band gap of SiC is decreased slightly after doping with Indium. There is no change in Fermi levels 
and its still located towards the top of the valence band.  
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiC was done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Indium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this calculation. 
The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot and DOS 
plot of SiC is compared with the respective plots for In doped SiC. The band gap of SiC decreases after doping with 
Indium indicating the change in the electronic behaivour of Indium doped SiC than pure SiC. No change observed in 
the position of the Fermi level. 
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Figure 1:  Crystal structure of SiC 

 

 
Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3: Brillouine zone of SiC 

 
Figure 4: Indium doped SiC supercell. Yellow color  

 Represents Si atom,Grey is for C and green is for In 

 
Fig 5:Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis. 

 

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis. 

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Titanium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
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Fig 9: Density of states of Titanium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy.  
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like 
highspeed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Dysprosium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Dysprosium 
doping on SiC. 
 

Keywords: SiC, Theory, Dysprosium, electronics, highspeed, materials 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
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shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC,can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5].This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC.Then, SiC 
was doped with Dysprosium and the changes after adding the impurity was observed by comparing the undoped 
and doped results.The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work.Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger[8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Dysprosium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Dysprosium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undopedSiC and doped SiCwith Dysprosium 
are compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
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shown inFig.2 and the BZ sampling is shown in Fig.3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Dysprosium atom. The new 
primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Dysprosium atom and 16 C atoms. The doped supercell 
is shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undopedSiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Dysprosium in the supercell calculation. Comparing with the energy bands shown in 
Fig. 6, it is observed that after doping with Dysprosium, the conduction band and valence band overlap each other, 
thus giving zero band gap. This may create a change in the behavior of Dy doped SiC than pure SiC.Fig. 9 shows the 
DOS plot for SiC doped with Dysprosium in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, 
it is observed that the energy states are continuous with several peaks in place of the previous band gap. That means 
the band gap vanishes after doping with Dysprosium.The distribution of electrons in the valence has changed. The 
lower portion is almost empty while the upper portion of the valence band is occupied with the charge carriers.  
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC.All these were also done for SiC doped with Dysprosium. The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows.The lattice constant of SiC is calculated 
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with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Dy doped SiC. The band gap vanishes after doping with Dysprosium as the conduction band and 
valence band ovelapwoth each other. This may lead to a change in the conducting properties of Dy doped SiC than 
pure SiC. This is an interesting result and it will be further interesting to verify the properties by increasing the 
percentage of doping. 
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Figure 1:  Crystal structure of SiC 

 
Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure .3: Brillouine zone of SiC    

Yellow color represents Si atom, Grey is for C atoms 

and Green is for Dysprosium atoms. 

 

Figure 4:Titanium doped SiC supercell. 

 
Fig 5:Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7: Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8 Band structure of Dysprosium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis. 
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Fig 9. Density of states of Titanium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like 
highspeed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Selenium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Selenium 
doping on SiC. 
 
Keywords: work, Selenium, structure, temperature,  bandgap, SiC 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
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semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Seleniumand the changes after adding the impurity was observed by comparing the undoped and 
doped results. The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Selenium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One  atom is placed in place of Si atom. SO the percentage of impurity 
becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell.  
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The band energies, band plot and the density of states of undopedSiC and doped SiC withSeleniumare compared 
and presented here. The calculations for the structural properties of the SiC was done taking a face centered 
cubiccrystals and a primitive cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the 
lattice constant. The primitive cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 
0.25 A. The primitive cell is shown in Fig.2 and the BZ sampling is shown in Fig. 3. A supercell was created by 
expanding the lattice constant in the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with 
Selenium atom. The new primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Selenium atom and 16 C 
atoms. The doped supercell is shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 

Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. The total density of states 
(DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown in Fig. 7. Here the 
calculated densities of states are plotted against energy. The dotted line represents the Fermi energy. The left side of 
the line is the valence band and the right side represents the conduction band.  
 
The valence band has more number of electrons than the conduction band. This hence indicates the semiconducting 
behavior of SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. 
The density of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the 
band energy plot for SiC doped with Selenium in the supercell calculation. Comparing with the energy bands shown 
in Fig. 6, it is observed that the band gap remains the almost same before and after doping with Selenium. This 
indicates there may not be much change in the behavior of Se doped SiC than pure SiC.Fig. 9 shows the DOS plot for 
SiC doped with Selenium in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, it is observed 
that the band gap remains the same before and after doping with Selenium. The Fermi energy level is located inside 
the conduction band after doping. This indicates the increase in the highest occupied energy level. The distribution 
of electrons in the valence and conduction band is also same in both undoped and doped cases. The DOS plot show 
many peaks but it has a maximum peak at 5.60ev.  
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CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiCdoped with Selenium.The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows. The lattice constant of SiC is calculated 
with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Se doped SiC. The band gap has not changed much after doping with Selenium. The Fermi 
energy level is located inside the conduction band after doping. This indicates the increase in the highest occupied 
energy level. The distribution of electrons in the valence and conduction band is also same in both undoped and 
doped cases. The DOS plot show many peaks but it has a maximum peak at 5.60ev. 
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Figure 1:  Crystal structure of SiC 

 

 
Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure .3:Brillouine zone of SiC 

 

 

 
Figure 4: Seleniumdoped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Green is 

for Selenium atoms. 

 
Fig  5.Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 6.: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Selenium dopedSiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
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Fig 9 Density of states of Titanium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Thorium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Thorium 
doping on SiC. 
 
Keywords: parameters, Thorium, microprocessors, electronics, diamond 

 

INTRODUCTION 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC (band gap:2.3 to 3.4 eV), GaN (3.4)eV), diamond (5.5eV), ZnS (3.6eV) etc. Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
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shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC, GaN and ZnO etc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108 V/m for different polytypes), high thermal conductivity (4.9Wcm-1k-1) and 
high inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage. High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5].This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Thorium and the changes after adding the impurity was observed by comparing the undoped and 
doped results. The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt  pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels. The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a supercell. Since we intend to do a doping of Thorium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Thorium atom is placed in place of Si atom. So the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undopedSiC and doped SiC with Thorium 
are compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubic crystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
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shown in Fig. 2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
the form 2x2x1 in X-, Y- and Z-direction. The corner Silicon atom is replaced with Thorium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Thorium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 

 

RESULTS AND DISCUSSIONS 

 
Density functional theory (DFT) [12] calculation for electronic properties of SiC were done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis. The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band  minimum do not occur on the same symmetry line, indicating an 
indirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA. Fig. 6 shows the band plot for SiC with 32 atoms in the primitive cell. 
More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undopedSiC using first principle DFT with LDA using pseudopotential are 
shown in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the 
Fermi energy. The left side of the line is the valence band and the right side represents the conduction band. The 
valence band has more number of electrons than the conduction band. This hence indicates the semiconducting 
behavior of SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. 
The density of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the 
band energy plot for SiC doped with Thorium in the supercell calculation. Comparing with the energy bands shown 
in Fig. 6, it is observed that there is nearly an  overlap of the bands after SiC is doped with Thorium . It implies that 
there maybe an appreciable shift of electric properties of Th doped SiC than that of pure SiC. Fig. 9 shows the DOS 
plot for SiC doped with Thorium in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, it is 
observed that the band gap of SiCvanishes after begin doped with Thorium. With the rise in the peaks,it is observed 
to have more concentration of electrons in the Fermi Energy Level. 
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiC was done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Thorium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this calculation. 
The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot and DOS 
plot of SiC is compared with the respective plots for Ho doped SiC.The band gap drops  nearly to  zero after doping 
with Thorium giving maximum concentration of electrons  implying the change in the behaivour of Th doped SiC 
than the pure SiC.More number of charge carriers are present at the Fermi level. 
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Figure 1:  Crystal structure of SiC 

 
Figure.2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3:Brillouine zone of SiC 

 

 
Figure 4: Thorium doped SiC supercell. Yellow color  

Represents Si atom,Grey is for C and green is for Kr 

 
Fig 5:Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero on 

the energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8 Band structure of Thorium dopedSiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
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Fig 9 :Density of states of Titanium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Ruthenium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Ruthenium 
doping on SiC. 
 
Keywords: frequency, work, structure, parameters, electrical, Ruthenium, energies 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
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semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc.) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties. Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high-power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2].Its properties have made SiC a research focus till date [3,4,5]. This study started with 
calculating the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. 
Then, SiC was doped with Ruthenium and the changes after adding the impurity was observed by comparing the 
undoped and doped results. The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Ruthenium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Ruthenium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undoped SiC and doped SiC with Ruthenium 
are compared and presented here. 
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The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig.2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Ruthenium atom. The new 
primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Ruthenium atom and 16 C atoms. The doped supercell 
is shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 

 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Ruthenium in the supercell calculation. Comparing with the energy bands shown in 
Fig. 6 it is observed that the band gap decreased after doping with Ruthenium. No significant change is observed in 
the Fermi energy level. The distribution of electrons in the valence and conduction band is more towards the both 
sides of bandgap.  
 
Fig. 9 shows the DOS plot for SiC doped with Ruthenium in the supercell calculation. Comparing with the DOS plot 
shown in Fig. 7, it is observed that there is noband gapafter doping with Ruthenium near fermi energy level. No 
significant change is observed in the Fermi energy level. The distribution of electrons in the valence has changed. 
Maximum number of charge have gathered at the top of the band and the lower portion of the valence band is less 
populated. 
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CONCLUSIONS 
 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Ruthenium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observationscan be summarized as follows. 
 
The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for Ru doped SiC. The band gap remains the same before 
and after doping with Ruthenium. But the indirect band gap of SiC has now changed to direct band gap. This 
indicates a change in the behavior of Rudoped SiC than pure SiC.We observed that there is no band gap after doping 
with Ruthenium. No significant change is observed in the Fermi energy level. The distribution of electrons in the 
valence and conduction band is more towards the both sides of bandgap. It may show metallic property as well 
semiconductor property. 
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Figure 1:  Crystal structure of SiC 

 

 

Figure 2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure .3:Brillouine zone of SiC 

 
 

 
Figure 4: Ruthenium doped SiC supercell.Yellow color 

represents Si atom, Grey is for C atoms and Pink is for 

Ruthenium atoms. 

 
Fig 5:Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Ruthenium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
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Fig 9 Density of states of Ruthenium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Rhodium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Rhodium 
doping on SiC. 
 
Keywords: Semiconductor, temperature, processing, Density, Rhodium 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp.  
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Semiconductors with band gap towards or even more than the higher limit are called wide bandgap semiconductors, 
for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has ruled the 
electronics industry since its beginning. But with the development of high speed microprocessors, shrinking size of 
transistors and the increasing demand of higher efficiency electronics coupled with extreme environment operation, 
the limitations of silicon are new becoming prominent. Silicon based transistors can function within the temperature 
limit of few GHz and highly susceptible to harsh environments. On the other hand the wide bandgap 
semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting point, 
hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has some 
specific electrical properties which make it suitable for high power and high frequency uses. It has high breakdown 
electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5].This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Rhodium and the changes after adding the impurity was observed by comparing the undoped and 
doped results.The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Rhodium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One Rhodium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell.   The band energies, band plot and the density of states of undoped SiC and doped SiC with Rhodium 
are compared and presented here. 
 

Santanu Kumar Nayak and Padmaja Patnaik 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25299 

 

   

 

 

The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown in Fig.2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Rhodium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Rhodium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 

 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne] 3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Rhodium in the supercell calculation. Electron concentration is more at the top of the 
valence band for Rh doped SiC as compared to pure SiC. In case of Rh doped SiC valence band and conduction band 
touch each other.Fig. 9 shows the DOS plot for SiC doped with Rhodium in the supercell calculation. Comparing 
with the DOS plot shown in Fig. 7, it is observed that band gap vanished in case of Rh doped SiC, which indicate that 
when Rhodium doped with SiC it may move more towards half- metallic property than the semi-conductor 
property. 
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CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Rhodium. The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows. The lattice constant of SiC is calculated 
with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Rh doped SiC. DOS plot for SiC doped with Rhodium in the supercell calculation shows band 
gap vanished which indicate that when Rhodium doped with SiC it may show metallic property than semi-
conductor property. However this cannot be confirmed without doing spin polarized calculations. 
 

REFERENCES 

 

1. Robert F. Davis, Proceedings of the International Conference in SiC and Related Materials-93, Washington DC, 
USA, (1993). 

2. A.R. Atwell, Silicon Carbide MEMS Devices for Harse Environments, (Cornell University, 2002). 
3. Dan Zhao, Xiaoyan Yuan, Beibei Li, Fan Jiang, Yi Liu, Jinying Zhang, Chunming Niu and Shouwu Guo, Silicon 

carbide nanowire covered by vertically oriented graphene for enhanced electromagnetic wave absorption 
performance, Chemical Physics, Vol. 529, January 2020, pp. 110574. 

4. Naura D Alkhalidi, Sajib K Barman, Muhammad N Huda, Crystal structures and the electronic properties of 
silicon-rich silicon carbide materials by first principle calculations, Heliyon, Vol. 5, Issue 11, November 2019. 

5. A Taylot, L Klimsa, J Kopecek, Z Remes, M Vronka, R Ctvrtlik, J Tomastik and V Mortet, Synthesis and 
Properties of Diamond – silicon carbide composite layers, Journal of Alloys and Compuonds, Vol. 5 September 
2019, Pages 327-333 

6. D. Vanderbilt, “Soft self-consistent pseudopotentials in a generalized eigenvalue formalism“, Phy. Rev. B vol. 41, 
pp. 7892(1990). 

7. N. Dahham, A. Fares, K. Najem ,Modeling and simulation of mechanical and physical properties  of Barium 
orthotitanate, B.I.O.V.I.A, Daassault systems, Material studio, 7.0 Dassault systems , San Diego, 2017 Tikrit, J. 
Pure Science, 2017 

8. J.P. Perdew and A. Zunger, Self-interaction correction to density-functional approximations for many-electron 
systems, Phys. Rev. B vol. 23, pp 5048 (1981). 

9. D. M. Ceperley and B. I. Alder, “Ground State of the Electron Gas by a Stochastic Method”, Phys. Rev. Lett. vol. 
45, pp 566(1980) 

10. W.Kohn and I.J .Sham,” Self-Consistent Equations Including Exchange and Correlation Effects“, 
Phys.Rev.140,(1965) 

11. A Taylor and D S Laidler, The Formation and Crystal Structure of Silicon Carrbide, British Journal of Applied 
Physics, Vol. 1, no. 7, July 1950 

12. P. Hohenberg and W. Kohn, Inhomogenous Electron Gas,  Physical Review B, Vol. 136, 1964, pp. 864-871 
13. Bjorn Baumeier, Peter Kruger, and Johannes Pollmann, Self-interaction-corrected pseudopotentials for silicon 

carbide, Phys. Rev. B 73, 195205 (2006) 
14. W. J. Choyke, D. R. Hamilton, and L. Patrick, Optical Properties of Cubic SiC: Luminescence of Nitrogen-Exciton 

Complexes, and Interband Absorption, Phys. Rev. 133, A1163 (1964). 
15. J. Lu ̈ning, S. Eisebitt, J.-E. Rubensson, C. Ellmers and W. Eberhardt, Electronic structure of silicon carbide 

polytypes studied by soft x-ray spectroscopy, Physical Review B, Vol. 15 APRIL 1999 
 

Santanu Kumar Nayak and Padmaja Patnaik 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25301 

 

   

 

 

 
Figure   1:  Crystal structure of SiC 

  

 
Figure  2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3: Brillouine zone of SiC 

 
Figure 4: Rhodium doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Pink is for 

Rhodium atoms. 

 
Fig 5 : Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7 Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Rhodium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  

 
Fig 9. Density of states of Titanium dopedSiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Krypton and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Krypton 
doping on SiC. 

 

Keywords: SiC, parameters, Density, structure, Krypton 

 

INTRODUCTION 
 

Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC (band gap:2.3 to 3.4 eV), GaN (3.4)eV), diamond (5.5eV), ZnS (3.6eV) etc.  
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Silicon has ruled the electronics industry since its beginning. But with the development of high speed 
microprocessors, shrinking size of transistors and the increasing demand of higher efficiency electronics coupled 
with extreme environment operation, the limitations of silicon are new becoming prominent. Silicon based 
transistors can function within the temperature limit of few GHz and highly susceptible to harsh environments. On 
the other hand the wide bandgap semiconductors (e.g. SiC, GaN and ZnOetc ) are superior to silicon due to their 
physical (e.g. high melting point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide 
bandgap semiconductor has some specific electrical properties which make it suitable for high power and high 
frequency uses. It has high breakdown electric field (1 to 2.5×108 V/m for different polytypes), high thermal 
conductivity (4.9Wcm-1k-1) and high inertness.  

 

The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage. High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Krypton and the changes after adding the impurity was observed by comparing the undoped and 
doped results. The modification in the band gap will affect or ensure the application of SiC. 

 

Computational Method 

Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt  pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  

 

The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels. The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a supercell. Since we intend to do a doping of Krypton in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Krypton atom is placed in place of Si atom. So the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell.  
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The band energies, band plot and the density of states of undopedSiC and doped SiC with Krypton are compared 
and presented here. The calculations for the structural properties of the SiC was done taking a face centered cubic 
crystals and a primitive cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice 
constant. The primitive cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. 
The primitive cell is shown in Fig. 2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding 
the lattice constant in the form 2x2x1 in X-, Y- and Z-direction. The corner Silicon atom is replaced with Krypton 
atom. The new primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Krypton atom and 16 C atoms. The 
doped supercell is shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 

 

RESULTS AND DISCUSSIONS 

Density functional theory (DFT) [12] calculation for electronic properties of SiC were done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  

 

Electronic Properties 

We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis. The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating an 
indirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA. Fig. 6 shows the band plot for SiC with 32 atoms in the primitive cell. 
More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 

 

The total density of states (DOS) of undopedSiC using first principle DFT with LDA using pseudopotential are 
shown in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the 
Fermi energy. The left side of the line is the valence band and the right side represents the conduction band. The 
valence band has more number of electrons than the conduction band. This hence indicates the semiconducting 
behavior of SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. 
The density of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV.  Fig. 8 shows 
the band energy plot for SiC doped with Krypton in the supercell calculation. Comparing with the energy bands 
shown in Fig. 6, it is observed that there is no gap between the valence and conduction bands after SiC is doped with 
Krypton. Fig. 9 shows the DOS plot for SiC doped with Krypton in the supercell calculation. Comparing with the 
DOS plot shown in Fig. 7, it is observed that the band gap of SiC vanishes after begin doped with Krypton. Small 
peaks are seen inside the band gap region. The Fermi level has shifted up. That indicates the increase in the highest 
occupied energy level. This may be an indication of the electronic properties changing from semiconductor towards 
metal. 
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CONCLUSIONS 

 

The first principle DFT calculations to study the structural and electronic properties of cubic SiC was done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiCdoped with Krypton. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 

 

The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this calculation. 
The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot and DOS 
plot of SiC is compared with the respective plots for Ho doped SiC.The band gap decreases to zero after doping with 
Krypton.Small peaks are seen inside the band gap region. The Fermi level has shifted up. That indicates the increase 
in the highest occupied energy level. This may be an indication of the electronic properties changing from 
semiconductor towards metal. 
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Figure  1:  Crystal structure of SiC 

 
Figure  .2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3: Brillouine zone of SiC 

 
Figure  4: Krypton doped SiC supercell. Yellow color  

Represents Si atom,Grey is for C and green is for Kr 

Fig  5.Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

Fig 6.: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Krypton dopedSiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
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Fig 9. Density of states of Krypton doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Lanthanum and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Lanthanum 
doping on SiC. 
 
Keywords: Theory, Lanthanum, parameters, structure, temperature 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning.  
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But with the development of high speed microprocessors, shrinking size of transistors and the increasing demand of 
higher efficiency electronics coupled with extreme environment operation, the limitations of silicon are new 
becoming prominent. Silicon based transistors can function within the temperature limit of few GHz and highly 
susceptible to harsh environments. On the other hand the wide bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) 
are superior to silicon due to their physical (e.g. high melting point, hardness etc.) and electrical properties . Silicon 
Carbide (SiC) which is a wide bandgap semiconductor has some specific electrical properties which make it suitable 
for high power and high frequency uses. It has high breakdown electric field (1 to 2.5×108 V/m for different 
polytypes),high thermal conductivity (4.9Wcm-1k-1) and high inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5].This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Lanthanum and the changes after adding the impurity was observed by comparing the undoped 
and doped results.The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt  pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels. The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a supercell. Since we intend to do a doping with Lanthanum in SiC so created a 
supercell of 32 atoms (16 Si atoms and 16 C atoms). One Boron atom is placed in place of Si atom. SO the percentage 
of impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell.  The band energies, band plot and the density of states of undoped SiC and doped SiC with 
Lanthanum are compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubic crystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
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shown in Fig. 2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
the form 2x2x1 in X-, Y- and Z-direction. The corner Silicon atom is replaced with Lanthanum atom. The new 
primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Boron atom and 16 C atoms. The doped supercell is 
shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTSANDDISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiC were done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis. The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive cell. 
More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV.  
 
Fig. 8 shows the band energy plot for SiC doped with Lanthanum in the supercell calculation. Comparing with the 
energy bands shown in Fig. 6, it is observed that the band gap remains the same before and after doping with 
Lanthanum. Most of the electrons have on both sides of the band gap region.Fig. 9 shows the DOS plot for SiC doped 
with Lanthanum in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, it is observed that the 
band gap vanishes after doping with Lanthanum. No significant change is observed in the Fermi energy level. The 
distribution of electrons in the valence and conduction band is also same in both undoped and doped cases.  
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiC was done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Lanthanum.  The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for La doped SiC. The band gap vanishes after doping 
with Lanthanum .  
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Figure  1:  Crystal structure of SiC 

 
Figure  2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure  3:Brillouine zone of SiC 

 
Figure  4: Lanthanum doped SiC supercell. Yellow 

color represents Si atom, Grey is for C atoms and Pink 

is for Lanthanum atoms. 

 
Fig 5 :Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of  Lanthanum doped SiC for the 

primitive cell of 32 atoms. Top of the valence bandis 

taken as zero on the energy axis. 
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Fig 9: Density of states of  Lanthanum doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Molybdenum and 
the band energies were calculated. Plotted the band structure with the impurity and also plotted the 
Density of states. The results obtained before and after doping were compared to find the effect of 
Molybdenum doping on SiC. 
 
Keywords: temperature, structure, Molybdenum, SiC, bandgap 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
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semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108 V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC,can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC.Then, SiC 
was doped with Molybdenum and the changes after adding the impurity was observed by comparing the undoped 
and doped results.The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt  pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work.Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger[8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels. The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a supercell. Since we intend to do a doping atom Molybdenum in SiC so created a 
supercell of 32 atoms (16 Si atoms and 16 C atoms). One Boron atom is placed in place of Si atom. SO the percentage 
of impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undopedSiC and doped SiC with 
Molybdenum are compared and presented here. 
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The calculations for the structural properties of the SiC was done taking a face centered cubic crystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig.  2 and the BZ sampling is shown in Fig.  3. A supercell was created by expanding the lattice constant in 
the form 2x2x1 in X-, Y- and Z-direction. The corner Silicon atom is replaced with  Molybdenum atom. The new 
primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Boron atom and 16 C atoms. The doped supercell is 
shown in Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTSANDDISCUSSIONS 

 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis. The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive cell. 
More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 

 
The total density of states (DOS) of undopedSiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Molybdenum in the supercell calculation. Comparing with the energy bands shown 
in Fig. 6, it is observed that the band gap remains the same before and after doping with Molybdenum. This indicates 
a change in the behavior of Mo doped SiC than pure SiC. Fig. 9 shows the DOS plot for SiC doped with Molybdenum 
in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, it is observed that the band gap remains 
the same before and after doping with Molybdenum. The Fermi energy level is located inside the conduction band 
instead of the valence band as it was seen before doping. This indicates an increase in the value of highest occupied 
energy level. The distribution of electrons in the conduction band is same in both undoped and doped cases. 
However the lower portion of valence band is less populated in case of doping. 
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CONCLUSIONS 
 
The first principle DFT calculations to study the structural and electronic properties of cubic SiC was done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC.All these were also done for SiC doped with Molybdenum. The calculations were done using the Dassault 
system BIOVIA-Material Studio. Our observations can be summarized as follows. The lattice constant of SiC is 
calculated with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. 
This value is less than the experimental value due to the use of LDA in this calculation.The band plot gave us 
information that SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared 
with the respective plots for Mo doped SiC. The band gap remains the same before and after doping with 
Molybdenum. The Fermi energy level is located inside the conduction band instead of the valence band as it was 
seen before doping. This indicates an increase in the value of highest occupied energy level. The distribution of 
electrons in the conduction band is same in both undoped and doped cases. However the lower portion of valence 
band is less populated in case of doping. 
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Figure  1:  Crystal structure of SiC 

 

 
Figure  2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure 3:Brillouine zone of SiC 

 

 

 
Figure  4: Boron doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Pink is 

for  Molybdenum atoms. 

 
Fig 5 Band structure of SiC for the primitive cell of two 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 

32 atoms. Top of the valence band is taken as zero on 

the energy axis.  

 
Fig 7: Density of states of SiC for the primitive cell of 32 

atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Molybdenum doped SiC for 

the primitive cell of 32 atoms. Top of the valence 

band is taken as zero on the energy axis.  
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Fig 9 :Density of states of  Molybdenum doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like 
highspeed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Palladium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Palladium 
doping on SiC. 
 
Keywords: highspeed, Density, electrical, parameters, Palladium, doping 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning.  
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But with the development of high speed microprocessors, shrinking size of transistors and the increasing demand of 
higher efficiency electronics coupled with extreme environment operation, the limitations of silicon are new 
becoming prominent. Silicon based transistors can function within the temperature limit of few GHz and highly 
susceptible to harsh environments. On the other hand the wide bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) 
are superior to silicon due to their physical (e.g. high melting point, hardness etc.) and electrical properties . Silicon 
Carbide (SiC) which is a wide bandgap semiconductor has some specific electrical properties which make it suitable 
for high power and high frequency uses. It has high breakdown electric field (1 to 2.5×108V/m for different 
polytypes),high thermal conductivity (4.9Wcm-1k-1) and high inertness.  
 
The tetrahedral structured SiCcrystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC,can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC.Then, SiC 
was doped with Palladium and the changes after adding the impurity was observed by comparing the undoped and 
doped results.The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work.Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger[8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Palladium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Palladium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell.  The band energies, band plot and the density of states of undopedSiC and doped SiC with 
Palladiumare compared and presented here. 

 
The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 

Tophani Sahu and Padmaja Patnaik 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25322 

 

   

 

 

shown inFig. .2 and the BZ sampling is shown in Fig.  3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Palladium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Palladium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTSANDDISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
 
The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. The total density of states 
(DOS) of undopedSiCusing first principle DFTwith LDA using pseudopotential are shown in Fig. 7. Here the 
calculated densities of states are plotted against energy. The dotted line represents the Fermi energy. The left side of 
the line is the valence band and the right side represents the conduction band. The valence band has more number of 
electrons than the conduction band. This hence indicates the semiconducting behavior of SiC. The calculated density 
of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density of states plot given in Fig. 7 
showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band energy plot for SiC doped with 
Palladium in the supercell calculation. Comparing with the energy bands shown in Fig. 6, it is observed that the 
band gap becomes zero after doping with Palladium. This indicates a change in the conductivity ofPddoped SiC than 
pure SiC. Fig. 9 shows the DOS plot for SiC doped with Palladium in the supercell calculation. Comparing with the 
DOS plot shown in Fig. 7, it is observed that small peaks are seen inside the band gap after doping with Palladium. 
The Fermi level is seen between the valence and conduction band. The lower portion of the valence band is less 
populated in comparison to undoped SiC. 
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC.All these were also done for SiC doped with Palladium. The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for Pddoped SiC. The band gap disappears doping with 
Palladium and conductivity may change due to this. This indicates a change in the behavior of Pddoped SiC than 
pure SiC. 
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Figure  1:  Crystal structure of SiC 

 
Figure   2: Primitive cell of SiC Si in yellow and C in 

grey. 

 
Figure   3:Brillouine zone of SiC 

 

 
Figure 4: Palladium  doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and blue is for 

Palladium atoms. 

 
Fig 5: Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero on 

the energy axis.  

 
Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Palladium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  

 
Fig 9: Density of states of Palladiumdoped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Actinium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Actinium 
doping on SiC. 
 
Keywords: density, Semiconductor, Actinium, structure, energies 

 

INTRODUCTION 
 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
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semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5].This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Actiniumand the changes after adding the impurity was observed by comparing the undoped and 
doped results. The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Actinium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One  atom is placed in place of Si atom. SO the percentage of impurity 
becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell.  The band energies, band plot and the density of states of undopedSiC and doped SiC with Actiniumare 
compared and presented here. 
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The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown in Fig. 2 and the BZ sampling is shown in Fig.  3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Actinium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Actinium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTSANDDISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5 The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential are shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Actinium in the supercell calculation. Comparing with the energy bands shown in 
Fig. 6, it is observed that the band gap remains the same before and after doping with Actinium. But the indirect 
band gap of SiC has now changed to direct band gap. This indicates a change in the behavior ofAc doped SiC than 
pure SiC. Fig. 9 shows the DOS plot for SiC doped with Actinium in the supercell calculation. Comparing with the 
DOS plot shown in Fig. 7, it is observed that the band gap becomes zero after doping with Actinium. DOS curves are 
continuous from valence band to conduction band. Fermi level has moved a little up in energy indicating increase 
value of highest occupied energy level. Small peaks inside the band gap shows presence of charge carriers inside this 
portion.  The DOS plot show many peaks but it has a maximum peak at 6.0ev.  
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CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Actinium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. The lattice constant of SiC is calculated 
with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Ac doped SiC. The band gap decreases to zero after doping with Actinium and it may show 
metallic behavior. The DOS plot show many peaks but it has a maximum peak at 6.0ev.  
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Figure  1:  Crystal structure of SiC 
 

Figure  2: Primitive cell of SiC Si in yellow and C in 

grey. 

 

Figure  3:Brillouine zone of SiC 

 

 

 

Figure  4: Actinium doped SiC supercell. Yellow color 

represents Si atom, Grey is for C atoms and Green is 

for Actinium atoms. 

 

Fig 5 :Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

 

 

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

 
Fig 7 :Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

 
Fig 8: Band structure of Actinium dopedSiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis. 

 
Fig 9 : Density of states of Actinium doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide band 
gap semiconductor has some specifically electrical properties which make it suitable for high –power and 
high- frequency uses. It is important to understand the properties of SiC for its use in electronics devices. 
Using the first principle Density Functional Theory, different parameters like lattice constant, band gap, 
band plot and density of states are calculated in this work. . The band structure calculation was done, 
plotted and the band gap was found out. SiC was doped with Holmium and the band energies were 
calculated. Plotted the band structure with the impurity and also plotted the Density of states. The results 
obtained before and after doping were compared to find the effect of Holmium doping on SiC. 
 
Keywords: SiC, lattice constant, band gap, Density, Holmium 
 

INTRODUCTION 

 
Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc.Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
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within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC,GaN and ZnOetc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5].This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. Then, SiC 
was doped with Holmium and the changes after adding the impurity was observed by comparing the undoped and 
doped results.The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
  
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Holmium in SiC so created a supercell of 
32 atoms (16 Si atoms and 16 C atoms). One Holmium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undoped SiC and doped SiC with Holmium 
are compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig  2 and the BZ sampling is shown in Fig.  3. A supercell was created by expanding the lattice constant in 
the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Holmium atom. The new primitive 

Santanu Kumar Nayak and Padmaja Patnaik 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25332 

 

   

 

 

cell contains total 32 atoms with 15 Silicon atoms, 1 Holmiumatom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig.6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiCusing first principle DFTwith LDA using pseudo potential is shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Holmium in the supercell calculation. Most of the energy lines are placed towards the 
upper part of the valence abnd. This indicates a change in the behavior of Holmium doped SiC than pure SiC.Fig. 9 
shows the DOS plot for SiC doped with Holmium in the supercell calculation. Comparing with the DOS plot shown 
in Fig. 7, it is observed that a Maximum peak occur at the Fermi energy level when Holmium doped with SiC 
whereas in case of pure SiC maximum peak occurs at 8.2 eV.Band gap decreases to zero when SiC doped with 
Holmium as compared to the pure SiC. Electron concentration more both side of the Fermi energy level in Holmium 
doped SiC as compared to pure SiC. 
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiC were done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Holmium. The calculations were done using the Dassault system 
BIOVIA-Material Studio. Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this calculation. 
The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot and DOS 
plot of SiC is compared with the respective plots for Holmium doped SiC. Electron concentration more both side of 
the Fermi energy level in Ho doped SiC compared to pure SiC.DOS plot shows band gap decreases when SiC doped 
with Holmium.DOS plot of Holmium doped SiC shows a high peak at Fermi energy level. 
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Figure 1:  Crystal structure of SiC 
 

Figure 2: Primitive cell of SiC 

Si in yellow and C in grey. 

Figure 3: Brillouine zone of SiC       

 

Figure 4:Holmium doped SiC supercell. 

Yellow color represents Si atom, Grey is for C atoms 

and Green is for Holmium atoms. 

Fig 5: Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero on 

the energy axis.  

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  
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Fig 7:Density of states of SiC for the primitive cell of 32 

atoms. Dotted line represents the Fermi energy. 

 

Fig 8: Band structure of Holmiumdoped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9: Density of states of Holmium doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties 
likehighspeed, simple processing, useful temperature range etc. The most suitable quality is that they can 
be doped with some impurities to modify their properties in a controlled manner. SiC which is a wide 
bandgap semiconductor has some specifically electrical properties which make it suitable for high –
power and high- frequency uses. It is important to understand the properties of SiC for its use in 
electronics devices. Using the first principle Density Functional Theory, different parameters like lattice 
constant, band gap, band plot and density of states are calculated in this work. . The band structure 
calculation was done, plotted and the band gap was found out. SiC was doped with Cadmium and the 
band energies were calculated. Plotted the band structure with the impurity and also plotted the Density 
of states. The results obtained before and after doping were compared to find the effect of Cadmium 
doping on SiC. 
 
Keywords: Cadmium Doped, Silicon Carbide, Density, Functional Theory, band energies 
 

 

INTRODUCTION 
 

Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
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not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV),GaN (3.4)eV), diamond (5.5eV),ZnS (3.6eV) etc. Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
bandgap semiconductors (e.g. SiC, GaN and ZnO etc ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide bandgap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC,can enable the high power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. 
 
This study started with calculating the lattice constant, band gap, plotting the band structure and plotting the density 
of states for cubic SiC.Then, SiC was doped with Cadmium and the changes after adding the impurity was observed 
by comparing the undoped and doped results.The modification in the band gap will affect or ensure the application 
of SiC. 
 
Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials [6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger[8] parametrization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive unit 
cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice in 
all X and Y direction to create a supercell. Since we intend to do a doping of Cadmium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Cadmium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also plotted for 
this supercell. The band energies, band plot and the density of states of undoped SiC and doped SiC with Cadmium 
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are compared and presented here. The calculations for the structural properties of the SiC was done taking a face 
centered cubiccrystals and a primitive cell with 2 atoms in it. The cube taken into consideration having side ‘a’, 
where a is the lattice constant. The primitive cell had 2 two atoms with Si at origin and C situated on the diagonal at a 
distance of 0.25 A. The primitive cell is shown inFig. 2 and the BZ sampling is shown in Fig.  .3. A supercell was 
created by expanding the lattice constant in the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is 
replaced with Cadmium atom. The new primitive cell contains total 32 atoms with 15 Silicon atoms, 1 Cadmium 
atom and 16 C atoms. The doped supercell is shown in Fig. 4. All calculations for doped case were done with this 
new primitive cell. 
 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
 
The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of un doped SiC using first principle DFT with LDA using pseudo potential are 
shown in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the 
Fermi energy. The left side of the line is the valence band and the right side represents the conduction band. The 
valence band has more number of electrons than the conduction band. This hence indicates the semiconducting 
behavior of SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. 
The density of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig.8 shows the 
band energy plot for SiC doped with Cadmium in the supercell calculation. Comparing with the energy bands 
shown in Fig. 6, it is observed that the band gap betweeconduction band and valence band vanishes giving a zero 
band gap after doping. This may indicates a better conductivity behavior of Cd doped SiC. Fig. 9 shows the DOS plot 
for SiC doped with Cadmium in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, it is 
observed that the band gap does not exist after doping with Cadmium and the DOS plot is now continuous.The 
distribution of electrons in the valence and conduction band also changes in both undoped and doped cases. It can 
be clearly seen that most of the charge carriers have gathered at the boundary line between valence and conduction 
band.  
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CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC.All these were also done for SiC doped with Cadmium. The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows. The lattice constant of SiC is calculated 
with energy minimization method and found to be 3.0745Ao. The band gap was found out to be 1.325 eV. This value 
is less than the experimental value due to the use of LDA in this calculation.The band plot gave us information that 
SiC is an indirect band gap semiconductor. The energy band plot and DOS plot of SiC is compared with the 
respective plots for Cddoped SiC. The band gap vanishes after doping with Cadmium. This may indicates the 
improved conductivity ofCd doped SiC than pure SiC. 
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Figure 1:  Crystal structure of SiC  

(Si in yellow and C in grey) 

Figure 2: Primitive cell of SiC 

(Si in yellow and C in grey) 

.                         Figure 3:Brillouine zone of SiC                     Figure 4:Cadmium doped SiC supercell.  

Fig 5 :Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero on 

the energy axis.  

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  
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Fig 7 :Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

Fig 8: Band structure of Cadmium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  

 

 

 

 

 
 
 
 
 
 
 
 
 

 

Fig 9: Density of states of Cadmium doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide band 
gap semiconductor has some specifically electrical properties which make it suitable for high –power and 
high- frequency uses. It is important to understand the properties of SiC for its use in electronics devices. 
Using the first principle Density Functional Theory, different parameters like lattice constant, band gap, 
band plot and density of states are calculated in this work. . The band structure calculation was done, 
plotted and the band gap was found out. SiC was doped with Zirconium and the band energies were 
calculated. Plotted the band structure with the impurity and also plotted the Density of states. The results 
obtained before and after doping were compared to find the effect of Zirconium doping on SiC. 
 
Keywords: Zirconium Doped, Silicon Carbide, Density, lattice constant 

 

INTRODUCTION 
 

Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide band gap 
semiconductors, for example SiC(band gap:2.3 to 3.4 eV), GaN(3.4)eV), diamond (5.5eV),ZnS(3.6eV) etc. Silicon has 
ruled the electronics industry since its beginning. But with the development of high speed microprocessors, 
shrinking size of transistors and the increasing demand of higher efficiency electronics coupled with extreme 
environment operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function 
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within the temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide 
band gap semiconductors (e.g. SiC,GaN and ZnOetc. ) are superior to silicon due to their physical (e.g. high melting 
point, hardness etc.) and electrical properties . Silicon Carbide (SiC) which is a wide band gap semiconductor has 
some specific electrical properties which make it suitable for high power and high frequency uses. It has high 
breakdown electric field (1 to 2.5×108V/m for different polytypic), high thermal conductivity (4.9Wcm-1k-1) and high 
inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high-power devices to operate in higher value of 
blocking voltage. High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2]. It properties has made SiC a research focus till date [3,4,5]. This study started with calculating 
the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC Then, SiC 
was doped with Zirconium and the changes after adding the impurity was observed by comparing the undoped and 
doped results. The modification in the band gap will affect or ensure the application of SiC. 
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudopotentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parameterization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels. The zinc blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a supercell. Since we intend to do a doping of Zirconium in SiC so created a 
supercell of 32 atoms (16 Si atoms and 16 C atoms). One Zirconium atom is placed in place of Si atom. So the 
percentage of impurity becomes 3.2%. Band energies were calculated for this supercell. The density of states was also 
plotted for this supercell. The band energies, band plot and the density of states of undoped SiC and doped SiC with 
Zirconiumare compared and presented here. 
 

The calculations for the structural properties of the SiC was done taking a face centered cubiccrystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 Aο. The primitive cell is 
shown in Fig.2 and the BZ sampling is shown in Fig.3 A supercell was created by expanding the lattice constant in 
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the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Zirconiumatom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1Zirconium atom and 16 Carbon atoms. The doped supercell is 
shown in Fig. 4. All calculations for doped case were done with this new primitive cell..  

RESULTS AND DISCUSSIONS 

 
Density functional theory (DFT) [12] calculation for electronic properties of SiC were done. SiC crystalizes in zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745Aο. The experimental lattice constant 
value for SiC is 4.359Aο. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort. The 
valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating 
anindirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 2.39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive cell. 
More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiC using first principle DFT with LDA using pseudo potential are 
shown in Fig.7. Here the calculated densities of states are plotted against energy. The dotted line represents the 
Fermi energy. The left side of the line is the valence band and the right side represents the conduction band. The 
valence band has more number of electrons than the conduction band. This hence indicates the semiconducting 
behavior of SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. 
The density of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the 
band energy plot for SiC doped with Zirconium, in the supercell calculation. The band gap energy for Zr doped SiC 
is found to be 1.604eV. Comparing with the energy bands shown in Fig. 6, it is observed that the band gap increases 
after doping with Zirconium. This indicates a change in the behavior of Zr doped SiC than pure SiC.Fig. 9 shows the 
DOS plot for SiC doped with Zirconium in the supercell calculation. Comparing with the DOS plot shown in Fig. 7, it 
is observed that the band gap increased after doping with Zirconium. The number of electrons in the vicinity of 
Fermi level reduced by doping with Zr, which causes the shift of VB peak to low energy zone and electrons next to 
VB have shown maximum shift to the low energy region. Hence the distance between VB and CB increases. 
 

CONCLUSIONS 

 
The first principle DFT calculations to study the structural and electronic properties of cubic SiCwas done. The 
values of lattice constant and band gap were found out. The band structure and density of states were plotted for 
SiC. All these were also done for SiC doped with Zirconium. The calculations were done using the Dassault system 
BIOVIA-Material Studio.Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this 
calculation.The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot 
and DOS plot of SiC is compared with the respective plots for Zr doped SiC. The band gap energy for Zr doped Sic is 
found to be 1.604eV. Due to the doping of Zirconium, the band gap between CB and VB of SiC increases. The 
increase in bandgap may result in fewer electrons moving from the CB to the VB, resulting in a noticeable decrease in 
the interaction between electrons. Hence the conductivity of SiC decreases with doping of Zr. 
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Figure 1:  Crystal structure of  SiC Figure 2: Primitive cell of SiC  Si in yellow and C in 

grey 

Figure 3: Brillouine zone of SiC 

 

Figure 4: Boron doped SiC supercell 

Yellow color represents Si atom, Grey is for C atoms 

and Green is for Zirconium atoms 

Fig 5:Band structure of SiC for the primitive cell of 

two atoms. Top of the valence band is taken as zero 

on the energy axis.  

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  
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Fig 7:Density of states of SiC for the primitive cell of 

32 atoms. Dotted line represents the Fermi energy. 

 

Fig 8: Band structure of Zirconium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  

 

 

 

 

 
 
 

 

 

 

 

 

 

Fig 9: Density of states of Zirconium doped SiC for the primitive cell of 32 atoms. Dotted line represents the 

Fermi energy. 
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Semiconductor  materials are the foundation of modern day’s electronics for their properties like high 
speed, simple processing, useful temperature range etc. The most suitable quality is that they can be 
doped with some impurities to modify their properties in a controlled manner. SiC which is a wide band 
gap semiconductor has some specifically electrical properties which make it suitable for high –power and 
high- frequency uses. It is important to understand the properties of SiC for its use in electronics devices. 
Using the first principle Density Functional Theory, different parameters like lattice constant, band gap, 
band plot and density of states are calculated in this work. . The band structure calculation was done, 
plotted and the band gap was found out. SiC was doped with Erbium and the band energies were 
calculated. Plotted the band structure with the impurity and also plotted the Density of states. The results 
obtained before and after doping were compared to find the effect of Erbium doping on SiC. 
 
Keywords: Erbium Doped, Silicon Carbide, Density, band gap, lattice constant 
 

INTRODUCTION 
 

Semiconductor materials have been playing a crucial role in the electronics industry. They are especially important 
as varying conditions like temperature and impurity content can easily change their conductivity. Semiconductors 
are mainly classified according to their electrical conductivity and band gap. At very low temperature a 
semiconductor behaves as an insulator but shows good conductivity at room temperature. Materials with band gap 
less than 3 eV are generally semiconductors and with band gap more than 3 eV are insulators. However, the limit is 
not very sharp. Semiconductors with band gap towards or even more than the higher limit are called wide bandgap 
semiconductors, for example SiC(band gap:3 to 8 eV),GaN(8)eV), diamond (5.5eV),ErS(3.6eV) etc.Silicon has ruled 
the electronics industry since its beginning. But with the development of high speed microprocessors, shrinking size 
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of transistors and the increasing demand of higher efficiency electronics coupled with extreme environment 
operation, the limitations of silicon are new becoming prominent. Silicon based transistors can function within the 
temperature limit of few GHz and highly susceptible to harsh environments. On the other hand the wide bandgap 
semiconductors (e.g. SiC,GaN and ErOetc.) are superior to silicon due to their physical (e.g. high melting point, 
hardness etc.) and electrical properties. Silicon Carbide (SiC) which is a wide bandgap semiconductor has some 
specific electrical properties which make it suitable for high power and high frequency uses. It has high breakdown 
electric field (1 to 2.5×108V/m for different polytypes),high thermal conductivity (4.9Wcm-1k-1) and high inertness.  
 
The tetrahedral structured SiC crystalizes in different polytypes [1]. Properties such as the breakdown electric field 
strength, which allows the material to withstand up to certain voltage, is quite high for SiC in comparison to Si 
because of the wide band gap. The use of SiC, can enable the high-power devices to operate in higher value of 
blocking voltage.High thermal conductivity, and high emissivity in the infrared also makes SiC a preferable choice 
for high temperature uses. Its high thermal conductivity enables more efficient removal of heat from the device. The 
high electrical resistance of SiC has been used to advantage in resistive heating applications such as igniters for 
natural gas furnaces. On the whole, one can say that the outstanding material properties keep SiC devices 
advantageous over other available semiconductor devices in optical, high temperature, high frequency and high 
power applications [2].Its properties have made SiC a research focus till date [3,4,5]. This study started with 
calculating the lattice constant, band gap, plotting the band structure and plotting the density of states for cubic SiC. 
Then, SiC was doped with Erbium and the changes after adding the impurity was observed by comparing the 
undoped and doped results.The modification in the band gap will affect or ensure the application of SiC.  
 

Computational Method 
Electronic structure calculations can be used to understand the electrical, optical, vibrational and thermal properties 
of materials under different physical and thermal conditions. First principle methods of calculations using density 
functional theory (DFT) are popular and dependable methods for studying properties of materials theoretically. We 
are using a first principle total energy code available for electronic structure calculations i.e., Biovia. Here the 
calculations are done using DFT with the local density approximation (LDA). Valence electrons are taken for 
calculations and the interaction between the valence electron and the cores is handled with the help of ab initio 
Vanderbilt pseudo potentials[6]. The calculations here are done using BIOVIA material studio. BIOVIA, a brand of 
Dassault Systems, is a scientific tool that can be used for research work. Biovia Materials Studio [7] is a tool for 
modelling and simulation in Materials Science, Physics and Chemistry to study the structure and properties of 
materials under different conditions.  
 
The cutoff values were taken as, kinetic energy cut off of 590.00 eV. A set of 2x2x2 or 1x2x2 or similar K-points 
scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Perdew and 
Zunger [8] parameterization of Monte Carlo calculations of Ceperley and Alder [9] method. The single particle Kohn-
Sham [10] equations are solved and the eigen values are taken to interpret bulk band structure and the vacancy 
levels.The Erbium blend crystal structure of SiC [11] is considered here for calculations. To begin with, the primitive 
unit cells with 2 atoms to make the computational calculation easier to handle. The lattice constant is expanded twice 
in all X and Y direction to create a super cell. Since we intend to do a doping of Erbium in SiC so created a supercell 
of 32 atoms (16 Si atoms and 16 C atoms). One Erbium atom is placed in place of Si atom. SO the percentage of 
impurity becomes 6%. Band energies were calculated for this supercell. The density of states was also plotted for this 
supercell. The band energies, band plot and the density of states of undoped SiC and doped SiC with Erbium are 
compared and presented here. 
 
The calculations for the structural properties of the SiC was done taking a face centered cubic crystals and a primitive 
cell with 2 atoms in it. The cube taken into consideration having side ‘a’, where a is the lattice constant. The primitive 
cell had 2 two atoms with Si at origin and C situated on the diagonal at a distance of 0.25 A. The primitive cell is 
shown inFig.2 and the BZ sampling is shown in Fig. 3. A supercell was created by expanding the lattice constant in 
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the form 2x2x1in X-, Y- and Z-direction. The corner Silicon atom is replaced with Erbium atom. The new primitive 
cell contains total 32 atoms with 15 Silicon atoms, 1 Erbium atom and 16 C atoms. The doped supercell is shown in 
Fig. 4. All calculations for doped case were done with this new primitive cell. 

 

RESULTS AND DISCUSSIONS 
 
Density functional theory (DFT) [12] calculation for electronic properties of SiCwere done. SiC crystalizes in Erbium 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei.  
 
Electronic Properties 
We started the calculation to find out the lattice constant for cubic SiC by energy minimization method. The lattice 
constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total energy as 
a function of cell volume. Thus the calculated lattice constant for SiC is 3.0745A. The experimental lattice constant 
value for SiC is 4.359A. So our calculated value is in good agreement with the experimental value. The calculated 
energy band structure of SiC along direction of high symmetry is shown in figure 5. The top of the valence band is 
taken as ‘zero’ along the energy axis.The electronic configuration of Si is [Ne]3s2 3p2 and electronic configuration of 
C is [He]2s2 2p2. For this calculation, 3s2 3p2 electrons of Si and 2s2 p2 electrons of C were taken as the valence 
electrons. Use of smooth norm-conserving pseudopotential for Si and C helped in reducing the calculation effort.  
 

The valence band maximum and conduction band minimum do not occur on the same symmetry line, indicating an 
indirect band gap. This is in accordance with published experimental results too [13]. The calculated band gap is 
1.325 eV. The experimental band gap of cubic SiC is 39 eV [14]. The smaller band gap compared to experimental 
value is due to the inherent drawbacks of LDA.Fig. 6 shows the band plot for SiC with 32 atoms in the primitive 
cell.More number of energy states are clearly visible owing to large number of atoms included in the calculations. 
However the band gap value remains the same. This also indicates an indirect band gap. 
 
The total density of states (DOS) of undoped SiCusing first principle DFTwith LDA using pseudopotential is shown 
in Fig. 7. Here the calculated densities of states are plotted against energy. The dotted line represents the Fermi 
energy. The left side of the line is the valence band and the right side represents the conduction band. The valence 
band has more number of electrons than the conduction band. This hence indicates the semiconducting behavior of 
SiC. The calculated density of states (DOS) was in nearly same to the previously reported DOS plot [15]. The density 
of states plot given in Fig. 7 showed the many peaks but the maximum peak is at 8.2 eV. Fig. 8 shows the band 
energy plot for SiC doped with Erbium in the supercell calculation. Comparing with the energy bands shown in Fig. 
6  it is observed that the band gap decreased after doping with Erbium.Fig. 9 shows the DOS plot for SiC doped with 
Erbium in the supercell calculation. Comparing with the DOS plot shown in Fig. 7 it is observed that there is a small 
band gap after doping with Erbium. No significant change is observed in the Fermi energy level. The distribution of 
electrons in the valence and conduction band is different in both undoped and doped cases. 
 

CONCLUSIONS 

 
The first principle DFT calculation to study the structural and electronic properties of cubic SiC was done. The values 
of lattice constant and band gap were found out. The band structure and density of states were plotted for SiC. All 
these were also done for SiC doped with Erbium. The calculations were done using the Dassault system BIOVIA-
Material Studio. Our observations can be summarized as follows. 
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The lattice constant of SiC is calculated with energy minimization method and found to be 3.0745Ao. The band gap 
was found out to be 1.325 eV. This value is less than the experimental value due to the use of LDA in this calculation. 
The band plot gave us information that SiC is an indirect band gap semiconductor. The energy band plot and DOS 
plot of SiC is compared with the respective plots for Er doped SiC. The band gap remains the same before and after 
doping with Erbium. But the indirect band gap of SiC has now changed to direct band gap. This indicates a change 
in the behavior of Er doped SiC than pure SiC. It is observed that there is a small band gap after doping with Erbium. 
No significant change is observed in the Fermi energy level. The distribution of electrons in the valence and 
conduction band is different in both undoped and doped cases. 
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Figure 1:  Crystal structure of SiC 

Si in yellow and C in grey. 

Figure 2: Primitive cell of SiC 

Si in yellow and C in grey. 

Figure3: Brillouine zone of SiC Figure 4:Erbium doped SiC supercell.                            

Yellow color represents Si atom, Grey is for C atoms 

and Pink is for Erbium atoms. 

Fig 5:Band structure of SiC for the primitive cell of two 

atoms. Top of the valence band is taken as zero on the 

energy axis.  

Fig 6: Band structure of SiC for the primitive cell of 32 

atoms. Top of the valence band is taken as zero on the 

energy axis.  
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Fig 7:Density of states of SiC for the primitive cell of 32 

atoms. Dotted line represents the Fermi energy. 
 

Fig 8: Band structure of Erbium doped SiC for the 

primitive cell of 32 atoms. Top of the valence band is 

taken as zero on the energy axis.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 9:Density of states of Erbium doped SiC for the primitive cell of 32 atoms. Dotted line represents the Fermi 

energy.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dipan Kumar Das and Padmaja Patnaik 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25354 

 

   

 

 

 

The Limits of the Community Empowerment Models: Case Studies from 

Tribal India 
 

D. N. Rao 
 

Vice-President, Centurion University of Technology and Management, Odisha 
 
Received: 25 Mar 2020                                Revised: 27 Apr 2020                                     Accepted: 28 May 2020 
 
*Address for Correspondence 

D. N. Rao 

Vice-President,  
Centurion University of Technology and Management,  
Odisha, India. 
Email: dnrao@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
India has been trying to tackle problems of poverty and under development, on a war footing. India, on 
independence, had debated a Gandhian, bottom-up village as center based development plan, but the 
then Government of India and its leadership opted for centralized planning. Five Year Plans under 
Planning Commission of India starting from 1951 included some development programmes aimed at 
rural development and poverty alleviation. In this study the researcher has pointed out the limitations of 
the community development and empowerment plans implemented by the government and the non-
government organisations with reference to Kondh community. 
 
Keywords: Empowerment, Community, Development, Plans 
 

INTRODUCTION 

 
Since obtaining independence from the British in 1947, India has been trying to tackle problems of poverty and under 
development, on a war footing. India’s share of the global GDP has come down from 24% to 3% during the two 
hundred years of British rule (Dutt, 1902). Lopsided colonial policies led to famines, which were felt hardest in rural 
India. An industrial revolution and subsequent import of British goods had greatly impacted Indian industry and 
village economy. The ‘self-sustaining’ Indian rural economy, where in most villages were having an economic eco-
system, was broken’. India was largely left as an agriculture based commodity producer (Dutt, 1902). The Indian 
government under the leadership of Jawaharlal Nehru (1950), had decided to follow the centralized planning model 
of the then Soviet Union.  National development plans were envisaged as five-year duration plans under the 
‘Planning Commission of India’. The first plan was started in the year 1951 and this model continued until the year 
2015. The planning model was conceived by P.C. Mahalanobis and was known as the Mahalanobis Model. It 
envisaged a four-sector planning strategy with emphasis on heavy industries like Steel (A. Mitra, 1957).  
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India, on independence, had debated a Gandhian, bottom-up village as center based development plan, called as 
‘Kumarappa Plan’ (Kumarappa, 1945). However, history tells us that the then Government of India and its 
leadership opted for centralized planning. This meant that even though India had gained independence largely on 
Gandhian leadership and thought (Gandhi, 1910), it was not followed in the economic development plans.  

  
Rural Development Plans in India 
There has been Five Year Plans under Planning Commission of India starting from 1951. Over the next 50 years, each 
plan period included some development programmes aimed at rural development and poverty alleviation. The 
following table gives an indicative list of such programmes.The model of centralized planning was finally aborted in 
the year 2015 and the central planning conversion was implemented as a national think tank. The focus of poverty 
alleviation had been built on the belief that there would be trickle down from economic growth and focus on specific 
political priorities. By 2015 it was finally concluded that the strategy largely did not work in the first 50 years of 
development (especially on rapid poverty alleviation), due to the following reasons: 
 
a.  The overall growth rate of the Indian economy itself was about 3% per annum in the first 40 years of 

independence (derided as ‘Hindu rate of growth ‘by noted Indian economist, Prof Raj Krishna). 
b. The political priorities kept changing from ‘infrastructure’ development to focused individual or family level 

poverty alleviation. 
 

While India avoided large-scale famines, and built reasonable industrial and educational infrastructure, poverty 
alleviation did not happen at a rapid rate (Gaiha, 2008; Ranganathan, 2012; Suresh, 2012; World Bank, 2011). There 
was an admission by the leaders that only 17% of the funds intended for poverty development reached the poor, as 
most development was executed ‘for the poor’ by the state apparatus with very little participation of the people in 
focus. 
 
This understanding led to belief that India needed to refocus on village panchayats and give greater importance to 
the Gandhian model of village democracy. The 73rd and 74th amendments to the Indian constitution were finally 
passed in 1992, where 29 items of development administration were supposed to be directly transferred to village 
panchayats. Apart from the federal and state governments, the third tier, village panchayats became legitimate 
constitutional entities. In a way, the bottom up planning or development of villages and poverty alleviation has been 
mandated as all plans were to be passed in ‘Gram Sabhas’. 

 
Evaluation of the Developmental and Empowerment Plans  
The researcher has more than 25 years of experience in working with Government and Non-Government 
Organisations for the development and empowerment of rural poor in India and has mostly worked with the Khond 
community, a local Adivasi or tribal community covering 50 villages. Khond community mostly resides in Southern 
and Western parts of Odisha. They were considered ‘less developed’ than the rest of the tribal communities.   
 
The status of the centralized plans and programmes of the govt. already implemented had failed especially with the 
Adivasis or the Tribal community. 
The following few examples illustrate the failures: 
1. The State tried to promote dairy business as an income generating activity, only to realize that most of these 

communities treat milk as either puss or meant for calf and do not believe in touching it. 
2. The State tried to promote tea plantation on a large tract of land that would have displaced over 12 villages. The 

plan was to employ the people as laborer in the tea garden. But the Adivasis were not used to industrial work 
culture and were not interested.  

3. The State tried to promote gem and precious stone processing, as the area was rich in precious stones. But the 
Adivasis had no value for such stones and would not be interested to migrate for work. 
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4. A large horticultural tree plantation failed as the people uprooted all the trees overnight. Land meant for food 
crops was diverted to horticulture without their consent. 

5. On occasion, such failed interventions also led to leaks and corruption. For example, equipment given for paddy 
processing or improved pottery was resold back to the same suppliers as the people did not know how to use it 
and there was no market for improved products. Many cases the suppliers simply bought back the equipment at 
throw away prices from people and re-circulated it to others.  

 
Evaluation of Projects Implemented in the Field 
The researcher himself worked in several projects as project lead. Most projects were planned with communities 
using Participatory Rural planning process (Robert Chambers, 1983). It involved meeting the communities frequently 
and staying with them. The process involved mapping local needs, local resources and then develop local solutions 
based on local capabilities. It is a practical adaptation of Freire’s (1965) critical consciousness, empowerment 
framework. Further, the researcher has actively engaged in many such intervention including Women empowerment 
through self-help groups in large scale, Financial inclusion, Skill development for livelihoods creation, Education 
integrated with livelihood development skills. 
 
The following observations have been made on the projects implemented at the ground level: 
1. Even after so much of development experience and reading, most of the development intervention approaches 

continue to fail to understand the communities. We do not seem to know what works and what does not work. 
Even the experience of facilitating the participatory exercises leaves one dissatisfied that somehow the 
communities did not seem to own the outcomes.  

2. Indian state still fails to understand these communities. Most programmes run on trial and error and it is 
difficult to predict the fate of an intervention beforehand. 

3. This leads to a great deal of wastage and sometimes damage to the community too. The development 
interventions have promoted modern medicine, agriculture and education. In the process, the Adivasis 
traditional knowledge systems seem to be impacted. The modern systems also do not seem to deliver the results. 

 
Case Studies to Understand Which Empowerment Approach Works & Which Does Not  
Most participatory development approaches believe in community empowerment. Most empowerment theorists 
have emerged out of the seminal contribution of Paulo Freire (1965). The following examples highlight the need to 
revisit these concepts: 
 
Case-1: Thaumal Rampur is in the Kalahandi district of Odisha, in the East of India inhabited by Khond community. 
While it has copious rainfall and hilly terrain, most of the people have problems of food supply. So, we were trying 
to introduce many crops. Pineapple was one such crop. However, while all agreed in a community meeting to grow 
pineapple, they would never end up taking the plants for growing. Upon enquiry, it was found that since most ‘have 
never seen or tasted’ pineapple, they were not sure. The problem was solved by introducing the people to pineapple 
and allowing them to taste it. It was a question of ‘exposure’ that led to action. So, does ‘exposure’ place limits on 
empowered action? 

 
Case-2: The Khond community would take only one crop in their lands. In the case of a second crop, no one grew it 
even though there was food shortage and there was enough water for the crop. It was later found that since there is 
an open grazing problem, unless the whole community decided to grow a second crop, it would not work. So, do 
community level practices place limits on empowered action? 

 
Case-3: In the case of 4000 odd self-help groups in the Gajapati district of Odisha, it was found that even after four 
years of sustained and programmed intervention, not even 10% of the groups developed the capability to reduce 
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their own poverty. The target was that at least 50% would be able to reduce their poverty. Was it due to inefficient 
programme capacity or were there other community level reasons? 

 
Case-4: In the last ten years, skill development is used as a means of poverty reduction. Skill development, followed 
by migrant working, has moved many families out of poverty. But despite many such success stories, there has been 
little demonstration effect. People do not seem to be automatically motivated by the success of their peers. So, does 
that mean that exposure alone does not work? 

 
Case-5: Sometimes even government regulations mandating empowerment do not produce desired results. For 
example, Indian government has mandated that 33% of the local elected representatives must be women. Seats are 
reserved for them. However, in many communities’ women are unaccustomed to sitting with men and do not decide 
on public matters. In many places, it is found that even though women are elected, their husbands chair the meetings 
with the consent of wife.Often societal norms seem to play an enabling or disabling role. People tend not to do things 
or do things because of societal norms or rules. This is especially true when one looks at communities that have very 
layered labyrinth of ‘lived experiences’. Sometimes habits, culture and beliefs also seem to determine the actions. For 
example, the researcher has come across cases where severe burns cases were considered as God’s curse and ‘waiting 
to die’ and not allowed to go to hospitals. Communities used to pray to God seeking peaceful death. Cows are not 
milked because of social beliefs. 
 

CONCLUSION 
 

It is mostly trial and error to identify what works and what does not with regard to the developmental and 
empowerment programmes. One needs to dig deep to find reasons as to why a certain thing has happened or not 
happened.Such behavior is explained away quoting structural constraint, prolonged colonization or oppression 
(Freire, 1968). Some also argue that long term colonization leads to mental conditioning that is difficult to come out 
(Fannon, 1961). But continuation of such behavior even after such a long time after independence, even after people 
have tasted success and there is example in the vicinity makes one wonder as to whether there are other reasons too? 
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Table 1: Plan Period-wise Rural Development Programmes: 
(Note: Most plans are for five years. However, sometimes due to war, plans were curtailed for a few years). 
 

Plan Period Programmes Key Focus 

First plan (1952,53) 
1. Community Development 

Programme 
2. National Extension Service 

Heavy industries like steel and establishing 
a government extension staff till the village 
level 

Second Plan (1957-
60) 

1. Intensive Agriculture 
Development 

2. Tribal Development Multi-
Purpose Block level programme 

3. Khadi and Village Industries 
Development 

4. Village Housing 

Agriculture productivity and rural 
industries and village housing 

Third Plan 
(1962-66) 

1. High Yielding Varieties 
programme 

2. Rural Industries 
3. Agriculture Development 
4. Nutrition Programme 

Start of ‘green revolution’; a combination 
of provision of high yielding seeds, 
chemical fertilizer and extension support. 
A response to PL 480 US food grain 
support  

Annual Plans 
(1967, 1968) 

1. Farmers’ training scheme 
2. Rural Works 
3. Tribal Block development 
4. Women and Child programme 
5. Well construction programme 

Focused programmes on farmers, women 
and children. The approach was mostly 
sectoral development in nature 

Fourth Plan (1970-
74) 

1. Drought Prone Areas 
programme 

2. Small Farmer Development 
Agency 

3. Rural Employment programme 
4. Tribal Development programme 
5. Minimum Needs programme 
6. Command Area Development 

Focus on large-scale welfare or social 
security schemes. Also on focus was on 
special area development needs 

Fifth Plan 
(1975-79) 

1. Food for Work  
2. Integrated Rural Development 
3. Training of Rural Youth for Self-

Employment 
4. Special Livestock Development 
5. Desert Development 

Focus on individual level poverty 
alleviation through training and livelihood 
linked programmes 

Sixth Plan 
(1980-83) 

1. National Rural Employment 
Programme 

2. Prime Ministers 20-point new 
programme 

3. Development of Women and 
Children in Rural areas 

4. Rural Landless Employment 
Guarantee 

Large-scale rural wage employment 
programmes; 
  Focus on women and children and 
landless people 

Seventh Plan 
(1985-86) 

1. Rural Energy 
2. Livestock Breeding programme 

Focus on specific areas; debate on utility of 
centralized programmes starts 
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Eighth Plan 
(1989-93) 

1. Rozgar Yojana 
2. Prime Minister Rojgar Yojna 
3. Employment Assurance 

Programme 
 

Focus on organized wage employment and 
individual livelihoods promotion; The 
attempt to start empowerment based 
bottom-up planning gets a boost with the 
73/74 constitutional amendments; 

Ninth Plan 
(1996-02) 

1. Basic Minimum Services 
2. Swarnajayanti Swarojgar Yojana 
3. Jawahar Gram Samrudhi Yojana 
4. Swajaldhara 

Focus on some centralized programmes 
and some money given as block grants for 
bottom-up planning 

(2014-17) 

1. Employment Guarantee 
programme 

2. JAM (Jandhan, Adhar, Mobile) 
3. Block grants 

Present focus on financial inclusion; a few 
centralized social safety schemes coupled 
with panchayat level bottom-up 
development plans. 

Source: Five-Year Planning Documents of Government of India, Planning Commission. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

D. N. Rao 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25360 

 

   

 

 

 

Necessity of Implementing Technical Writing in Engineering 

Curriculum: Challenges vs. Benefits 
 

Sikha Nayak1 and Prajna Pani2* 
 
1Research Scholar, Centurion University of Technology and Management, Odisha, India. 
2Centurion University of Technology and Management, Odisha, India. 
 
Received: 23 Mar 2020                                Revised: 26 Apr 2020                                     Accepted: 28 May 2020 
 
*Address for Correspondence 
Prajna Pani  

Centurion University of Technology and Management,  
Odisha, India  
Email: prajna.pani@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
In the time of assistive technology tools and auto-correct apps, students within the engineering and technology fields 
face a few difficulties in moving to writing activities of extensive length and intricacy, regardless of whether through 
restricted involvement in written projects or could likewise be an individual lack of engagement in the act of writing. 
Engineers regularly accept technical writing to be profoundly point by point documentation including diverse 
undertakings beginning from writing assignments, contextual investigations, specialized reports, research facility 
reports, assessment inquiries through writing articles in diaries to definite year thesis. This thought over weights the 
researchers to adapt up to the educational program which at that point prompts dissatisfaction and lackluster. There 
are complaints from managers about the poor writing abilities among engineering graduates. By and large, there are 
three viewpoints that students who study engineering face challenges when writing scholarly articles in for example 
substance, structure and language. Characteristically to fortify the standard of instructive composition among 
engineers, these angles must be taken into consideration. On the opposite, numerous association have now moved 
their have practical experience in improving the correspondence and expert skills by overcoming any issues between 
diagnostic reasoning and logical correspondence of the engineering students. Professional communication skills and 
technical expertise are equally important in industry. In any case, customary, humanities-based writing courses are 
frequently the main proper writing readiness accommodated designing students. But, while the humanities offer 
courses that order interpretive, pugnacious, and logical composition, engineering students regularly ignore 
comparative thinking styles among designing and hence the humanities on account of the obvious distinction in the 
content taught. This paper discusses what are the difficulties and the manner in which they will become benefits and 
recognize procedures for architects to acknowledge extraordinary specialized writing. This paper additionally 
centers around the need of usage of a Technical Writing and Communication course that looks to upgrade regions of 
industrious open test for engineering students populace.  
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INTRODUCTION 

 

One of the key difficulties students in engineering and technology face is capability in technical writing. Generally, 
graduate instruction is intended to prepare students for instructive examination at the doctoral level, or for cutting 
edge positions in their order or for engineering up themselves in whichever profession they're in. It's abnormal to 
search out a program which doesn't require competent written and discourse skills as an objective or learning result 
for the graduate of that program. In any case, students go to the graduate level with varying degrees of skill in their 
capacity to introduce themselves through written language. Professional engineers are required to be ready 
to communicate effectively, including in written formats like technical reports (Engineering Council, 2014). 
Colleges intend to sort out undergraduates for the professional condition; in any case, numerous new budding 
graduates despite everything come up short on the degree of writing skills expected by their bosses (Moore and 
Morton, 2017), and 71% of overviewed designing managers have confronted issues since applicants have great 
specialized information yet need working environment abilities (Institution of Engineering and Technology, 2017).  
 

Background of Study 
The Engineering divisions at various specialized Universities of Odisha do not resolve to empower self-guideline in 
first and second year engineering students by urging them to ponder their composed work. Explicit teaching of 
writing skills isn't given and it anticipates that students should pick them up as they complete the rest of the 
educational program. By third and fourth year, undergraduate engineers are required to present a written record 
about their individual (third year) and group (fourth year) projects. These activities represent 33% of the year point 
every year. In first and second year, students follow a few compulsory unit covering core engineering topics. 
Evaluation for each unit commonly contains 75% test and 25% laboratory activities every year. A group contains up 
to hundred to hundred and fifty students, and laboratory sessions are delivered to smaller groups of thirty 
students at a time. There are a decent scope of appraisals utilized for laboratory work: a few units grant credit just 
for joining in; most require  some grammar assignments or reading comprehension to be completed; few 
assignments on listening skills and a minority require a brief, report to be submitted. This assortment is not ideal for 
showing technical writings for a few reasons. To begin with, the deficiency of consistent expectations (even within 
the few labs that need submission of a written report) can confuse students. Second, there are just a 
predetermined number of chances to work on writing longer records, constraining the probability of being able to 
improve performance.  
 
Third, it's not in every case clear how input from one report has pertinence to future assessments. These issues 
conflict with the recommendations made by Nicol and Macfarlane-Dick (2006) for helping students to turn out to be 
increasingly self-controlled behaviour. Instructors frequently communicated their mistake about the standard of 
instructive writing among students. Lectures consistently griped that they think that it’s hard to realize the 
researchers writing what more if the writing is finished not in their language and furthermore the writing included 
specialized phrasings for example engineering wordings. When they look at the magnificent scholastic compositions 
and consequently the ones that the researchers composed, they feel that the hole is wide. Anyway they have to 
comprehend that students need time to acclimate themselves which isn't sufficient to ace the specialized writing 
abilities in just eighteen months. It is genuine that occasionally students aren't focused on their work however the 
elements that cause such shortcomings must be inspected and rewarded appropriately. 
 
 One among the clarifications is on the grounds that students don't have a lot of introduction to scholastic 
composition and since speakers showing designing concentrated more on the substance perspective rather than the 
occasion of technical writings in students. There’s an observation that if instructors distribute some of their 
opportunity to show technical writings, this may end in the decrease of designation in center substance educating 
and learning. By the by creating scholastic perusing and technical writings at the same time, this may in a 
roundabout way reinforce students' perception of center substance (Wheeler and McDonald, 2000).On the other 
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hand students griped that the speakers expect an over the top measure of from them when really they are attempting 
to acclimate themselves with the instructional exercise condition. They felt that the change from school to the college 
might be a tremendous weight upon them. The researchers felt that the assignment of understanding the designing 
subjects itself might be a gigantic undertaking to manage. Consequently a considerable lot of them felt that the need 
of specialized writing adds to the current weight. 
  
Issues and Challenges  
Before the design and usage of the specialized composition and correspondence course for the students, the 
educational plans were bolstered by writing concentrated courses instructed in the humanities, which likewise add 
to an understudy's general training prerequisites. The writing courses were created more than forty years back as a 
"one size fits all" response to an outsized general education pre-requisite of the engineers graduating every year. 
With the extension of engineering students inside the previous decade, built up the specialized composition and 
correspondence course to fulfill the interest of designing staff and industry accomplices. While humanities-based 
writing courses despite everything be remembered for designing understudy advancement, these writing 
concentrated courses commonly are taken inside the first or second year, leaving engineering students without basic 
composition and informative course bolsters as they move past their sophomore year. Fundamentally, the execution 
of sending in designing training remains a challenge for two reasons. To begin with, designing instructors still can't 
seem to prevail in an accord about how writing ought to be educated and evaluated. Goldsmith and Willey note that 
while there's wide understanding in regards to desires, there remains contradiction among engineering instructors 
on the job of writing inside the educational plan, likewise as who will educate it.  
 
Second, while wide includes expanded presentation to the humanities might be a typical subject in engineering 
curricular plan conversations, for all intents and purposes, it's hard to discover how this is regularly to be actualized 
without only adding one more year to the predominant , unbending course load necessities. Another commitment to 
the matter of poor writing abilities emerges from students not having a straightforward thought of what 'great' 
writing appears. Levels of self-guideline decide how well an individual can plan, screen and self-assess progress 
towards an objective, and better levels end in increasingly inspired, better-performing students (Bandura, 1991; 
Pintrich and de Groot, 1990;Zimmerman, 1986). On the off chance that an understudy cannot envision the objective, 
it is difficult to shape positive advancement towards it, so an understudy who cannot picture 'great' writing won't be 
prepared to deliver it. Great criticisms are regularly a valuable thing to create self-guideline in students, by helping 
them to find out how their exhibition analyzes to 'great' execution (Nicol andMacfarlane-Dick, 2006). On the other 
hand, results concentrate in subjective and learning science show that composition, when utilized in explicit ways, 
empowers students associate thoughts, look at information holes, and empowers LTM recovery.  
 
All things considered, designing teachers' endeavors to utilize these methods of writing are blended. Utilizing 
supposed write-to-learn techniques in situ of writing as a kind of appraisal, engineering instructors formulated a 
self-intelligent writing brief that was offered iteratively to a class, and expected students to consider and assess their 
critical thinking approach.  Notwithstanding, this course change yielded no connection with improved understudy 
execution on content-based tests. Writers hypothesize that execution are the guilty party, taking note of that their 
writing brief didn't expect students to join earlier information with new information. Psychological and learning 
science discoveries show that write-to-learn endeavors are compelling when two measures are met: student self-
reflection and accordingly the capacity to effectively interface old and new knowledge. While Goldsmith and Willey 
note in another investigation note that if reasonable writing rehearses were to be effectively brought into designing 
educational programs, they may got the opportunity to introduce writing as a bonafide practice that architects do 
every day, and one that partners, builds in industry, and designing scholastics must do successfully. This shows the 
quandary that incorporating writing into existing designing educational programs keeps on being a challenge. The 
challenge is worth addressing— implementing a technical writing and communication course can provide two 
benefits: (i) tangible exposure to engineering writing conventions, and (ii) support for learning. 
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LITERATURE REVIEW 
 

Past literary works have recognized that specialized writing are frequently characterized as a correspondence 
movement in managing and conveying specialized data and subjects like in technology, engineering, science and 
different fields with explicit wordings at specific working environments through composition (Finklestein, 2007; 
Indra Devi, Husin and Subatira, 2010; Laplante, 2012; Manivannan,2005; Pfeiffer and Adkins, 2010; Van Endam, 
2005). This shows specialized writing is a pivotal aptitude to practically any calling including engineers, researcher, 
planners, doctors, lab experts then forward. Actually, work businesses requested likely representatives with sound 
specialized relational abilities including specialized composition (Kassim and Ali, 2010; Rhoulac & Crenchaw, 2006). 
Representatives in industry invested their energy generally in specialized composition, for example, working time 
from various occupation works in ventures is spent nearly on writing at the working environment like specialized 
composition (Mohd Raus, 2005; Nordin, 2013). By having specialized writing competency, one could pass on 
essential data obviously and precisely to concentrate on crowd with explicit reason (Laplante, 2012; Van Endam, 
2005).The English language courses offered inside the designing projects expects to sort out students with required 
skills in scholastics and in specialized setting with the point of setting up the researchers for working in businesses. 
 
In any case, it's discovered that specialized writing in English isn't completely executed and in this manner the 
appraisal of composed assignment doesn't contribute much inside the checking plan of English for correspondence 
course (Department of Polytechnic Education, 2011). Along these lines, students probably won't consider written to 
be in English as significant as different abilities. This may make a negative discernment towards writing in English. 
As expressed by Warnock and Kahn (2007), many engineering students consider writing to be random to their future 
vocation objectives. The present Communicative English courses at Engineering schools are educated over all orders 
whereby students of different fields like engineering, polytechnic, management, diploma , et al. take a proportionate 
English course. Along these lines, the schedule of current English courses probably won't be prepared to totally give 
the students' specific language needs with respect to example specialized writing course for engineering students 
(Sanmugam, 2013). An ongoing report by Lam and Chong (2013) have researched polytechnic students' recognitions 
on their learning encounters during their Communicative English course and uncovered that very a large portion of 
the researchers concurred that English language educational plan didn't assist them with enhancing their English. 
 
While, an examination led by Md. Yasin et al. (2010) on English expertise inadequacies of polytechnic students, 
found that understanding specialized archives, utilizing right sentence structure, jargon and punctuation, writing 
test/examination report and addressing for explanation are among the significant skills that specialized students 
needed of. Steady with Mustapha et al. (2008), on an examination which decided preparation among students on K-
economy and globalization featured about consolidating correspondence and exploration skills in specialized 
educational plan. Henceforth, information recorded as a hard copy a specialized logical exploration which can 
improve composed language abilities is in think to flexibly a skillful laborer. On the contrary hand, these are the gifts 
that students ought to procure additionally in light of the fact that the skills required by the enterprises (Md Yasin et 
al., 2010). In any case, 31.5% of jobless alumni in Malaysia were among moves on from polytechnic and ailing in 
composed language skills was one among the primary explanation that caused this issue (Esa, Selamat, Padli and 
Jamaluludin, 2014). In different investigations prior, gratitude to need relational abilities for both spoken and written 
in English, various number of the alumni from Malaysian polytechnics are jobless (Md. Yasin et al.,2010).  
 
This may give negative think about the standard of polytechnic graduate. As expressed by Idrus (2008), the absence 
of researchers to gracefully great nature of writing, may reflect to the standard of the alumni's students of the 
association that they're have a place with. Thinking about the above issues of polytechnic situation, this examination 
attempts to fill the hole of specialized writing competency needs among engineering students at Malaysian 
polytechnic. Along these lines, this examination plans to investigate the specialized writing competency needs of the 
designing students at Malaysian polytechnic on the possibility of students' points of view. In particular, the targets of 
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this investigation are to work out the engineering students' see on their specialized writing competency as far as 
information, abilities and mentalities towards specialized writing in English and to explore the understudy's 
apparent on specialized writing competency needs. Lager and McMurrey (2009) propose that the matter of poor 
writing abilities emerges somewhat on the grounds that students who pick designing wish to represent considerable 
authority in scientific and viable work instead of  composed work. This intrinsic inclination adds to a shortage of 
enthusiasm for creating writing abilities. Students can likewise underestimate the significance of technical writings 
(Lievens, 2012; Nguyen, 1998), which could additionally decrease inspiration to discover these abilities (Ramsden 
and Entwistle, 1981). Nonetheless, different investigations have demonstrated that students do perceive the 
significance of relational abilities in their future professions, yet less significantly than specialized skills . Direito et al. 
(2012) additionally found that students report an 'expertise hole' for a few delicate skills, including composed 
language, whereby they rate skills as significant, however don't accept they need a legitimate capacity in those skills. 
This absence of trust in capacity can cause students maintaining a strategic distance from the errand, so not having 
the possibility to rehearse and improve (Bandura, 1982).  
 
Findings 
One of the fundamental shortcomings is that the failure to discover the effortlessness in multifaceted nature. Poor 
capability of English language, poor sentence skills, core content, structure of writing, scholarly writing shows, 
examination of writing points; capacity to direct research and apply information across various setting (Pineteh, 
2014). Such shortcomings are regularly seen among students who study subjects like engineering during which a few 
students respect scholastic writing not significant contrasted with the center substance. Naturally, writing is 
overlooked in light of the fact that it is thought not valuable for their future career. Investigations have demonstrated 
that the clarifications for the poor writing capability are: (1) issues related with the educators themselves for example 
poor disposition, deficient instructive abilities and information, (2) specialized viewpoints required in explicit skills, 
(3) the educating and learning forms used the inaccurate showing methodologies and (4) unsatisfactory evaluation. 
Typically, the issue is said to either the educator or the instructing procedure. Some of the issues are somewhat 
connected with the instructor likewise because of the educating and learning forms and a couple additionally as a 
result of the researchers themselves (Kamaruddin and Abdullah, 2015).  
 
Benefits of Learning Technical writing 
Skill in specialized writing in English may be another incentive to any future workers when looking for work since 
English has become an essential and worldwide mechanism of correspondence broadly. Truth be told, by having 
great specialized technical writings will permit students to be able in relational abilities and should give them a 
credit when applying work (Laplante, 2010; Tebeaux, 1983). An examination on engineering up a substitution 
abilities standard to flexibly information specialist in Malaysia had distinguished that laborers are required to 
reinforce their competency which encourages them to hold out their activity well (Ismail, Mustapha, Spottl, and Md 
Yunos, 2013). Since English might be a worldwide language, laborers got the chance to be skilled with the planet 
language to widen their insight. Moreover, managers look for up-and-comers who have brilliant scholastic execution 
as well as have great relational abilities in both spoken and composed English (Ngah, Mohd Radzuan, Fauzi, and 
Zainal Abidin, 2011; Nordin, 2013; Raftopoulas, Coetzee, and Visser, 2009; Raybould and Sheedy, 2005).  
 
Along these lines, the keys to progress inside the engineering calling is that the capacity to talk in both spoken and 
composed English (Bonk, Imhoff, and Cheng, 2002). Furthermore, writing abilities in English was seen as 
significantly significant as talking and listening skills for section level work (Zubairi, Sarudin, Nordin, and Tunku 
Ahmad, 2011). Students ought to be shown specialized composition at an early age to build up the motivation of 
specialized writing in English (Herzogs and Hinds, 2015). Thus, students who can't record well in English are at a 
major block. Consequently, specialized writing competency in English has become an a sound representative for 
have to any new alumni in work enterprises (Kassim and Ali, 2010; ). The examination has demonstrated that the 
Technical Writing course might be a crucial segment inside the preparation of a designer to ensure that when the 
researchers graduate, they are familiar journalists who can meet the pressure of writing inside the engineering 
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calling. Specialized writing ought to be carefully presented inside the Engineering educational program and given 
satisfactory chance to manage all the points involved inside the course and given sufficient opportunity to rehearse 
the ability by the researchers. Coordinated effort between speakers of educators encouraging English and instructors 
of engineering is huge all together that the past are frequently aware of the students' writing issues that the last 
experience inside the students' composed work. That way, the engineering speakers will be assuaged of the weight 
of tending to language issues and just think about the substance, while the writing issues are tended to by specialists.  
 

CONCLUSION 
 

All in all, engineers in training got the opportunity to ace the aptitude of writing generally and technical writing 
particularly. The Technical Writing course is accordingly an extremely significant part in designing instruction. it's 
helpful during and in the wake of preparing on the grounds that it adds to an engineer's prosperity at the college and 
inside the business life . During preparing, a engineering understudy must compose plainly the undertakings given 
by teachers. Absence of clearness during an understudy's work may end in bad grades, and thus less odds of 
accomplishment. So also, an architect who could likewise be a familiar author might be perceived by the board and 
should increase quickened advancement than a specialist who is a little capable in writing. Hence, the engineering 
educational program planners ought to understand its significance of getting such a course for the designing alumni 
which could order creating top quality architects and help in adding to the expansion of their nations 'economies 
through science, engineering and technology  and therefore contend all around. 
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Change is the goal of teaching English (Boraie, 2013). The new trends, methodologies and pedagogies 
today aim at internalising what is learnt rather than just knowing and acquiring. The emergence of the 
modern trends due to Westernization in Literature has impacted Indian education system. It has taken 
the initiative and introduced innovative and interactive study like smart classrooms, online chat sessions 
and interactive language labs.  This is an era of innovation. The whole generation has changed. The new 
generation is addicted to computer, social networks. This affects their styles of learning and how they 
react to the teaching of a teacher. There is a need to exploit the modern methods which respond to the 
needs and interests of these learners. Since students come from different cultural and linguistic 
backgrounds with different learning styles and capabilities, it is essential that a spectrum of teaching 
methods and materials must be explored and traversed. The innovative ingenious teacher is capable of 
drawing out information from texts, videos, audio sources of information for teaching purposes. This 
paper seeks to explore and motivate the many ways of making the out-of-the-box teaching a possibility 
and a reality, bringing in innovation right into the classroom. 
 

Keywords: Innovation, Learning Practices, Trends, English language 
 

INTRODUCTION 
 
Even though English is an adopted official language in India, the learners face difficulties, one of the main reasons 
being that every Indian, belonging to any state, has his or her own mother tongue. The learners feel compelled to 
learn English as a second language. Change is the goal of Teaching English (Boraie, 2013). The new trends, 
methodologies and pedagogies today aim at internalising what is learnt rather than just knowing and acquiring. The 
emergence of the modern trends due to Westernisation in literature has impacted Indian education system. It has 
taken the initiative and introduced innovative and interactive study like smart classrooms, online chat sessions, 
interactive language labs. This is an era of innovation. The whole generation has changed. The new generation is 
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hooked to social networks. This affects their styles of learning and how they react to the teaching of a teacher. There 
is a need to exploit the modern methods which respond to the needs and interests of these learners.  Since students 
come from different cultural and linguistic backgrounds with different learning styles and capabilities, it is essential 
that a spectrum of teaching methods and materials must be explored and traversed. The innovative ingenious 
teacher is capable of drawing out information from texts, videos, audio sources of information for teaching purposes. 
This paper seeks to explore and motivate the many ways of making the out-of-the-box teaching a possibility and a 
reality, bringing in innovation right into the classroom. Innovations are imperative for bringing an improvement in 
the motivation and effectiveness of teachers. As stated in the Twelfth Five Year Plan, education requires revolutions 
in the fields of methods of assessment of students learning, enhanced training of teachers, pioneering and creative 
pedagogies in the classrooms especially that which encourages technology in classroom. 
 
Problem Statement 
An estimated 1.5 billion English language learners are there world-wide (Beare, 2018). From 1800s to the present day, 
so much has changed which can be exciting or terrifying but the one thing which has not changed is the classrooms, 
which shows that there is a need of a teacher inspite of the fact that education is becoming highly technical. The 
education system in India is following an outdated pedagogy. The teacher-centred pedagogy and mode of teaching 
has been dominant for more than a hundred years. In this exam-oriented system of instruction, the teacher as a 
narrator infuses knowledge into the students through a parrot-like imitative process. Teachers find it challenging to 
hold on to the interest and the attention of the student throughout the teaching period. As soon as the class begins, 
the attention of the students starts wavering, and by the end of the class there is rampant boredom. Teachers 
knowingly or unknowingly discourage and ignore the participation of the students. When given a chance the 
minority extroverts dominate the class and thus deprive the majority introverted students from participation. Lack of 
motivation for learning induces lack of interest in the students, thus declining the performance of the students. The 
major challenges are faced by students coming from rural and underdeveloped areas, tribal background, 
economically backward society and uneducated families. 
 
There should be a smooth and gradual transition from the usage of mother tongue to the second language i.e. 
English. This would help the children to express themselves. The transition requires that the students be provided 
with suitable vocabulary or structure as well as motivating students to use English for communication. This can be 
achieved by providing a secure and stimulating natural environment for language learning. The use of English 
language gives new openings and opportunities at the international front. On the one hand, we have innumerable 
people who are keen to learn, read, write and speak English but variety of these learners and their qualities, location 
and circumstances have made English   language and its teaching a hard nut to crack. Use of innovative practices 
seems to be the only rescue to the new horizon of English language teaching (ELT). The field and perspective of ELT 
is really multi-facet but we need to step forward very cautiously to make English likeable and enjoyable to everyone. 
 
Inspite of the lacuna in the present traditional way of education, a number of students and teachers still have a 
preference for it. The teachers are not sure about the feasibility of implementation and effectiveness of innovation, 
which is why the teacher-centred pedagogy is still preferred. This is because the teachers lack the open-mindedness 
for the innovative trends as they are not methodology savvy. They are hesitant in applying innovative approaches in 
their classes. Teachers are called upon to give away the outdated roles and act more as guides and mentors, 
exploring the new media themselves as learners, and thus acting as role models for their learners. Innovation will be 
essential to bring about qualitative changes in education, as opposed to the quantitative expansion seen so far. These 
changes are needed to enhance efficiency and improve the quality and equity of learning opportunities. Although 
education is not averse to changes, with improvements already taking place in classrooms, it has not managed to 
harness technology to raise productivity, improve efficiency, increase quality and foster equity in the way other 
public sectors have. At the same time education can also encourage innovation in society at large by developing the 
right skills to nurture it. These skills, including critical thinking, creativity and imagination, can be cultivated 
through appropriate teaching, and practices such as entrepreneurship education. Smart innovation strategies 
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developed by the Government for education with the right policy mix, will give meaning and purpose to innovation, 
including creating an innovation-friendly culture. Practitioners who are engaged in any innovations related to 
language education, need to have a framework consisting of the following composite questions, who adopts what, 
who adopts where, who adopts when, who adopts why and how, with responses to each individual component of 
the question, thus defining the basic issues that are of interest to the practitioners. 

 
Objectives 
 To overcome the challenges by integrating innovative practices in the classroom (seek to inform, to motivate and 

to explore the many possibilities of making out-of-the-box teaching a reality) 
 To design a guideline to overcome the challenges of learning  

 
Defining Who 
Teachers play a vital role in an attempt to promote innovations when designing syllabus. There would be other 
people also like officials of the Education department of the government, deans, department heads, heads of the 
institutions, who would be playing a part in this process of promoting innovation, by implementing the innovations. 
Students as patrons, curriculum designers as dealers and the expat curriculum expert play their roles in this process 
of adopting and adapting innovation. Teachers may become adopters or sometimes they may become change agents. 
However, all the above, except the change agents, may also oppose an innovation and innovative practices. Thus, it 
can be concluded that a wide variety of people in the society are involved in any type of innovative practices in 
English Language Teaching.Adoption may also be hypothesised in terms of levels of execution, a measure which 
specifies the profundity to which any changes have occurred. Research has shown that it is difficult to promote 
innovation at a fundamental level. It should be remembered that innovations need to stand the test of time, for 
generally seventy five percent of the innovations fail as they are neither adopted in a proper way nor are they able to 
sustain the change.  
 
Defining What 
Innovation in terms of materials, the various teaching approaches and values, refers to qualitative changes in 
education. It is imperative in terms of evaluation of new methodology or assessment.  
 
Defining Where 
The question of where an innovation is applied is perceived in socio-cultural terms. Experts who wish to introduce 
innovative syllabi into an educational system must recognize the potential impact (whether positive or negative) of 
various socio-cultural constraints on their activities. It is necessary to identify the various factors related to culture, 
ideology, history, politics, economy, administration, institution, society and language, as they affect the 
implementation of any innovative project.  Some effort has been made to establish the relative importance of these 
factors. For example, Kennedy (1988) envisions classroom innovation as being constrained by multiple systems, in 
which, as shown in Figure 1, cultural values are the most powerful shapers of behaviour, followed by political 
conventions, administrative practices, and others. The constraints shown in the Figure 1 cannot be accounted for in a 
discrete or a linear fashion. Experience suggests that all the subsystems, which are interrelated, have an impact on all 
the aspects of how innovatively a syllabus is designed, how well it can be implemented and how it would be 
evaluated.  
 
Defining Why 
There are many varied reasons why innovations are adopted or rejected. It is noted that all individuals do not adopt 
a change in the same way as it depends upon the different psyche of the people which influences their behaviour 
towards adopting change. For example, it is interesting to note that those who travel widely are well-educated 
because they adopt to the change early. These people are open to new innovative ideas being broad-minded and they 
have a vast exposure to mass media. They associate with others extensively and are extremely resilient as they know 
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how to deal with the uncertainties. On the other hand, the dawdlers are seen to have exactly the opposite 
characteristics whereas the people who are neither very open to nor are they opposed to new ideas, display 
intermediary traits.The adoption or inhibition of innovations depends on their characteristics and traits. The most 
well-known attributes derived from some 1500 empirical and/or theoretical studies have been used here as proposed 
by Rogers (1983). These characteristics or attributes comprise the following:   
 the advantage gained by a possible adopter planning to adopt an innovation 
 the compatibility of the innovation with previous practice  
 the complexity and complication of the innovation  
 the ability for trials of the innovation  
 and the observability of the innovation 
 

Defining How 
There are different theories existing which seek to account for how change and innovation occurs. People can be 
persuaded to adopt an innovation. This requires planning, developing, testing, production, distributing to potential 
users. Though the initial cost of development may be high but the long-term benefits with respect to efficiency and 
the high quality of the innovation is worth mentioning. Today, in this global world, there is a sincere honesty 
towards using modern ways in teaching English on a continuous basis. This demands for teaching, learning, 
thinking and behaving. In the present ever changing world, it is required that an environment is created to ignite the 
way learning is done by giving a creative atmosphere. The purpose of the research is to find out different innovative 
ways that are going to inspire learners and teachers to transact the language in the most appropriate manner, so as to 
benefit the learner lifelong. Thus, a multidisciplinary framework, on innovation in language planning is to be 
developed based on the review of the problems that define innovation in the specific context of English language 
teaching. 
 
A system which is audacious in inspiring experimentation and innovation, involves itself in regular reviewing of the 
learning outcomes would always be progressive. The education of the teacher should not be excused in this case.  
Pedagogical knowledge has to constantly undergo adaptation to meet the needs of diverse contexts through critical 
reflection by the teacher on his/her practices. The teacher needs to develop an open mind to encompass the 
differences in the cultural aspects and varied learning and teaching approaches to be more humanistic in his/her 
approach to traversing the knowledge to the students in the class in a more innovative manner. 
 
Howard Gardner (2008) makes an interesting observation in his book Five Minds. He elucidates that innovation and 
creative thinking is at the centre and at the heart of any schooling. He describes the attributes of a well-organised 
mind and a creative mind which in turn lead to a creating mind. He further articulates that it is necessary to learn 
thoroughly at least one discipline and learn to hone and understand the skill, so as to be successful in the future. The 
synthesizers should be able to objectively understand and evaluate the information obtained from disparate sources 
and put it in a way that works both for themselves and for the others. The creating mind puts forward new ideas 
using discipline and synthesis as the base. The not so familiar questions attribute to a fresh way of thinking which 
further accentuates innovation.  
 

Some Innovative Approaches to Language Teaching 

Today there are new ways of supporting teachers and learners. There is a need to upgrade education skills to 
education 3.0 as education should be transacted beyond classrooms. English is an access to the 21st century skills.  
Today’s teaching and learning of English is based on tech-in-hands education. A few ideas towards ELT which are 
innovative: 
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 Active and student centred apps 
 Active learning through E-Book 
 Create an E-Book for publishing to increase student engagement 
 Modern adaptation of a traditional children’s story 
 Use collaboration in writing as a means for students to learn from their peers 
 Share and comment on peers’ work in a common digital platform, in order to create accountability and to 
  provide a real life experience 
 Video clippings  
 Role playing 
 Google space for students 
 Students develop the curriculum and content 
 Students in different countries connect and communicate  
 Skyping 
 Flipped Classrooms  
 Gaming and mindcrafting 
 Describe small video clippings creatively 
 
The 'convent education' and this type of education which has remained the exclusive privilege of the rich, is a 
general craze in the society. Again, the standard of English teaching in Indian schools (with the exception of a few 
elite schools) has fallen dramatically, chiefly because infrastructure has not been able to keep up with the exploding 
number of students. But the role and importance of English in the Indian society continues to rise unrestricted. 
Vernacular and mother tongue education continue to be neglected. Thus, while Hindi remains the 'official' language, 
English continues to rule the roost. Problems caused by this phenomenon are indeed difficult to resolve. A lot of 
responsibility is left for English teachers to make their classes interesting and fruitful earning. Against this 
background, we need to find a solution to these challenges. If the solutions are sought for, it is realized that they are 
not in the hands of the teachers. These challenges can be turned opportunities and teachers can become resourceful. 
Open ended activities certainly can improve the quality of ELT class.   

Activities which are open-ended are recommended to students so that they can work on their own rules with the 
help of their learning styles, find out their interests and produce work which is most appropriate to their capabilities. 
Innovation comes when the teacher does not expect the same type of work from everyone, though he/she gives the 
same activity and same set of instructions. This reflects the responsiveness of the students in terms of their interests 
and capabilities. The independent and challenging situation may be maintained in the class through powerful 
instructional strategies which help in differentiating learning experiences. In this way their learning is aligned with 
the learning experience.    

 

CONCLUSION 

Putting the idea in a nutshell, the role of activities is providing independence to learners means that the learners take 
the responsibility of their learning which in turn helps them in their capacity building. In such a situation, the 
syllabus is negotiated between learners and the teacher with – self-instruction, self-direction and individualization. It 
is therefore recommended that English learners must read extensively.  The efforts of learners must be rewarded by 
the teachers so as to motivate their struggle to acquire the language skills. Government as a matter of priority should 
make available necessary facilities that will empower teaching and learning of English. Parents should arouse the 
interest of their wards by providing needed materials and conducive to learning and studying environment at 
homes. 
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Bioconversion of organic wastes produced from various sources due to the activity of human highly need 
to manage by using vermitechnology for eco-friendly environment, sustainable agriculture and soil 
amendment with high nutrient supplement. Out of several wastes the cooked food wastes that produce 
from canteen, restaurant, hostels, industries, hotels, domestic kitchen and from various organized 
gatherings etc. Rice is mostly considered as a source in diet but also produced as a major organic waste 
after sufficient consume for it’s preparation in large amount comparable to other items. Hence it is highly 
essential for safe disposal and management against food waste by creating awareness. Vermicomposting 
is a simple biotechnology process of composting where earthworms are used to enhance the process of 
waste degradation for production of organic manure as a better end product known as vermicompost. In 
this present study, the main focus was on the role of earthworm that converting the rice waste nutrients 
into a valuable composting product for agriculture utilization. The experiment was carried out for 60-
80days by taking various proportions of cooked rice waste such as C (Control), R1, R2, R3, R4 and Expt. 
(Experimental) mixed along with cow dung and soil. The earthworm species Eisenia foetida was used in 
all proportion for the process of vermicomposting and obtained vermicompost as end product in R1 and 
R2. The physico-chemical parameters pH, electro conductivity, temperature and moisture content were 
analyzed in different time intervals to estimate the survivability, population growth etc. are key 
indicators for production of vermicompost. 
 
Keywords: Vermicomposting, earthworm, Eisenia foetida, Rice waste (Rw) 
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INTRODUCTION 

 

Food waste is also carrying credential for serious environmental issues caused due to growing population and 
demand of their living style. Approximately one third of food is produced from the human need according to the 
Food and Agriculture Organization (FAO) of UN and about 40% of food is produced from India (UN). The cooked 
food wastes are one of the major source for whole food waste considered as solid waste are generated from various 
source like canteen, restaurant, hostels, industries, hotels, domestic kitchen and from various organized occasions 
etc. Although the production of food waste has been carried out for fulfillment of human need but proper 
management, safe disposal and awareness for saving food are the major guideline to be followed in time for 
reduction of it. It is required to treat the food waste effectively in such a manner that should not generate 
environmental pollution and badly produce fouling smell that cause harmful health diseases. The best way to treat 
organic waste instead of disposal is vermicomposting which converts it into useful organic manure for sustainable 
plant growth ([2], [12]).  
 
Vermicomposting is a biological treatment leading for degradation and stabilization of organic matter by the 
coactions of earthworms and microorganisms is considered as a mesophilic aerobic process. There are more than 
3000 species of earthworms are recognized in the world that perform particularly in vermicomposting ([5], [7], [14], 
[15]). Vermicomposting has the major advantage compared to conventional compost such as odorless, adjusted pH, 
low electrical conductivity, and contains high concentration of elements such as nitrogen, potassium, and 
phosphorus ([3], [8], [11]). Vermicompost is stable and has uniform combination and level of contamination is less 
than raw materials and other fertilizers. Production of organic acids during process and presence of micronutrients 
such as iron, copper, and zinc in the vermicompost make it’s effective fertilizer for plants. The organic acids, 
digestive tract secretions, exudates from the surface of worms ([5] ,[8]). 
 
Granulated excreta of the worm is vermicasts has a bulk condition during vermicomposting, have a less density than 
usual compost, makes more porosity of soils and increases the permeability of water in soil. Presence of high 
humidity retention capacity in the vermicompost facilitate to carry water for longer period in plants ([3], [7], [16], 
[17]). Microbial activities improve nutrient status, microbial biomass carbon and enzymatic activities. Role of 
vermicompost in nourishing agricultural crops has attracted to the researchers throughout the globe. There is an 
increasing interest in the potential use of vermicompost as soil amendment, where the addition of vermicompost 
improves the soil physical and chemical properties. Bioconversion of rice waste can be possible using 
vermicomposting as a potential tool for ([18], [19], [20]). However, it is suggested that the rice waste can be amended 
with mixture of organic manure to ensure better quality of vermicompost [4]. The main objective of the study was to 
investigate the ability of rice waste to produce vermicompost by the action of Eisenia foetida. 
 

MATERIALS AND METHODS 

 
Experimental location 
This experiment was carried out for about 3 months from January to March in the Laboratory of Department of 
Zoology, Centurion University of Technology and Management, located at Jatni, Bhubaneswar, Odisha, India. 
 
Collection of Materials 
The samples for present experiment were collected from various areas inside the campus of CUTM such as 
--Fresh cattle dung-from cattle shade 
--Soil-from garden area 
--Rice waste-from canteen of hostels 
--Earth worms (Eisenia foetida)-vermicomposting unit 
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Methods 
The experiment was conducted to find out the production of vermicompost from rice waste by using it as best source 
of bedding material in vermicomposting providing nutrition for earthworm Eisenia foetida. The collected cattle dung 
and soil was allowed to dry for 7-8 days and then crushed and sieved to get fine material segregating from 
uncrushed one. The collected rice waste was settled for composting upto 7 days adding equal amount of fresh cattle 
dung. Various proportions of sieved cattle dung (Cd) and soil(S) including composting rice waste (Rw) were 
prepared by weighing in ratio of  Cd+S (1:1) Cd+S-Rw(2:2:1), Cd+S-Rw(1.5:1.5:2), Cd+S-Rw(1:1:3), Cd+S-Rw (0.5:0.5:4) 
and 100% of cattle dung labelled as Control(C) ,R1, R2, R3, R4, Experimental (Expt.) respectively in 6 rectangular 
plastic pots. 
 
Then the waste material as Rw were well mixed in the 6 pots with respective ratio of cattle dung and soil allowed for 
pre-composting upto 4-5 days. In the next procedure the collected earthworm specis Eisenia foetida were released as 3 
in number into each container bearing a range of length from 7.5-10 cm after preparing the vermibed by using pre-
composting. The whole set of proportion were proceeded with vermicomposting by regularly spraying water on the 
bed and adding slurry of cattle dung to it for maintaining moisture and nutrition along with rice waste. About one to 
two grams of samples were collected from each container for chemical testing in the mentioned lab before and after 
introducing of earthworms during the process of vermicomposting. The pots were covered by the nylon net to avoid 
the earthworm from danger predators, direct sunlight and were observed daily in order to check the various 
physico-chemical parameters, survivability, growth, population rate and formation of vermicompost. 
 

METHODOLOGY 
 
 This experiment was conducted in two parts in the study i.e. the first part was pre-composting experiment and the 
second phase about entire procedure of vermicomposting where all major required parameters were measured to 
estimate. Different observations were carried by measuring the required physico-chemical parameter in a regular 
interval of every 15 days [19].  Similarly growth and population of earthworm Eisenia foetida in each pots were 
calculated in respect to their survival rate. The chemical composition of raw materials were detected by XRF. The 
vermicompost was the end product obtained from each pot determined by it’s colour. Statistical analysis was carried 
out of these values to determine through mean and standard deviation (SD). 
 

RESULT AND DISCUSSION 
 

The present study was experimented out with cooked rice waste that was used, subsequently degraded and 
consumed by the action of both microbes and earthworm respectively in vermibed. The ultimate result was obtained 
as end product vermicompost with enriched organic nutrient for plant growth. The entire procedure of 
vermicomposting was conducted for 60-80 days and controlled by the maintenance of physico-chemical parameters 
like moisture content, pH and electro-conductivity. Analysis of all parameter values were tabulated and plotted in 
Table 2. And Figs. (1,2, 3 & 4). The findings of all parameters were varies for each proportion that estimated through 
mean and SD values. Out of whole the result was effective in R1 and R2 as compared to other with the standard 
proportion taken as Control(C). 
 
The muscular grinding organ gizzard of earthworm Eisenia foetida consumed rapidly the rice waste and released 
dark black granular vermicast [9] later obtained as vermicompost (Table 3.). The survivability and growth of 
earthworm was observed more suitable in R1 and R2. However it was observed less number in R3 but almost nil in 
R4 and experimental after 20 days due to rapid microbial fermentation in more quantity of rice waste (Rw) from the 
pre-composting to till initial stage of undergoing process of vermicomposting. The fermentation converted each 
proportion into acidic medium initially then changed to slightly acidic [1] and it increased in respect to percentage of 
Rw. The pH in waste proportions was ranged from 5.2 to 6.8 which indicated that the acidification was more in R3, 
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R4, and Expt. May be caused due to nitrification of microbes ( Table 2. and Fig.2) [21] .Similarly moisture content was 
maintained within 65%-75%. In R4 and Expt. contained more amount of water above than survival of Eisenia foetida 
initially due to degradation of waste that released water and later reduced Table 2. and Fig.3. The mineral salts 
added to vermibed due to the pre-composting which was available as nutrition for earthworm was detected by 
electro-conductivity (EC) (Table 2. and Fig.1). It was increased initially but later reduced due to conversion of salts 
found suitable in R1 and R2 [10]. The temperature was above 350C during pre-composting and early stage of 
vermicomposting due to generation of heat for decomposition of wastes which was later came down. The 
temperature was observed suitable in R1 and R2 as compared to others aid for survival of earthworm [6] (Table 2. 
and Fig.4) [6].Production of juveniles subjected to population growth for the chance of survival and growth of parent 
earthworm species Eisenia foetida (Table 1.).From above analysis of different parameters it was observed that rice 
waste nutrient plays important role in vermicomposting in low percentage upto 40% in vermimixture while 
increased in percentage caused decline in population indicated unsurvivable of earthworm. The growth of 
earthworm population is directly proportional to formation of vermicompost indicated to R1and R2 with Control 
due to all favourable parameters. 
 

CONCLUSION 

 
From the present study the chemical parameters of vermicompost at different time intervals of rice waste indicated 
the possibility of production is in less proportion including soil and cattle dung. The major proportion of rice waste 
causes acidification unable for earthworm survivability. But the effective output of present study can be a good 
practice to reduce volume of rice waste by using vermicomposting technique for production of eco-friendly and cost 
effective organic manure to utilize in agricultural field for sustainable cultivation. 
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Table 1. Survival Number of Earthworm in Each Proportion during Vermicomposting 

Sl No. 
Proportional 

setup 

Initial 

number of 

earthworms 

Survival of 

earthworm 

in 1st 15days 

Survival in 2nd15 days/  

after1month 

Survival in 

3rd 15days 

Survival in 

4th 15days 

1. Control-C 3 6 10 15 22 
2. R1 3 5 9 13 19 
3. R-2 3 3 6 11 16 
4. R3 3 2 5 8 10 
5. R-4 3 1 death death death 
6. Expt. 3 1 death death death 
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Table 2. Measurement of Physio-Chemical Parameters of Various Observations during 

Vermicomposting 

 

 

 
Table 3. Colour and odour of vermicompost in all proportions after completion of vermicompoting 

 

 

 

 

 

 

 

Figure 1. Graphical Presentation of Electro-

conductivity of Each Rice Proportion 
Figure 2. Graphical Presentation of pH of Each 

Proportion 

Sl. 

No 

 

Observation Electro-conductivity in 

S/m 

PH Moisture content Temperature 

in 0C 

  Initial Final Differ-

ence 

Initial Final Diffe 

rence 

Before 

vermin 

composting 

After 

vermin 

composting 

Diffe 

rence 

Initial Final 

1 C-100% 0.480 0.521 0.041 6.32 6.88 0.46 1.880 0.482 1.398 32.6 28.0 

2 R1 0.523 
 

0.498 0.025 6.11 6.76 0.65 1.481 0.384 0.997 30.8 28.2 

3 R2 0.463 0.482 0.019 6.09 6.68 0.59 1.401 0.615 0.986 31.7 28.4 

4 R3 0.460 0.488 0.028 5.92 5.21 0.71 1.348 0.5 0.848 30.6 29.1 

5 R4 0.541 0.498 0.043 5.48 5.22 0.26 1.289 0.253 1.036 31.6 34 

6 Expt. 0.495 0.517 0.032 5.64 6.32 0.68 1.410 0.418 0.992 32.3 34.7 

1 Control Dark brown Odourless 

2 F1 Black Odourless 
3 F2 Black Odourless 
4 F3 Black Odourless 
5 F4 Greyish Black Not obtained 
6 Experimental Grey Not obtained 
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Figure 3. Graphical Presentation of Moisture content 

of Each Proportion 

Figure 4. Graphical Presentation of Temperature of 

Each Proportion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure.5 Graphical presentation of survivability of E  arthworm 
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The biological indicator or biological manipulator are otherwise named for earthworms that has 
significant role towards the proper functioning of ecosystem and are economically and environmentally 
beneficial to the other soil organisms. Earthworms are soil dwelling organisms enhance the vegetation 
growth in an eco-friendly manner among other benefits as source of minerals, nutrition and enzymatic 
action adding to soil property. The diversity of earthworms varies across different parts of the globe and 
species identification is a key to specific regions according to their morphological and anatomical 
features The present study was conducted during the year 2019- 2020 at Centurion University of 
technology & Management, BBSR, Odisha,  India. Samples of earthworms are collected 3-4 in number 
from the CUTM garden by utilizing the hand sorting method. The area is moist and showed rich in 
organic composition from where the earthworms are collected. The samples of earthworms were placed 
into a vermin-container. Taxonomic studies were conducted on the collected species in the laboratory. 
The morphometric and anatomical data were carefully examined based on the literature survey and the 
species was identified grouped into the family Eudrilidae. 

 
Keywords: Vermicomposting, Eudrlidae, Morphometric features 
 

INTRODUCTION 
 

The earthworms has significant role in soil mechanism that enhance physical, chemical and biological properties of 
soil for large scale production of crops. Earthworm is a terrestrial annelid belongs to class Oligochaeta especially to 
family Lumbricidae of numerous widely distributed hermaphroditic worms that move through the soil by means of 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in
mailto:sunita.mishra@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25381 

 

   

 

 

setae and feed on decaying organic matter ([3], [6], [10], [16]). Earthworms are characterised as “contemplate” that 
they shift through whatever surrounds by turning, exploring and move through it. They lives in dark and moist 
place are conscious creatures with no great hurry but always in motion, shrinking and contracting, twisting and 
burrowing and consuming [7]. They spend their lives act on the detritus substances and particles of soil by 
consuming to form humus soil. Earthworms are cold-blooded due to moist in nature remain cool like humans 
sweating Earthworm is described as the ‘unheralded soldiers of mankind [2] and the intestine of earth according to 
Aristotle the restoring agents of   soil fertility [1]. Earthworms are biological indicators of soil quality [16, 17]. It is 
allowing water and air to reach plant roots and improving soil conditions for beneficial bacteria and micro –
organisms for their burrowing habit. 

The physiological processes of earthworm are controlled such as breathing process is occur through their skins due 
to the osmosis process i.e oxygen is entered to the circulatory system through the body wall. A film of mucus layer is 
covered the skin of earthworms which provides to hold moisture and lubricates during dwelling process in the soil. 
The walls of burrows is sealed by secretory mucus and is also important for reproductive process ([4], [5]). 
Earthworms have been survived for millions of years possesses a streamlined body to move beneath the ground. 
They do not possess eyes, ears or teeth or limbs either. They can react accordingly in senses, vibration, light and 
movement. Earthworms contains segments called somites or annules are heavily muscled helps in easy locomotion, 
bourrowing and found more in number in larger worms than smaller ones [8].  There are tiny bristles called setae are 
present in each segment, and these help the worm to move, to stay put in the ground from predator and help the 
worm while mating [18].Worms bear five “hearts”, which helps in blood flows through two major blood vessels that 
run on the top and the bottom of the worm’s body.  

There are about 70,000 species of earthworms are present in the soil everywhere except desert and arctic regions 
throughout the world. In the Middle East, Europe, and Asia, the earthworm species were originated and later have 
been since introduced to the Americas and islands. Earthworms are widely known with various names such as 
Lumbricus, Lob worm, angleworm, fishing worm, Nightwalker, dew worm and Red worm. [11]. Earthworms are 
categorized in to three major groups on the basis of their burrowing and feeding habits such as: 1) Endogeic :-Worms 
are are medium-sized and pale in color live in the upper layers of soil in the Rhizosphere region. It shows better 
aerating and moisture holding for soil. 2) Anecic:-Worms live in deep burrows on at day time and come to surface in 
night, hence night crawler and fed on decaying matter [13] and 3) Epigeic:- Worms live in loose organic litter not in 
burrow are surface dwellers, feed on decaying matter and it’s casting is more in nutrition than other type .  But all 
play important roles in the soil food web [20]. 

There are several species of earthworms are present in the world such as Eisenia foetida, Lumbricus rubella, 
Pheretima   posthuma, Eudrilus eugenie, Perionyx excavates, Lempita mauritii etc.. Most of the species are use in the 
vermicomposting process. Vermicomposting is a natural nutrientrich, microbiologically active organic amendment 
process that results from the interactions between earthworms and microorganism during the break down of organic 
waste that convert into vermicompost. The present taxonomical study focus on to identify the collected earthworm 
species that potentially involved in vermicomposting.  
 

MATERIALS AND METHODS 

 
Collection of Materials  
In this study, four-six earthworms were collected in a container from vermicomposting unit of CUTM campus of a 
species. Only the adult earthworm of the species was collected for better identification. 
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Method 
The collected earthworm were washed and cleaned in running tap water and then preserved in a mixture of 1.5 ml of 
formalin and 100ml of water in a container. After that standard method is followed for morphological and 
anatomical features of earthworm were carried out in the laboratory of Zoology Department, CUTM, Odisha, India. 

 

RESULT ANALYSIS 
  

In the present taxonomical study of earthworms was carried out by it’s morphological and anatomical features 
referred to literature survey with it’s body colour, clitellum position, somite etc. and soil types. Result of the 
morphological study of earthworm species of CUTM garden was obtained with the color of anterior portion of the 
earthworm is purplish red worm and posterior portion is dark brown color. The length of the earthworm is 
approximately ranges from 15cm to 19 cm and diameter is 4-6mm. There are approximately 198-217 number of rings 
are present in the earthworm. The position of clitellum is present found in segment XIV, XV, XVI. The male pore 
found in XVII/ XVIII segment and female pore in XIV. Prostomium or mouth is present in the segment I. The result 
from anatomical study of the earthworm species showed that esophagus is extending in the segments V-VIII. 
Gizzard which grinding the food particles present in the segment IX, X, XI. The origin of the intestine from the 
segment XIV/XV to till end. The Dorsal blood vessels is in segments VII -XIV, Heart is 7 in number on the lateral side 
of body which is present in segment VI, VII, VIII,IX.. Due to the above studied the collected earthworm species is 
identified from literature survey belongs to the family Eudrilidae and the species is Eudrilus eugeniae [9] which is 
best for the vermicomposting process. 

 

DISCUSSION 
 
The above observations of earthworm species was studied and identified the morphological characteristics from 
body size clitellum and genital pore. The environment is inhabited by most earthworms were quite stable and these 
determined the time it takes to mature in some species ([9], [15]). All the earthworms were sexually mature at the 
time of collection as showed by the presence of the clitellum and lived in large amount of decaying materials 
adopted varied environmental except extreme heat [12]. All the resulted characteristic were matched with volumes 
of literature survey for their dichotomous key and the above morphological and anatomical features are present in 
the species which identified as Eudrilus eugeniae (Taxonomy follows the codes and conventions of Blakemore) ([13], 
[15]). Due to the above studied the collected earthworm species is belongs to the family Eudrilidae and the species is 
Eudrilus eugeniae which is best for the vermicomposting process. A survey was conducted in 2012/13 across 
different regions of Ethiopia to collect and identify suitable species of earthworms to develop for vermiculture .E. 
eugeniae   earthworm were isolated as the best earthworm for vermicomposting from the collected worms. This 
earthworm also called as Night crawler which is native to tropical West Africa and now wide spread in warm 
regions under vermicompost, this worm is an excellent source of protein and has great pharmaceutical potential. 
 

CONCLUSION 

From this present taxonomical study it was carefully observed and statistically analyzed certain characteristics of the 
collected species that identified as Eudrillus eugeniae resembles approximately with the characteristics that reported 
from literatures ([11], [21]) and simplified key to common genera of terrestrial earthworm with following characters 

 
Domain   –Eukarya(true nucleus with membrane bound  organelles) 
Kingdom -Animalia(Multicllular,heterotrophic) 
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Phylum   –Annelida(Annules present throughout entire body) 
Class  - Clitellata (presence of prominent clitellum)  
Sub-Class - Oligochaetae (Setae located ventrally, laterally or dorsolaterally,hermaphrodite)  
Order  - Heplotaxida (Male pore at 17-18 segments) 
Family  - Eudrilidae (Sadle shaped clitellium ranges-9-12 segments, Gizzard at 17-19 segments) 
Genus  -Eudrilus (Kinberg,1867 [9]-reported-African night crawler, epigeic) 
Species  -Eudrilus eugeniae (Blakemore, 2012) 
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Table 1. Tabulation on Morphological Characteristics 

 

Table 2. Tabulation on Anatomical Characteristics 

 

 

 

 

 

 

 

Slno. 
Observ-

Ations 
Species 

Length 

(In 

Cm) 

Diam-

Eter(In 

Cm) 

Body 

Weig-

Ht (In 

Gm) 

Prost

omiu

m 

Femal  

Pore 

Male 

Pore 

Clitellu

m 

Body 

Segm

-Ent 

1. 1st E.eugineae 15.2 0.4 2.32 
Epilo
bous 

14th 
 

17/18th 
segment 

14 to  16 198 

2. 2nd E.eugineae 17.2 0.6 3.17 
Epilo
bous 

14th 
17/18th 

Segment 
14 to  16 211 

3. 3rd E.eugineae 18.7 0.4 3.42 
Epilo
bous 

14th 
17/18th, 

segment 
14 to  16 217 

4. 4th E.eugineae 16.7 0.6 2.61 
Epilo
bous 

14th 
17/18th 

segment 
14 to  16 208 

5. 5th E.eugineae 16.1 0.4 2.67 
Epilo
bous 

14th 
17/18th 

segment 
14 to  16 206 

Sl.N

O. 

Observ

-ations 
SPECIES 

Pharynx 

position 

in sgmnt 

Gizzard 

position in 

segment 

Oesophagu

s position 

in segment 

Intenstine position 

in segment 

No. of 

Hearts 

1. 1st E.eugineae 2-3 9-11 5-8 
14/15- end before last 

5-6 segments 
7 
 

2. 2nd E.eugineae 2-3 9-11 5-8 
14/15- end before last 

5-6 segments 
7 

3. 3rd E.eugineae 2-3 9-11 5-8 
14/15- end before last 

5-6 segments 
7 

4. 4th E.eugineae 2-3 9-11 5-8 
14/15- end before last 

5-6 segments 
7 

5. 5th E.eugineae 2-3 9-11 5-8 
14/15- end before last 

5-6 segments 
7 
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Disposal of waste is a universal problem. Available methods require manpower, lot of money and area to manage 
waste. Plant generating waste is a type of organic waste which can be use better for soil reveal changes in physical 
factors during vermicomposting and also vermiculture. The objective of the present study is to find the possibility of 
utilization of Cadamba (Anthocephalus indicus) leaf litter from the campus of Centurion University of Technology and 
Management, Odisha, India through vermicomposting by increasing the population of vermireactor Eudrillus 
eugeniae in the process of vermiculture. It is at least a century years old but it is now used worldwide for the 
management of waste substances. The earthworm increases nutrient availability, better drainage, and more stable 
soil structure. Higher feeding, growth and biodegradation capacity in soil was found in the species E. eugeniae. 
Enhancement in natural biodegradation and decomposition of wastes was shown by the action of earthworm within 
70-80days.The degradation of all the waste were taken in the study achieved with increasing in physical growth as 
well as population growth of the earthworm after consumption as nutrition. Earthworm eject humus rich casting and 
form water stable aggregates which improves soil physical and chemical properties. Casting also contains enzyme 
like protease, amylase, lipase, cellulose and chitinase to decompose organic matter. The action of earthworm in 
vermicomposting is by physical and biochemical process. The present paper gives the information on role of 
earthworm in vermicomposting and vermiculture. In recent years the vermicomposting process has attracted 
researchers for environmentally sound treatment of wastes. The main objective of the present work was to evaluate 
the potential of earthworm on conversion of leaf waste into vermicompost for utilizing plant growth.      .  
 
Keywords: Cadamba (Anthocephalus indicus) leaf litter, pH temperature, moisture, biomass reduction 
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INTRODUCTION 

 
Generation of leaf litters from the tree planted in public as well as private places is a major problem in term of their 
disposal [1]. Conventional methods of amputation viz. burning, dumping not only make the environment polluted 
but it also affect the health of human being [2]. Bio-organic waste required efficient way to sustain ecological 
temperament as well as improve natural resources [5]. Composting is the splendid approach to resolve generated bio 
waste. It is an aerobic or anaerobic process involving several micro flora viz. bacteria, fungi and actinomycetes that 
assist in breakdown of organic matter to nutrient like compound humus [22]. Composting has numerous benefits but 
a few limitation requisite additional approaches to accomplish the demand. Vermicomposting is an improved part of 
composting but it differs from composting in several ways and it also faster than composting ([6],[7]). It is the result 
of combined activity of microorganisms and earthworms in which primary decomposition take place outside while 
secondary decomposition takes place inside the earthworm [22]. Researchers have been put their efforts in recycling 
of different type of waste like sewage sludge, animal wastes, crop residues, industrial wastes etc. by using  
vermicomposting ([13], [16], [18]) in recent years. Leaf litter is a byproduct of agriculture also processed through 
earthworm ([19], [20]). The production of vermicompost from different leaf litters such as wheat straw [8] , 
Sugarcane leaf [15], Ashoka tree leaf litter (Polyalthialongifolia), Teak tree leaves litter (Tectonagrandis) and Neem 
tree leaf litter (Azadirachtaindica) [3] , Tendu leaf litter [11], Mango and Guava leaf [10] , Rubber leaf litter [21] , Teak 
leaf litter [17], Eucalyptus [19] , have been reported so far. Out of several leaf litters Cadamba is a well known 
ornamental tree produce huge in quantity. 
 
The botanically known as Anthocephalus indicus and scientificaly name as Neolamarckia cadamba belongs to 
the Rubiaceae . It is an economical plants used for preparation of perfumes, timber, paper-making, medicine, 
worship etc. It is significantly produce largest number of phytochemicals and secondary metabolites having 
pharmacological and biological properties that can be used prevention as well as the treatment of several incurable 
diseases. The Cadamba is commonly known as “Cadambba” in Sanskrit and Hindi and as “Kodom” in Bengali. It is 
an evergreen tropical tree found in different parts of India, Bangladesh, Nepal, Myanmar, Sri Lanka, Cambodia, 
Laos, Philippines, Malaysia, Indonesia, Papua New Guinea, and Australia. Vermicomposting is a composting 
process using special species of earthworms usually Red Wigglers, Eudrilus eugeniae, Perionyx excavates, Lampiti 
mauriti etc. including other worms such as white worms and microbes to create a mixture utilizing decomposing dry 
leaf litter or solid waste breeding material etc. The breakdown of organic matter by earthworm produces vermicast 
as end product convert to vermicompost later. The biological, physical & chemical property of soil can enhance by 
adding of earthworm excreta as cast. Earthworms are physically aerator, crusher, mixture chemically degrader and 
biologically a stimulator in decomposition system[4]. Earthworms are terrestrial invertebrates belonging to the Order 
Oligochaeta, Class Chaetopoda, Phylum Annelida, which have originated about 600 million years ago, during the 
pre-Cambrian era [23]. Depending on factor like soil texture, aeration, pH of the soil, dung and litter, the earthworms 
are distributed and are burrowing animals that forms burrows in their way of feeding. Earthworms are not survive 
or rare in very coarse soil texture and high clay content or soil with pH 4 [9].  

 

Earthworms are hermaphrodites but require another one to mate at clitellum region that produce cocoon. Two or 
more baby worms are hatched from one Cocoon. Production of Cocoon begins at the age of 6 week and continued till 
the 6 months. The incubation period of a cocoon roughly 3 to 5 weeks such as 3-30 weeks in case of temperate worm 
and 1-8 weeks in tropical worms. The incubation period varies among species. Vermiculture is an innovative 
sustainable method for mass production of the earthworms used in waste degradation and composting with 
vermicasts production can effectively manage the waste. The earthworm species Eudrilus eugeniae known as 
African night crawler is an excellent source of vermicomposting that has immense potency of biomass productions 
with releasing greatest number of cocoons in short period of time. The main objective of the present work is to 
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manage and recycle solid waste like dry leaf litter by using bioconversion procedure vermicomposting, with the 
activation and growth rate of earthworm related to various physico-chemical parameters. 

MATERIALS AND METHOD 

Collection of Materials 
The present experimental study on vermiculture was carried out approximately about 80-120 days for the duration 
of November (2019) to February (2020) on the campus of CUTM, located at Jatni, Bhubaneswar, Odisha, India. 
Collection of materials soils, cow dung, dry leaf litter (Cadamb) were carried out from CUTM campus. The dry leaf 
litter (Cadamb) and soil was collected from the garden area of the CUTM campus whereas cow dung was collected 
in large-sized plastic containers from cattle shed of the CUTM campus. The earthworm species Eudrilus eugeniae was 
used for vermiculture collected from the vermiculture center of CUTM. 
 

Method 

The collected all the 3 material were allowed for drying, crushing and then sieving to segregate uncrushed one. The 
dried and sieved materials were used to weight for 6 different proportions labelled as Control (1:1), P1 (4:1), P2 (3:2), 
P3 (2:3), P4 (1:4), Experimental (100%) as experimental in 6 plastic similar pots. All the materials were thoroughly 
mixed and allowed with sprinkling of water upto contain proper moisture in all pots for pre-composting. 
 

Process of Vermicomposting 
The process of vermicomposting was started by introducing earthworms into the pot. Each pot was supplied by 3 
earthworms Eudrilus eugeniae of various length. Water and cow dung slurry were added to the pots for regular 
maintaining of earthworms within time interval for their moisture content and room temperature. The earthworm 
Eudrilus eugeniae was not survived in S4 and experimental in initial stage but later adopted to produce population. 
After 15 days of monitoring the earthworms were observed with  reproduce juveniles during consuming the waste 
with survive in the favorable condition. The earthworm Eudrilus eugeniae converted the waste into vermicompost 
after releasing of vermicasts. Regular sprinkling of water was carried out within 4-5 days of gap to maintain 
moisture regularly which is highly required for survival of earthworm. This process was carried out till the obtaining 
of vermicompost and stopped before harvesting. The final vermicompost of dry leaf litter was removed out in a 
separate container for plant cultivation and earthworms used in new vermicomposting pit. 

 

Methodology 
This present experiment was carried out in two phases i.e. the first part was pre-composting of collected raw 
materials and the second phase about vermicomposting after supplying earthworm into pots in respect to all major 
required parameters were measured to estimate [12]. Observations were carried by measuring required different 
physico-chemical parameter in a regular interval of every 15 days. Growth and population of earthworm used 
species Eudrilus eugeniae in each pots were calculated in respect to their survival rate. The chemical composition of 
raw materials were detected by XRF. Statistical analysis was carried out for all variables to determine through mean 
and standard deviation (SD). The vermicompost was the end product obtained from each pot was estimated by it’s 
colour and were odorless. 
 

Germination Study 
Germination was done by sowing seeds of, Cucurbita Maxima into each pot having different proportions. Then the 
germination was appeared after 5 days and was observed upto 20 days (Table 4.) 
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RESULT AND DISCUSSION 

 
Present study shows that odor of vermicomposting mixture was quite unpleasant during beginning days and it was 
gradually changed and finally turned into earthen smell. It was also found that mixture of leaf liter, cow dung was 
more stink than 100% cow dung. The hitting was found more in early phase of composting but later it turned down 
and finally temperature sets similar to room temperature. The colour of composting mixture was noticed and it was 
found light greenish yellow color at initial phase but at the time of maturation of vermicompost it turned into dark 
brown color (Table 5.).   Like other waste, dry leaf litter (Cadamb) was used as an organic substrate with soil and cow 
dung in different proportions and especially it was treated as nutrition. During vermiculture the dry leaf litter 
(Cadamb) along with soil and cow dung was consumed and passing through gizzard later released vermicasts. The 
survival rate was increased depending upon the growth and capacity of reproduction due to physiochemical 
variables temperature, electro-conductivity, pH and water holding capacity (moisture content) were also observed as 
the following Table 1., 2., 3.) and Figures(1,2,3,4). Each proportion varies with their physico–chemical variables 
studied and observed with respect to electro conductivity, pH, temperature and moisture content. The pH value of 
each proportion mixed with dry leaf litter (Cadamb) powder in this experiment was ranged from 6.5 to 7.8 where the 
dry leaf litter Cadamb) mixture reduced the acidity of soil may due to presence of rich calcium .It was shown in 
Table-1 and Fig.1-1 that the slightly acidic soil when mixed with dry leaf litter (Cadamb) powder converted towards 
alkaline may be addition with cow dung during the process of vermicomposting with combining action of microbes 
and earthworms changed the pH towards alkaline within 7.5 which is suitable for survival of earthworm and plant 
growth [14]. The electro-conductivity was increased from the initial value during vermicomposting might have 
added salinity to each proportion due to composting of calcium carbonate of egg shell. The moisture content was 
slowly increased due to the physical action of earthworm in vermibed and the temperature was maintained below 35 
0C that indicated the survival and enhanced the earthworm population (Table 6.) which yielded with faster 
vermicompost. The suitable vermiculture and later vermicompost rate was initially observed in P1 and P2 as 
compare to other due to less proportion of dry leaf litter. But subsequently it was obtained in all proportion with 
different time as per quantity of proportion. It was also shown in 100% dry leaf litter (Cadamb) proportion within 90-
100 days. It was observed that in almost all proportion the population was achieved represented in (Table 6.) with 
production of vermicompost. 

 

CONCLUSION 

Plant leaf litter wastes have become additional source of pollution, foul smell unhygienic atmosphere and human 
health hazards. Their disposal and management is a big challenge to the government and administration.. Such 
nutrient rich wastes have possibilities to become the source of useful end product like compost. The purpose of 
present study is to find the way of vermicomposting of CADAMB leaf litter. With this study we can conclude that 
addition of cow dung with leaf litter and soil enhance the rate of decomposition. Addition of earthworm also 
improve the quality of final product. During vermicomposting we also analyzed different physical parameters viz. 
PH, temperature, moisture content and electro conductivity.  
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Table 1. Measurement of pH and Temperature of each proportion 

No of 

Reading 

Name of 

Containers 

Initial of 

pH 
Final of pH 

Temperature before 

vermicompost 

Temperature after 

vermicompost 

1  Control  6.78 6.89  23.4° C  26°C  
2  P1        6.53 6.65  23.3°C  26°C  
3  P2  6.36 6.45  23.2°C  26.2°C  
4  P3  6.81 7.00   26.5°C  
5  P4  7.07 6.88    23.2°C  27°C  
6  Experimental  8.06 7.86  23.3°C  29°C  

 
Table 2. Measurement of Moisture content of each proportion 

 

 
 

 

 

 

 

 

 

 

 

Table 3.Observation of Germination (Pumpkin plant) duration & Plant growth 

SL.No 

Experimental 

Setup 

samples 

Germination 

duration 

Plant Growth Rate in cm Observation from 0-20 Days 

0-5 Days 5-10 Days 10-15 Days 15-20 Days 

1 Control 2 Days 3.2 8 17 26 
2 P1 2 Days 3.1 7 16.5 22 
3 P2 2 Days 3 6 15.2 20.8 
4 P3 2 Days 2.7 6.2 11 18.7 
5 P4 3 Days 2.3 5.4 9.3 16 
6 Experimental 2 Days 5.1 11 18.2 28.6 

 

Table 4. Colour and odour of vermicompost in all proportions after completion of vermicompoting 

 
 

 

 

 

 

 

 

 

 

No. Of 

Readings 
Name of Pots 

Weight of Wet 

Compost Soil 
Weight of Dry 

compost Soil 
Difference(moisture 

content) 

1 Control 2gm 1.1363gm 0.8637gm 
2 P1 2gm 1.0694gm 0.9706gm 
3 P2 2gm 0.9391gm 1.0609gm 
4 P3 2gm 0.8539gm 1.1461gm 
5 P4 2gm 0.7914gm 1.2086gm 
6 Experimental 2gm 0.639gm 1.361gm 

Sl.No. Observations Colour of vermicompost Odour of vermicompost 

1 Control Dark brown Odourless 
2 F1 Black Odourless 
3 F2 Black Odourless 
4 F3 Black Odourless 
5 F4 Greyish Black Not obtained 
6 Experimental Grey Not obtained 
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Table 5.Observation survival and population growth during vermicomposting 

Sl. 

No 
Observations 

Initial number 

Of Earthworm 

Survival 

of earthworm 

in 15days 

Survival 

in 30days/ 

after 1 month 

Survival 

in 

45days 

Survival 

in 

60days 

1 Control 4 7 11 17 24 
2 P1 4 6 10 19 25 
3 P2 4 7 11 17 23 
4 P3 4 5 9 14 22 
5 P4 4 5 9 13 22 
6 Experimental 4 4 5 7 13 

 

 
Figure 1. Mean of pH during vermicomposting 

 
Figure 2. Mean of Temperature difference during 

vermicomposting 

 
Figure 3. Mean of Electro-conductivity during  

Vermicomposting 

 
Figure 4. Mean of Moisture Content during 

vermicomposting 

 
AUTHORS 

Sunita Satapathy, completed M.Phil in (Biotechnology) from Berhampur University, Odisha, 
India in the year 2008 and completed her M.Sc (Biochemistry) from Berhampur University. 
She has published 8 international journal and conference papers. Presently she is working as 
Assistant Professor in the Department of Zoology, Centurion University of Technology and 
Management, Bhubaneswar Odisha, India. She   is having more than 10 years of experience in 
teaching and guiding M.Sc students in Centurion University of Technology and Management. 
She is currently working in the areas of Vermicomposting in agricultural application, Machine 
Learning and Optimization Techniques. 

 

                        Sucheta Dash, continuing M.Sc in Zoology at  Centurion University of Technology and  
                                     Management, Bhubaneswar, Odisha, India. Her research area is vermicomposting.  

 
 

Sucheta Dash and Sunita Satapathy 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25393 

 

   

 

 

 

Laser Beam as an Optical Marker in Measurement of Bulk Diffusivity 

Coefficient of Sucrose 
 

S.Sunita Rani, Soumya Ranjan Das and Subrata Sarangi* 
 
Centurion University of Technology and Management, Odisha, India 
 
Received: 25 Mar 2020                                Revised: 27 Apr 2020                                     Accepted: 28 May 2020 
 
*Address for Correspondence 
Subrata Sarangi  

Centurion University of Technology & Management,  
Odisha, India. 
Email: subrata.sarangi@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
Bulk diffusivity of aqueous sucrose solution in water is measured as a function of the mass concentration 
of the solution employing a recently developed "radial laser beam" marker technique [1]. The purpose of 
this study is to validate this technique as a general procedure for measuring the bulk diffusivity of any 
transparent solution diffusing into a transparent medium. 
 

Keywords: Radial Laser Beam, Optical Marker 
 

INTRODUCTION 
 
Diffusivity measurement is fundamental to characterization of any mixing process where we need two or more 
materials to mix thoroughly. This measurement is also vital to industries like Metallurgy, Pharmaceuticals, Food 
Processing, Paints, Mining, Textiles, Cosmetics etc. However, there is no universal ab initio theoretical frame work 
which enables an accurate calculation of diffusivity D for any pair of materials A and B. Furthermore, with the 
compounding number of varied materials, which can be custom-mixed with each other to produce qualitatively new 
materials needed for various purposes, the importance and challenge of accurate measurement of D can never be 
overstated. The only possible recourse, therefore, is to measure this material property for a given pair of materials by 
an appropriate experimental design. The process of mixing is driven by the gradient of the concentration of the 
participating materials (both the A, the "solute" or "minor component" and B, the "solvent" or "major component"). 
Equivalently, the process can also be measured as a function of mass fraction of A in B. 
 
The modern day techniques deployed to measure D include various methods in both Equilibrium and Non-
equilibrium regimes as shown in the figure (1)[2]. As noted by Philibert [11], the results of the first attempt to 
measure diffusivity were reported by Thomas Graham in 1833. Adolf Fick thorugh his experiments (1855-56) coined 
the Laws now known in his name. The theoretical attempts to derive expressions for D were reported by Einstein 
(1905-1908) (now known as the Stokes-Einstein relation) and Smoluchowskii in 1906. They derived theoretical 
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expressions for D for various simple geometrical shapes of A against simple solvent B by considering the mean 
square displacement of molecules of A as a function of time t. These derivations were experimentally verified by 
Perrin and reported in 1909. However, the unlimited combinations of A and B materials with arguably unbounded 
numbers of shapes and sizes of A molecules diffusing using into equally complex solvent molecules of B makes 
measurement of D for every distinct combination of the two materials a distinct result worth reporting.As is also 
evident from Fig.(1), still even after close to two centuries of history of diffusivity measurement (since 1833 till date), 
the problem is receiving considerable attention of researchers [1,3,4,6-10,12]. Increasingly sophisticated methods such 
as (but not limited to) Coherent Quasi Elastic Neutron Scattering (QENS), Temporal Analysis of Products (TAP), DIF 
Microscopy, Tracer ZLC, Exchange NMR, Raman Tracer etc. are being employed to measure this important material 
property. 

 
In this scenario, a novel but much simpler method employing a laser beam as an "optical marker" suggested by Dok-
Yong et al. [1] merits a revisit and revalidation. This method belongs to the class of "non-equilibrium methods" and 
"direct visual observation" category. It is simple-minded, accessible to students at departmental laboratory level and 
yet has a general applicability to any pair of transparent solute and solvent combination in liquid state at room 
temperature. It uses a "radial laser beam" as an optical marker to pin-point the region of diffusion and to measure the 
change in optical property (refractive index) in that region as a result of the ongoing diffusion process. In their pilot 
study of 2017, Dok-Yong et al applied this method to measure the diffusivity of salt solution into water. However, 
there have not been any reports of this method having been applied to other more complex pairs of materials.As 
noted by Price et al [12], measurement of diffusivity of sugars has critical importance in areas ranging from Food 
Processing, Pharmaceutics, Cryopreservation of Proteins to Atmospheric Sciences. They employed the Raman Tracer 
method to measure the diffusivity of sucrose at high activity level of sucrose. 

 
In this background, we have used the radial laser beam method of direct observation of the diffusion boundary to 
measure the bulk diffusivity of aqueous sucrose solution in distilled water at various concentrations. It can also be 
viewed as a more detailed pilot study on the applicability of this procedure. In the remainder of this article, we may 
interchangeably refer to the aqueous Sucrose solution and the distilled water as the minor component (or A) and the 
major component (or as B) respectively. In the section experimental design, we present a brief summary of the design 
of the ex-periment along with the theoretical framework that forms the back ground of this method. The description 
of the experimental setup and the procedure are provided in the next section. Followed by the results of the 
experimental procedure and concluding remarks also given. 

 

THE EXPERIMENTAL DESIGN 
A Schematic Representation of the Experiment 

With a view to helping illustrate the theoretical framework to be developed in this section and in order to introduce 
the nomenclature to be used, we rst reproduce the schematic diagram of the experimental set up (as presented by 
Dok-Yong et al [1] in Fig. (2): The Figure 2(a) depicts the laser beam (deep dark line emerging from the semi-
conductor laser) being incident on a glass rod xed at an angle with the horizontal (typically equal to 450) and, as a 
consequence, producing the so-called "radial laser beam" also inclined at angle with the horizontal as seen in Fig 
2(b). In the ex-perimental procedure, rst, the cuvette is half- lled with distilled water. Then the prepared sucrose 
solution with desired concentration is injected slowly into the cuvette above the level of distilled water. The 
solution then begins to di use into the water. This radial laser beam, if and when incident on the cuvette with half-
filled distilled water before the injection of the sucrose solution, traverses undisturbed to the screen xed a distance 
L1 from the cuvette and is seen as the red slanted straight line as represented in Fig(2)(b). However, upon injection 
of the sucrose solution above the layer of distilled water and with the diffusion process setting in, a tilted bell-
shaped pro le of the laser beams (as seen in Fig. (2)(c) appears on the screen. This pro le occurs due to the di erence 
of refractive index of the solution and distilled water across the diffusion boundary. The maximum depth of the 
profile H is due to the maximum gradient of the refractive index in the vertical (x-) direction at the point of 
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intersection of the laser beam and the diffusion boundary (x = 0). As the diffusion proceeds, this maximum of the 
gradient of refractive index decreases with time, with decrease in the concentration gradient across the two 
solutions, re-sulting in a gradual decrease of the maximum depth H. The rate of decrease of H as a function of time 
interval t can be measured by recording the depth of the profile on the screen. In the theoretical framework 
presented below, we use these quantities to obtain an expression for the diffusivity D. 

 

 THE THEORETICAL FRAMEWORK 
 
The Diffusivity and Refractive Index relationship 
The diffusion process in one dimension (say, along the vertical x-axis in our experi-ment) is given by Fick’s second 
law 

 
 
 
 

In eq (1), C(x,t) is the mass concentration at any position x at any time t inside a sample volume which may contain, 
as per the experimental design, either the sucrose solution or distilled water or a mixture of the two (as a 
consequence of diffusion) and D is the bulk diffusion coefficient of solution. It may be noted that the relationship 
between the concentration C(x, t) and refractive index of a solution n(x; t) can be characterized as a linear relationship 
with a constant slope m and intercept n0:, 
 

 

 
Thus the Fick’s Second Law of eq.(1) can be recast in terms of n: 

 
The general solution of the Diffusion Equation (eq.(3) for our case can be written as 

 
where n1 and n2 represent the refractive indices of distilled water and that of the sucrose solution at a given 
concentration respectively. The equation (4) represents the gradient of refractive index near the diffusion boundary. 
Let us note that if we imagine that the solutions A and B are in contact with each other along the diffusion boundary 
perpendicular to the x-axis, with the maximum of the gradient being at x=0, then Eq. (4) provides, at x=0, 

 
From the Eqn.(5), an expression for the diffusion coefficient D can be readily obtained: 

 
Therefore, if the maximum value of refractive index gradient is measured, the diffusion coefficient can be 
determined. 
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Determination of : 

 
The maximum value of the gradient of refractive index can be determined through the measurement of the 
maximum deviation angle of refracted rays passing through the solution layer, or more precisely, across the 
diffusion boundary. Let us imagine for a moment, that the radial laser beam is incident on the cuvette along a 
direction parallel to the x-axis. The representative parallel rays constituting the beam will undergo deviation as they 
pass from air into the sucrose solution in the region x > 0 and into the distilled water in the region x < 0. This 
situation and the angles of deviation are depicted in the Fig. (3). An incident ray undergoes angular deviation as 
shown in Fig. (3a) which varies with x due to di erence of refractive index of the medium (solution or water) through 
which it propagates. The rays that pass in the vicinity of the diffusion boundary and propagate through the region 
where diffusion is under process, experience an angular deviation (x; t) with the maximum deviation being at x = 0 
(as shown in Fig (3b)). 
 
In fact, the deviation angle (x; t) of the rays that propagate in the vicinity of the diffusion boundary can be expressed 
as 

 
 
where (as shown in Fig. (3b)), is the thickness of the solution (or width of the cuvette) through which the rays 
propagate before emerging on the other side of the cuvette before reaching the screen. As argued in detail by Dok-
Yong et al [1], the maximum angular deviation occurs for the ray that passes through the point x=0. Thus we obtain 
the relation: 

 
Now, comparing equations (5) and (8), we obtain that the maximum of refractive index gradient is given by 

 
As seen in Fig. (2)(c) the maximum depth H of the tilted bell-shaped pro le is small compared to L1, the separation 
between the cuvette and the screen. Therefore, the angle of maximum deviation , subtended at the point of 
intersection (x=0) of the tilted radial beam and the diffusion boundary can be written as 

 
Combining the equations (6, 9 and 10), we obtain the expression for diffusivity 
 
D: 

 
A practical difficulty arises if we really work with either a vertical or a horizontal radial laser beam. In the case of a 
vertical beam incident parallel to the x-axis on the cuvette, the incident beam and the refracted beam get superposed 
on the screen, thus yielding an ambiguous reading for the angle of maximum deviation. On the other hand, if the 
radial beam is made coincident with the diffusion boundary, a broad di racted ray pro le with fuzzy boundary line is 
obtained on the screen, again rendering the measurement of maximum deviation angle impossible. A slant radial 
beam intersecting the diffusion boundary at one point (de ned to be the origin x=0 here), produces a clear refracted 
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beam pro le, albeit a slanted one, thus pinpointing as an "Optical Marker" the point on the diffusion boundary where 
the maximum deviation of the incident ray occurs as a consequence of maximum of the refractive index gradient (or 
maximum concentration gradient). One might wonder whether the value of the maximum angular deviation in this 
slanted pro le represents the accurate value or not. However, this ambiguity is taken care of by measuring the values 
of maxi-mum angular deviation using incident radial beams with angles of tilt to be and 900 + respectively with the 
horizontal and then averaging the readings for a given value of the concentration of the solution. A more accurate 
procedure would be to digitally store the images of the tilted pro le produced with the two angles of tilt and recorded 
at xed times. These digital images can then be added using appropriate image processing procedures to produce 
accurate bell-shaped curves where from the values of H can be read off . 
 
As noted by Dok-Yong et al [1], however, this angle of maximum deviation is largely independent of the angle of tilt 
(as long as this angle is greater than 0 and held constant during the experiment). We have therefore, kept the angle 
fixed, recorded the refracted laser beam profiles and noted the values of H from the location of maximum H of the 
tilted bell-shaped profile itself. 
 
If we note the depths H1 and H2 at times t1 and t2 respectively, then (eq.(11) produces the final expression used to 
calculate the value of D as: 

 
with t = (t2 - t1). It may be noted here, that all the quantities on the right hand side of this equation are directly 
measurable. 

 

EXPERIMENTAL SETUP AND PROCEDURE 
 

Experimental Setup 

 
The setup used in conducting this experiment is shown in Fig. (4). The semicon-ductor laser used has a wavelength of 
635 nm and a power output of 2 mW. A cylindrical rod of diameter 0.117cm is held xed at an angle of about 600 with 
the horizontal in front of the laser source using an appropriately grooved thermocool sheet (not visible in the 
picture). 

 
As seen in the image, the cuvette is placed on a raised platform so to align its contents with the laser beam produced 
by the laser source. The tilted bell-shaped pro le of the refracted laser beam is obtained on the graph paper screen. 
 
Procedure 

 
The experiment is carried out with the following procedure: 
 

 Sucrose solution of 30% w/w is prepared by weighing 30 g of Sucrose and by mixing it with 100 g of 
distilled water. 

 The cuvette (of inner dimensions 4.8 cm, 4.8 cm, 2.2 cm) half lled with distilled water is placed on the raised 
platform.This design of the cuvette provides the value = 2.2 cm. Value of L1 is measured along the optical 
bench seen in the image. The slanted radial laser beam is then turned on and aligned to produce a tilted 
straight line pro le on the graph paper screen. 

 Then 10 ml of the 30% w/w sucrose solution is injected slowly at the top of the distilled water. 
 After a few seconds, (as the bulk diffusion process sets in, a tilted bell-shaped curve as seen in the image in 

g.(4)) appears on the graph paper screen. 
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 The maximum depth of this tilted bell shaped curve and the position of its base corresponding to x = H of 
maximum depth are noted at  fixed time intervals t (noted in Tables 2 and 3) The difference of these 
readings at the beginning and end of the time interval t yields the values of H1 and H2 respectively. 

 The values of refractive index n2 of the sucrose solution is measured following the standard procedure using 
a traveling microscope. 

 The 30% w/w sucrose solution is then diluted to 27.5% w/w by addition of appropriate addition of distilled 
water. And all the above steps are repeated for this concentration of the solution. 

 
Following the above procedure, we obtain the set of refractive indices n2 of various concentrations of sucrose 
solution. These values are tabulated in Table (1). The quantities needed to calculate and obtain the values of D as 
needed in equation (11) and obtained using the steps itemized above are tabulated in Tables (2 and 3). 
 

RESULTS AND DISCUSSION 
 

The Refractive Indices of Sucrose solutions 
The refractive indices of the sucrose solutions with various concentrations are mea-sured following standard 
procedure using traveling microscopes and are tabulated in Tab (1). It may be noted that the refractive index of 
distilled water (the value of n1 in Eq.(11)) is taken to be equal to its standard value, i.e. 1.3330. 

 

Measurements of the Refracted Laser Beam Profile and Evaluation of Diffusivity D 
As outlined earlier (Subsection 3.2), the various physical quantities in the expression for bulk diffusivity D (as in 
eq.(11)) are measured and tabulated in the Table 2 and Table 3. For each value of concentration, bulk diffusivity for 
each set of observed H1 and H2 are calculated and tabulated. Finally, the average bulk diffusivity for each value of 
concentration (C) is presented. The average bulk diffusivity D as a function of mass concentration of su-crose is 
plotted in g.(5). For the sake of a broad and qualitative comparison, the mutual (bulk) diffusivity of sucrose solution 
as a function of the mass fraction as available in literature is also presented as a subplot. 
 
It is to be noted that the diffusivity values at high concentrations (of 25% to 30%) as seen in Figure (5a) are of the 
order of 10-6 cm2s-1 as also corroborated in the Figure (5b). We also observe the same pattern of a sudden qualitative 
increase in diffusivity at low concentrations. However, as the concentration drops, the method presented here hits its 
limit of accuracy. As can be noticed in the table 3), the values of H1 and H2 for concentration C = 16%, di er only in the 
range of 0.2-0.3 cm. A small error in measurement of these values get magni ed in the values of D. This explains the 
increasing trend in D at concentration C = 16%. This increase can be treated as an artefact of the procedure followed 
here to measure the value of maximum deviation H on a graph paper sheet. It seems obvious to the authors that a 
technically more sound method, perhaps by using digital cameras to record these readings of H, would produce 
more accurate and reliable results. 
 

CONCLUDING REMARKS 
 
We wish to conclude with the remarks that this procedure, developed by Dok-Yong et al [1], has stood out as an 
alternative method to measure the diffusivity of any pair of transparent solute-solvent combination.It is also to be 
noted that the role of the laser beam is only that of an efficient "Optical Marker". However, a more accurate 
instrumentation (such as a digital camera) to record the tilted bell-shaped curves are highly desirable for more 
accurate and reliable results of the measurement. 
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Figure 1: A graphical chronology of 

diffusivity measurement techniques 

employed over past nine decades. 
(J. Kärger, University Leipzig Vasenkov & Kärger. 
Magn. Res. Imag. 23 (2005) 139.) 

 

Figure 2: (a) A schematic representation of the 

experimental design (b) Profile of the radial laser 

beam (that has passed through only the half- lled 

distilled water in the cuvette before the injection 

sucrose solution above it ) received on the screen; 

(c) Profile of the laser beam after it has passed 

through the diffusion boundary layer at the middle 

of the cuvette. 
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Figure 3. (a)Radial laser 

beam incident on the 

cuvette parallel to x-axis. 

The angles of deviation 

are shown upon 

emergence from the 

cuvette 

Figure 3. (b) Angular 

Deviation (x; t) of laser 

rays passing close to the 

dif-fusion boundary in the 

vicinity of x=0. 

Figure 4: The setup used in conducting this 

experiment. 

Figure 3: The angular deviation of the laser beam, if 

incident, parallel to the vertical x-axis 

 
Bulk diffusivity D of aqueous sucrose solution in water 

as measured by the refracted laser beam pro le 

following the procedure outlined here and rst pro-

posed by Dok-Yong et al [1]. 

(b)Bulk diffusivity of sucrose solution as a 

function of sucrose mass fraction as reported in 

lit-erature. 

 

Figure 5: Bulk diffusivity of sucrose solution measured following the "Laser Optical Marker" method 

described above is plotted on the left-side figure. The figure on the right, obtained from literature is 

presented for a qualitative comparison 
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Table 1: Measured Refractive Indices for Different Concentrations of Sucrose Solution. 
 

S.No. Concentration (%) Refractive Index (n2) 

1 30 1.3812 
2 27.5 1.3767 
3 25 1.3723 
4 22.5 1.3681 
5 21 1.3656 
6 20 1.3639 
7 19 1.3623 
8 17.5 1.3598 
9 16 1.3573 

10 15 1.3557 

 
Table 2: Measurements of the Tilted Refracted Bell-shaped Laser Beam Profile as seen in Fig (4) 

and Calculation of Diffusivity D. 

 

C(%) t (min) L1 (cm) H1 (cm) H2 (cm) D Average D 

     (  10 6cm2s 1) (  10 6cm2s 1)) 

30 15 31.6 8.0 6.4 8.705 7.341 

   6.4 5.5 8.562  
   5.5 5 6.876  
   5.0 4.7 5.219  

27.5 10 56.5 11.9 11.0 4.707 6.586 
   11.0 10.0 6.792  
   10.0 9.3 6.113  
   9.3 8.7 6.456  
   8.4 7.8 8.861  

25 10 35.6 8.8 7.4 6.734 7.233 
   7.4 6.5 6.808  
   6.0 5.3 9.849  
   5.3 5.0 5.540  

22.5 10 43.4 9.5 7.5 9.977 10.770 
   7.5 6.4 9.886  
   6.4 5.7 9.481  
   5.7 5.0 13.736  

21.0 10 49.0 5.5 4.6 23.261 25.570 
   4.6 4.1 20.032  
   4.1 3.7 22.207  
   3.7 3.4 22.046  
   3.4 3.0 40.304  
     Continued..  
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Table 3: Measurements of the Tilted Refracted Bell-shaped Laser Beam Profile as seen in Fig (4) 

and Calculation of Diffusivity D (Continued from previous page) 

. 
C(%) t (min) L1 (cm) H1 (cm) H2 (cm) D Average D 

     (  10-6 cm2s-1) (  10-6 cm2s-1) 
20.0 10 29.1 5.4 4.0 14.631 27.973 

   4.0 3.3 15.212  
   3.3 2.5 35.361  
   2.5 2.0 46.683  

19.0 10 50.0 4.5 3.8 27.374 28.404 
   3.8 3.4 23.770  
   3.3 2.9 37.307  
   2.9 2.7 25.168  

17.5 10 45.0 4.6 3.5 32.164 27.734 
   3.5 3.0 27.583  
   2.9 2.7 17.094  
   2.7 2.4 34.095  

16.0 10 50.0 2.9 2.6 27.503 34.068 
   2.6 2.3 38.954  
   2.3 2.1 35.746  
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Exoplanet search is a very active area of research interest of late. We propose here a method to detect 
existence of exoplanet by examination of the Fourier spectrum of the orbit of the host star. The orbits of 
the entire star planet system are generated by numerical simulation of the orbital dynamics. The method 
is applied to the case of -Centauri-AB system with an assumed exoplanet in orbit around the star -
Centauri A. 
 

Keywords: Exoplanet, Fourier spectrum, orbital dynamics 
 

INTRODUCTION 
 
Stars, planets and other celestial bodies and the celestial spectacles their dynamics put up for the humanity have 
generated great curiosity in human societies across the world, or perhaps, since the evolution of the homo sapiens . 
One such question of curiosity had been whether we, the humanity, are alone in this Universe. Or, there exist among 
the farthest reaches of this Universe other worlds where life in some form or the other exists. With the heliocentric 
nature of the Solar System propounded by Copernicus gaining ground, one of the earliest natural philosophers to 
suggest that the there indeed exist other worlds was, none other than, Giordano Bruno, who declared in the year 
1584, "This space we declare to be in nite... In it are an in nity of worlds of the same kind as our own". Later on, Isaac 
Newton also expressed similar speculations. However, in 1995, after Mayor and Queloz announced the observation 
of the exoplanet 51 Peg b [1], a "Hot Jupiter" planet orbiting its star 51 Pegasi in a hitherto unknown close orbit, all 
these speculations about existence of "other worlds" or "exoplanets" nally were led to rest. 
 
Two decades down the history of Astronomy and Astrophysics, we now know for sure that there are more than 4000 
such planets orbiting other stars with more than a thousand candidate planets awaiting con rmation [2]. According to 
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current estimates, there could be billions of exoplanets orbiting the hundreds of billions of stars in the Milky Way 
galaxy itself. In fact, the current interest in the "Exoplanet Community" of researchers, besides the search and con 
rmation of new exoplanets, is also to classify the con rmed planets into various types (Rocky or Gas Giants, Hot 
Jupiter, Hot Neptune, Super Earth, Dwarf Planet...) and a search for planets with potential for sustaining life.The 
search for "Earth-like" exoplanets with potential for sustaining life has kindled a particular interest in the -Centauri 
star system, the set of three stars which are our nearest neighbours. There has been an intense search for "Earth-like" 
exoplanets in this system [3]. Both simulation type and observational close scrutiny of this star system is underway. 
Zhao et al [4] have analysed existing data and have found that the masses of possible Earth-like exoplanets in the 
habitable zones (HZ) of these stars would be in the range of 5MEarth - 10MEarth ). 
 

In this background, we present here a numerical simulation study of the 3-body (Centauri A , Centauri B ) ( the 

closely coupled binary stars) along with a possible exoplanet. Starting with the observed orbital parameters of   
Centauri A and Centauri B and those of an assumed planet of mass MP at a distance of 1 AU (the average Earth-
Sun distance) from Centauri A , the star which it is assumed to orbit, we numerically simulate the orbital 

dynamics of the system. Moving over, then, to the Fourier space with the orbital coordinates Centauri A , we look 
for the spectral signatures of the presence of the planet. In the following sections we are given a brief description of 
the numerical procedure and the salient features of the system along with the observed and established physical 
parameters. Also we followed by the results and discussions have been presented with concluding remarks. 

 

SIMULATION OF ORBITS 
 
The Equations of Motion and their Integration 

The equations of motion of a N-body system with masses Mi (i = 1, 2,..., N) located at a position  and moving 

with velocity with respect to the origin of an inertial reference frame are given by: 

 
where G is the Universal Gravitational Constant. 

 
We use the well known Leap-Frog Algorithm, also otherwise known as the Drift-Kick-Drift method, to solve for the 

orbits of this system. Under this algorithm, the set of phase space vectors { , ,  i = 1, 2,.. N} are obtained by the 
following set of steps executed in the given order: 

 
 

 

 

 
 

The first step (a Drift) (eq. 2) produces an interim position vector  using the present values of the position vector  

 and the velocity vector   over half the chosen time step, i.e.  . The second step (a Kick) (eq. 3) 
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is produced by generating the next set of velocity vectors   over a full time step t  by using the accelerations 

evaluated at the interim position vectors   . Finally, in the last step (a Drift) (eq. 4), the next set of position vectors 

are evaluated with the remaining half a time step    using the set of velocity vectors at  the next time 

step. It has been shown theoretically [5].that this algorithm conserves the phase space volume and is a lot more 
efficient compared to even the well-known Runge-Kutta 
 
Runge-Kutta Algorithms when long period orbit integrations have to be carried out. In order to appreciate the e ect 
of an exoplanet on its star(s), we shall need to carry out the orbit integrations over a long period of time. The process 

begins with speci cation of the initial values { ( , )  i = 1, 2,.. N}, representing the respective "Present" set 
of vectors in the set of equations [2-4]. 
 
Evaluation of Initial Values 

 

The initial values { ( , )  i = 1, 2,.. N} are the values of position and velocity vectors along the trajectory of 
the ith-body in the Centre of Mass coordinate system at an arbitrarily chosen initial time t = t0. We follow the 
procedure outlined by Saha and Taylor [6]. Following this prescription, we first evaluate the set of initial values of 
the heavier two bodies, say, A and B (MA > MB), of the system with respect to the Centre of Mass (CM) O of these two 

bodies. A parametric expression for the relative position vector , that is, position of B with respect to A, can be 
obtained: 

 

 
 

where a and e are, respectively, the semi-major axis and eccentricity of the orbit of B around the Center of Mass (CM) 

of the system located at one of the foci of the orbit and = η(t) is a time dependent parameter providing the solution. 

We need to evaluate (t0) at the chosen initial time t0. 
 
We note two important orbital scale parameters for time period Porb and orbital speed Vorb of the system: 

 

 
Using eq. (5), we also have the magnitude of the relative position vector : 
 

 
The relative angular momentum along the z-direction, perpendicular to the orbital plane is also obtained by using the 
relation 

 

 
Substituting in eq. (8) for the position coordinates and their time derivatives (using eq. (5)), we obtain the  first order 
differential equation for : 
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whose solution with the use of eq. (7) becomes 

 

 
 

The expression for t(η) (eq.(10) is, in literature, referred to as the Kepler’s Equation. It is solved numerically to obtain  
η0 for a chosen value of t0. 

 
 

This value of η0 is used in eq. (5) and the initial values of xBA(t0) and yBA(t0) are obtained. The initial value of the 
relative velocity vector is obtained using the following equations along with eqns.(5) and (10): 

 

 
The Orbital Dynamics computer code needs input of the initial values of phase space variables ( ( ,  ( ) 

and ( ( ,  ( ) evaluated with respect to O (the CM) of the system. These values can be obtained by the 
coordinate transformation (and corresponding velocity transformation) rules to the CM frame of reference: 

 

 

 
 

Following a similar procedure, with respect to the CM of this 2-body system and the third body, we evaluate the 
initial values of all the 3-bodies with respect to the overall CM of the entire 3-body system. Using these initial values 
as the starting point of orbit integration in the equations (2-4), the numerical simulation code generates the orbits of 
the bodies. 
 
The Fourier Spectrum of the Orbits of Centauri A 
 
As the planet (with no light of its own) in the system will not be visible from the Earth, its effect on its stars has to be 
indirectly inferred. As the planet orbits the star A along its own orbit, its direct gravitational tug will create a small 
but perceptible wobble in the orbit of the star-A. As the star-A wobbles along its own orbit, it would also create a 
periodic tug on its partner star-B which, in turn, will also wobble in its orbit. The amplitude of this periodic wobble in 
the orbits of these stars would of course depend on the mass of the planet. These wobbles would be observable from 
the Earth. In fact, the Doppler Shift of the spectrum of the light of the stars due to these gravitational tugs from the 
planet(s) is used as one of the favoured methods of detection of exoplanets.We however, propose a slightly different 

track of analysis here. We Fourier analyze the orbits, i.e., the x- and y-coordinates of the host star (here Centauri A 
) and generate its Fourier Spectrum. The various periodicities of its motion, i.e. its orbital period around the CM of the 

Rakesh Kumar Pradhan et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25407 

 

   

 

 

binary system with a smaller frequency component and the gravitational tug from the planet, a larger frequency 
component, and their harmonics and integral combinations of harmonics should be expressed in the Fourier 
Spectrum of these coordinates. Our aim is to look for the frequencies of the gravitational tug of the planet. These 
frequencies would be large and the corresponding energies should be small (proportional to the mass of the planet). 

But the presence of such peaks in the Fourier Spectrum of Centauri A would indicate the presence of a planet. 
 

It may be noted that the case of Centauri AB plus a Planet system is just a case study, the case of the nearest 
neighbour of the Solar System. But in general, this procedure can be used with the observed trajectories of any star in 
order to look for the tell-tale signs of the existence of planets orbiting the star. 
 

THE CENTAURI-AB-PLUS-PLANET SYSTEM      
 

The Cen AB is a binary star system. This system along with a third star Proxima Centauri constitutes the nearest 
star system to the Sun, and therefore, to us, the hu-manity on the Earth. If the humanity would ever set out in hunt 
for an alternative planet to relocate, then an "Earth-like" planet present in the Centauri system would obviously be 
the first port of call. Therefore, the researchers’ interest as stated above is obvious. As stated earlier, it is speculated 

that there is an exoplanet orbiting the Centauri A . We have applied our Orbit Integration code to study the 

gravitational effect of such a planet, if it does exist, on the orbits of the star Centauri A . At the moment, the effect 
of Proxima Centauri is not taken into account. 
 

The Physical and Orbital Parameters of the Cen AB-plus-Planet system 
 

The Cen AB System; the data provided here is taken from Wikipedia page on Alpha Centauri [7]: 
 

 Mass of Star-A: MA = 1:1MS where MS is the mass of the Sun 
 Mass of star-B: MB = 0:907MS 

 Semimajor axis of the orbit of B with respect to A  Avearage Star AB distance a = 23:4 Astronomical Unit 
(A:U:) = 3.5×1012m 

 Eccentricity of the star-B orbit e  = 0:5179 
 Observed period of the system = 79:91Earth years = 2.520×109s 

 Using equations (6), we can now calculate  2.522×109 s 

 Also  

 We set t0 = t = 107s. 
 Using we obtain the numerical solution of eq. (10) and then evaluate the initial values as suggested in eqs. 

(5) and (11) for the relative coordinates and velocities of the stars A and B. 
 
The Star-A Plus Planet System 
 

 We assume four possible mass values for the planet namely,  and 10-3. It is worthwhile 

to note that these planet-star mass ratios range from the Earth-Sun to Jupiter-Sun mass ratios. 

 We assume the Semi-major axis of the Planet orbit  1 AU (the Mean Sun-Earth distance = 1.496×1011m      

( ,  (  
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 Initial position of the planet with respect to the Star-A:  (t0) = (1.496×1011m; 0): (the Planet is assumed to be 
located on the x-axis with respect to the Star-A at the initial time t = t0 at the measured average distance. This 
distance is equivalent to 1 A.U., distance at which the Earth is located with respect to the Sun.) 

 Initial velocity with respect to the star-A: (  = (0, 3.0×104m/s). This is the observed average speed of the 
Earth around the Sun. 

 The initial values of the planet with respect to the CM O of the system is then calculated by using the 

relations ( ( (  etc. 
 
The Initial Values 
 
Using the above pieces the initial values in the CM-frame of the system are gener-ated. These values for the -Centauri 
AB -plus-Planet system with reference to its centre of mass is given below: 

 

RESULTS AND DISCUSSION 
 

The orbits of the 3-body system for the four assumed mass ratios of the planet with respect to Centauri A are 

plotted in Fig.1.In the plots of Fig. 1, the green line represents the orbits of the Centauri B , the blue spiral curves 

represent the orbits of the planet around its host star Centauri A . The orbits of Centauri A (red color) are seen 

inside the blue spiral. As the planet is bound to the gravitational field of Centauri A , it has a spiral orbit around 

its host star -Centauri A as the latter orbits around the CM of the Centauri AB system. The effect of the 
gravitational tug of the planet on the star orbits (of both A and B) are discernible only for the mass ratio 10-3  in the 
scales with which the graphs are plotted. In absolute numerical values, the e ect of the tug of the planet are seen at all 
mass ratios albeit in a diminishing proportion with the mass ratio from Jupiter-like mass to Earth-like mass.The 

"spectra" of the x-coordinates of Centauri A in momentum space for the four di erent mass ratios are shown in Fig 
2.The plots in Fig 2, show the "power" corresponding to the various frequen-cies resulting from the two gravitational 

forces (one by the star Centauri B and the other by the planet it hosts). We know that the period of motion of the 
Centauri AB system is 79.91 years. This period corresponds to a frequency of 3.9×10-10 Hz. This frequency appears 
in the rst and most prominent peaks of all the four plots. The other 3-4 peaks are the harmonics of this frequency. The 
small peak at the frequency of 2×10 -9 Hz corresponds to the frequency at which the planet tugs at the star Centauri 
A . This is the signature of the existence of the planet in orbit around Centauri A. 

 

CONCLUDING REMARKS 
 
We have presented the results of the numerical simulation of the orbital dynamics of the -Centauri AB system 
along with a possible exoplanet in orbit around the star Centauri A.The spectral analysis of the orbit of 
Centauri A suggests an alternative method for detection of existence of exoplanets in orbit around a star. This 
method of exoplanet detection would be worth giving a closer look. A good case in point would be to apply this 
method to observed orbital motion of stars. 
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Table 1: The Set of Initial Values for the Cen-AB-plus-Planet system with respect to its CM,O 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 Figure 1.Set of orbits of the system for four  MP values 

        MA 
 
 

Body Variable (Unit) Initial Value 

Cen A  (  (m) (-7.606× 1011; -0.699×1011) 

  (  (m/s) (0.42× 103;   -6.975× 103) 

-Cen B ( m) (9.22× 1011; 0.848×  1011) 

  (  (m/s) ( 0.512× 103; 8.460×  103) 

Planet ( m) ( -6.109× 1011;  -0.699  1011) 

  ( m/s) (8:435× 102; 1:604×  104) 
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Figure 2. Set of orbits of the system for four MP values 

                                                                                                                             MA 
 
 

 

 

 

 

 
 
 
 
 
 
 
 

Rakesh Kumar Pradhan et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25411 

 

   

 

 

 

COVID-19 Prevention by Blocking Papain like Protease 6W9C from 

SARS CoV-2 of Using Aloe barbadensis Extract: an In silico Analysis 
 

Rukmini Mishra and Sitaram Swain* 
 

Centurion University of Technology and Management, Odiha, India 
 
Received: 22 Mar 2020                                Revised: 24 Apr 2020                                     Accepted: 26 May 2020 
 
*Address for Correspondence 
Sitaram Swain  

Centurion University of Technology and Management,  
Odisha, India 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. The main objective of this article is to identify the 
phytochemicals as ligands which has the capability to deactivate Papain like proteases from SARS CoV-
2(6W9C) that help for the growth of the virus. Molecular docking of phytochemicals with the viral 
proteins can be studied by the Biovia Discovery studio. The interaction of molecule was determined by 
the energy of  -CDocker  and-CDocker interaction respectively. More is the negative energy means high 
positive scores of these two parameters indicates that Aloe-emodin can effectively inhibit the viral 
metabolic activity than other phytochemicals present in aloe vera  It can be predicted that these 
molecules can interfere with the infection phase of SARS-CoV-2 virus.  
 
Keywords: Aloevera, Phytochemicals, COVID-19, Biovia, SARS-CoV-2 
 

INTRODUCTION 
 

Globally, COVID-19 is considered as an infectious communicable serious pandemic disease. It is imparting life risk 
consequences for aged people in various countries. On 30th January,2020 The World Health Organization(WHO)  has 
declared that coronavirus outbreak  is a Public Health Emergency of International Concern [1,2] This epidemic were 
first preliminary reported at Wuhan city of China  in December 2019  and  gradually spread its tentacles worldwide. 
[3][4]. According to WHO a confirmatory case is that “if a person has undergone with laboratory confirmation of 
COVID-19 infection”[5]. Unfortunately till today no vaccine and preventive molecular drugs has developed to fight 
against this disease. [6].  Nature has been a source of many medicines in the form of chemicals, enzymes and proteins 
present in the plantsthrough which modern drugs have been derived [7]. The chemical substances produce by plant 
has some medicinal that can regulate or affect the human physiology are called as phytochemicals. These chemicals 
can be used as therapeutic purposes and theses phytochemicals can extract from seed, barks, leaves, fruits and 
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flowers etc[8]. These phytochemicals are having various medicinal properties like anti-oxidant, anti diabetic, anti-
cancer and anti inflammatory. These molecules can serve as the initiators of production of pharmaceuticals which are 
Safe and cost effective [9]. About 25% of pharmaceutical drugs available in the market are of botanical origin and the 
beneficial effects are evaluated by invitro bioassay or experiments using animal models [10]. Aloe barbadensis 

belonging to family Asphodelaceae is known to cure many fungal, viral, bacterial and parasitic infections. It is one of 
the earliest known medicinal plants which is used for health benefits that has sulphur containing compounds in the 
form of phytochemicals.The main objective of this study to identify phytochemicals present in Aloe barbadensis to 
cure the corona virus disease COVID-19 by inhibiting its metabolism. 
 

MATERIALS AND METHODS 

Biovia software (Dassault Systems of France) having Discovery Studio tool was analysed the molecular level 
interaction between the phyochemicals and enzymes. This software helps in prediction of molecular interaction 
through machine learning . Plant produces phytochemicals as secondary metabolites to protect them from predators 
and plants usually fights against the micro organisms. The plant is known to contain phytochemicals likeAloe 
emodin, Babalocin, Anthraquinone, Glucomannan, etc Papain-like proteases from SARS CoV-2 (PDB:- 6W9C)  is an 
enzyme that play a very crucial for the survival and multiplication of this virus. 
 
Molecular interaction between the viral protein and phytochemicals which form a covalent bond to inhibit viral 
growth. Biovia discovery studio was used for analyzing the molecular interaction to identify the phytochemicals.   
Phytochemicals were selected from the plant and sdf file downloaded from the website. And PDB code of protein 
was downloaded from RCSB website. Active site as receptor cavity of this enzyme was selected as “receptor cavity” 
protocol found under tool "receptor-ligand interaction". For C-Docking in Biovia Discovery studio, enzyme molecule 
was treated as the receptor molecule and the phytochemical was treated as the ligand. Both “-CDOCKER_ENERGY” 
and “-CDOCKER_INTERACTION_ENERGY” were determined the strength of molecular docking.  High C-Docker 
score considered as the efficient interaction between the phytochemicals and the viral enzyme. Therefore, high 
positive values predict the effect of phytochemicals on treatment of COVID-19.  
 

RESULTS AND DISCUSSION 
 

Active site of the 6W9C appears as light green color in fig.1. It is an insilico-based molecular docking method and 
optimized for accuracy.  -CDOCKER energy was calculated based on the internal ligand strain energy and receptor-
ligand interaction energy.  -CDOCKER interaction signifies the energy of the nonbonded interaction that exists 
between the protein and the ligand. The criteria for best interaction was chosen based on a) high positive value of -
CDOCKER energy and b)small difference between -CDOCKER energy and -CDOCKER interaction energy. 
Papainprotease  and aloe emodin interaction value is represented in Table-1 and  has the highest positive score  of -
CDOCKER energy 26.8999 kcal/mole and small value of the difference 5.6235 kcal/mole between - C DOCKER 
interaction energy and - C DOCKER energy. Thus, the results indicated that aloe emodin can effectively deactivate 
Papain protease thereby interrupting thehydrolase activity which processes the amino-terminal end of the replicase 
polyprotein to generate two or three replicase productsof the virus. Higher positive values for aloe emodin indicated 
that it was the most active ingredient against SARS-CoVvirus. Thus, the key phytochemicals aloe emodin preventing 
COVID-19 caused by SARS-CoV2 virus, 
 

CONCLUSIONS 

From this it is concluded that Aloe barbadensis has anti-viral properties against COVID-19. It is found that Aloe 
emodin of Aloe barbadensis, which can have an interaction with the viral protein Papain-like proteases significantly to 
prevent COVID-19. From the molecular docking analysis, It is found that aloe emodin   can effectively interact  with 
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viral protein to deactivate the viral function . othe phytochemicals do not much influence on viral protein molecule 
to stop their life cycle. Therefore, it can be concluded aloe emodin present in Aloe barbadensishas the medicinal values 
which will be help for curing COVID-19.  
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Table 1. C-Docker results of  phytochemicals of Aloe barbadensiswith Papain protease 

 

SL 

NO 
Phytochemicals 

- C Docker 

energy 

- C Docker 

interaction 

energy 

Difference between - C Docker 

interaction energy and - C Docker 

energy 

Remark 

1 Aloe emodin 26.8999 32.5234 5.6235 Aloe emodin 

2 Anthraquinone 15.6616 21.1651 5.5035 Anthraquinone 

3 Glucomannan -163.892 44.468 208.36 Glucomannan 

4 Babalocin Failed Failed Failed Babalocin 
 
 

 
Figure 1. Active site of 6W9C 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. The main objective of this article is to identify the 
phytochemicals as ligands which has the capability to deactivate Apo like proteases from SARS CoV-
2(6Y2E) that help for the growth of  the virus. Molecular docking of phytochemicals with the viral 
proteins can be studied by the Biovia Discovery studio. The interaction of molecule was determined by 
the energy of –C Docker and –C Docker interaction respectively. More is the negative energy means high 
positive scores of these two parameters indicates that aloe-emodin can effectively inhibit the viral 
metabolic activity than other phytochemicals present in aloevera  It can be predicted that these molecules 
can interfere with the infection phase of SARS-CoV-2 virus.  
 
Keywords: Aloevera, Phytochemicals, COVID-19, Biovia, SARS-CoV-2 
 

INTRODUCTION 

 
Globally, COVID-19 is considered as  an infectious communicable serious pandemic disease . It is imparting life risk 
consequences for aged people in various countries. On 30th January,2020 The World Health Organization(WHO)  has 
declared that corona virus outbreak  is a Public Health Emergency of International Concern [1,2] This epidemic were 
first preliminary reported at Wuhan city of China  in December 2019  and  gradually spread its tentacles worldwide. 
[3][4]. According to WHO a confirmatory case is that “if a person has undergone with laboratory confirmation of 
COVID-19 infection”[5]. Unfortunately till today no vaccine and preventive molecular drugs has developed to fight 
against this disease .[6]   
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Nature has been a source of many medicines in the form of chemicals, enzymes and proteins present in the plants 
through which modern drugs have been derived [7]. The chemical substances produce by plant has some  medicinal 
that can regulate or affect the human physiology are called as phytochemicals. These chemicals can be used as 
therapeutic purposes and theses phytochemicals can extract from seed, barks, leaves, fruits and flowers etc. 8] .  
These phytochemicals are have various medicinal properties like anti-oxidant, anti diabetic, anti-cancer and anti 
inflammatory. These molecules can serve as the initiators of production of pharmaceuticals which are Safe and cost 
effective [9]. About 25% of pharmaceutical drugs available in the market are of botanical origin and the beneficial 
effects are evaluated by invitro bioassay or experiments using animal models [10] 
 
Aloe barbadensis belonging to family Asphodelaceae is known to cure much fungal, viral, bacterial and parasitic 
infection. It is one of the earliest known medicinal plant which is used for health benefits that has sulphur containing 
compounds in the form of phytochemicals. The main objective of this study to identify phytochemicals present in  
Aloe barbadensis to cure the corona virus disease COVID-19 by inhibiting its metabolism. 
 

MATERIALS AND METHODS 

Biovia software (Dassault Systems of France) having Discovery Studio tool was analysed the molecular level 
interaction between the phyochemicals and enzymes. This software helps in prediction of molecular interaction 
through machine learning Plant produces phytochemicals as  secondary metabolites to protect them from predators 
and  plants usually fights against the micro organisms.Apo-like proteases from SARS CoV-2 (PDB:- 6Y2E)  is a 
Hydrolase enzyme that play a very crucial for the survival and multiplication of this virus. 
 
Molecular interaction between the viral protein and phytochemicals which form a covalent bond to inhibit viral 
growth.Biovia discovery studio was used for analyzing the molecular interaction to identify the phytochemicals.   
Phytochemicals were selected from the plant and sdf file downloaded from the website. And PDB code of protein 
was downloaded from RCSB website. Active site as receptor cavity of this enzyme was selected as “receptor cavity” 
protocol found under  tool "receptor-ligand interaction". For C-Docking in Biovia Discovery studio, enzyme molecule 
was treated as the receptor molecule and the phytochemical was treated as the ligand. Both “-CDOCKER_ENERGY” 
and “-CDOCKER_INTERACTION_ENERGY” were determined the strength of molecular docking.  High C-Docker 
score considered as the efficient interaction between the phytochemicals and the viral enzyme. Therefore, high 
positive values predict the effect of  phytochemicals  on  treatment of COVID-19.  
 

RESULTS AND DISCUSSION 

  
Active site of the 6M03 appears as light green color in fig.1. It is an insilico-based molecular docking method and 
optimized for accuracy. -CDOCKER energy was calculated based on the internal ligand strain energy and receptor-
ligand interaction energy.  -CDOCKER interaction signifies the energy of the nonbonded interaction that exists 
between the protein and the ligand. The criteria for best interaction was chosen based on a) high positive value of -
CDOCKER energy and b)small difference between -CDOCKER energy and -CDOCKER interaction energy. 
Apoprotease  and aloe emodin interaction value is represented in Table-1 and  has the highest positive score  of -
CDOCKER energy 18.6716 kcal/mole and small value of the difference 4.662 kcal/mole between - C DOCKER 
interaction energy and - C DOCKER energy. Thus, the results indicated that aloe emodin can effectively deactivate 
Apoprotease thereby interrupting thehydrolase activity whichprocess the amino-terminal end of the replicase 
polyprotein to generate two or three replicase productsof the virus . Higher positive values for aloe emodin indicated 
that it was the most active ingredient against SARS-CoVvirus. Thus, the key phytochemicals aloe emodin preventing 
COVID-19 caused by SARS-CoV2 virus 
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CONCLUSIONS  
 
From this it is concluded that Aloe barbadensis has anti-viral properties against COVID-19. It is found that Aloe 
emodin of Aloe barbadensis, which can have an interaction with the viral protein Apo-like proteases significantly to 
prevent COVID-19. From the molecular docking analysis, It is found that aloe emodin   can effectively interact  with 
viral protein to deactivate the viral function  of the phytochemicals do not much influence on viral protein molecule 
to stop their life cycle. Therefore, it can be concluded aloe emodin present in Aloe barbadensishas the medicinal values 
which will be help for curing COVID-19.  
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Table 1. C-Docker results of  phytochemicals of Aloe barbadensiswith Apoprotease 
 

SL 

NO 
Phytochemicals 

- C Docker 

energy 

- C Docker 

interaction 

energy 

Difference between - C 

Docker interaction energy 

and - C Docker energy 

Remark 

1 Aloe emodin 18.6716 23.333 4.662 
Maximum inhibition 

of viral protein 
2 Babalocin Failed Failed -  

 
 

 
 

Figure 1. Active site of 6Y2E 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. As there is no specific medicines discovered to fight against the 
disease, researchers are working seriously to develop drugs or vaccine against COVID-19. The main aim 
of this study to identify the phytochemicals extracts from the plant Velvet bean which can deactivate 6lvn 
of SARS COVID-19. This deactivation can help to fight against COVID-19. The molecular C-docking of 
phytochemicals of Velvet bean were analysed by using Biovia Discovery Studio. According to the “–C 
Docker energy and –C Docker interaction energy” the strength of interaction was determined. For both 
the parameters, high positive values were considered from phytochemicasl like Dopamine. These 
phytochemicals deviate the enzymatic process significantly and interfere with the infection of that virus 
to a human cell by interrupting the life cycle of  COVID-19.  
 
Keywords: COVID-19, Biovia, Velvet bean ,NSP3. 
 

INTRODUCTION 

 
A novel corona virus (nCoV-2019) emerge as contagious disease for human on the month of December,2019 Wuhan 
province of China[1] and cause severe acute respiratory syndrome (SARS). On 30th January,2020 World Health 
Organisation has issued public health emergency of international concern under International Health regulations [2].  
Situation is getting worse with this viral infection and the mortality graph approaches to upward. Therefore, the 
actual number is much higher than reported one and it is because of the lack of huge testing facility [3]. Shockingly, 
there has been no recognizable forward drive in the administration of this sickness to date and the patient is given a 
treatment dependent on his noticeable and diagnosable side effects [4]. Even though a few endeavors have been 
made in the innovative work of the diagnostics, therapeutics and immunizations for this novel corona virus, there 
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exists no vaccines, so far which has been demonstrated unequivocally to be viable in treating human maladies 
because of a tiny virus. Various traditional drugs like chloroquine, hydroxyl-chloroquine, remdesivir have effect on 
treatment of COVID. The less effective of these drugs  motivated  to examine the restraint of COVID-19 protease by 
Indian herbal plants [5].  Actually the therapeutic values of the herb are due to the one or more chemical compounds 
that participated in certain regulatory function in physiology of human. These chemicals are known as phyto-
chemicals. Generally seeds, fruits, flowers, leaves, barks, flowers, roots and fruits are the main source for these 
medicinal values. Plant extracts of some plants have their specific function towards anti-oxidation, anti-
inflammatory, anticancer and anti-diabetes etc.[6]. From ancient period plants have been used as a source of novel 
chemical substances which serve as a new material for the pharmaceutical industry. The leaves of  bean have the 
following phytochemicals like alkaloids,tannins,saponin and phenolic compounds.The main objective of this article 
to identify the phytochemicals of Velvet bean responsible  for inhibiting COVID-19 6MO3) by inhibiting the viral 
transcription and replication.  
 

MATERIALS AND METHODS 

 
The entire insilico analysis was done by the help of Discovery studio of “Biovia Software((Dassault Systemes de 
France).Molecular level of interaction can be predicted through machine learning by using this software. Plants 
protect itself from its predators by its own secondary metabolites. Plants may face some threats including bacteria, 
viruses, fungi etc. Such phytochemicals ward off health risks when certain plants or their parts are eaten by humans. 
Recent studies demonstrated that Velvet bean contains various phytochemicals like dopamine, bufotenine, behenic 
acid, genistine and tannic etc.. It has been reported that fabaceae have potential to fight against various diseases.This 
study focuses on identifying specific phytochemical which can control COVID-19[7,8]. COVID 19 can infect an 
individual with its various metabolic pathway. These metabolism and lifecycle are controlled by various proteins or 
protein like enzymes. The enzymes were identified by using Brenda database which found in COVID-19. It has been 
found that 6lvn is involved in multilication of virus. 
 
By molecular docking method, it can be identified the phytochemicals which can be used as ligand and interact with 
the receptor of enzyme or protein of pathogen. Biovia Software's Discovery Studio modules have been used to define 
interaction of molecules through molecular docking. Phytochemicals of Velvet bean were downloaded in sdf format. 
The PDB code has protein database code has been identified at the RCSB website. The enzyme's active site was 
established through a protocol called "Define receptor binding site" found under the menu receptor-ligand 
interaction. The molecular docking was carried out using a C-Docker protocol by using receptor-ligand interaction. 
Receptor molecule was selected from the enzyme and ligands were selected from the phytochemicals. C-Docker 
energy and C Docker interaction energy were considered for the significant molecular CDocking. The high positive 
value shows the good interaction of phytochemicals with the enzyme for curing the disease.  
 

RESULTS AND DISCUSSION 

 
 Receptor binding site of 6lvn of COVID-19 is represented as green colour in figure1. CDOCK is a simulated-
annealing based molecular dynamics (MD) algorithm. It is a molecular docking process based on a grid and 
optimized for precision. It is an insilico based method for optimizing accuracy. Molecular Dynamic methods 
obtained the ligand conformations. The energy difference was calculated by-CDOCKER energy from the internal 
ligand strain and energy from the receptor-ligand interaction. -CDOCKER interaction refers to the energy of an 
unbonded interaction between the protein and the ligand. The best interaction criteria were chosen based on a) high 
positive value of -CDOCKER energy, and b)small difference between -CDOCKER energy and -CDOCKER energy 
interaction. High positive values of C-Docker energy is 11.7313 and the difference with Cdocker interaction energy 
7.0.7578 are presented in table-I. From these findings it is found that Dopamine can effectively deactivate 6lvn, 
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thereby interrupting viral replication. Thus, the key phytochemicals Dopamine can prevent COVID-19 caused by 
6lvn of virus. 

CONCLUSIONS 

 
It was reported that Velvet bean  has shown better response to COVID-19. This study was carried out to find the 
phytochemical responsible for its medicinal action. From this study, it is concluded that phytochemicals like 
Dopamine can inhibit the lifecycle of virus causing COVID19 by using insilico analysis through Biovia Discover 
software. These molecules as ligand can have a significant interaction with 6lvn of COVID-19. It was found that 
Dopamine of Velvet bean can have strong interaction with the enzymatic molecule that inhibit the life cycle of virus. 
From this study it can be concluded that  phyochemical Dopamine  provide the medicinal importance to Velvet bean 
that can act against COVID-19 caused by 6lvn. 
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Table 1. C-Docking  score of different phytochemicals with 6MO3 of COVID-19 

Serial 

Number 

Phytochemicals - C Docker 

energy 

- C Docker 

interaction Energy 

Difference between - C 

Docker  interaction and 

- C Docker energy 

1 Dopamine 11.7316 10.9735 0.7578 

2 bufotenine, behenic acid, 
genistine and tannic 

Failed Failed - 
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Figure 1. Binding site of 6lvn 
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Phytochemicals from Adhatoda vasica plant extract can cure Covid-19. It is caused by  corona virus as 
SARS-CoV-2. Molecular interaction   studied by the help of Molecular docking method applied using 
“Biovia Discovery Studio”. “High positive values of -CDocker energy and -CDocker interaction 
energy”suggested that quercitin can effectively deactivate the 6MO3 protease enzyme thereby inhibiting 
the life cycle of virus. 
 
Keywords: Quercitin, Biovia,COVID-19 ,Adhatoda vasica . 
 

INTRODUCTION 

 
Nature is a major source of medicines[1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action[2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Adhatoda vasica belongs to family acanthaceae. Its extract is used to cure disease 
like Covid-19. The objective of the study is to identify the phytochemical responsible to cure the disease. Adhatoda 

vasica has Quercitin and vasicine like phytochemicals  which might be might act against Covid-19. However, there is 
no such study available. This objective of the study is to identify the phytochemical of Adhatoda vasica capable of 
curing corona virus disease 

 

MATERIALS AND METHODS 

“Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
Published works showed that Adhatoda vasica contains“Quercitin and Vasicine”etc.It was described in ancient 
medicinal systems capable of controlling Covid-19.  
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Covid-19is caused by SARS CoV-2.It has been found from “Brenda enzyme database” that 6MO3 protease enzyme is 
important in viral life cycle. Molecular docking was performed using the method described by Das et al. [4].High 
positive values of “-CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good 
interaction between the ligand and the receptor. Thus, the interactions with high values might indicate the major 
phytochemical responsible for curing the disease.  
 

RESULTS AND DISCUSSION 

“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by “Molecular Dynamic methods” [4]. 
Table 1 shows 6MO3 protease enzyme-Quercitin interaction was found to have the highest interaction. 
 

CONCLUSIONS 
 
Traditional medicines suggested that Adhatoda vasicaplant has medicinal action against Covid-19 caused by COVID-
19 virus. Using “Discovery studio module of Biovia software”, molecular docking operation was performed. This 
study could explain that the presence of  Quercitin is responsible for the action of Adhatoda vasica against Covid-19 
caused by SARS CoV-2 virus. 
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TABLE 1. RESULTS OF CDOCKING 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION 

ENERGY 

Difference between - C 

DOCKER interaction 

energy and - C 

DOCKER energy 

1 Quercitin 14.2546 17.044 2.79 

2 Vasicine 1.91785 16.7449 14.82705 
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Extract from Adhatoda vasica has the capable to cure Covid-19.This disease is mainly caused by a virus 
known as  SARS-CoV-2. Molecular interaction   studied by the help of Molecular docking method 
applied using “Biovia Discovery Studio”. “High positive values of -CDocker energy and -CDocker 
interaction energy” suggested that quercetin can effectively deactivate the Uridylate-specific 
endoribonuclease 6VWW protease enzyme thereby inhibiting the life cycle of virus. 
 
Keywords: quercetin , Biovia,COVID-19 ,Adhatoda vasica,6VWW. 
 

INTRODUCTION 

 
Nature is a major source of medicines [1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action [2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3].  Adhatoda vasica belongs to family Acanthaceae. Its extract is used to cure 
disease like Covid-19. The objective of the study is to identify the phytochemical responsible to cure the disease. Adhato 

davasica contains vasicine, vasicinone, peganine, quercetin, kaempferol, etc like phytochemicals which might be 
might act against Covid-19. However, there is no such study available.  This objective of the study is to identify the 
phytochemical of Adhatoda vasica capable of curing corona virus disease 

 

MATERIALS AND METHODS 

“Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
Published works showed that Adhatoda avasica contains “vasicine, vasicinone, peganine, quercetin, kaempferol, 
etc”.It was described in ancient medicinal systems capable of controlling Covid-19.  Covid-19is caused by SARS CoV-

2.It has been found from “Brenda enzyme database” that 6MO3 protease enzyme is important in viral life cycle.  
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Molecular docking was performed using the method described by Das et al. [4].High positive values of “-
CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good interaction between the 
ligand and the receptor. Thus, the interactions with high values might indicate the major phytochemical responsible 
for curing the disease.  
 

RESULTS AND DISCUSSION 
 
“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows Uridylate-specific endoribonuclease enzyme-Quercitin  interaction was found to have the highest 
interaction. 

 

CONCLUSIONS 

  

Traditional medicines suggested that Adhatoda vasica plant has medicinal action against Covid-19 caused by COVID-
19 virus. Using “Discovery studio module of Biovia software”, molecular docking operation was performed. This 
study could explain that the presence of  Quercitin is responsible for the action of Adhatoda vasica against  Uridylate-
specific endoribonuclease of Covid-19 caused by SARS CoV-2 virus. 
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Table 1. Results of Cdocking 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION 

ENERGY 

Difference between - C DOCKER 

interaction energy and - C 

DOCKER energy 

1 Vasicine -15.8507 30.5692 46.4199 

2 Vasicinone 0.273469 15.4672 15.19373 

3 Peganine 0.451414 15.0918 14.64039 

4 Quercitin 25.5559 27.8617 2.3058 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. As there is no specific medicines discovered to fight against the 
disease, researchers are working seriously to develop drugs or vaccine against COVID-19. The main aim 
of this study to identify the phytochemicals extracts from the plant Adhatoda vasica which can deactivate 
6Y2E of SARS COVID-19. This deactivation can help to fight against COVID-19. The molecular C-
docking of phytochemicals of Adhatoda vasica (Vasak)  were analysed by using Biovia Discovery Studio. 
According to the “–C Docker energy and –C Docker interaction energy” the strength of interaction was 
determined. For both the parameters, high positive values were considered from phytochemicasl like 
Quercitin These phytochemicals deviate the enzymatic process significantly and interfere with the 
infection of that virus to a human cell by interrupting the life cycle of  COVID-19.  
 
Keywords: COVID-19, 6Y2E, Biovia, Adhatoda vasica ,NSP3. 
 

INTRODUCTION 

 
A novel corona virus (nCoV-2019) emerge as contagious disease for human on the month of December,2019 Wuhan 
province of China[1] and cause severe acute respiratory syndrome (SARS). On 30th January,2020 World Health 
Organisation has issued public health emergency of international concern under International Health regulations [2].  
Situation is getting worse with this viral infection and the mortality graph approaches to upward. Therefore, the 
actual number is much higher than reported one and it is because of the lack of huge testing facility [3]. Shockingly, 
there has been no recognizable forward drive in the administration of this sickness to date and the patient is given a 
treatment dependent on his noticeable and diagnosable side effects [4]. Even though a few endeavours have been 
made in the innovative work of the diagnostics, therapeutics and immunizations for this novel corona virus, there 
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exists no vaccines, so far which has been demonstrated unequivocally to be viable in treating human maladies 
because of a tiny virus. Various traditional drugs like chloroquine, hydroxyl-chloroquine, remdesivir have effect on 
treatment of COVID. The less effective of these drugs  motivated  to examine the restraint of COVID-19 protease by 
Indian herbal plants [5].  Actually the therapeutic values of the herb are due to the one or more chemical compounds 
that participated in certain regulatory function in physiology of human. These chemicals are known as phyto-
chemicals. Generally seeds, fruits, flowers, leaves, barks, flowers, roots and fruits are the main source for these 
medicinal values. Plant extracts of some plants have their specific function towards anti-oxidation, anti-
inflammatory, anticancer and anti-diabetes etc.[6]. From ancient period plants have been used as a source of novel 
chemical substances which serve as a new material for the pharmaceutical industry. The leaves of vasak have the 
following phytochemicals like alkaloids,tannins,saponin and phenolic compounds.The main objective of this article 
to identify the phytochemicals of Adhatoda vasica responsible  for inhibiting COVID-19 6Y2E by inhibiting the viral 
transcription and replication.  
 

MATERIALS AND METHODS 
 

The entire insilico analysis was done by the help of Discovery studio of “Biovia Software((Dassault Systemes de 
France).Molecular level of interaction can be predicted through machine learning by using this software. Plants 
protect itself from its predators by its own secondary metabolites. Plants may face some threats including bacteria, 
viruses, fungi etc. Such phytochemicals ward off health risks when certain plants or their parts are eaten by humans. 
Recent studies demonstrated that Adhatoda vasica contains Quercitin, peganine like phytocompounds.. It has been 
reported that Acanthacae have potential to fight against various diseases.This study focuses on identifying specific 
phytochemical which can control COVID-19[7,8]. COVID 19 can infect an individual with its various metabolic 
pathway. These metabolism and lifecycle are controlled by various proteins or protein like enzymes. The enzymes 
were identified by using Brenda database which found in COVID-19. It has been found that 6Y2E is involved in 
replication of virus. 
 
By molecular docking method, it can be identified the phytochemicals which can be used as ligand and interact with 
the receptor of enzyme or protein of pathogen. Biovia Software's Discovery Studio modules have been used to define 
interaction of molecules through molecular docking. Phytochemicals of Adhatoda vasica were downloaded in sdf 
format. The PDB code has protein database code has been identified at the RCSB website. The enzyme's active site 
was established through a protocol called "Define receptor binding site" found under the menu receptor-ligand 
interaction. The molecular docking was carried out using a C-Docker protocol by using receptor-ligand interaction. 
Receptor molecule was selected from the enzyme and ligands were selected from the phytochemicals. C-Docker 
energy and C Docker interaction energy were considered for the significant molecular CDocking. The high positive 
value shows the good interaction of phytochemicals with the enzyme for curing the disease.  
 

RESULTS AND DISCUSSION 

 Receptor binding site of 6Y2E of COVID-19 is represented as green colour in figure1. CDOCK is a simulated-
annealing based molecular dynamics (MD) algorithm. It is a molecular docking process based on a grid and 
optimized for precision. It is an insilico based method for optimizing accuracy. Molecular Dynamic methods 
obtained the ligand conformations. The energy difference was calculated by-CDOCKER energy from the internal 
ligand strain and energy from the receptor-ligand interaction. -CDOCKER interaction refers to the energy of an 
unbonded interaction between the protein and the ligand. The best interaction criteria were chosen based on a) high 
positive value of -CDOCKER energy, and b)small difference between -CDOCKER energy and -CDOCKER energy 
interaction. 
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High positive values of C-Docker energy are 18.2949 and the difference with Cdocker interaction energy 4.6983 are 
presented in table-I.TableI  also represented the difference in energy of  peganine. From these findings it is found 
that Quercitin can effectively deactivate 6Y2E, thereby interrupting viral replication.Peganine can less effectively 
inhibit the viral replication as negative -CDocker energy but shows positive -CDocker interaction energy. Thus, the 
key phytochemicals Quercitin can prevent COVID-19 caused by 6Y2E of virus. 
 

CONCLUSIONS 
 
 It was reported that Adhatoda vasica has shown better response to COVID-19. This study was carried out to find the 
phytochemical responsible for its medicinal action. From this study, it is concluded that phytochemicals like 
Quercitin can inhibit the lifecycle of virus causing COVID19 by using insilico analysis through Biovia Discover 
software. These molecules as ligand can have a significant interaction with 6Y2E of COVID-19. It was found that 
Quercitin of Adhatoda vasica can have strong interaction with the enzymatic molecule that inhibit the life cycle of 
virus. The following phytochemicals like, peganine were not suitable interaction with the enzyme of virus. From this 
study it can be concluded that these two phyochemicals Quercitin  provide the medicinal importance to Adhatoda 

vasica that can act against COVID-19 caused by 6Y2E. 
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Table 1. C-Docking  score of different phytochemicals with 6Y2E of COVID-19 

 

Serial 

Number 
Phytochemicals 

- C Docker 

energy 

- C Docker 

interaction Energy 

Difference between - C 

Docker  interaction and 

- C Docker energy 

1 Quercitin 
21.7221 

 
28.6056 

 
6.8835 

 
2 Peganine 4.43633 20.9577 16.5237 

 
 

 
 

Figure 1. Binding site of 6Y2E (nucleocapsid protein N-terminal RNA binding domain) 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. As there is no specific medicines discovered to fight against the 
disease, researchers are working seriously to develop drugs or vaccine against COVID-19. The main aim 
of this study to identify the phytochemicals extracts from the plant Velvet bean which can deactivate 6Y2E 
of SARS COVID-19. This deactivation can help to fight against COVID-19. The molecular C-docking of 
phytochemicals of Velvet bean were analysed by using Biovia Discovery Studio. According to the “–C 
Docker energy and –C Docker interaction energy” the strength of interaction was determined. For both 
the parameters, high positive values were considered from phytochemicasl like bufotenine. These 
phytochemicals deviate the enzymatic process significantly and interfere with the infection of that virus 
to a human cell by interrupting the life cycle of  COVID-19.  
 
Keywords: COVID-19,  Biovia, Velvet bean ,NSP3. 
 

INTRODUCTION 

 
A novel corona virus (nCoV-2019) emerge as contagious disease for human on the month of December,2019 Wuhan 
province of China[1] and cause severe acute respiratory syndrome (SARS). On 30th January,2020 World Health 
Organisation has issued public health emergency of international concern under International Health regulations [2].  
Situation is getting worse with this viral infection and the mortality graph approaches to upward.Therefore, the 
actual number is much higher than reported one and it is because of the lack of huge testing facility [3]. Shockingly, 
there has been no recognizable forward drive in the administration of this sickness to date and the patient is given a 
treatment dependent on his noticeable and diagnosable side effects [4]. Even though a few endeavors have been 
made in the innovative work of the diagnostics, therapeutics and immunizations for this novel corona virus, there 
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exists no vaccines, so far which has been demonstrated unequivocally to be viable in treating human maladies 
because of a tiny virus. Various traditional drugs like chloroquine, hydroxyl-chloroquine, remdesivir have effect on 
treatment of COVID. The less effective of these drugs motivated  to examine the restraint of COVID-19 protease by 
Indian herbal plants [5].  Actually the therapeutic values of the herb are due to the one or more chemical compounds 
that participated in certain regulatory function in physiology of human. These chemicals are known as phyto-
chemicals. Generally seeds, fruits, flowers, leaves, barks, flowers, roots and fruits are the main source for these 
medicinal values. Plant extracts of some plants have their specific function towards anti-oxidation, anti-
inflammatory, anticancer and anti-diabetes etc.[6]. From ancient period plants have been used as a source of novel 
chemical substances which serve as a new material for the pharmaceutical industry.The leaves of  bean have the 
following phytochemicals like alkaloids,tannins,saponin and phenolic compounds.The main objective of this article 
to identify the phytochemicals of Velvet bean responsible  for inhibiting COVID-19 6MO3) by inhibiting the viral 
transcription and replication.  
 

MATERIALS AND METHODS 

 
The entire insilico analysis was done by the help of Discovery studio of “Biovia Software((Dassault Systemes de 
France).Molecular level of interaction can be predicted through machine learning by using this software. Plants 
protect itself from its predators by its own secondary metabolites. Plants may face some threats including bacteria, 
viruses, fungi etc. Such phytochemicals ward off health risks when certain plants or their parts are eaten by humans. 
Recent studies demonstrated that Velvet bean contains various phytochemicals like behenic acid, genistine, and 
Bufotenine. It has been reported that fabaceae have potential to fight against various diseases.This study focuses on 
identifying specific phytochemical which can control COVID-19[7,8]. COVID 19 can infect an individual with its 
various metabolic pathway. These metabolism and lifecycle are controlled by various proteins or protein like 
enzymes. The enzymes were identified by using Brenda database which found in COVID-19. It has been found that 
6Y2E is involved in multilication of virus. 
 
By molecular docking method, it can be identified the phytochemicals which can be used as ligand and interact with 
the receptor of enzyme or protein of pathogen. Biovia Software's Discovery Studio modules have been used to define 
interaction of molecules through molecular docking. Phytochemicals of Velvet bean were downloaded in sdf format. 
The PDB code has protein database code has been identified at the RCSB website. The enzyme's active site was 
established through a protocol called "Define receptor binding site" found under the menu receptor-ligand 
interaction. The molecular docking was carried out using a C-Docker protocol by using receptor-ligand interaction. 
Receptor molecule was selected from the enzyme and ligands were selected from the phytochemicals. C-Docker 
energy and C Docker interaction energy were considered for the significant molecular CDocking. The high positive 
value shows the good interaction of phytochemicals with the enzyme for curing the disease.  
 

RESULTS AND DISCUSSION 

 
Receptor binding site of 6Y2E of COVID-19 is represented as green colour in figure1. CDOCK is a simulated-
annealing based molecular dynamics (MD) algorithm. It is a molecular docking process based on a grid and 
optimized for precision. It is an insilico based method for optimizing accuracy. Molecular Dynamic methods 
obtained the ligand conformations. The energy difference was calculated by-CDOCKER energy from the internal 
ligand strain and energy from the receptor-ligand interaction. -CDOCKER interaction refers to the energy of an 
unbonded interaction between the protein and the ligand. The best interaction criteria were chosen based on a) high 
positive value of -CDOCKER energy, and b)small difference between -CDOCKER energy and -CDOCKER energy 
interaction.High positive values of C-Docker energy is 11.9475 and the difference with Cdocker interaction energy 
7.2343 are presented in table-I. From these findings it is found that Bufotenine can effectively deactivate 6Y2E, 
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thereby interrupting viral replication. Thus, the key phytochemicals Bufotenine can prevent COVID-19 caused by 
6Y2E of virus. 
 

CONCLUSIONS 
 
 It was reported that Velvet bean  has shown better response to COVID-19. This study was carried out to find the 
phytochemical responsible for its medicinal action. From this study, it is concluded that phytochemicals like 
Bufotenine can inhibit the lifecycle of virus causing COVID19 by using insilico analysis through Biovia Discover 
software. These molecules as ligand can have a significant interaction with 6Y2E of COVID-19. It was found that 
Bufotenine of Velvet bean can have strong interaction with the enzymatic molecule that inhibit the life cycle of virus. 
From this study it can be concluded that phyochemical Bufotenine  provide the medicinal importance to Velvet bean 
that can act against COVID-19 caused by 6Y2E. 
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Table 1. C-Docking  score of different phytochemicals with 6MO3 of COVID-19 
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Docker  interaction and 
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Figure 1. Binding site of 6Y2E 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. As there is no specific medicines discovered to fight against the 
disease, researchers are working seriously to develop drugs or vaccine against COVID-19. The main aim 
of this study to identify the phytochemicals extracts from the plant Adhatoda vasica which can deactivate 
6W6Y of SARS COVID-19. This deactivation can help to fight against COVID-19. The molecular C-
docking of phytochemicals of Adhatoda vasica(Vasak)  were analysed by using Biovia Discovery Studio. 
According to the “–C Docker energy and –C Docker interaction energy” the strength of interaction was 
determined. For both the parameters, high positive values were considered from phytochemicasl like 
Quercitin. These phytochemicals deviate the enzymatic process significantly and interfere with the 
infection of that virus to a human cell by interrupting the life cycle of  COVID-19.  
 
Keywords: COVID-19, 6W6Y, Biovia, Adhatoda vasica,  Quercitin. 
 

INTRODUCTION 

A novel corona virus (nCoV-2019) emerge as contagious disease for human on the month of December,2019 Wuhan 
province of China[1] and cause severe acute respiratory syndrome (SARS). On 30th January,2020 World Health 
Organisation has issued public health emergency of international concern under International Health regulations [2].  
Situation is getting worse with this viral infection and the mortality graph approaches to upward.Therefore, the 
actual number is much higher than reported one and it is because of the lack of huge testing facility [3]. Shockingly, 
there has been no recognizable forward drive in the administration of this sickness to date and the patient is given a 
treatment dependent on his noticeable and diagnosable side effects [4]. Even though a few endeavors have been 
made in the innovative work of the diagnostics, therapeutics and immunizations for this novel corona virus, there 
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exists no vaccines, so far which has been demonstrated unequivocally to be viable in treating human maladies 
because of a tiny virus. Various traditional drugs like chloroquine, hydroxyl-chloroquine, remdesivir have effect on 
treatment of COVID. The less effective of these drugs  motivated  to examine the restraint of COVID-19 protease by 
Indian herbal plants [5].  Actually the therapeutic values of the herb are due to the one or more chemical compounds 
that participated in certain regulatory function in physiology of human. These chemicals are known as phyto-
chemicals. Generally seeds, fruits, flowers, leaves, barks, flowers, roots and fruits are the main source for these 
medicinal values. Plant extracts of some plants have their specific function towards anti-oxidation, anti-
inflammatory, anticancer and anti-diabetes etc.[6]. From ancient period plants have been used as a source of novel 
chemical substances which serve as a new material for the pharmaceutical industry.The leaves of vasak have the 
following phytochemicals like alkaloids,tannins,saponin and phenolic compounds.The main objective of this article 
to identify the phytochemicals of Adhatoda vasica responsible  for inhibiting COVID-19 6W6Y by inhibiting the viral 
transcription and replication.  
 

MATERIALS AND METHODS 
 

The entire insilico analysis was done by the help of Discovery studio of “Biovia Software((Dassault Systemes de 
France).Molecular level of interaction can be predicted through machine learning by using this software. Plants 
protect itself from its predators by its own secondary metabolites. Plants may face some threats including bacteria, 
viruses, fungi etc. Such phytochemicals ward off health risks when certain plants or their parts are eaten by humans. 
Recent studies demonstrated that Adhatoda vasica contains contain  Vasicine, Vasicinone, Quercitin, Peganine, and 
Kaempferol like phytochemicals. It has been reported that Acanthacae have potential to fight against various 
diseases.This study focuses on identifying specific phytochemical which can control COVID-19[7,8]. COVID 19 can 
infect an individual with its various metabolic pathways. These metabolism and lifecycle are controlled by various 
proteins or protein like enzymes. The enzymes were identified by using Brenda database which found in COVID-19. 
It has been found that 6W6Y is involved in replication of virus. 
 
By molecular docking method, it can be identified the phytochemicals which can be used as ligand and interact with 
the receptor of enzyme or protein of pathogen. Biovia Software's Discovery Studio modules have been used to define 
interaction of molecules through molecular docking. Phytochemicals of Adhatoda  vasica were downloaded in sdf 
format. The PDB code has protein database code has been identified at the RCSB website. The enzyme's active site 
was established through a protocol called "Define receptor binding site" found under the menu receptor-ligand 
interaction. The molecular docking was carried out using a C-Docker protocol by using receptor-ligand interaction. 
Receptor molecule was selected from the enzyme and ligands were selected from the phytochemicals. C-Docker 
energy and C Docker interaction energy were considered for the significant molecular CDocking. The high positive 
value shows the good interaction of phytochemicals with the enzyme for curing the disease.  
 

RESULTS AND DISCUSSION 

 
Receptor binding site of 6W6Y of COVID-19 is represented as green colour in figure1. CDOCK is a simulated-
annealing based molecular dynamics (MD) algorithm. It is a molecular docking process based on a grid and 
optimized for precision. It is an insilico based method for optimizing accuracy. Molecular Dynamic methods 
obtained the ligand conformations. The energy difference was calculated by-CDOCKER energy from the internal 
ligand strain and energy from the receptor-ligand interaction. -CDOCKER interaction refers to the energy of an 
unbonded interaction between the protein and the ligand. The best interaction criteria were chosen based on a) high 
positive value of -CDOCKER energy, and b)small difference between -CDOCKER energy and -CDOCKER energy 
interaction. 
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High positive values of Quercitin C-Docker energy are 17.8509 and the  Cdocker interaction energy 3.2711 are 
presented in table-I. TableI  also represented the difference in energy of  Vasicine, Vasicinone and peganine. From 
these findings it is found that Quercitine can effectively deactivate 6W6Y, thereby interrupting viral replication. 
Vasicine, Vasicinone and peganine can less effectively inhibit the viral replication as negative -CDocker energy but 
shows positive -CDocker interaction energy. Thus, the key phytochemicals  Quercitin can prevent COVID-19 caused 
by 6W6Y of virus. 
 

CONCLUSIONS 

 
 It was reported that Adhatoda vasica has shown better response to COVID-19. This study was carried out to find the 
phytochemical responsible for its medicinal action. From this study, it is concluded that phytochemicals like 
Vasicine, Vasicinone and peganine e can inhibit the lifecycle of virus causing COVID19 by using insilico analysis 
through Biovia Discover software. These molecules as ligand can have a significant interaction with 6W6Y of 
COVID-19. It was found that Quercitin of Adhatoda vasica can have strong interaction with the enzymatic molecule 
that inhibit the life cycle of virus. The following phytochemicals like Vasicine, Vasicinone and peganine, were not 
suitable interaction with the enzyme of virus. From this study it can be concluded that these two phyochemicals 
Quercitin  provide the medicinal importance to Adhatoda vasica that can act against COVID-19 caused by 6W6Y. 
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Table 1. C-Docking  score of different phytochemicals with 6W6Y of COVID-19 

 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION 

ENERGY 

Difference between - C 

DOCKER interaction 

energy and - C 

DOCKER energy 

1 Vasicine 1.3607 16.2287 14.868 

2 Vasicinone 1.27036 15.9569 14.68654 

3 Quercitin 19.13 22.4011 3.2711 

4 Peganine 3.10266 17.7654 14.66274 

5 Kaempferol -108.715 -25.7267 82.9883 

 

 
 

Figure 1. Binding site of 6W6Y  protein of COVID-19. 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. As there is no specific medicines discovered to fight against the 
disease, researchers are working seriously to develop drugs or vaccine against COVID-19. The main aim 
of this study to identify the phytochemicals extracts from the plant Adhatoda vasica which can deactivate 
6Y2E of SARS COVID-19. This deactivation can help to fight against COVID-19. The molecular C-
docking of phytochemicals of Adhatoda vasica(Vasak)  were analysed by using Biovia Discovery Studio. 
According to the “–C Docker energy and –C Docker interaction energy” the strength of interaction was 
determined. For both the parameters, high positive values were considered from phytochemicasl like 
Vasicine These phytochemicals deviate the enzymatic process significantly and interfere with the 
infection of that virus to a human cell by interrupting the life cycle of  COVID-19.  
 
Keywords: COVID-19, 6Y2E, Biovia, Adhatoda vasica ,NSP3. 
 

INTRODUCTION 

 
A novel corona virus (nCoV-2019) emerge as contagious disease for human on the month of December,2019 Wuhan 
province of China[1] and cause severe acute respiratory syndrome (SARS). On 30th January,2020 World Health 
Organisation has issued public health emergency of international concern under International Health regulations [2].  
Situation is getting worse with this viral infection and the mortality graph approaches to upward.Therefore, the 
actual number is much higher than reported one and it is because of the lack of huge testing facility [3]. Shockingly, 
there has been no recognizable forward drive in the administration of this sickness to date and the patient is given a 
treatment dependent on his noticeable and diagnosable side effects [4]. Even though a few endeavors have been 
made in the innovative work of the diagnostics, therapeutics and immunizations for this novel corona virus, there 
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exists no vaccines, so far which has been demonstrated unequivocally to be viable in treating human maladies 
because of a tiny virus. Various traditional drugs like chloroquine, hydroxyl-chloroquine, remdesivir have effect on 
treatment of COVID. The less effective of these drugs  motivated  to examine the restraint of COVID-19 protease by 
Indian herbal plants [5].  Actually the therapeutic values of the herb are due to the one or more chemical compounds 
that participated in certain regulatory function in physiology of human. These chemicals are known as phyto-
chemicals. Generally seeds, fruits, flowers, leaves, barks, flowers, roots and fruits are the main source for these 
medicinal values. Plant extracts of some plants have their specific function towards anti-oxidation, anti-
inflammatory, anticancer and anti-diabetes etc.[6]. From ancient period plants have been used as a source of novel 
chemical substances which serve as a new material for the pharmaceutical industry.The leaves of vasak have the 
following phytochemicals like alkaloids,tannins,saponin and phenolic compounds.The main objective of this article 
to identify the phytochemicals of Adhatoda vasica responsible  for inhibiting COVID-19 6Y2E by inhibiting the viral 
transcription and replication.  
 

MATERIALS AND METHODS 
 

The entire insilico analysis was done by the help of Discovery studio of “Biovia Software((Dassault Systemes de 
France).Molecular level of interaction can be predicted through machine learning by using this software. Plants 
protect itself from its predators by its own secondary metabolites. Plants may face some threats including bacteria, 
viruses, fungi etc. Such phytochemicals ward off health risks when certain plants or their parts are eaten by humans. 
Recent studies demonstrated that Adhatoda vasica contains Vasicine, peganine like phytocompounds.. It has been 
reported that Acanthacae have potential to fight against various diseases.This study focuses on identifying specific 
phytochemical which can control COVID-19[7,8].COVID 19 can infect an individual with its various metabolic 
pathway. These metabolism and lifecycle are controlled by various proteins or protein like enzymes. The enzymes 
were identified by using Brenda database which found in COVID-19. It has been found that 6Y2E is involved in 
replication of virus. 
 
By molecular docking method, it can be identified the phytochemicals which can be used as ligand and interact with 
the receptor of enzyme or protein of pathogen. Biovia Software's Discovery Studio modules have been used to define 
interaction of molecules through molecular docking. Phytochemicals of Adhatoda vasica were downloaded in sdf 
format. The PDB code has protein database code has been identified at the RCSB website. The enzyme's active site 
was established through a protocol called "Define receptor binding site" found under the menu receptor-ligand 
interaction. The molecular docking was carried out using a C-Docker protocol by using receptor-ligand interaction. 
Receptor molecule was selected from the enzyme and ligands were selected from the phytochemicals. C-Docker 
energy and C Docker interaction energy were considered for the significant molecular CDocking. The high positive 
value shows the good interaction of phytochemicals with the enzyme for curing the disease.  
 

RESULTS AND DISCUSSION  
 
Receptor binding site of 6Y2E of COVID-19 is represented as green colour in figure1. CDOCK is a simulated-
annealing based molecular dynamics (MD) algorithm. It is a molecular docking process based on a grid and 
optimized for precision. It is an insilico based method for optimizing accuracy. Molecular Dynamic methods 
obtained the ligand conformations. The energy difference was calculated by-CDOCKER energy from the internal 
ligand strain and energy from the receptor-ligand interaction. -CDOCKER interaction refers to the energy of an 
unbonded interaction between the protein and the ligand. The best interaction criteria were chosen based on a) high 
positive value of -CDOCKER energy, and b)small difference between -CDOCKER energy and -CDOCKER energy 
interaction.High positive values of C-Docker energy are 8.40055 and the  Cdocker interaction energy 23.0537 are 
presented in table-I.TableI  also represented the difference in energy of  peganine. From these findings it is found 
that Vasicine can effectively deactivate 6Y2E, thereby interrupting viral replication.Peganine can less effectively 
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inhibit the viral replication as negative -CDocker energy but shows positive -CDocker interaction energy. Thus, the 
key phytochemicals  Vasicine can prevent COVID-19 caused by 6Y2E of virus. 

 

CONCLUSIONS 
 
 It was reported that Adhatoda vasica has shown better response to COVID-19. This study was carried out to find the 
phytochemical responsible for its medicinal action. From this study, it is concluded that phytochemicals like Vasicine 
can inhibit the lifecycle of virus causing COVID19 by using insilico analysis through Biovia Discover software. These 
molecules as ligand can have a significant interaction with 6Y2E of COVID-19. It was found that Vasicine of Adhatoda 

vasica can have strong interaction with the enzymatic molecule that inhibit the life cycle of virus. The following 
phytochemicals like, peganine were not suitable interaction with the enzyme of virus. From this study it can be 
concluded that these two phyochemicals Vasicine  provide the medicinal importance to Adhatoda vasica that can act 
against COVID-19 caused by 6Y2E. 
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Table 1. C-Docking  score of different phytochemicals with 6Y2E of COVID-19 

Serial 

Number 
Phytochemicals 

- C Docker 

energy 

- C Docker 

interaction Energy 

Difference between - C 

Docker  interaction and 

- C Docker energy 

1 Vasicine 8.40055 23.0537 14.65315 

2 Peganine 4.43633 20.9577 16.5237 
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Figure 1. Binding site of 6Y2E  protein 
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An infectious disease COVID-19 also known as “Corona virus disease 2019” which is caused by  severe 
acute respiratory syndrome corona virus 2 (SARS-CoV-2).This global epidemic has been affecting 
millions of people within a short period of time.  Epidemic researchers are putting lot of efforts to 
discover a preventive traditional vaccine. As there is no specific medicines discovered to fight against the 
disease, researchers are working seriously to develop drugs or vaccine against COVID-19. The main aim 
of this study to identify the phytochemicals extracts from the plant Adhatoda vasica which can deactivate 
6W9C of SARS COVID-19. This deactivation can help to fight against COVID-19. The molecular C-
docking of phytochemicals of Adhatoda vasica (Vasak)  were analysed by using Biovia Discovery Studio. 
According to the “–C Docker energy and –C Docker interaction energy” the strength of interaction was 
determined. For both the parameters, high positive values were considered from phytochemicasl like 
Quercitin. These phytochemicals deviate the enzymatic process significantly and interfere with the 
infection of that virus to a human cell by interrupting the life cycle of  COVID-19.  
 
Keywords: COVID-19, 6W9C, Biovia, Adhatoda vasica,  Quercitin. 
 

INTRODUCTION 

 
A novel corona virus (nCoV-2019) emerge as contagious disease for human on the month of December,2019 Wuhan 
province of China[1] and cause severe acute respiratory syndrome (SARS). On 30th January,2020 World Health 
Organisation has issued public health emergency of international concern under International Health regulations [2].  
Situation is getting worse with this viral infection and the mortality graph approaches to upward.Therefore, the 
actual number is much higher than reported one and it is because of the lack of huge testing facility [3]. Shockingly, 
there has been no recognizable forward drive in the administration of this sickness to date and the patient is given a 
treatment dependent on his noticeable and diagnosable side effects [4]. Even though a few endeavors have been 
made in the innovative work of the diagnostics, therapeutics and immunizations for this novel corona virus, there 
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exists no vaccines, so far which has been demonstrated unequivocally to be viable in treating human maladies 
because of a tiny virus. Various traditional drugs like chloroquine, hydroxyl-chloroquine, remdesivir have effect on 
treatment of COVID. The less effective of these drugs  motivated  to examine the restraint of COVID-19 protease by 
Indian herbal plants [5].  Actually the therapeutic values of the herb are due to the one or more chemical compounds 
that participated in certain regulatory function in physiology of human. These chemicals are known as phyto-
chemicals. Generally seeds, fruits, flowers, leaves, barks, flowers, roots and fruits are the main source for these 
medicinal values. Plant extracts of some plants have their specific function towards anti-oxidation, anti-
inflammatory, anticancer and anti-diabetes etc.[6]. From ancient period plants have been used as a source of novel 
chemical substances which serve as a new material for the pharmaceutical industry.The leaves of vasak have the 
following phytochemicals like alkaloids,tannins,saponin and phenolic compounds.The main objective of this article 
to identify the phytochemicals of Adhatoda vasica responsible  for inhibiting COVID-19 6W9C by inhibiting the viral 
transcription and replication.  
 

MATERIALS AND METHODS 

 
The entire insilico analysis was done by the help of Discovery studio of “Biovia Software((Dassault Systemes de 
France).Molecular level of interaction can be predicted through machine learning by using this software. Plants 
protect itself from its predators by its own secondary metabolites. Plants may face some threats including bacteria, 
viruses, fungi etc. Such phytochemicals ward off health risks when certain plants or their parts are eaten by humans. 
Recent studies demonstrated that Adhatoda vasica contains contain  Vasicine, Vasicinone, Quercitin, Peganine, and 
Kaempferol like phytochemicals. It has been reported that Acanthacae have potential to fight against various 
diseases.This study focuses on identifying specific phytochemical which can control COVID-19[7,8]. COVID 19 can 
infect an individual with its various metabolic pathways. These metabolism and lifecycle are controlled by various 
proteins or protein like enzymes. The enzymes were identified by using Brenda database which found in COVID-19. 
It has been found that 6W9C is involved in multiplication of virus. 
 
By molecular docking method, it can be identified the phytochemicals which can be used as ligand and interact with 
the receptor of enzyme or protein of pathogen. Biovia Software's Discovery Studio modules have been used to define 
interaction of molecules through molecular docking. Phytochemicals of Adhatoda  vasica were downloaded in sdf 
format. The PDB code has protein database code has been identified at the RCSB website. The enzyme's active site 
was established through a protocol called "Define receptor binding site" found under the menu receptor-ligand 
interaction. The molecular docking was carried out using a C-Docker protocol by using receptor-ligand interaction. 
Receptor molecule was selected from the enzyme and ligands were selected from the phytochemicals. C-Docker 
energy and C Docker interaction energy were considered for the significant molecular CDocking. The high positive 
value shows the good interaction of phytochemicals with the enzyme for curing the disease.  
 

RESULTS AND DISCUSSION 

 
Receptor binding site of 6W9C of COVID-19 is represented as green colour in figure1. CDOCK is a simulated-
annealing based molecular dynamics (MD) algorithm. It is a molecular docking process based on a grid and 
optimized for precision. It is an insilico based method for optimizing accuracy. Molecular Dynamic methods 
obtained the ligand conformations. The energy difference was calculated by-CDOCKER energy from the internal 
ligand strain and energy from the receptor-ligand interaction. -CDOCKER interaction refers to the energy of an 
unbonded interaction between the protein and the ligand. The best interaction criteria were chosen based on a) high 
positive value of -CDOCKER energy, and b)small difference between -CDOCKER energy and -CDOCKER energy 
interaction. 
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High positive values of Quercitin C-Docker energy are 26.2435 and the difference between  CDocker interaction 
energy 3.0409 are presented in table-I. TableI  also represented the difference in energy of  Vasicine, Vasicinone and 
peganine. From these findings it is found that Quercitine can effectively deactivate 6W9C, thereby interrupting viral 
replication. Vasicine, Vasicinone and peganine can less effectively inhibit the viral replication as negative -CDocker 
energy but shows positive -CDocker interaction energy. Thus, the key phytochemicals  Quercitin can prevent 
COVID-19 caused by 6W9C of virus. 
 

CONCLUSIONS 

 
 It was reported that Adhatoda vasica has shown better response to COVID-19. This study was carried out to find the 
phytochemical responsible for its medicinal action. From this study, it is concluded that phytochemicals like 
Vasicine, Vasicinone and Quercitin can inhibit the lifecycle of virus causing COVID19 by using insilico analysis 
through Biovia Discover software. These molecules as ligand can have a significant interaction with 6W9C of 
COVID-19. It was found that Quercitin of Adhatoda vasica can have strong interaction with the enzymatic molecule 
that inhibit the life cycle of virus. The following phytochemicals like Vasicine, Vasicinone and peganine, were not 
suitable interaction with the enzyme of virus. From this study it can be concluded that these two phyochemicals 
Quercitin provide the medicinal importance to Adhatoda vasica that can act against COVID-19 caused by 6W9C 
papain like protease. 
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Table 1. C-Docking  score of different phytochemicals with 6W9C of COVID-19 

 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION 

ENERGY 

Difference between - C 

DOCKER interaction energy 

and - C DOCKER energy 

1 Vasicine -13.5794 34.8701 48.4495 

2 Vasicinone 5.98834 20.8737 14.88536 

3 Quercitin 26.2435 29.2844 3.0409 
 

 
 

Figure 1. Binding site of 6W9C protein of COVID-19. 
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Phytochemicals from Adhatoda vasica plant extract can cure Covid-19. It is caused by  corona virus as 
SARS-CoV-2. Molecular interaction   studied by the help of Molecular docking method applied using 
“Biovia Discovery Studio”. “High positive values of -CDocker energy and -CDocker interaction energy” 
suggested that Kaempferol can effectively deactivate the  Uridylate-specific endoribonuclease 6VWW 
protease enzyme thereby inhibiting the life cycle of virus. 
 
Keywords: Kaempferol , Biovia,COVID-19 ,Adhatoda vasica,6VWW. 
 

INTRODUCTION 

 
Nature is a major source of medicines [1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action [2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Adhatoda vasica belongs to family Acanthaceae. Its extract is used to cure 
disease like Covid-19. The objective of the study is to identify the phytochemical responsible to cure the disease. Adhato 

davasica contains vasicine, vasicinone, peganine, quercetin, kaempferol, etc like phytochemicals  which might be 
might act against Covid-19. However, there is no such study available. This objective of the study is to identify the 
phytochemical of Adhatoda vasica capable of curing corona virus disease 

 

MATERIALS AND METHODS 

“Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
Published works showed that Adhatoda avasica contains “vasicine, vasicinone, peganine, quercetin, kaempferol, 
etc”.It was described in ancient medicinal systems capable of controlling Covid-19.  
Covid-19is caused by SARS CoV-2.It has been found from “Brenda enzyme database” that 6MO3 protease enzyme is 
important in viral life cycle. Molecular docking was performed using the method described by Das et al. [4].High 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25448 

 

   

 

 

positive values of “-CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good 
interaction between the ligand and the receptor. Thus, the interactions with high values might indicate the major 
phytochemical responsible for curing the disease.  
 

RESULTS AND DISCUSSION 

 
“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows Uridylate-specific endoribonuclease enzyme-kaempferol interaction was found to have the highest 
interaction. 

 

CONCLUSIONS 
 

Traditional medicines suggested that Adhatoda vasica plant has medicinal action against Covid-19 caused by COVID-
19 virus. Using “Discovery studio module of Biovia software”, molecular docking operation was performed. This 
study could explain that the presence of  Kaempferol is responsible for the action of Adhatoda vasica against  6VWW 
of Covid-19 caused by SARS CoV-2 virus. 
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Table 1. Results of C docking 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION 

ENERGY 

Difference between - C DOCKER 

interaction energy and - C 

DOCKER energy 

1 Vasicine -15.8507 30.5692 46.4199 

2 Vasicinone 0.273469 15.4672 15.19373 

3 Peganine 0.451414 15.0918 14.64039 

4 Kaempferol 18.0879 22.3375 4.2496 
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Conserve Our Blue Ocean…..Conserve Our Marine Resources…… 

World Oceans Day provides an opportunity 

to honor, help protect, and conserve the 

ocean. This year, the Day will convene 

under the theme, 'Innovation for a 

Sustainable Ocean'.  

Many countries have celebrated this special 

day since 1992, following the United 

Nations Conference on Environment and 

Development, held in Rio de Janeiro. In 2008, the United Nations General Assembly decided 

that, as of 2009, 8 June would be designated by the United Nations as “World Oceans 

Day”.Seventy per cent of our planet is covered by one huge, continuous body of seawater – the 

ocean. It holds 1.35 billion cubic kilometres of water. Nearly half of the ocean is more than 3 

kilometres deep. The deepest known point of the ocean is in the Mariana Trench, 11 kilometres 

below sea level. But there may be deeper points that we have not seen, as we have only explored 

five per cent of the ocean to date.One of the main aims of the day is to remind people of the 

important role the ocean plays in our lives. Life began in the ocean. And the ocean is home to the 

majority of plants and animals on Earth, from single-cell organisms to the blue whale. Marine 

plants provide us with 70 per cent of the oxygen we breathe. The ocean controls the climate, 

providing heat in winter and cool air in summer. It also provides us with food and medicines as 

well as transport. No matter where you live on the planet, no matter how far from the sea, your 

life is dependent on the ocean.The most urgent problem facing the ocean at the moment is plastic 

pollution. Reducing one use plastic, including plastic bags and plastic bottles, has been an 

important theme for World Oceans Day for a number of years. Climate change and rising sea 

temperatures are also a huge problem. Rising sea temperatures have a direct influence on 

weather patterns and are seen as partly responsible for an increase in extreme weather 

conditions. An increase in carbon dioxide is increasing the acid levels of seawater and putting 

many marine organisms at risk. On World Oceans Day, wear blue, go on a march, find a beach 

or river clean-up near you, organise a local event, print a poster and put it in your window, or 

use the hashtag #worldoceansday on social media. There are so many things you can do on 8 

June to join in the celebrations, to remind people about the importance of the ocean in our lives 

and to make a difference! 
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Phytochemicals from Aloe vera plant extract can be used for the treatment of COVID-19. The causative 
agent for this disease is  SARS CoV-2 virus. “Biovia Discovery Studio” was used to analyse the molecular  
docking. “High positive values of -CDocker energy and -CDocker interaction energy”suggested that 
Aloe-emodin can effectively deactivate Uridylate-specific endoribonuclease (6VWW) thereby 
interrupting the life cycle of the organism.   
 

Keywords: phytochemical, Discovery studio, Aloe vera ,COVID-19 
 

INTRODUCTION 

 
Nature is a major source of medicines [1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action [2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Aloe vera  belongs to family Asphodelaceae or Lilliaceae. Aloe vera extract is 
used to cure disease like COVID-19. The objective of the study is to identify the phytochemical responsible to cure 
the disease. Aloe vera contains“Aloe-emodin, Cinnamic acid, Salicylic acid, Lupeol, Babalocin, Saponin”etc. These 
phytochemicals might act against Corona virus. However, there is no such study available. This objective of the 
study is to identify the phytochemical of aloe vera capable of curing COVID-19. 

 

MATERIALS AND METHODS 

“Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
Published works showed that Aloe veracontains phyto chemicals such as  Aloe-emodin, Cinnamic acid, Salicylic acid, 
Lupeol, Babalocin, Saponin” etc.It was described in ancient medicinal systems capable of controlling COVID-19..  
Corona virus disease is caused by SARS CoV-2. It has been found from “Brenda enzyme database” Uridylate-specific 
endoribonuclease (6VWW) is important in microbial life cycle. 
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Molecular docking was performed using the method described by Das et al. [4].High positive values of “-
CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good interaction between the 
ligand and the receptor. Thus, the interactions with high values might indicate the major phytochemical responsible 
for curing the disease.  
 

RESULTS AND DISCUSSION 

 
“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows Uridylate-specific endoribonuclease (6VWW)- Aloe-emodin interaction was found to have the highest 
interaction. 

 
CONCLUSIONS 

 
Traditional medicines suggested that aloe vera plant has medicinal action against COVID-19 caused by SARS CoV-2. 

Using “Discovery studio module of Biovia software”, molecular docking operation was performed. This study could 
explain that the presence of Aloe-emodin acid is responsible for the action of aloevera gainst COVID-19. 
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Table 1. Results of C docking 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION ENERGY 

Difference between - C DOCKER 

interaction energy and - C DOCKER 

energy 

1 Aloe emodin 20.9121 25.1702 4.2581 

2 Cinnamic acid 13.9567 18.5773 4.6206 

3 Salicylic acid 12.3597 14.9839 2.6242 

4 Anthraquinone 13.4088 15.4386 2.0298 

5 Gluocomanan -23.7223 54.5145 78.2368 

6 Saponin Failed Failed Failed 
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Phytochemicals from Aloe vera plant extract can  treat COVID-19. It is caused by corona virus SARS CoV-
2. Molecular docking method applied using “Biovia Discovery Studio”. “High positive values of -
CDocker energy and -CDocker interaction energy”suggested that Salicylic acid can effectively deactivate 
ADP ribose phosphatase of NSP3 (6W6Y) thereby interrupting the life cycle of the organism.   
 

Keywords: phytochemical, Biovia, Discovery studio,Aloe vera ,COVID-19 
 

INTRODUCTION 

 
Nature is a major source of medicines [1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action [2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Aloe vera  belongs to family Asphodelaceae. Aloe vera extract is used to cure 
disease like COVID-19. The objective of the study is to identify the phytochemical responsible to cure the disease. 
Aloe vera contains“Cinnamic acid, Salicylic acid, Lupeol, Babalocin, Saponin”etc. These phytochemicals might act 
against Corona virus. However, there is no such study available. This objective of the study is to identify the 
phytochemical of aloevera capable of curing COVID-19. 

 

MATERIALS AND METHODS 

 “Discovery studio module of Biovia software (Dassault Systemes of France)” was used for molecular docking 
Published works showed that Aloe veracontains phyto chemicals such as Cinnamic acid, Salicylic acid, Lupeol, 
Babalocin, Saponin” etc.It was described in ancient medicinal systems capable of controlling COVID-19. Corona 
virus disease is caused by SARS CoV-2. It has been found from “Brenda enzyme database” ADP ribose phosphatase 
of NSP3 (6W6Y) is important in microbial life cycle. 
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Molecular docking was performed using the method described by Das et al. [4].High positive values of “-
CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good interaction between the 
ligand and the receptor. Thus, the interactions with high values might indicate the major phytochemical responsible 
for curing the disease.  
 

RESULTS AND DISCUSSION 

 
“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows ADP ribose phosphatase of NSP3 (6W6Y)-salicylic acid interaction was found to have the highest 
interaction. 

 
CONCLUSIONS 
 

Traditional medicines suggested that aloe vera plant has medicinal action against COVID-19 caused by SARS CoV-2. 

Using “Discovery studio module of Biovia software”, molecular docking operation was performed. This study could 
explain that the presence of Salicylic acid is responsible for the action of aloevera gainst COVID-19. 
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Table 1. Results of C Docking 

SL 

NO 
LIGAND 

- C DOCKER 

ENERGY 

- C DOCKER 

INTERACTION 

ENERGY 

Difference between - C 

DOCKER interaction 

energy and - C 

DOCKER energy 

1 Cinnamic acid 17.6225 19.6352 2.0127 

2 Salicylic acid 17.6553 22.1108 4.4555 

3 Lupeol Failed Failed Failed 

4 Babalocin Failed Failed Failed 

5 Saponin Failed Failed Failed 
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Phytochemicals from filipendula ulmaria plant extract can cure COVID-19. It is caused by a virus knowns 
as SARS CoV-2. Molecular docking method applied using “Biovia Discovery Studio”. “High positive 
values of -CDocker energy and -CDocker interaction energy”suggested that 4-hydroxycalcone  can 
effectively deactivate 6W4B thereby interrupting the life cycle of the organism.  
 

Keywords: phytochemical, Biovia, Discovery studio, filipendula ulmaria,6W4B 
 

INTRODUCTION 

 
Nature is a major source of medicines[1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action[2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Filipendula ulmaria belongs to family Rosaceae. Filipendula ulmaria extract is 
used to cure disease like Gonorrhoea. The objective of the study is to identify the phytochemical responsible to cure 
the disease. Filipendula ulmaria contains“2-hydroxycalcone, 4-hydroxycalcone, L-ascorbic acid, vaniline, avicularin, 
salicin, rutin, spiraeoside, etc.  ”etc. These phytochemicals mightact against Covid-19. However, there is no such 
study available. This objective of the study is to identify the phytochemical of filipendula ulmaria capable of curing 
Gonorrhea. 

 

MATERIALS AND METHODS 

“Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
Published works showed that filipendula ulmaria contains“2-hydroxycalcone, 4-hydroxycalcone, L-ascorbic acid, 
vaniline, avicularin, salicin, rutin, spiraeoside,”etc.It was described in ancient medicinal systemscapable of 
controlling Corona disease.  
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Corona disease is caused by SARS CoV-2. It has been found from “Brenda enzyme database” that 6W4B is important 
tin microbial life cycle. Molecular docking was performed using the method described by Das et al. [4].High positive 
values of “-CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good interaction 
between the ligand and the receptor. Thus, the interactions with high values might indicate the major phytochemical 
responsible for curing the disease.  
 

RESULTS AND DISCUSSION 
 

“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows 6W4B-L-4-hydroxycalcone interaction was found to have the highest interaction. 
 

CONCLUSIONS 
 

Traditional medicines suggested that filipendula ulmaria plant has medicinal action against COVID-19 caused by 
SARS CoV-2. Using “Discovery studio module of Biovia software”, molecular docking operation was performed. 
This study could explain that the presence of 4-hydroxycalcone is responsible for the action of filipendula ulmaria 
against 6W4B protein of corona virus. 
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Table 1. Results of C Docking 

Sl No Ligand 
- C Docker  

Energy 

- C Docker 

 Interaction  

Energy 

Difference Between - C 

Docker Interaction 

Energy and 

- C Docker Energy 

Remarks 

1 2-hydroxycalcone -28.0804 0.92294 29.0033  

2 4-hydroxycalcone 9.2114 18.6557 9.4443 

Maximum 

inhibition of 

microbial 

enzyme 

3 L-ascorbic acid 3.98308 25.3160 21.3329  

4 Vaniline 17.8953 23.7539 5.8586  

5 Avicularin FAILED FAILED  FAILED  

6 Salicin FAILED FAILED FAILED  

7 Rutin FAILED FAILED FAILED  

8 Spiraeoside FAILED FAILED FAILED  
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Phytochemicals from Mucuna pruriens plant extract can treat COVID-19. It is caused by SARS CoV-2. 

Molecular docking method applied using “Biovia Discovery Studio”. “High positive values of -CDocker 
energy and -CDocker interaction energy”suggested that  Dopamine can effectively deactivate the 
nucleocapsid protein N-terminal RNA binding domain (6M3M)enzyme thereby interrupting the life 
cycle of the organism.  
 

Keywords: phytochemical, 6M3M, Discovery studio,Mucuna pruriens,SARS CoV-2 
 

INTRODUCTION 

 
Nature is a major source of medicines[1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action[2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Mucuna pruriens belongs to family Fabaceae. Its extract is used to cure disease 
like COVID-19. The objective of the study is to identify the phytochemical responsible to cure the disease.Mucuna 

pruriens contains“dopamine, behenic acid, genistine and tannic ”etc.These phytochemicals mightact againstCOVID-
19. However, there is no such study available. This objective of the study is to identify the phytochemical of Mucuna 

pruriens capable of curing Corona disease. 
 

MATERIALS AND METHODS 

 “Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
Published works showed that Mucuna pruriens contains“dopamine, behenic acid, genistine and tannic etc”etc.It was 
described in ancient medicinal systemscapable of controlling COVID-19. COVID-19is caused by SARS CoV-2. It has 
been found from “Brenda enzyme database” that nucleocapsid protein N-terminal RNA binding domain (6M3M) 
enzyme is important in viral life cycle. 
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Molecular docking was performed using the method described by Das et al. [4].High positive values of “-
CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good interaction between the 
ligand and the receptor. Thus, the interactions with high values might indicate the major phytochemical responsible 
for curing the disease.  
 

RESULTS AND DISCUSSION 

 
“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows that 6M3M–Dpamine interaction was found to have the highest interaction. 

 
CONCLUSIONS 
 

Traditional medicines suggested that M. pruriens plant has medicinal action against COVID-19 caused by SARS CoV-

2. Using “Discovery studio module of Biovia software”, molecular docking operation was performed. This study 
could explain that the presence of  Dopamine responsible for the action of M. pruriens against COVID-19 caused by 
SARS CoV-2. 
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Table 1. Results of C Docking 

 

Sl No Ligand 
- C Docker  

Energy 

- C Docker  

Interaction  

Energy 

Difference Between - 

C Docker Interaction 

Energy And - C 

Docker Energy 

Remarks 

1 Dopamine 17.1475 16.5162 0.6313 
Maximum 

inhibition of 
microbial enzyme 

3 Behenic acid failed failed   

4 Genistine -0.375823 35.0566 35.432423  

5 Tannic failed failed   
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Phytochemicals from velvet bean plant extract can treat COVID-19.This disease mainly transmitted 
through or caused by a pathogenic virus known as SARS CoV-2. Molecular docking method applied 
using “Biovia Discovery Studio”. “High positive values of -CDocker energy and -CDocker interaction 
energy”suggested that dopamine can effectively deactivate the protease 6Y2E enzyme thereby 
interrupting the life cycle of the organism.  
 

Keywords: phytochemical, COVID-19, Discovery studio, Velvet bean,6Y2E 
 

INTRODUCTION 

 
Nature is a major source of medicines[1].  The medicinal value of the plants is due to the phytochemicals present in 
it. Phytochemicals can be derived from different parts of plants.Different medicinal plants and their phytoextracts 
have shown anti-microbial action[2]. These medicinal plants play a key role in human health care. Many people rely 
on the use of traditional medicine [3]. Velvet bean belongs to family Fabaceae. Velvet bean extract is used to cure 
disease like Gonorrhoea. The objective of the study is to identify the phytochemical responsible to cure the disease. 
Velvet bean contains “Dopamine and behenic acid”etc. These phytochemicals might act against COVID-19. However, 
there is no such study available. This objective of the study is to identify the phytochemical of Velvet bean capable of 
curing Corona disease. 

 

MATERIALS AND METHODS 

 “Discovery studio module of Biovia software (Dassault Systemes of  France)” was used for molecular docking. 
 Published works showed that Velvet bean contains“Dopamine and Behenic acid”etc.It was described in ancient 
medicinal systemscapable of controlling COVID-19. COVID-19 disease is caused by apathogen called as SARSCoV-
2.. It has been found from “Brenda enzyme database” that main protease 6Y2E is important in viral life cycle. 
Molecular docking was performed using the method described by Das et al. [4].High positive values of “-
CDOCKER_ENERGY” and “-CDOCKER_INTERACTION_ENERGY” presented a good interaction between the 
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ligand and the receptor. Thus, the interactions with high values might indicate the major phytochemical responsible 
for curing the disease.  
 

RESULTS AND DISCUSSION 

 
“CDOCK is a molecular dynamics (MD) simulated-annealing-based algorithm. It is a grid-based molecular docking 
method and optimized for accuracy. The ligand conformations were obtained by Molecular Dynamic methods” [4]. 
Table 1 shows Protease CY2E enzyme--Dopamine interaction was found to have the highest interaction. 

 
CONCLUSIONS 
 

Traditional medicines suggested that Velvet bean plant has medicinal action against COVID-19 caused by 
SARSCoV-2.. Using “Discovery studio module of Biovia software”, molecular docking operation was performed. 
This study could explain that the presence of dopamine is responsible for the action of Velvet bean against protease 
(6Y2E) of COVID-19 caused by SARSCoV-2. 
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Table 1. Results of C Docking 

 

Sl  

No 
Ligand 

- C Docker 

Energy 

- C Docker 

Interaction 

Energy 

Difference  

Between - C Docker 

Interaction Energy 

and - C Docker 

Energy 

Remarks 

1 Dopamine 10.8994 13.9172 3.0178 

Maximum 
inhibition of 

microbial 
enzyme 

2 behenic acid Failed Failed - 
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Nutrient content of fresh and dry Azolla was evaluated using different methods. Seventy Isa-brown 
pullets were distributed into diets; D1 (control), D2 (4% Azolla) and D3 (8% Azolla), and reared in 
individual cages with standard management up to 44 weeks of age to investigate egg production. A total 
of 144 experimental (E), 32 (E and commercial farming -D4), and 8 (E and D4) eggs were tested to evaluate 
egg quality, DM, and yolk cholesterol, respectively. Fresh Azolla contained 3.64% DM and 96.36% 
moisture. Dry Azolla contained 23.44% crude protein, 2391.56 kcal/kg, 1.16% Ca, 1.29% P, 24.49% crude 
fiber and 32.70% ash. Diet D2 and D3 performed better than D1 in terms of increased egg production, egg 
weight, yolk color, and Haugh unit. Diet D3 showed the darkest yellow yolk color (p<0.001), followed by 
D2 and D1, respectively. Egg mass, FCR, and other egg quality traits were almost similar among the diets 
(p>0.05).Net-profit was tended to be higher with D3, followed by D2 and D1, respectively. Body weight, 
feed intake, egg and egg mass production, and net-profit were increased with the increased age (p<0.001). 
The highest amount of DM was measured in D2, followed by D3, D1, and D4, respectively. The lowest 
amount of cholesterol (p<0.001) was determined in D3, followed by D2, D1, and D4, respectively. Hence 
commercial farming eggs (D4) showed the lowest in quality in terms of DM and yolk cholesterol content. 
Therefore,8% of Azolla improved egg quality, yolk color, net-profit, and reduced yolk cholesterol.  
 

Keywords: Azolla, cholesterol, dry matter, egg production, egg quality, hen. 
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INTRODUCTION 
 
The poultry industry demands quality chicks, and good quality feed to support maximum production with a 
minimum production cost to get the maximum profit. Farmers are randomly using unexpected growth promoters, 
antibiotics, hormones, enzymes, and heavy metals to get rapid growth as well as more profits, which have a 
seriously harmful effect on poultry as well as on human health. Considering these facts, poultry scientists are trying 
to introduce alternatives in the diet of poultry to produce safe and profitable poultry products (1). A study (2) 
suggested using 15.7%, and 11% velvet bean replacing soybean meal in broiler starter, and finisher diet, respectively. 
Azolla reduced mortality, production cost, blood cholesterol, and increased profitability of broiler chicken (3).  
 
Azolla (Azolla pinnata) is a small aquatic fern that floats on the surface of the water and forms a symbiotic relationship 
with the blue-green algae Anabaena Azollae located in the cavity of Azolla leaf. It can assimilate and fix atmospheric 
nitrogen, and convert to plant nitrogen. That is why Azolla is rich in protein, essential amino acids (lysine, 
leucine, arginine, and valine), vitamins (vita A, vita B12 and Beta carotene), chlorophylls and minerals like Ca, P, K, 
Fe, Mg, Mn, Cu, Zinc, Na, etc. Azolla is easy to cultivate or available in pond, roadside ditches, fallow land, lake, and 
paddy field. After harvesting, it is dried in the sun to grind and use in poultry diet as the cheap and abundant 
unconventional plant protein feed ingredient. Azolla improved feed conversion efficiency, energy efficiency, and 
economic performance without any deleterious effects on chickens as well as in the human body (4, 5,6). Several 
investigators showed increased egg production, feed conversion efficiency, profitability, and no mortality of laying 
hen fed diet with 5% Azolla (7, 8,9, 10). Azolla can increase body weight, and reduced cholesterol in the blood of 
broiler chicken (11, 12). A study (13) reported increased body weight and immunities of broiler chickens with 7.5% 
Azolla in the feed. A feeding trial to replace 20% commercial feed of chickens by fresh Azolla (14). In addition, Azolla 

is important to serve as a source of pigment for egg yolk and broiler skin (15). The deep yellow egg yolk color is 
appeared due to the presence of carotenoids (yellow: lutein and zeaxanthin) deposited in Azolla leaf meal which 
safely interacts with free radical as an antioxidant, and terminate the chain reaction before vital molecules are 
damaged, ultimately prevent cancer, and improve the immune function of the body. Yolk coloration is also 
responsible to produce Omega-3 fatty acid-enriched eggs, which reduce triglyceride as well as reduce the risk of 
heart disease. Carotenoid eggs, even sell at a higher price. A recent study in Beijing reported that for every unit 
increase in YolkFanTM, the price was increased by 0.18 RMB (US$ 0.025) per egg. Similarly, in India or other 
countries, the yolk is displayed on the external surface of the package of the egg (16). Besides all of those, Azolla plays 
a vital role to reduce the cholesterol of egg yolk.  
 
A few scattered works have been done using Azolla in the diet of laying hen for assessing egg production, and egg 
quality.  But no literature of particular concern was found, assessing the effect of Azolla on dry matter, yolk color and 
cholesterol content of eggs. Therefore, the present study was planned for assessing the nutrient content of Azolla, and 
the effect of Azolla on egg production, profitability, egg quality, egg yolk color, and cholesterol content of egg for 
producing quality, safe and profitable chicken eggs. 
 

MATERIALS AND METHODS 
 

Approaches 

Fresh and sun-dried Azolla were used to assess nutrient content.  The field and Lab experiments were carried out 
with control (no Azolla), 4%, and 8% Azolla in the diet of laying hen at Bangabandhu Sheikh Mujibur Rahman 
Agricultural University (BSMRAU), Bangladesh to produce quality, safe and profitable eggs. 
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Collection and preparation of Azolla meal 

Azolla pinnata was cultivated in fresh water ponds of BSMRAU, Gazipur, Bangladesh and then collected in every 
week, and dried in the sun to grind using a grinder machine. In addition, fresh Azolla was also collected from the 
paddy field, lake, roadside ditches, and fallow land, and then processed accordingly (Figure 1). 
 

Nutrient analysis of Azolla 

Nutritional composition of fresh and sun-dried Azolla was determined at the Lab of the Department of Dairy and 
Poultry Science (DM and moisture %), Department of Soil Science (CP, Ca, P, Mn, Mg), Department of Agro-
processing (Energy), BSMRAU and the Department of Livestock Services (CF and total ash), Dhaka, Bangladesh. 
Thereafter, sun-dried Azolla was used in the diet of laying hens. 
 

Feeding trial 

A total of 70 ISA- brown ready to pullet was distributed into 3 dietary groups; D1 (control-no Azolla), D2 (diet with 
4% Azolla), and D3 (diet with 8% Azolla). The pullets were reared in an individual cage management system to 
measure laying performance, egg quality, egg dry matter, egg yolk color, and cholesterol content. The iso- 
nitrogenous and iso- caloric layer diet containing 17% CP and 2750 kcalME/kg were provided to the birds as per 
standard is given by the breeder (Table 1), and clean and fresh water ad libitum. The birds were exposed for 17 hrs 
lighting regime during the laying period. Body weight and feed intake were recorded fortnightly. The number of 
eggs was recorded daily. Egg quality traits; egg weight, albumen weight, width and height, yolk weight, width and 
height, eggshell weight, eggshell with membrane thickness, and yolk color were measured at 24, 28, 36 and 44 weeks 
of age of the bird. Dry matter of experimental, and commercial farming eggs was measured at 36 and 42 weeks of 
age of laying hen. Egg yolk cholesterol of experimental, and commercial farming eggs was measured at 36 weeks of 
age of the bird. The Roche yolk color fan was used to measure egg yolk color (Figure 1). Egg mass (g/bird), FCR 
(Feed/dozen or kg eggs), Haugh unit, yolk index and a specific gravity of egg were calculated. Production cost 
(Tk/dozen eggs) was calculated considering bird, feed, mortality and labor cost. Profitability (Tk/dozen eggs) was 
calculated from the sale and production cost of a dozen eggs. 
 

Statistical analysis  

The collected data were analyzed using the statistix10 computer package program. Cholesterol content of egg yolk 
was analyzed using a t-test. 
 

Statistical model:The following statistical model was used for data analysis. 
Yijk = µ +Di +Aj+ (D x A)ij + eijk 
Where,   
Yijk is the observation of the kth number of individual birds in the ith dietary and jth age group. 
µ is the overall mean 
Di is the fixed effect of the ith dietary group (i = 1………4) 
Aj is the effect of the jth age group (j=1, 2 ………7) 
eijk is the random error     

 

RESULTS 
Nutrient content of Azolla (Azolla pinnata) 
Nutrient content of fresh and sun-dried Azolla (Azolla pinnata) is shown in Table 2. Fresh Azolla contained 3.64% dry 
matter and 96.36% moisture. Sun-dried Azolla contained 23.44% CP, 2391.56 KcalME/kg, 1.02% Ca, 0.40% P, 
0.76% Mn, 2.05% Mg, 24.47% CF and 32.70% total ash. 
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Effect of Azolla on egg production performance, and net-profit of laying hen 
Feed intake (p<0.001), egg production (p<0.05), egg weight (p<0.001) significantly differed among the dietary groups, 
but there was no significant difference among the diets considering body weight, egg mass, FCR, production cost 
and net profit (p>0.05). Age influenced body weight, feed intake, egg production, egg weight, egg mass and net 
profit (p<0.001) but didn't affect FCR and production cost (p>0.05). Diet and age interacted for feed intake (p<0.001), 
egg mass (p<0.05), FCR (p<0.05) and production cost (p<0.01), and not interacted for body weight, egg production, 
egg weight, and net profit (p>0.05) (Table 3). 

An increasing trend of body weight was observed in diet D3, followed by D2 and D1, respectively. The significantly 
increased body weight was found at 162 days compared to the 12 days of laying period but did not exceed the 
standard (ISA-brown) given by the breeder. The lowest feed intake was observed in diet D3  with the highest egg 
weight and egg mass at 182 days of laying period, followed by D1 and D2, respectively. Feed intake was increased 
with the advancement of the laying period. Dietary groups showed the highest egg weight at 162 days of the laying 
period. The highest number of egg production was found in diet D2 (153.36 eggs) at 182 days followed by D3 (152.02 
eggs) and D1 (151.07 eggs), respectively. Evidently but not significantly, the highest egg mass production and the 
lowest FCR was observed in D3 at 182 days, followed by D2 and D1, respectively. No mortality was found among the 
dietary groups during the experimental period. Cumulative egg mass production was increased with the increased 
age of birds. The production cost was tended to be decreased with the increased number of egg production, but the 
more decreasing tendency was observed at 162 and 182 days compared to 12 and 71 days of the production period. 
Evidently but not significantly, the lowest amount of production cost and the highest amount of net-profit was 
observed in the D3 at 182 days followed by D2 and D1, respectively. The significant interaction of diet and age was 
found for egg production cost (Tk/dozen eggs). Therefore, D3 performed the best in terms of body weight, feed 
intake, egg production, egg weight, egg mass, FCR, and net-profit.  

Effect of Azolla on egg quality traits of laying hen 
Egg quality traits are shown in Table 4. Albumen height, yolk color (pigmentation) and Haugh unit significantly 
differed among dietary groups (p<0.001). The other egg quality traits were almost similar between the dietary groups 
(p>0.05). There was no age effect on yolk height, yolk/albumen ratio, eggshell weight, yolk index and specific gravity 
(p>0.05), but age affected egg weight, albumen weight, albumen width (p<0.001), albumen height (p<0.05), yolk 
weight (p<0.001), yolk width (p<0.01), eggshell with membrane thickness, yolk color (p<0.001), and Haugh unit 
(p<0.05). The egg quality traits were increased or tended to be increased with the increased age of the bird, except the 
traits; eggshell with membrane thickness, yolk index, and specific gravity. Those had a tendency to decrease with the 
increasing age of birds. The diet and age interacted for albumen width (p<0.05), eggshell with membrane thickness 
(p<0.01), and yolk color (p<0.001), but not interacted for other egg quality traits (p>0.05). The highest albumen height 
and Haugh unit were observed in D2, followed by D3 and D1, respectively. The other egg quality traits tended to be 
higher in D2 followed by D3 and D1, respectively. However, the deepest yellow yolk color was measured in 
D3 followed by D2 and D1, respectively. Therefore, Azolla significantly enhanced egg yolk color compared to the 
control diet (D1). of the two diets, 8% Azolla was much better than 4% in terms of increasing egg yolk color. Evidently 
but not significantly, the lowest yolk/albumen ratio was observed in D3, followed by D2 and D1, respectively. 

Dry matter content of egg of laying hen fed diets with 4% or 8%Azolla, and commercial farming eggs 
The significant difference was observed among dietary groups for the traits of egg weight (p<0.05), DM and moisture 
content of egg (p>0.05) (Table 5). The highest egg weight and DM%, and the lowest moisture% were determined in 
D3, followed by D1, D2, and D4 (Commercial farming eggs), respectively. No effect of age and interaction of diet and 
age on egg weight, DM and moisture content of the egg was observed (p>0.05). However, age group A1 (36 weeks of 
age of the bird) was tended to be better than A2 (42 weeks of age of the bird) in terms of DM and moisture content of 
the egg. 
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Cholesterol content of egg yolk of laying hen fed diets with 4% or 8% Azolla, and commercial farming eggs 
The highly significant difference was found among the diets for the cholesterol content of egg yolk (p<0.001). The 
lowest amount of cholesterol was measured in D3, followed by D2, D1, and D4, respectively. Therefore, Azolla reduced 
cholesterol in egg yolk, and the reduction trend was more in D3 compared to D2. Commercial farming eggs showed 
the highest amount of cholesterol (263.98 mg) among the dietary groups (Table 6). 

DISCUSSION 
 

Nutrient content of Azolla (Azolla pinnata) 
The estimated DM (3.64%) of fresh Azolla in the present study was lower than 4.70% reported by Anitha et al. (17). 
The values of CP% (23.44%) and energy (2391.56 kcal/kg) in sun-dried Azolla measured in the study were higher than 
the values reported by several investigators (7,17,18) but corroborated the values reported by Cherry et al. (19). They 
found 23.49% CP and 24.26% total ash, and Khatun et al. (7) found 21.9% CP and 1812.83 KcalME/kg in Azolla. The 
estimated values of CF (24.49%) and total ash (32.70%) in the present study were higher than the values reported by 
several investigators (19,17). Anitha et al. (17) reported 14.70% CF and 17.34% ash in Azolla. The evaluated calcium 
(1.02%) and phosphorus (0.402%) in the study were consistent with the findings of Sujatha et al. (6), and partially 
supported Alalade and Lyayi (9). They reported 1.16% Ca and 1.29% P in Azolla of which P% was higher than the 
present study. A study showed (17) the 2.03% Ca and 0.59% P in Azolla which were higher than the present study. 
The values of Mn (0.76%) and Mg (2.05%) in the present study were higher than the findings reported by several 
investigators (17,6). Therefore, Azolla (Azolla pinnata) as an unconventional natural protein source feed item may 
include in the diet of poultry. 

Effect of Azolla on egg production performance, and net profit of laying hen 
Body weight was similar among the diets within the age group but was increased at 162 days compared to the 12th 
day of the laying period. However, body weight did not exceed the standard given by the breeder. The lowest feed 
intake was observed in D3 followed by D1 and D2, respectively. Birds in test diets (D2 or D3) laid the higher number of 
eggs at 182 days compared to the control diet (D1). The number of egg production was statistically similar between 
the test diets. Egg weight and egg mass production were increased with the increase of bird age. Moreover, the 
highest egg weight was observed in D3 followed by D2 and D1, respectively. The feed conversion ratio (FCR) on 
dozen of eggs or on egg mass production at 182 days of laying period was tended to lower in diet D3 followed by 
D1 and D2, respectively. The above findings were supported by Alalade et al. (10). There was a tendency to decrease 
in production cost, and increase in net profit in test diets at 182 days of the production period compared to control 
diet because of increased egg and egg mass production which was consistent with the findings reported by Nagashi 
et al. (20). Of the test diets, D3 performed better than D2 in terms of production cost and net profit supported Khatun 
et al. (7). 
 
Body weight, feed intake, egg production, egg weight, egg mass production, and net profit were influenced by age of 
the bird. There was a tendency to decrease in FCR, and production cost with the increased age of birds because of 
increased egg and egg mass production. This is why net profit was increased with the increase of bird age.  
Interaction between diet and age was observed for feed intake, egg weight, egg mass, FCR, and production cost. 
 

Effect of Azolla on egg quality traits of laying hen 
Egg quality traits were statistically similar among dietary groups except for albumen height, yolk color, and Haugh 
unit. However, albumen weight, yolk weight, and height, eggshell with membrane weight and thickness, yolk index, 
and specific gravity were tended to be increased in D2 and D3 at 44 weeks of bird age compared to D1. of the test 
diets, D2 performed better than D3 for these traits. There was a tendency to decrease in albumen width, and 
yolk/albumen ratio with D3 followed by D2 and D1, respectively.  Albumen width is related to the freshness of an egg, 
and the lower albumen width indicates the higher albumen firmness as well as the freshness of the egg. Accordingly, 
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albumen and yolk height indicate the freshness of eggs as well as the quality of the egg. Albumen width and height 
also indicate the quantity of protein in the egg. Lower yolk/albumen ratio indicates the smaller yolk, and larger 
albumen size that implies the increasing quantity of egg protein, and reduce the fat as well as cholesterol content of 
egg yolk. Considering these facts, the best quality egg was found in D2 in terms of higher height, and lower width of 
albumen and yolk, followed by D3 and D1, respectively. However, D3 performed the best; for increasing yolk color, 
followed by D2 and D1, respectively. Azolla was responsible for the increasing yolk color. The deepest yellow yolk 
color was appeared on adding higher-level Azolla with laying hen diet. Azolla leaf contained Vit-A and Beta carotene-
rich in lutein and Zeaxanthin which was responsible for yolk coloration, corroborated the findings of Khatun et al. 
(7). These carotenoids (yellow) act as antioxidants that can prevent cancer, heart disease, and improve the immune 
function of the body. The highest amount of albumen, and eggshell with membrane thickness was observed at 28 
weeks of age compared to the other age groups which imply; the suitable age group for producing quality eggs. The 
other egg quality traits were increased or tended to be increased with increasing bird age. The highest level of yolk 
color was observed at 44 weeks of bird age. The interaction between diet and age was found in albumen width, 
eggshell with a membrane thickness, and yolk color. 
 

Dry matter content of egg of laying hen fed diets with 4% or 8% Azolla, and commercial farming eggs 
Literature related to the effect of Azolla on the dry matter content of a chicken egg is still not available. The highest 
DM% and the lowest moisture% were determined in eggs of D2 (4% Azolla) or D3 (8% Azolla) among the dietary 
groups. Diet D2 and D3 were almost similar for containing DM and moisture in the egg. Commercial farming eggs 
(D4) showed the lowest DM% and the highest moisture%. Although the control diet (D1) was poorer than D2 or D3, 
but better than D4 in terms of DM and moisture content of the egg. Hence, commercial farming eggs were the lowest 
in quality in terms of DM content. Therefore, Azolla increased DM of the egg.  
 

Cholesterol content of egg yolk of laying hen fed diets with 4% or 8% Azolla, and commercial farming eggs 
In the present study, commercial farming eggs (D4) showed the highest cholesterol level (263 mg/egg), followed by 
237 mg, 210 mg, and 201.93 mg cholesterol in D1 (control), D2 (4% Azolla), and D3 (8% Azolla), respectively. Estimated 
cholesterol levels in commercial farming eggs and egg of control diet exceeded the level of cholesterol reported by 
Spence et al. (21). They reported 215 - 213 mg cholesterol in a standard size egg (56-58g/egg). Estimated egg yolk 
cholesterol level was found to be lower in the diet with 4% or 8% Azolla than the reference level, supported by Balaji 
et al. (12). However, the egg of D3 contained much lower level cholesterol than D2 (4% Azolla). Therefore, D3 was the 
best performer dietary group in terms of cholesterol reduction in egg yolk. No previous work to estimate the effect of 
Azolla on the cholesterol content of egg of laying hen was found. The diet D2 also performed better than D1 or D4 
(Commercial farming eggs) in terms of the cholesterol content of the yolk. Azolla reduced blood cholesterol of broiler 
chicken reported by several investigators (11,3) which also supported the present findings. Therefore, Azolla reduced 
egg yolk or blood cholesterol. It may be a novel and beneficial feed item in the diet of poultry. 

 

CONCLUSION  
 
The present study reveals that Azolla is rich in protein, energy, vitamins, and minerals. Either 4% (D2) or 8% 
Azolla (D3) may be used in the diet of laying hen because of increased egg production, survivability, egg quality, net 
profit, and significant reduction of cholesterol in egg yolk. Both the percentage of Azolla (D2 and D3) incredibly 
performed better than D1 in terms of yolk coloration. Diets containing Azolla were superior to control or D4 
(commercial farming eggs) because of contained an increased amount of DM, and reduced cholesterol levels in egg 
yolk. However, the diet containing 8% Azolla was better than 4% Azolla in terms of increased egg, and egg mass 
production, net profit, yolk/albumen ratio, yolk color, and reduced yolk cholesterol. The other egg quality traits were 
statistically similar between D2 and D3. The 8% Azolla may be the most beneficial to include in the diet of laying hen 
for producing quality, safe and profitable eggs. Therefore, Azolla may be a novel feed item in the diet of poultry. 
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However, more studies are needed to confirm these findings as well as to measure the digestibility of Azolla, and the 
effect of Azolla on the hematological condition, lipid profiles, and immunity of birds. 
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Table 1.Composition of diets used in the experiment 
 

Ingredients 
Amounts (kg) 

D1 D2 D3 

Maize 59.50 64.50 62.50 
Soybean meal 22.00 20.50 18.50 

Rice polish 7.00 - - 
Protein concentrate 3.00 3.00 3.00 

Azolla --- 4.0 8.0 
Limestone 8.00 7.50 7.50 

Salt 0.50 0.50 0.50 
Total 100.00 100.00 100.00 

Calculated composition:    
Crude protein (CP)% 17.32 17.21 17.03 

ME Kcal/kg 2770.08 2766.69 2737.26 
Ca% 3.32 3.08 3.12 

Av. P% 1.09 0.43 0.46 
Lysine% 0.95 1.04 0.99 

Methionine% 0.49 0.49 0.41 
•D1 = Control diet (No Azolla); D2= Diet with 4% Azolla; D3 = Diet with 8% Azolla 
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Table 2.Nutrient content of Azolla (Azolla pinnata) 

Nutrient Amount 

Dry matter (DM) (%) (Fresh basis) 3.64 
Moisture (%)  (Fresh basis) 96.36 

Crude protein (CP) (%) 23.44 
Energy (ME Kcal/kg) 2391.56 

Ca (%) 1.02 
Av. P (%) 0.40 
Mn (%) 0.76 
Mg (%) 2.05 

Crude fibre (CF) (%) 24.47 
Total ash (%) 32.70 

•Crude protein, Energy, Ca, Mg, P and Mn were estimated following micro-Kjeldhal method, Oxygen bomb 
calorimetric method, NH4OAC extraction method, Bray and Kurtz method and DTPA extraction method, 
respectively. 
 
Table 3.Egg production performances of laying hen fed diets with 4% or 8% Azolla up to 182 days of 

the laying period 

+NS, p>0.05; *, p<0.05; ***, p<0.001; d=days; D1 = Control diet (No Azolla); D2= Diet with 4% Azolla; D3 = Diet with 8% 
Azolla 
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Table 4.Egg quality of laying hen fed diets with 4% or 8% Azolla at different ages of the bird 
 

Traits 

Diet 

(D) 
Age (A) in week 

LSD value and level of 

Significance+ 

 24 28 36 44 Mean D A D x A 

Egg weight (g/egg)  D1 50.88 54.29 55.26 57.02 54.366 1.829NS 2.112*** 3.658NS 
  D2 52.47 54.47 57.13 56.49 55.14    
  D3 52.63 53.84 58.01 57.06 55.38    
  Mean 51.99 54.20 56.80 56.86 54.96    

Albumen weight (g/egg)  D1 31.65 33.11 34.42 35.35 33.63 1.551NS 1.791*** 3.102NS 
  D2 32.83 33.62 35.22 37.01 34.67    
  D3 33.16 33.18 36.09 35.21 34.41    
  Mean 32.55 33.31 35.24 35.86 34.24    

Albumen width (mm)  D1 75.79 81.53 83.47 80.70 80.37 2.481NS 2.865*** 4.963* 
  D2 75.15 76.20 77.88 83.24 78.12    
  D3 78.61 75.07 75.96 82.61 78.06    
  Mean 76.51 77.60 79.10 82.19 78.85    

Albumen height (mm)  D1 9.50 9.56 9.75 9.87 9.67 0.563*** 0.650* 1.126NS 
  D2 10.95 11.57 11.36 10.41 11.08    
  D3 10.07 11.57 11.27 10.08 10.75    
  Mean 10.17 10.90 10.79 10.12 10.50    

Yolk weight (g/egg)  D1 12.30 13.76 14.26 14.35 13.67 0.946NS 1.092*** 1.892NS 
  D2 12.37 13.54 14.36 15.99 14.06    
  D3 12.19 13.31 14.29 14.19 13.49    
  Mean 12.28 13.54 14.30 14.85 13.74    

Yolk width (mm)  D1 37.48 38.48 39.64 39.39 38.75 1.195NS 1.380** 2.391NS 
  D2 36.32 39.96 39.07 37.20 38.14    
  D3 37.76 38.74 39.88 39.94 39.08    
  Mean 37.18 39.06 39.53 38.84 38.65    

Yolk height (mm)  D1 14.72 14.23 14.69 14.83 14.62 0.325NS 0.376NS 0.651NS 
  D2 14.88 15.16 15.22 14.59 14.97    
  D3 14.97 15.11 14.98 14.24 14.83    
  Mean 14.86 14.83 14.97 14.55 14.80    

Yolk/Albumen ratio  D1 0.393 0.425 0.422 0.411 0.413 0.026NS 0.031NS 0.053NS 
  D2 0.380 0.403 0.408 0.433 0.406    
  D3 0.369 0.402 0.401 0.408 0.395    
  Mean 0.381 0.401 0.411 0.417 0.404    

Egg shell with membrane 
weight (g/egg) 

 D1 6.57 6.95 7.01 7.10 6.91 0.272NS 0.314NS 0.544NS 

  D2 6.99 6.88 7.14 7.11 7.03    
  D3 6.76 6.99 7.12 7.21 7.02    
  Mean 6.77 6.94 7.09 7.14 6.99    

Egg shell with membrane 
thickness (mm) 

 D1 0.496 0.524 0.429 0.435 0.471 0.013NS 0.015*** 0.026** 

  D2 0.529 0.509 0.376 0.476 0.473    
  D3 0.509 0.488 0.357 0.500 0.464    
  Mean 0.511 0.507 0.387 0.470 0.469    
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Yolk color  D1 5.00 5.16 7.41 6.50 6.02 0.480*** 0.554*** 0.960*** 
  D2 10.58 12.08 10.67 12.08 11.35    
  D3 13.33 14.25 12.92 14.00 13.63    
  Mean 9.64 10.50 10.33 10.86 10.33    

Haugh unit  D1 98.85 98.23 98.96 99.14 98.79 2.433*** 2.810* 4.867NS 
  D2 104.53 106.42 105.42 101.28 104.41    
  D3 101.08 106.81 104.89 100.03 103.20    
  Mean 101.49 103.82 103.09 100.15 102.14    

Yolk Index  D1 0.394 0.370 0.371 0.378 0.378 0.023NS 0.027NS 0.047NS 
  D2 0.412 0.379 0.389 0.426 0.402    
  D3 0.397 0.390 0.376 0.357 0.380    
  Mean 0.401 0.380 0.379 0.387 0.387    

Specific gravity  D1 1.103 1.103 1.102 1.101 1.102 0.0028NS 0.0033NS 0.0057NS 
  D2 1.106 1.102 1.101 1.101 1.103    
  D3 1.103 1.104 1.099 1.101 1.102    
  Mean 1.104 1.103 1.101 1.101 1.102    

+NS, p>0.05; *, p<0.05; **, p<0.01; ***, p<0.01; D1 = Control diet (No Azolla); D2= Diet with 4% Azolla; D3 = Diet with 8% 
Azolla 
 
Table 5.Dry matter content of egg of laying hen fed diets with 4% or 8% Azolla, and commercial 

farming eggs at different ages 

 

Traits Age (A) Diet (D) LSD value and level of significance+ 

  D1 D2 D3 D4 Mean D             A              D x A 

Egg weight (g/egg) A1 56.97 60.54 58.58 49.97 56.51 5.539*      4.187NS    7.253NS 

 A2 56.35 59.20 58.06 53.15 56.68  

 Mean 56.66 59.87 58.32 51.56 56.60  

Egg dry matter (%) A1 30.87 34.27 33.17 28.84 31.78 1.757**    1.328NS     2.300NS 

 A2 31.15 31.29 31.91 29.75 31.03  

 Mean 31.01 32.78 32.54 29.30 31.41  

Moisture content (%) A1 69.13 65.74 66.83 71.15 68.21 1.757**     1.328NS     2.300NS 
 A2 68.85 68.71 68.09 70.24 68.97  
 Mean 68.99 67.22 67.46 70.70 68.59  

+NS, p>0.05; *, p<0.05; **, p<0.01; A1 = 36 weeks of age of bird; A2 = 42 weeks of age of bird, D1 = Control diet (No 
Azolla); D2= Diet with 4% Azolla; D3 = Diet with 8% Azolla; D4 =Commercial farming egg 
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Table 6.Cholesterol content of egg yolk of laying hen fed diets with 4% or 8% Azolla, and commercial 

farming eggs at 36 weeks of age of the bird                    
 

Diet (D) Amount of  egg yolk cholesterol (mg/100g) t- value and level of significance+ 

D1 237.18 t-14.149*** 
D2 210.95  
D3 201.93  

D4 (Commercial farming egg) 263.98  
+ ***, p<0.001; Lab: Institute of Food Science and Technology, Bangladesh Council of Scientific and Industrial 
Research (BCSIR), Dhanmondi, Dhaka-1205, Bangladesh; D1 = Control diet (No Azolla); D2= Diet with 4% Azolla; D3 = 
Diet with 8% Azolla; D4 =Commercial farming eggs 
 

 
 

Figure 1. Azolla cultivation, and effect of Azolla on egg production and yolk color 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CC1OC(C[N+](C)(C)C)CC1 
(SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 
 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 
 

Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC1OC(C[N+](C)(C)C)CC1. 
 

CONCLUSION 
 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC1OC(C[N+](C)(C)C)CC1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Cc1oc(C[N+](C)(C)C)cc1 5.71257 10.5464 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas NC1=CC(=O)NC(=O)N1CC=C 
(SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value NC1=CC(=O)NC(=O)N1CC=C. 
 

CONCLUSION 
 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueNC1=CC(=O)NC(=O)N1CC=C.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore NC1=CC(=O)NC(=O)N1CC=C 4.11091 10.3303 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CCNC(=S)SCCC(=O)O (SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menus (“Dassault Systemes, France”) were utilized. 
  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CCNC(=S)SCCC(=O)O. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCCNC(=S)SCCC(=O)O.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CCNC(=S)SCCC(=O)O 8.72879 10.7273 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas C[N+](C)(C)CC1C[NH] 
C2CCCCC12 (SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value C[N+](C)(C)CC1C[NH]C2CCCCC12. 
 

CONCLUSIONS 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophore and Cdock 
module of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueC[N+](C)(C)CC1C[NH]C2CCCCC12.  
 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 
2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 
pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 
DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 
31(4), 19-24. 

Table 1. Results of C Dock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore C[N+](C)(C)CC1C[NH]C2CCCCC12 1.54204 9.37856 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” was done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas COC(=O)[C@](C)(N) 
CC1CCC(O)CC1 (SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menus (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
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The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
 

RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value COC(=O)[C@](C)(N)CC1CCC(O)CC1. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophore and Cdock 
module of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCOC(=O)[C@](C)(N)CC1CCC(O)CC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COC(=O)[C@](C)(N)CC1CCC(O)CC1 13.7565 13.0409 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CC(=O)OC(OC(=O)C)C(=C)C 
(SMILES).  
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INTRODUCTION 

 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
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The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
 

RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC(=O)OC(OC(=O)C)C(=C)C. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
value CC(=O)OC(OC(=O)C)C(=C)C.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)OC(OC(=O)C)C(=C)C 8.02568 15.3504 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CC(=O)OCCC1SCNC1C 
(SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC(=O)OCCC1SCNC1C. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC(=O)OCCC1SCNC1C.  
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Table 1. Results of C Dock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)OCCC1SCNC1C 10.6805 13.0049 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CCOC(=N)C1CCC(O)CC1 
(SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in
mailto:ani.gadtya@gmail.com


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25488 

 

   

 

 

RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CCOC(=N)C1CCC(O)CC1. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCCOC(=N)C1CCC(O)CC1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CCOC(=N)C1CCC(O)CC1 7.90753 11.9849 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CN1CCCN2CCCN=C12 
(SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CN1CCCN2CCCN=C12. 

 
CONCLUSIONS 
 

The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCN1CCCN2CCCN=C12.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CN1CCCN2CCCN=C12 6.5941 10.2163 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CC1=CC(=O)NC2CC(N)CCC12 
(SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC1=CC(=O)NC2CC(N)CCC12. 
 

CONCLUSION 
 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC1=CC(=O)NC2CC(N)CCC12.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC1=CC(=O)NC2CC(N)CCC12 2.92419 11.1459 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas O=C1N[C@H](CO1)C2CCCCC2 
(SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value O=C1N[C@H](CO1)C2CCCCC2. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueO=C1N[C@H](CO1)C2CCCCC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore O=C1N[C@H](CO1)C2CCCCC2 2.48676 6.53543 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CC(=O)NC1=NC(=O)NC=C1 
(SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC(=O)NC1=NC(=O)NC=C1. 
 

CONCLUSIONS 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC(=O)NC1=NC(=O)NC=C1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)NC1=NC(=O)NC=C1 9.77416 13.0108 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CN(C)CC1OC(CO)CC1 (SMILES).  
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INTRODUCTION 

 
 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CN(C)CC1OC(CO)CC1. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCN(C)CC1OC(CO)CC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“-C DOCKER 

ENERGY” 

“-C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CN(C)CC1OC(CO)CC1 15.1686 14.9776 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CC(=O)O[C@@H]1CS[C@H](O1) 
C(=O)O (SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC(=O)O[C@@H]1CS[C@H](O1)C(=O)O. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC(=O)O[C@@H]1CS[C@H](O1)C(=O)O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)O[C@@H]1CS[C@H](O1)C(=O)O 14.8606 16.7607 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identified was COC1CC2C[NH2+][C@@H] 
(CC2CC1OC)C(=O)O (SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value COC1CC2C[NH2+][C@@H](CC2CC1OC)C(=O)O. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCOC1CC2C[NH2+][C@@H](CC2CC1OC)C(=O)O.  
 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 
2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 
pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 
DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 
31(4), 19-24. 

 
Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COC1CC2C[NH2+][C@@H](CC2CC1OC)C(=O)O 1.20527 14.2131 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas 
CC(C)C[C@H]1S[C@H](C)C(=N1)C (SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC(C)C[C@H]1S[C@H](C)C(=N1)C. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC(C)C[C@H]1S[C@H](C)C(=N1)C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(C)C[C@H]1S[C@H](C)C(=N1)C 11.5924 15.547 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas OC(=O)C1[NH]C(C(=O)O) 
C2OCCOC12 (SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value OC(=O)C1[NH]C(C(=O)O)C2OCCOC12. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophore and Cdock 
module of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueOC(=O)C1[NH]C(C(=O)O)C2OCCOC12.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore OC(=O)c1[nH]c(C(=O)O)c2OCCOc12 8.3106 9.96733 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identified was CC(=O)OC1CCC2CCC[N+] 
(C)C2C1 (SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC(=O)OC1CCC2CCC[N+](C)C2C1. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC(=O)OC1CCC2CCC[N+](C)C2C1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)Oc1ccc2ccc[n+](C)c2c1 2.32774 17.7673 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 
analys  is  followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identified was ONS(=O)(=O) C1CCCCC1 
(SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value ONS(=O)(=O)C1CCCCC1. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodul1. Statement on the second meeting of the International le of Biovia software” suggested that the 
compound capable of deactivating 6LVN enzymehad SMILES valueONS(=O)(=O)C1CCCCC1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore ONS(=O)(=O)c1ccccc1 7.50351 10.8726 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identified was CC1=CC(=O)O[C@@H] 
(O1)C(C)(C)C(SMILES).  
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INTRODUCTION 

 
 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC1=CC(=O)O[C@@H](O1)C(C)(C)C. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC1=CC(=O)O[C@@H](O1)C(C)(C)C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC1=CC(=O)O[C@@H](O1)C(C)(C)C 5.16837 14.4604 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas CCOC(OCC)N1CCNC1 
(SMILES).  
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INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menus (“Dassault Systemes, France”) were utilized.  
 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CCOC(OCC)N1CCNC1. 
 

CONCLUSION 
 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCCOC(OCC)N1CCNC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CCOC(OCC)n1ccnc1 15.8413 14.8686 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identifiedwas COC1CC(CC(OC)C1O)C(=O)C 
(SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value COC1CC(CC(OC)C1O)C(=O)C. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
value COC1CC(CC(OC)C1O)C(=O)C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COc1cc (cc (OC) c1O) C (=O) C 6.13479 15.4291 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”.Pharmacophore 
analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 
that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 
energy as well as -CDocker interaction energy” the drug identified was 
CC1(C)O[C@@H](CC(=O)O)C(=O)O1 (SMILES).  
  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people.[1]A new species of 
corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered.[2]The mankind is 
doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 
 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 
between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 
“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 
enzyme [3].   
 
The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 
enzyme of corona virus chosen was 6LVN. 
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RESULT AND DISCUSSION 

 
Table 1 shows that Gallic acid can block6LVNenzyme of corona virus. A compound was found to be capable of 
curing the disease by blocking the enzyme had SMILES value CC1(C)O[C@@H](CC(=O)O)C(=O)O1. 
 

CONCLUSION 

 
The results suggested thatGallic acid can fight againstcorona virus. “Discovery Studio pharmacophoreand 
Cdockmodule of Biovia software” suggested that the compound capable of deactivating 6LVN enzymehad SMILES 
valueCC1(C)O[C@@H](CC(=O)O)C(=O)O1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC1(C)O[C@@H](CC(=O)O)C(=O)O1 9.23189 7.24652 
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Here, we aimed to determine the potassium ion of the community based ponds in order to validate the 
suitability of the pond for aquaculture practices. Potassium ion concentration was measured across three 
different ponds and finally fish farming was initiated. The potassium was found to be between 1.76 and 
7.95 mg-l-1. This study primarily focuses on making use of unexploited ponds present in the community 
aiming for introducing fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, potassium, ponds. 

 

INTRODUCTION 
 

With an ever increasing food demand, contribution of fish farming is significant. Water is considered to be a vital 
natural resource and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable 
agricultural escalation and boost of food availability (Grafton et al., 2015). However, strategies for increasing 
agricultural productivity need to be focussed. Culture of fish, particularly composite fish culture can be an 
imperative tool for sustainably recuperating agricultural productivity and for strengthening rural economies 
(Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Water resources are continuously deteriorating 
everyday at a quicker rate primarily due to hasty population and urbanization load. Declining water quality is 
currently a global issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). 
Essentially, the interaction between physical, chemical and biological components of a habitat determines the quality 
of water of an ecosystem. Mostly, aquatic biota influences the physico-chemical characteristics of an aquatic 
ecosystem (Sharma et al., 2009). Limnology essentially deals with inland aquatic ecosystems. Primarily, the growth 
and survival of fresh water inhabitants depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; 
Jhingran, 1985). Fish plays an important role in agriculture sector of India. It provides livelihood to more than 60 
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million people and earns more than 6800 crore rupees through export. Extensive limnological studies have been 
carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical 
and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 
2015). Mostly, the present study is focused on the determination of quality of water in order to utilize the ponds for 
aquaculture.  

 
MATERIALS AND METHODS 
 

Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was potassium ion determination. Measurement was primarily made by 
following standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 
2018 to October 2019. 
 

RESULTS AND DISCUSSION 

 
The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in potassium (mg-l-1) in different ponds in the study area. 

 

Month-Year      Pond 1 (P1) Pond 2 (P2) Pond 3 (P3)

Nov-18 2.1 2.98 3.08

Dec-18 2.84 4.1 3.8

Jan-19 3.92 4.92 5.94

Feb-19 3.76 3.98 6.25

Mar-19 4.9 5.98 6.05

Apr-19 5.84 7.2 7.95

May-19 2.37 3.15 6.01

Jun-19 1.76 3.1 3.25

Jul-19 2.17 3.05 3.24

Aug-19 2.59 1.98 2.75

Sep-19 2.08 1.97 2.24

Oct-19 1.95 2.35 2.38

Nov-19 2.08 3.25 3.42
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Fig.1: Variations in potassium (mg-l-1) in different ponds in the study area. 
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Here, we aimed to determine the magnesium ion of the community based ponds in order to validate the 
suitability of the pond for aquaculture practices. Magnesium ion concentration was measured across 
three different ponds and finally fish farming was initiated. The magnesium was found to be between 
8.87 and 31.84 mg-l-1. This study primarily focuses on making use of unexploited ponds present in the 
community aiming for introducing fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, magnesium, ponds. 

 

INTRODUCTION 

 
With an ever increasing food demand, contribution of fish farming is significant. Water is considered to be a vital 
natural resource and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable 
agricultural escalation and boost of food availability (Grafton et al., 2015). However, strategies for increasing 
agricultural productivity need to be focussed. Culture of fish, particularly composite fish culture can be an 
imperative tool for sustainably recuperating agricultural productivity and for strengthening rural economies 
(Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Water resources are continuously deteriorating 
everyday at a quicker rate primarily due to hasty population and urbanization load. Declining water quality is 
currently a global issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). 
Essentially, the interaction between physical, chemical and biological components of a habitat determines the quality 
of water of an ecosystem. Mostly, aquatic biota influences the physico-chemical characteristics of an aquatic 
ecosystem (Sharma et al., 2009). Limnology essentially deals with inland aquatic ecosystems. Primarily, the growth 
and survival of fresh water inhabitants depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; 
Jhingran, 1985). Fish plays an important role in agriculture sector of India. It provides livelihood to more than 60 
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million people and earns more than 6800 crore rupees through export. Extensive limnological studies have been 
carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical 
and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 
2015). Mostly, the present study is focused on the determination of quality of water in order to utilize the ponds for 
aquaculture.  
 

MATERIALS AND METHODS 

 
Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was magnesium ion determination. Measurement was primarily made by 
following standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 
2018 to October 2019. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in magnesium (mg-l-1) in different ponds in the study area. 

 

Month-Year      Pond 1 (P1) Pond 2 (P2) Pond 3 (P3)

Nov-18 9.58 9.58 18.2

Dec-18 12.25 14.2 21.1

Jan-19 14.25 18.1 23.33

Feb-19 11.3 20.15 23.25

Mar-19 18.94 24.38 28.34

Apr-19 21.27 28.15 31.84

May-19 18.34 20.39 24.18

Jun-19 14.1 28.3 17.25

Jul-19 9.1 11.6 16.25

Aug-19 7.98 10.75 12.1

Sep-19 9.34 8.35 12.3

Oct-19 8.87 11.25 12.1

Nov-19 11.25 12.45 13.34
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Fig.1: Variations in magnesium (mg-l-1) in different ponds in the study area. 
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Here, we aimed to determine the calcium ion of the community based ponds in order to validate the 
suitability of the pond for aquaculture practices. Calcium ion concentration was measured across three 
different ponds and finally fish farming was initiated. The calcium was found to be between 38.12 and 
134.4 mg-l-1. This study primarily focuses on making use of unexploited ponds present in the community 
aiming for introducing fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, calcium, ponds. 

 

INTRODUCTION 

 
With an ever increasing food demand, contribution of fish farming is significant. Water is considered to be a vital 
natural resource and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable 
agricultural escalation and boost of food availability (Grafton et al., 2015). However, strategies for increasing 
agricultural productivity need to be focussed. Culture of fish, particularly composite fish culture can be an 
imperative tool for sustainably recuperating agricultural productivity and for strengthening rural economies 
(Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Water resources are continuously deteriorating 
everyday at a quicker rate primarily due to hasty population and urbanization load. Declining water quality is 
currently a global issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). 
Essentially, the interaction between physical, chemical and biological components of a habitat determines the quality 
of water of an ecosystem. Mostly, aquatic biota influences the physico-chemical characteristics of an aquatic 
ecosystem (Sharma et al., 2009). Limnology essentially deals with inland aquatic ecosystems. Primarily, the growth 
and survival of fresh water inhabitants depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; 
Jhingran, 1985). Fish plays an important role in agriculture sector of India. It provides livelihood to more than 60 
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million people and earns more than 6800 crore rupees through export. Extensive limnological studies have been 
carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical 
and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 
2015). Mostly, the present study is focused on the determination of quality of water in order to utilize the ponds for 
aquaculture.  
 

MATERIALS AND METHODS 

 
Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was calcium ion determination. Measurement was primarily made by 
following standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 
2018 to October 2019. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in calcium (mg-l-1) in different ponds in the study area. 

 

Month-Year Pond 1 (P1) Pond 2 (P2) Pond 3 (P3) 

Nov-18 80.36 82.64 89.1 

Dec-18 102.38 103.56 106.3 

Jan-19 104.2 110.16 108.12 

Feb-19 108.05 112.52 116.5 

Mar-19 112.2 120.3 120.1 

Apr-19 114.09 127.5 126.8 

May-19 120.24 132.5 134.4 

Jun-19 64.79 82.45 96.52 

Jul-19 47.14 72.5 87.24 

Aug-19 38.12 65.2 78.6 

Sep-19 48.12 54.2 64.18 

Oct-19 50.58 58.45 68.15 

Nov-19 62.5 66.5 78.1 
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Fig.1: Variations in calcium (mg-l-1) in different ponds in the study area. 
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Here, we aimed to determine the sodium ion of the community based ponds in order to validate the 
suitability of the pond for aquaculture practices. Sodium ion concentration was measured across three 
different ponds and finally fish farming was initiated. The sodiumwas found to be between 9.05 and 
27.88 mg-l-1. This study primarily focuses on making use of unexploited ponds present in the community 
aiming for introducing fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, sodium, ponds. 

 

INTRODUCTION 

 
With an ever increasing food demand, contribution of fish farming is significant. Water is considered to be a vital 
natural resource and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable 
agricultural escalation and boost of food availability (Grafton et al., 2015). However, strategies for increasing 
agricultural productivity need to be focussed. Culture of fish, particularly composite fish culture can be an 
imperative tool for sustainably recuperating agricultural productivity and for strengthening rural economies 
(Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Water resources are continuously deteriorating 
everyday at a quicker rate primarily due to hasty population and urbanization load. Declining water quality is 
currently a global issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). 
Essentially, the interaction between physical, chemical and biological components of a habitat determines the quality 
of water of an ecosystem. Mostly, aquatic biota influences the physico-chemical characteristics of an aquatic 
ecosystem (Sharma et al., 2009). Limnology essentially deals with inland aquatic ecosystems. Primarily, the growth 
and survival of fresh water inhabitants depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; 
Jhingran, 1985). Fish plays an important role in agriculture sector of India. It provides livelihood to more than 60 
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million people and earns more than 6800 crore rupees through export. Extensive limnological studies have been 
carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical 
and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 
2015). Mostly, the present study is focused on the determination of quality of water in order to utilize the ponds for 
aquaculture.  
 

MATERIALS AND METHODS 

 
Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was sodium ion determination. Measurement was primarily made by 
following standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 
2018 to October 2019. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in sodium (mg-l-1) in different ponds in the study area. 

 

Month-Year Pond 1 (P1) Pond 2 (P2) Pond 3 (P3) 

Nov-18 15.42 17.42 25.54 

Dec-18 19.53 20.2 27.88 

Jan-19 21.55 26.82 27.35 

Feb-19 23.56 25.86 23.48 

Mar-19 24.81 27.24 34.1 

Apr-19 25.32 27.52 33.55 

May-19 19.35 20.32 25.1 

Jun-19 12.35 15.34 21.42 

Jul-19 9.22 12.1 19.56 

Aug-19 9.36 15.65 17.6 

Sep-19 9.05 11.84 15.98 

Oct-19 12.45 14.1 17.96 

Nov-19 12.85 14.25 21.56 
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Fig.1: Variations in sodium (mg-l-1) in different ponds in the study area. 
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Here, we aimed to determine the dissolved organic matter of the ponds so as to make use of the 
community ponds for aquaculture practices. Dissolved organic matter was measured across three 
different ponds and finally fish farming was initiated. The dissolved organic matter was found to be 
between 0.48 and 4.62 mg-l-1. This study primarily focuses on making use of unexploited ponds present 
in the community aiming for introducing fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, organic matter, ponds. 

 

INTRODUCTION 

 
Water is considered to be a vital natural resource and a critical agricultural input (Huang et al., 2015). Water usage is 
essential for sustainable agricultural escalation and boost of food availability (Grafton et al., 2015). However, 
strategies for increasing agricultural productivity need to be focussed. Culture of fish, particularly composite fish 
culture can be an imperative tool for sustainably recuperating agricultural productivity and for strengthening rural 
economies (Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Declining water quality is currently a global 
issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). Mostly, aquatic 
biota influences the physico-chemical characteristics of an aquatic ecosystem (Sharma et al., 2009). Limnology 
essentially deals with inland aquatic ecosystems. Primarily, the growth and survival of fresh water inhabitants 
depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; Jhingran, 1985). Extensive limnological studies 
have been carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the 
physical, chemical and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 
2014; Padhi et al. 2015). Mostly, the present study is focused on the determination of quality of water in order to 
utilize the ponds for aquaculture.  
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MATERIALS AND METHODS 

 
Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was specific conductivity. Measurement was primarily made by following 
standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 2018 to 
October 2019. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in dissolved organic matter (mg-l-1) in different ponds in the study area. 

Month-Year      Pond 1 (P1) Pond 2 (P2) Pond 3 (P3)

Nov-18 1.1 3.1 3.15

Dec-18 1.08 3.26 4.62

Jan-19 0.86 2.8 3

Feb-19 0.51 1.98 2.41

Mar-19 0.52 2.32 2.54

Apr-19 0.48 1.92 1.98

May-19 0.56 1 2.2

Jun-19 0.66 1.12 1.2

Jul-19 0.75 1.26 2.41

Aug-19 0.84 1.2 1.85

Sep-19 0.88 2.58 2.86

Oct-19 0.88 2.85 3.1

Nov-19 1.2 2.4 4.1
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Fig.1: Variations in dissolved organic matter (mg-l-1) in different ponds in the study area.. 
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Here, we aimed to determine the specific conductivity of the community based ponds in order to validate 
the suitability of the pond for aquaculture practices. Specific conductivity was measured across three 
different ponds and finally fish farming was initiated. The specific conductivity was found to be between 
287 and 660 µs-cm-1. This study primarily focuses on making use of unexploited ponds present in the 
community aiming for introducing fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, specific conductivity, ponds. 

 

INTRODUCTION 

 
With an ever increasing food demand, contribution of fish farming is significant. Water is considered to be a vital 
natural resource and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable 
agricultural escalation and boost of food availability (Grafton et al., 2015). However, strategies for increasing 
agricultural productivity need to be focussed. Culture of fish, particularly composite fish culture can be an 
imperative tool for sustainably recuperating agricultural productivity and for strengthening rural economies 
(Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Water resources are continuously deteriorating 
everyday at a quicker rate primarily due to hasty population and urbanization load. Declining water quality is 
currently a global issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). 
Essentially, the interaction between physical, chemical and biological components of a habitat determines the quality 
of water of an ecosystem. Mostly, aquatic biota influences the physico-chemical characteristics of an aquatic 
ecosystem (Sharma et al., 2009). Limnology essentially deals with inland aquatic ecosystems. Primarily, the growth 
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and survival of fresh water inhabitants depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; 
Jhingran, 1985). Fish plays an important role in agriculture sector of India. It provides livelihood to more than 60 
million people and earns more than 6800 crore rupees through export. Extensive limnological studies have been 
carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical 
and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 
2015). Mostly, the present study is focused on the determination of quality of water in order to utilize the ponds for 
aquaculture.  
 

MATERIALS AND METHODS 

 
Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was specific conductivity. Measurement was primarily made by following 
standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 2018 to 
October 2019. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in specific conductivity (µs-cm-1) in different ponds in the study area. 

Month-Year Pond 1 (P1) Pond 2 (P2) Pond 3 (P3) 

Nov-18 327 384 412 

Dec-18 287 418 514 

Jan-19 351 450 493 

Feb-19 327 437 487 

Mar-19 430 512 660 

Apr-19 412 527 657 

May-19 430 521 605 

Jun-19 381 501 582 

Jul-19 392 387 480 

Aug-19 432 458 514 

Sep-19 362 411 425 

Oct-19 315 362 378 
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Fig.1: Variations in specific conductivity (µs-cm-1) in different ponds in the study area.. 
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Aquaculture being the fastest growing food production sector, we focused on community-based pond 
aquaculture on the eastern coastal regions of India. Essentially, we aimed to determine the alkalinity of 
the community based ponds in order to validate the suitability of the pond for aquaculture practices. 
Alkalinity was measured across three different ponds and finally fish farming was initiated. The 
alkalinity was found to be between 82.347 and 198.346 mg CaCO3-l-1. Essentially, this diagnostic approach 
demonstrates how sustainability challenges can be countered at the community level. This study 
primarily focuses on making use of unexploited ponds present in the community aiming for introducing 
fish farming, resulting in an increment in the local economy. 
 

Keywords: Community, aquaculture, fish, alkalinity, ponds 

 

INTRODUCTION 

 
With an ever increasing food demand, contribution of fish farming is significant. Water is considered to be a vital 
natural resource and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable 
agricultural escalation and boost of food availability (Grafton et al., 2015). However, strategies for increasing 
agricultural productivity need to be focussed. Culture of fish, particularly composite fish culture can be an 
imperative tool for sustainably recuperating agricultural productivity and for strengthening rural economies 
(Nagabhatla et al. 2012; Dey and Prein 2006; Dey et al., 2005). Water resources are continuously deteriorating 
everyday at a quicker rate primarily due to hasty population and urbanization load. Declining water quality is 
currently a global issue (Mahananda et al., 2010). The water purity varies from place to place in nature (Patil 2013). 
Essentially, the interaction between physical, chemical and biological components of a habitat determines the quality 
of water of an ecosystem. Mostly, aquatic biota influences the physico-chemical characteristics of an aquatic 
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ecosystem (Sharma et al., 2009). Limnology essentially deals with inland aquatic ecosystems. Primarily, the growth 
and survival of fresh water inhabitants depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; 
Jhingran, 1985). Fish plays an important role in agriculture sector of India. It provides livelihood to more than 60 
million people and earns more than 6800 crore rupees through export. Extensive limnological studies have been 
carried out (Olopade, 2013; Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical 
and biological characteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 
2015). Mostly, the present study is focused on the determination of quality of water in order to utilize the ponds for 
aquaculture. The Main objectives of the study was to determine physical, chemical and biological characteristics of 
ponds in order to utilize them for fish culture and thus generate employment opportunity for gainful earning among 
rural people by creating awareness among them through training on aquaculture practices. Composite fish farming 
is the technique to culture different types of compatible and non competitive fishes in the same ecosystem so as to 
allow them to grow by feeding by making optimum use of different zones (surface, bottom and column) of the ponds 
without impeding the growth, development and maturity of one another. This is a very profitable method of 
aquaculture and hence importance has been laid to train the populace for gainful employment. 
 

MATERIALS AND METHODS 

 
Site of Study 
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 
The physico-chemical parameter chosen was alkalinity. Measurement was primarily made by following standard 
procedures (APHA-2005) using water testing kits (NICE), during the period from November 2018 to October 2019. 
 

RESULTS AND DISCUSSION 

 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1). 
 

CONCLUSION 
 

During the period of study, care of the ponds was monitored by a group of peer volunteers from each village who 
have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in total alkalinity (mg CaCO3-l-1) in different ponds in the study area. 

Month-Year      Pond 1 (P1) Pond 2 (P2) Pond 3 (P3)

Nov-18 111.054 100.347 114.287

Dec-18 121.348 154.4 130.274

Jan-19 128.475 137.64 133.258

Feb-19 135.345 154.39 139.647

Mar-19 155.48 163.345 167.854

Apr-19 158.647 193.348 198.346

May-19 89.345 183.328 178.125

Jun-19 84.39 113.347 107.46

Jul-19 82.347 87.396 85.349

Aug-19 96.319 108.394 125.647

Sep-19 84.205 97.321 95.364

Oct-19 97.228 89.367 97.34
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Fig.1: Variations in total alkalinity (mg CaCO3-l-1) in different ponds in the study area 
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Essentially, in an ecosystem, ecology is considered to be the primary unit of ecology. It provides 
information concerning the utilization and recycling of mineral elements and the availability of solar 
energy. Mostly, the living organisms present in an ecosystem contribute to the biotic component while 
the nonliving factors including the physical and chemical factors constitute the abiotic components of an 
ecosystem. Essentially, this diagnostic approach demonstrates how sustainability challenges can be 
countered at the community level. Mostly, we emphasized the need for augmented knowledge and 
hands on training on effective aquaculture practice.  
 

Keywords: Community, aquaculture, fish, alkalinity, ponds 

 

INTRODUCTION 

 
With an ever increasing food demand, contribution of fish farming is significant. This study primarily focuses on 
making use of unexploited ponds present in the community aiming for introducing fish farming, resulting in an 
increment in the local economy. Aquaculture being the fastest growing food production sector, we focused on 
community-based pond aquaculture on the eastern coastal of India. Water is considered to be a vital natural resource 
and a critical agricultural input (Huang et al., 2015). Water usage is essential for sustainable agricultural escalation 
and boost of food availability (Grafton et al., 2015). However, strategies for increasing agricultural productivity need 
to be focussed. Culture of fish, particularly composite fish culture can be an imperative tool for sustainably 
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recuperating agricultural productivity and for strengthening rural economies (Nagabhatla et al. 2012; Dey and Prein 
2006; Dey et al., 2005). Water resources are continuously deteriorating everyday at a quicker rate primarily due to 
hasty population and urbanization load. Declining water quality is currently a global issue (Mahananda et al., 2010). 
The water purity varies from place to place in nature (Patil 2013). Essentially, the interaction between physical, 
chemical and biological components of a habitat determines the quality of water of an ecosystem. Mostly, aquatic 
biota influences the physico-chemical characteristics of an aquatic ecosystem (Sharma et al., 2009). Limnology 
essentially deals with inland aquatic ecosystems. Primarily, the growth and survival of fresh water inhabitants 
depend on the quality of water (Boyd, 1989; Boyd, 1990; Philips, 1991; Jhingran, 1985). Fish plays an important role in 
agriculture sector of India. It provides livelihood to more than 60 million people and earns more than 6800 crore 
rupees through export. Extensive limnological studies have been carried out (Olopade, 2013; Nikolosky, 1963). The 
quality of water predominantly depends on the physical, chemical and biological characteristics of water (Zweig et 
al. 1999; Adeniji and Ovie 1982; Das and Padhi, 2014; Padhi et al. 2015). Mostly, the present study is focused on the 
determination of quality of water in order to utilize the ponds for aquaculture. The Main objectives of the study was 
to determine physical, chemical and biological characteristics of ponds in order to utilize them for fish culture and 
thus generate employment opportunity for gainful earning among rural people by creating awareness among them 
through training on aquaculture practices. Composite fish farming is the technique to culture different types of 
compatible and non competitive fishes in the same ecosystem so as to allow them to grow by feeding by making 
optimum use of different zones (surface, bottom and column) of the ponds without impeding the growth, 
development and maturity of one another. This is a very profitable method of aquaculture and hence importance has 
been laid to train the populace for gainful employment. 
 

MATERIALS AND METHODS 
 

Site of Study 

For the purpose of study, three ponds (P1, P2 and P3) in three villages in the eastern coastal state of India were 
chosen for investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measurement of Environmental Parameters 

The parameters chosen were rainfall, relative humidity and temperature. Measurement was primarily made by 
following standard procedures (APHA-2005) using water testing kits (NICE), during the period from November 
2018 to October 2019. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999). Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment (Table 1 and Fig.1) 
 

CONCLUSION 
 

Awareness programmes were organized periodically in the villages in order to create awareness among people to 
motivate them for fish cultivation. Training programmes on composite fish farming were organized for villagers and 
students. The technical expertise so gained is believed to be utilized by the beneficiaries for gainful earning. During 
the period of study care of the ponds was monitored by a group of peer volunteers from each village who have 
assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale proceeds of 
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fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other engagements. 
Thus the objectives have been achieved through training and interaction sessions generating confidence among the 
villagers for aquaculture for their livelihood. 
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Table I: Variations in average rainfall (mm) relative humidity (%) atmospheric temperature (0C) in the study area. 

Month-Year      Rainfall Relative humidity Minimum atmospheric temperature Maximum atmospheric temperature

Nov-18 103.61 78 21 28

Dec-18 4.5 80 16.8 27

Jan-19 5.7 84 17.9 28

Feb-19 11.69 75 19 32

Mar-19 5.1 75 24 31

Apr-19 27.3 73 26 35

May-19 18.69 77 28 36

Jun-19 210.37 83 27 34

Jul-19 110.32 79 26.5 32

Aug-19 336.67 87 25.9 32

Sep-19 161.34 83 26.2 31

Oct-19 306.37 87 25.3 30  
 

0

50

100

150

200

250

300

350

400

Rainfall

Relative 

humidity

Minimum 

atmospheric 

temperature

Maximum 

atmospheric 

temperature

 
 

Fig.1: Variations in average rainfall (mm) relative humidity (%) atmospheric temperature (0C) in the study area. 
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Numerous pigments have been isolated from a variety of microorganisms including  fungi  and  
protozoa. Bacterial pigments are water soluble or insoluble; water soluble pigments are diffused in the 
growth medium. Chemically, bacterial pigments are pyrrole, phenazine, carotenoid, xanthophylls and 
quinine or quinone derivatives. Structural information on many of these compounds like quinone which 
are amphiphilic in nature is an indicative of a strong membrane association potential. So as Food 
colorants may be classified into synthetic, nature-identical, inorganic, and natural colorants. Most often, 
the colorants are extracted from plant material, but other sources such as insects, algae, cyanobacteria, 
and fungi are used as well. A Halophylic bacterium has also been reported of producing different 
pigments. Synthesis of polymeric pigments is also been extensively studied now a days. The molecular 
genetic studies of pigment synthesis present vital scope for scaling up industrial importance of useful 
pigmented bacteria. The main objective of this study is to use pigments from locally isolated coloured 
bacteria as natural dyes to replace the existing synthetic dye. 
 

Keywords: Carotenoid, colorants, dye, pigment, Gram-positive bacteria, Gram-negative bacteria. 

 

INTRODUCTION 

 
A pigment is a material that changes the color of reflected or transmitted light as the result of wavelength-selective 
absorption. This physical process differs from fluorescence, phosphorescence, and other forms of luminescence, in 
which a material emits light. Pigments are used for coloring paint, ink, plastic, fabric, cosmetics, food and other 
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materials. The worldwide market for inorganic, organic and special pigments had a total volume of around 7.4 
million tons in 2006. For this various necessary of pigment they are formed by different chemical methods. But the 
synthetic dyes have toxic or carcinogenic effects. So to eradicate this problem we must use natural dyes which are 
produced large amount from different microorganisms. Natural dyes/colorants derived from flora and fauna are 
believed to be safe because of non-toxic, non-carcinogenic and biodegradable in nature. As the present trend 
throughout the world is shifting towards the use of eco-friendly and biodegradable commodities, the demand for 
natural dyes is increasing day by day. Amongst the source of natural pigments are ores, insects, plants and 
microorganisms. Lately, the potential of using microbial pigments as natural colourants is being investigated. 
Microbes such as bacteria are one of the most likely sources of new pigments because they have the potential of 
being exploited using existing culture techniques. The pigments of higher organisms, animal, plant and fungal, may 
be less accessible to exploitation because of the structural complexity of the pigment-bearing tissue or because the 
pigment is formed only at critical points of development within a complex life cycle. The natural pigment has 
various significance. Pigments confer antibacterial and heavy metal resistance. Carotenoids protect pigmented cells 
against ultraviolet radiation, and therefore many pigmented microorganisms inhabit the air; in photoautotrophic 
bacteria, carotenoids take part in photosynthesis. Some pigments possess antibiotic properties. The main purpose of 
this is to use the natural pigment instead of synthetic dyes. Here, we have given a brief overlook on the pigment 
forming microorganisms like Rhodospirillum rubrum, Chromobacterium violaceum, Chlorobium tepidum.  
 
Pigment Forming Microorganisms 
 There are different types of microorganisms which can produce the pigments. Mainly the bacteria, fungi & algae 
produced the coloured pigments. By this process we can got the natural colours and dyes which is more preferable 
instead the synthetic dye or pigments. Natural pigments are highly resistant to the effects of light and air.  
 
Pigment Forming Bacteria 
Bacteria are pigmented or colored. Pigmented bacteria are also known as chromo bacteria. Bacterial pigments are 
water soluble or insoluble; water soluble pigments are diffused in the growth medium. Chemically, bacterial 
pigments are pyrrole, phenazine, carotenoid, xanthophylls and quinine or quinone derivatives. The pigment 
molecules are synthesized in cell wall or periplasmic space. We can visualize pigmentation in bacteria in specific 
growth medium or by staining bacterial cells with a dye to observe under microscope. It has been proved that only 
aerobic and facultatively aerobic bacteria are pigmented because, molecular oxygen is essential for pigmentation. 
Therefore, anaerobic bacteria are nonpigmented. Pigment synthesis is also dependent on light, pH, temperature and 
media constituents like indicator dyes. They display all the colours from rainbow including light or dark tinges and 
unusual colours like black, white, brown, golden, silver and fluorescent green, yellow or blue.  
 
Rhodospirillum rubrum 

 

Scientific ClassificationKINGDOM: Bacteria, PHYLUM: Proteobacteria, CLASS: Alpha proteobacteria, ORDER: 
Rhodospirillales, FAMILY: Rhodospirillaceae, GENUS: Rhodospirilum, SPECIES:rubrum  
 
Rhodospirillum rubrum (R. rubrum) is a Gram-negative, purple-coloured Proteobacterium, with a size of 800 to 1000 
nanometres. It is a facultative anaerobe; it can therefore use alcoholic fermentation under low oxygen conditions or 
use aerobic respiration in aerobic conditions. Under aerobic growth photosynthesis is genetically suppressed and R. 

rubrum is then colourless (Fig.1). After the exhaustion of oxygen, R. rubrum immediately starts the production of 
photosynthesis apparatus including membrane proteins, bacteriochlorophylls and carotenoids, i.e. the bacterium 
becomes photosynthesis active. R. rubrum is also a nitrogen fixing bacterium, i.e., it can express and regulate 
nitrogenase, a protein complex that can catalyse the conversion of atmospheric dinitrogen into ammonia Selao TT & 
Nordlund, (2008). Due to this important property, R. rubrum has been the test subject of many different groups, so as 
to understand the complex regulatory schemes required for this reaction to occur Wolfe et al., (2007). It was in R. 
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rubrum that, for the first time, post-translational regulation of nitrogenase was demonstrated. Nitrogenase is 
modified by an ADP-ribosylation in the arginine residue 101 Pope et al., (1985) in response to the so-called "switch-
off" effectors - glutamine or ammonia - and darkness  Neilson and Nordlund, (1975).  

R. rubrum has several potential uses in biotechnology: 
 Quantitative accumulation of PHB (poly-hydroxy-butric-acid) precursors in the cell for the production of 

biological plastic 
 Production of biological hydrogen fuel 
 Model system for studying the conversion from light energy to chemical energy and regulatory pathways of the 

nitrogen fixation system 

Chromobacterium violaceu 

 
Scientific Classification         

KINGDOM: Bacteria, PHYLUM: Proteobacteria, CLASS: Betaproteobacteria,   ORDER: Neisseriales,                         
FAMILY: Neisseriaceae, GENUS: Chromobacterium,     SPECIES: violaceum 

 

Chromobacterium violaceum is a Gram-negative, facultative anaerobic, non-sporing coccobacillus. It is part of the 
normal flora of water and soil of tropical and sub-tropical regions of the world (Fig.2). It produces a natural antibiotic 
called violacein, which may be useful for the treatment of colon and other cancers Kodach et al., (2006). It grows 
readily on nutrient agar, producing distinctive smooth low convex colonies with a dark violet metallic sheen (due to 
violacein production). Its full genome was published in 2003(Brazilian National Genome Project Consortium 2003). It 
has the ability to break down tarballs Itah et al., (2005). Violacein is a violet pigment extracted from the gram-
negative bacterium Chromobacterium violaceum. It presents bactericidal, tumoricidal, trypanocidal, and antileishmanial 
activities. 
 

C. violaceum produces a number of natural antibiotics: 
 Aztreonam is a monobactam antibiotic that is active against gram-negative aerobic bacteria including 

Pseudomonas aeruginosa. It is marketed as Azactam. 
 Violacein is active against amoebae and trypanosomes; 
 Aerocyanidine is active against Gram-positive organisms; 
 Aerocavin is active against Gram-positive and Gram-negative organisms.                

Chlorobium tepidum 

Scientific Classification 
KINGDOM: Bacteria, PHYLUM: Chlorobi, CLASS: Chlorobia, ORDER: Chlorobiales, FAMILY: Chlorobiaceae, 
GENUS: Chlorobaculum, SPECIES: tepidum 

Chlorobium species exhibit a dark green color; in a Winogradsky column, the green layer often observed is 
composed of Chlorobium. This genus lives in strictly anaerobic conditions below the surface of a body of water, 
commonly the anaerobic zone of a eutrophic lake Prescott et al., (2005). Chlorobium aggregatum is a species which 
exists in a symbiotic relationship with colorless, nonphotosynthetic bacteria (Fig.3). This species looks like a bundle 
of green bacteria, attached to a central rod-like cell which can move around with a flagellum. The green, outer 
bacteria use light to oxidize sulfide into sulfate. The inner cell, which is not able to perform photosynthesis, reduces 
the sulfate into sulfide. These bacteria divide in unison, giving the structure a multicellular appearance which is 
highly unusual in bacteria Postgate and John, (1994).Chlorosomes are the main light harvesting complexes of green 
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photosynthetic bacteria. The complete C. tepidum genome, which consists of 2.15 megabases (Mb), was sequenced 
and published in 2002 Eisen et al., (2002). It synthesizes chlorophyll a and bacteriochlorophylls (BChls) a and c, of 
which the model organism has been used to elucidate the biosynthesis of BChl c (Frigaard etal. 2006). Several of its 
carotenoid metabolic pathways (including a novel lycopene cyclase) have similar counterparts in cyanobacteria 
Frigaard et al., (2004).This suggests that the lamellar model is universal among green sulfur bacteria. In contrast to 
green-colored Chl. tepidum, chlorosomes from the brown-colored species often contain domains of lamellar 
aggregates that may help them to survive in extremely low light conditions. We suggest that carotenoids are 
localized between the lamellar planes and drive lamellar assembly by augmenting hydrophobic interactions 

CONCLUSION 

Pigments confer antibacterial and heavy metal resistance. Pathogenic staphylococci are multidrug resistant because 
of their pigment which acts as barrier for antibiotics acting on cell wall and plasma membrane. Bacteria showing 
heavy metal resistance are usually pigmented as they have been exploited for remediation of soil and water polluted 
by heavy metals like arsenic, copper, cadmium, mercury and nickel. Pigmented bacteria have also been used as 
biosensors to detect environmental pollution like oil spills or pesticide and heavy metal recalcitrance. Pigments are 
important characteristics of particular genus and are very helpful in the identification and classification of 
microorganisms. The best example of pigmentation is Xanthomonas spp. All the species of Xanthomonas produce 
yellow colored pigments known as xanthomonadins. Taxonomically, xanthomonadin synthesis is an important trait 
because they have similar chromatographic and absorption spectra which form the basis of classification of 
xanthomonads. The molecular genetic studies of pigment synthesis present vital scope for scaling up industrial 
importance of useful pigmented bacteria. 
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Table. 1. Pigment forming microorganisms 

Purple Spirillium rubum 

Violet Chrombacterium violacein 

Indigo Janthinobacterium violacein 

Blue Streptomyces coelicolor 

Green Chlorobium tepidum 

Yellow Xanthomonas campestris 

Orange Sarcina aurentiaca 

Red Serratia marcescens 

Brown Rhizobium etli 

Black Prevotela melaninogenica 

Golden Staphylococcus aureus 

Silver Actinomyces sp 

White Staphylococcus epidermidis 

Cream Proteus vulgaris 

Pink Micrococcus roseus 

Maroon Rugamonas rubra 

Fluorescent blue/green Pseudomonas aeruginosa 

 

   

Fig.1 Rhodospirillum rubru Fig.2 Chromobacterium violaceum Fig.3 Chlorobium tepidum 

 

 
 
 
 
 

Annapurna Sahoo et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25556 

 

   

 

 

 

Ebola, a Viral Hemorrhagic Fever of Humans and other Primates 
 

Pradip Kumar Prusty1, Gagan Kumar Panigrahi1, Annapurna Sahoo2, Surendra Nath Padhi3 and Sasmita 
Panda4* 
 

1Institute of Life Sciences, Odisha, India. 
2School of Applied Sciences, Centurion University of Technology and Management, Odisha, India. 
3Department of Zoology, Banki Autonomous College, Odisha, India. 
4Department of Zoology, Jatni College, Odisha, India. 
 
Received: 23 Mar 2020                                Revised: 25 Apr 2020                                     Accepted: 27 May 2020 
 
*Address for Correspondence 
Sasmita Panda  

Department of Zoology,  
Jatni College,  
Odisha, India. 
Email: pandasasmita.2008@gmail.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 

Ebola virus disease (EVD) or Ebola hemorrhagic fever (EHF) is a viral hemorrhagic fever, often fatal 
illness in humans and nonhuman primates (monkeys, gorillas, and chimpanzees) caused by ebola 
viruses. EVD have a case fatality rate of up to 90%. Ebola viruses are found in several African countries. 
First in 1976, Ebola appeared in two simultaneous outbreaks, in Nzara, Sudan, and in Yambuku, 
Democratic Republic of Congo. The latter was in a village situated near the Ebola River, from which the 
disease takes its name. Since then, outbreaks have appeared sporadically in Africa. However, on the basis 
of evidence and the nature of similar viruses, researchers believe that the virus is animal-borne and that 
bats are the most likely reservoir. Four of the five subtypes of ebola virus occur in an animal host native 
to Africa. The risk to human health is likely to be low for healthy adults but is unknown for all other 
population groups.  

 

Keywords: Ebola Virus, Ebola hemorrhagic fever, Primates , human health 

 

INTRODUCTION 

 

Ebola virus disease (EVD) or Ebola hemorrhagic fever (EHF) is a viral hemorrhagic fever, often fatal illness in 
humans and nonhuman primates (monkeys, gorillas, and chimpanzees) caused by ebola viruses. EVD have a case 
fatality rate of up to 90%. Ebola viruses are found in several African countries. First in 1976, Ebola appeared in two 
simultaneous outbreaks, in Nzara, Sudan, and in Yambuku, Democratic Republic of Congo. The latter was in a 
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village situated near the Ebola River, from which the disease takes its name. Since then, outbreaks have appeared 
sporadically in Africa. However, on the basis of evidence and the nature of similar viruses, researchers believe that 
the virus is animal-borne and that bats are the most likely reservoir. Four of the five subtypes of ebola virus occur in 
an animal host native to Africa. The risk to human health is likely to be low for healthy adults but is unknown for all 
other population groups.  

Cause and Agent 

 
Ebolavirus belongs to the Filoviridae family (filovirus), genus Ebolavirus. Ebolavirus comprises 5 distinct species: 
1. Bundibugyo ebolavirus (BDBV) 
2. Zaire ebolavirus (EBOV) 
3. Sudan ebolavirus (SUDV) 
4. Reston ebolavirus (RESTV) 
5. Taï Forest ebolavirus (TAFV) 

Four of the five have caused disease in humans: Ebola virus (Zaire ebolavirus); Sudan virus (Sudan ebolavirus); Taï 
Forest virus (Taï Forest ebolavirus, formerly Côte d’Ivoire ebolavirus); and Bundibugyo virus (Bundibugyo 
ebolavirus). Pathogenicity varies among Ebola viruses, from EBOV, which ishighly lethal in humans, to RESTV, 
which causes disease in pigs and macaques butasymptomatically infects humans. TheRESTV is not as great a threat 
as the other ebolaviruses that are known to be highly pathogenic for humans. The natural reservoir host of Ebola 
viruses remains unknown. 

Disease Agent Characteristics 

 
a) Virion Morphology and Size: Enveloped, helical,cross-striated nucleo capsid, filamentous or pleomor-phic 
virions that are flexible with extensive branch-ing, 80 nm in diameter and 970-1200 nm in length. 
b)Nucleic Acid: Linear, negative-sense, single-stranded RNA, ~18,900 kb in length. 
c) Physicochemical Properties: Stable at room temperature and can resist desiccation; inactivated at 60°C for30 
minutes; infectivity greatly reduced or destroyed by UV light and gamma irradiation, lipid solvents,b-propiolactone, 
formaldehyde, sodium hypochlo-rite, and phenolic disinfectants. 
 
Geographical Distribution 
EVD outbreaks occur primarily in remote villages in Central and West Africa, neartropical rainforests. The virus is 
transmitted to people from wild animals and spreads in the human population through human-to-human 
transmission. Since 2008, Restonebolavirus has been detected during several outbreaks of adeadly disease in pigs in 
the People’s Republic of China and in Philippines, but noillness or death in humans from this species has been 
reported to date. On 8 August 2014 the World Health Organisation (WHO)declared the Ebola virus disease (EVD) 
outbreak in West Africa a Public Health Emergency of International Concern (PHEIC), stressing the need for 
international attention and collaboration to control the outbreak. At this moment (18 September 2014) a total of 5335 
caseswith 2622 reported deaths have been notified, in Guinea, Liberia, and Sierra Leone. The imported EVD case 
inNigeria that resulted in a relatively small outbreak, and similar imported cases in the USA and Spain which at first 
appeared to have been well contained, but eventually lead to infection of healthcare workers, show the importance of 
adequate isolation methods, training of personnel and the adequate use of personal protective equipment (PPE). For 
the West Africa outbreak, the total number of cases is subject to change due to ongoing re classification, retrospective 
investigation and the availability of laboratory results. A second, non-related, EVD outbreak has been reported in the 
Democratic Republic of Congo with currently a total of 62 confirmed and suspected cases. 
 
Reservoir 
Despite extensive work, no filo virus vector has been identified. Ape-to-ape transmission may be responsible for the 
epizootic wave of this disease, although the fruit bat act as a reservoir for this disease. Fruit bats of the Pteropodidae 
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family are well thought-out to be the natural host of the Ebola virus. Although non-human primates have been a 
source of infection for humans, they are not thought to be the reservoir but rather an accidental host like human 
beings. Since 1994, Ebola outbreaks from the EBOV and TAFV species have been observed in chimpanzees and 
gorillas. RESTV has caused severe EVD outbreaks in macaque monkeys (Macaca fascicularis)farmed in Philippines 
and detected in monkeys imported into the USA in 1989, 1990and 1996, and in monkeys imported to Italy from 
Philippines in 1992.A recent study suggests that bats might be a reservoir for Ebola virus in Bangladesh. The study 
found antibodies against Zaire and Reston ebola viruses circulating in 3.5%of the 276 bats scientists screened in 
Bangladesh. Detection of antibodies to Ebola virus infection in Indonesian orangotans suggests the existence of 
multiple species of filo viruses or unknown filo virus-related viruses in Indonesia, some of which are serologically 
similar to African ebola viruses. 
 
Pathogenesis and Transmission 
After infection, development of disease is a complex interplay between virus, host and environment. Different case 
fatality rates (CFR) have been reported between the four human-pathogenic Ebola viruses. For EBOV the CFR ranges 
from 50-90% of the EVD cases. For the current outbreak, CFR is estimated to be around 50%, although there is some 
evidence of improved outcomes with intense symptomatic treatment. Ebola is spread through direct contact 
(through broken skin or unprotected mucous membranes in, for example, the eyes, nose, or mouth) with blood or 
body fluids (including but not limited to faeces, saliva, sweat, urine, vomit, breast milk, and semen) of a person who 
is sick with Ebola. Infection through intact skin is considered unlikely, although not excluded. The virus has been 
successfully isolated from skin (biopsy) and body fluids. Objects (like needles and syringes) that have been 
contaminated with the virus, infected fruit bats or primates (apes and monkeys), and possibly from contact with 
semen from a man who has recovered from Ebola (for example, by having oral, vaginal, or anal sex).The route of 
transmission seems to affect the disease out come. Ebola is not spread through the air or by water, or in general, by 
food. However, in Africa, Ebola may be spread as a result of handling bushmeat (wild animals hunted for food) and 
contact with infected bats. There is no evidence that mosquitos or other insects can transmit Ebola virus.  
 
Only a few species of mammals (for example, humans, monkeys, and apes) have shown the ability to become 
infected with and spread Ebola virus. In Africa, infection has been documented through the handling of infected 
chimpanzees, gorillas, fruit bats, monkeys, forest antelope and porcupines found ill or dead or in the rainforest. 
Ebola then spreads in the community through human-to-human transmission, with infection resulting from direct 
contact (through broken skin or mucous membranes) with the blood, secretions, organs or other bodily fluids of 
infected people, and indirect contact with environments contaminated with such fluids. Burial ceremonies in which 
mourners have direct contact with the body of the deceased person can also play a role in the transmission of Ebola. 
Health-care workers have frequently been infected while treating patients with suspected or confirmed EVD. This 
has occurred through close contact with patients when infection control precautions are not strictly practiced. In the 
early EBOV outbreak in 1976, CFR after transmission by injection was 100% versus 80%in contact exposure cases. 
This has been confirmed ina non-human primate model, showing faster disease progression in animals infected via 
injection versus those that received an aerosol challenge.  
 
Post-mortem studies of patients and experimentally infected animals showed infection of immune cells 
(macrophages, monocytes and dendritic cells), epithelial and endothelial cells, fibroblasts, hepatocytes and adrenal 
gland tissue. Hallmark characteristics of EVD, as in any VHF, are the bleeding manifestations although these are 
infrequently observed inthe current outbreak. Studies addressing the mechanism behind these coagulation 
abnormalities first showed that haemorrhage was most likely not a direct effect of endothelial cell infection, followed 
by cytolysis. Amore likely explanation seems to be an over expression of tissue factor in monocytes/macrophages 
resulting in(over)activation of the extrinsic pathway of coagulation followed by a consumptive coagulopathy and 
eventually disseminated intravascular coagulation.  
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Signs and Symptoms 
EVD is a severe acute viral illness often characterized by the sudden onset of fever, intense weakness, muscle pain, 
headache and sore throat. Incubation period is usually 2 to 21 days. This is followed by vomiting, diarrhoea, 
impaired kidney and liver function, and in some cases, both internaland external bleeding. Around Day 5, most 
patients develop a maculopapular rash that is prominent on the trunk followed by desquamation in survivors. 
Central nervous system involvement is often manifested by somnolence, delirium, or coma. During the second week, 
the patient defervesces and improves markedly or dies in shock with multi organdys function, often accompanied by 
disseminated intra vascular coagulation, anuria, and liver failure. Convalescence may be protracted and 
accompaniedby arthralgia, orchitis, recurrent hepatitis, transversemyelitis, psychosocial disturbances, or uveitis. It 
also includes low white blood cell and platelet counts and elevated liver enzymes. People are infectious as long as 
their blood and secretions contain the virus. Men who have recovered from the disease can still transmit the virus 
through their semen for up to 7 weeks after recovery from illness.  
 
Diagnosis 
Diagnosing Ebola in a person infected for only a few days is difficult as the early symptoms, such as fever, are 
nonspecific to Ebola and are seen often in patients with more common diseases, such as malaria and typhoid fever. 
However, if a person has the early symptoms of Ebola, the patient should be secluded and public health 
professionals notified. Samples from the patient can then be collected and tested to confirm infection. It may take up 
to three days after symptoms start for the virus to reach detectable levels. The diagnosis of acute EVD is made by 
viral genome detection via RT-PCR. The virus is usually detectable 48hours after infection in both lethal and non-
lethal cases. This suggests that a negative test result within the first 48hours after exposure does not rule out EBOV 
infection. Due to the quickness of the acute disease, serology does not play a role in diagnosis of acute EVD patients 
but maybe of use in epidemiological and surveillance studies. In common, IgM antibodies can be detected starting 
from two days after the first symptoms appear and disappear after30-168 days. IgG response is generally considered 
to start between day 6 and 18 post onset of illness and remains detectable for years. Antibody profile of the sera from 
patients with lethal disease as compared with those that survive is markedly distinct. This difference can serve as a 
predictive marker for the management of the patient since antibody responses strongly differ between lethal and 
survivor cases and it has been shown that deceased patients show a much lower or even absent antibody response 
compared with survivors. 
 
Treatment 
There is no FDA-approved treatment (e.g., antiviral drug) for Ebola. Symptoms and complications are treated as they 
appear. The following basic intrusions, when used early, can significantly improve the chances of survival: 
 Providing intravenous fluids and balancing electrolytes (body salts) 
 Maintaining oxygen status and blood pressure 
 Treating other infections if they occur 
Experimental treatments for Ebola are under expansion, but they have not yet been fully tested for safety or 
effectiveness. Retrieval from Ebola depends on good supportive care and the patient’s immune response. People 
who recover from Ebola develop antibodies that last for at least 10 years, possibly longer. It isn’t known if people 
who recover are immune for life or if they can become infected with a different species of Ebola. Some people who 
have recovered from Ebola have developed long-term complications, such as joint and vision problems. Ebola virus 
has been found in the semen of some men who have recovered from Ebola. It is possible that Ebola could be spread 
through sex or other contact with semen. It is not known if Ebola can be spread through sex or other contact with 
vaginal fluids from a woman who has had Ebola. 
 
Prevention 
While travelling to an area affected by an Ebola outbreak, make sureto: 
 Practice careful hygiene. For example, wash your hands with soap and water or an alcohol-based hand sanitizer. 
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 Avoid contact with blood and body fluids. 
 Do not handle items that may have come in contact with an infected person’s blood or body fluids (such as 
clothes,bedding, needles, and medical equipment). 
 Avoid funeral or burial rituals that require handling the body of someone who has died from Ebola. 
 Avoid contact with bats and nonhuman primates or blood, fluids, and raw meat prepared from these animals. 
 Monitor your health after you return for 21 days and seek medical care immediately if you develop symptoms of 
Ebola. 
Healthcare workers who may be exposed to people with Ebola should follow these steps: 
 Wear appropriate personal protective equipment (PPE). 
 Practice proper infection control and sterilization measures. 
 Isolate patients with Ebola from other patients. 
 Avoid direct contact with the bodies of people who have died from Ebola. 
 Notify health officials if you have had direct contact with the blood or body fluids of a person sick with Ebola. 
 

CONCLUSION 

 
Fast and extensive geographic spread of the current Ebola virusoutbreak are motives for increased alertness. Owing 
to the initial non-specific presentation ofEVD, the mixture of fever in combination with high-riskexposure isadequate 
to proceed with isolation and managementprotocols in patients who visited endemic areas. Presently, treatment 
approachescount on solely onthe early start of supportive care, where aggressive fluidreplacement therapy is proven 
to drastically improve thesurvival rates. Precise antiviral EVD treatment approachesare still in the experimental 
phase. All countries and clinicalcentres should be conscious of the potential for admission ofan EBOV infected 
person. 
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Cell is the structural and functional unit of living organism. Cell is the basic unit of life which exhibits an 
advanced cellular organization in case of eukaryotes by containing diverse cell organelles. A 
multicellular organism grows well when all its molecular events regulating the cell growth and division 
are tightly regulated and thus the cellular environment thrives in a normal fashion. In rare cases, a 
normal cell suddenly behaves abnormally as if it became a rebel and shows reluctance towards the 
fundamental rules that govern cell growth and reproduction. Then they start dividing hastily, invading 
other tissues, grabbing resources, and even insome cases leading into killing the body in which it lives. 
To dissect the causes that leads the cell to unfollow the basic principles can be understood only, when we 
can unsolved the mysteries related to the normal functions of cell growth and reproduction. Cutting edge 
research in basic and applied biosciences field has provided detailed and specific information about the 
molecules and processes that plays a pivotal role in the cell cycle involving cell division, cell growth, cell 
differentiation that specifies the cells with their distinct roles. This detailed understanding provides an 
insight into various mechanisms that triggers cancer.The tight regulation of cell cycle plays a very 
important role in not allowing the normal cells to become cancerous thus loss of control of the cell cycle is 
one of the crucial steps in development of cancer.Even though, until now a number of different type of 
cancer diseases have been discovered, but they all share an important characteristic in common: they are 
abnormal cells where the normal cell division process is disturbed. Cancer is a consequence of switching 
of normal cells to abnormal cells which are triggered by various factors like inherited mutations, 
environmental factors such asUV light, X-rays, chemicals, tobacco products, and viruses. Studies 
suggests that most cancers are an outcome of various synchronized events and thus evolving the cell 
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through a series of premalignant stages into an invasive cancer.The visible symptoms of cancer may 
appear years after initial event and the development of cancer. A high throughput sophisticated and 
reliable molecular biological techniques may help in the diagnosis of potential cancers in the early stages, 
well before the formation of any visible phenotypic symptoms. 
 

Keywords: Cell, cancer, invasive, symptoms. 

 

INTRODUCTION 

 
Cancer is an outcome of a series of molecular events which are aimed to alter the physiology of normal cells by 
disabling the basic processes that prevent cell overgrowth and the invasion of other tissues. Then these cells are able 
to divide and grow even in the presence of signals which usually are responsible for inhibiting cell growth and 
division. As a result, these abnormally growing cells develop new features including changes in their cell structure, 
production of new bimolecular including enzymes, decreased cell adhesion thus making them gradually free to 
move. These heritable changes thus allow the progeny to divide and grow as their parent cell which are unaffected 
by the presence of normal cells that typically inhibit the growth of nearby cells. These changes allow the cancer cells 
to spread and invade other tissues. As mentioned, the irregularities foundin cancer cells usually result from 
mutations in protein-encoding genes that regulate the cell division. Over a period of time more genesare self-
mutated. This is so because the DNA repairing genes that encode the DNA repairing proteins are themselves not 
functioning normally because they are also mutated. As a result of which, mutations begin to accumulate in the cell, 
promoting aberrationsin that cell and the progenies. Some of these mutated cells die, but other alterations may 
provide the abnormal cell a selective benefit that permits it to multiply much more rapidly than the normal cells. As 
long as these cells are restricted to their original location, they are considered as benign in nature; if they become 
invasive, then they are considered as malignant. Cancer cells in case of malignant tumors can often metastasize, 
sending cancer cells to distant sites in the body where new tumors may result. 
 
Genetic basis of Cancer 
A small fraction of the approximately 35,000 genes in the human genome have been associated with cancer. 
Variations in the same gene are associated with different forms of cancer thus resulting into a number of cancer types 
relative to the number of cancer related genes. These malfunctioning genes can be chiefly classified into three groups. 
The first group, called proto-oncogenes, produces protein products that usuallyboost cell division or inhibit 
normalcell death. The mutated forms of these genes are called oncogenes.The second group, called tumor 
suppressors, makes proteins thatnormally prevent cell division or cause cell death. The third group contains DNA 
repair genes, which help prevent mutations that leadto cancer.Proto-oncogenes and tumor suppressor genes work 
much like an antagonist, opposing each other. Controlled cell growth is maintained by tight regulation ofproto-
oncogenes, which accelerate growth, and tumor suppressor genes,which slow cell growth. Mutations that produce 
oncogenes accelerategrowth while those that affect tumor suppressors prevent the normalinhibition of growth. 
Either case, leads to uncontrolled cell growth. 
 
Oncogenes and Signal Transduction 
In normal physiological cells, proto-oncogenes encode the proteins that send asignal to the nucleus to arouse cell 
division. These signaling proteins act in a series of downstream steps called as signal transduction cascade or 
pathway. This cascade includes a membrane receptor for the signal molecule which acts as a stimulus, intermediary 
proteins that carry the signal through the cytoplasm, and finally the transcription factorsin the nucleus that activate 
the genes for cell division. In each step of the pathway, one factor or protein activates the downstream molecule ad 
itself gets recycled for being used in next round. Oncogenes are altered versions of the proto-oncogenes that code for 
these signaling molecules. The oncogenes activate the signaling cascade endlessly,ensuingan increased production of 
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factors that stimulate growth. For example, MYC is a proto-oncogene that codes for a transcription factor. Mutations 
in MYC convert it into an oncogene which is roughly associated with a large variety of cancers. RAS is another 
oncogene that usually functions as an “on-off” switch in the signal cascade. Mutations in rascausethe signaling 
pathway to remain in “on,” condition thus leading to uncontrolledcell growth. About thirty percent of tumors 
including lung, colon,thyroid, and pancreatic carcinomas have a mutation in RAS.The renovation of a proto-
oncogene to an oncogene may occur by various molecular mechanisms including mutation of the proto-oncogene, by 
rearrangement of genes in thechromosome that moves the proto-oncogene to a new location, or byan increase in the 
number of copies of the normal proto-oncogene. Occasionally a virus may insert its DNA in or near the proto-
oncogene, instigating it to become an oncogene. The result of any of these events isan altered form of the gene, which 
contributes to cancer. Most oncogenes are dominant mutations; a single copy of this gene is enough for expression of 
the growth trait. This is also a “gain offunction” mutation since the cells with the mutant form of theprotein have 
gained a new function absent in cells with thenormal gene. Likewise, one copy of an oncogene is sufficient to cause 
variations in cell growth. The occurrence of anoncogene in a germ line cell (egg or sperm) marks in an inherited 
predisposition for tumors in the offspring. Though, a single oncogeneis not usually sufficient to cause cancer, so 
inheritance of an oncogenedoes not necessarily result in cancer. 
 

Tumor Suppressor Genes 
The proteins produced from the tumor suppressor genes usually inhibit cell growth, preventing tumor formation. 
Mutations in these genes result in cells which are devoid of normal inhibition of cell growth anddivision. The 
products of tumor suppressor genes may act at the cellmembrane, in the cytoplasm, or in the nucleus. Mutations in 
thesegenes result in a loss of function (that is, the ability to inhibit cellgrowth) thus they are usually recessive.Unlike 
oncogenes, in case of the tumor suppressor genes, the trait is notexpressed unless both copies of the normal gene are 
mutated.The how is it that both genes can become mutated. In few cases, the first mutation is already present in a 
germ line cell (egg or sperm); thus, allthe cells in the individual inherit it. Since the mutation is recessive,the trait is 
not expressed. In future a mutation may occur in the second copy ofthe gene in a somatic cell. In that cell both copies 
of the gene are mutated and thus the cell develops uncontrolled growth. An example ofthis is hereditary 
retinoblastoma, a serious cancer form of the retina that happens in early childhood.  
 
When one parent carries a mutation in onecopy of the RB tumor suppressor gene, it is transmitted to offspringwith a 
fifty percent probability. About ninety percent of the offspringwho receive the one mutated RB gene from a parent 
also develop amutation in the second copy of RB, usually very early in life. Theseindividuals then develop 
retinoblastoma. Not all cases of retinoblastoma are hereditary: chances are there that they can occur by mutation of 
bothcopies of RB in the somatic cell of the individual. As retinoblastsare rapidly dividing cells and there are 
thousands of them, there is ahigh incidence of a mutation in the second copy of RB in individualswho inherited one 
mutated copy. This disease worries only youngchildren because only individuals younger than about eight years old 
have retinoblasts. In adults, however, mutations in RB may lead to a susceptibility to several other forms of cancer.  
 
Some other cancers associated with defects in tumor suppressor genesinclude familial adenomatous polyposis of the 
colon (FPC), whichresults from mutations to both copies of the APC gene; hereditarybreast cancer, resulting from 
mutations to both copies of BRCA2; andhereditary breast and ovarian cancer, resulting from mutations to bothcopies 
of BRCA1. These cancer typesadvise that heredity is a significant factor in cancer but a number of cancers are 
irregular with noindication of a hereditary component. Cancers involving tumorsuppressor genes are often 
hereditary because a parent may provide agerm line mutation in one copy of the gene. This may lead to a 
higherfrequency of loss of both genes in the individual who inherits themutated copy than in the general population. 
However, mutations inboth copies of a tumor suppressor gene can occur in a somatic cell, sothese cancers are not 
always hereditary. Somatic mutations that lead toloss of function of one or both copies of a tumor suppressor gene 
maybe because of several environmental factors. 
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DNA Repair Genes 
This group of genes are associated with the DNA repair processes and maintenance of chromosome structure. 
Abiotic environmental factors like ionizing radiation, UV light, and chemicals, can lead to the damage of DNA. 
Errors although a very rare event which occur during DNA replication can also lead to mutations.Gene products of 
DNA repair genes are involved in repairing any damage to chromosomes, thereby curtailing the frequency of 
mutations in the cell. But, when a DNA repair gene is mutated its product isno longer available thus, preventing 
DNA repair and lettingfurther mutations to occur in the cell. These mutations can surge the frequency of a healthy 
cell to become cancerous. For example, a defect in a DNA repair gene called XP (Xerodermapigment sum) results in 
individuals who are very sensitive to UV light and have a high risk of suffering with a various types of skin cancer. 
There are seven XP genes, whose productseliminate DNA damage caused by UV light and other carcinogenic agents. 
Another example of a disease that is allied with lossof DNA repair is Bloom syndrome, an inherited disorder that 
leads to increased risk of cancer, lung disease, and diabetes. The DNA repair geneBLM, is required for maintaining 
the stable structure of chromosomes. Individuals with Bloom syndrome have ahigh frequency of chromosome breaks 
and interchanges, which can lead to the activation of oncogenes. 

 
Cell Cycle 
Normal healthy cells grow and divide in a tidy, well regulated fashion, in accordance with the cell cycle comprised 
of several check-points. Mutations in proto-oncogenes or in tumor suppressor genes allow a cell to grow and divide 
without the usual controls imposed by the cell cycle and thus making the healthy cell viable to cancerous features. A 
number of proteins are involved in controlling the timing of the events in the cell cycle, which is tightly regulated to 
make sure that cells divide only when needed. Any kind of damage inthis regulation is the hallmark of cancer. The 
cyclin-dependent kinases are major control switches of the cell cycle. Each cyclin-dependent kinase forms a complex 
with a specificcyclin, a proteinthat binds and activates the cyclin-dependent kinase. The kinase portion of the 
complex is an enzyme that supplements a phosphate to various downstream proteinsrequired for progression of a 
cell through the cycle. These addedphosphates alter the structure of the protein and can activate orinactivate the 
protein, depending on its function.  
 
There are specificcyclin-dependent kinase/cyclin complexes at the entry points into theg1, S, and M phases of the cell 
cycle, as well as other factors thathelp prepare the cell to enter S phase and M phase. One of the important protein in 
the cell cycle is p53, a transcription factorthat binds to the DNA, activating transcription of a protein called p21. P21 
then blocks the activity of a cyclin-dependent kinase required for progression through G1. This blocking allows the 
cell to repair the DNA before it is replicated. If incase, thednadamage is so extensive that it cannot be repaired, p53 
triggersthe cell to commit suicide. The most common mutation leading tocancer is in the gene that makes p53. Li-
Fraumeni syndrome, an inherited predisposition to multiple cancers, outcomes from a germ line(egg or sperm) 
mutation in p53. Other protein factors that halts the cell cycleby inhibiting cyclin dependent kinases are p16 and RB. 
All of theseproteins, including p53, are tumor suppressors.Cancer cells do not stop dividing whereas normal healthy 
cells are not allowed to divide continuously in an unregulated fashion. With reference to cell division, normal cells 
vary from cancer cellsin at least four ways. 
 

• Normal cells require external growth factors to divide. When production of these growth factors is inhibited by 
normal cell regulation, the cells stop dividing. But, cancer cells have lost the needfor positive growth factors, so they 
divide irrespective of the presence of these factors. Consequently, they do not behave as part ofthe tissue as they 
have become independent cells. 
• Normal cells show contact inhibition. They respond tocontact with other cells by ceasing cell division. Therefore, 
cells candivide to fill in a gap, but they stop dividing as soon as there areenough cells to fill the gap. This 
characteristic is absent in cancer cells which continue to grow after they touch other cells, leading to the formation 
ofalarge mass of cells. 
• Normal cells age and die, and are replaced in a controlled andorderly fashion by new cells. Apoptosis is the 
normal,programmed cell death. Each time the chromosome replicates, the telomeres shorten. In growing cells, 

Annapurna Sahoo et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25566 

 

   

 

 

theenzyme telomerase replaces these lost ends. Adult cells lack telomerase, limiting the number of times the cell can 
divide.Whereas, telomerase is activated in cancer cells, allowing anunlimited number of cell divisions. 
•Normal cells stop to divide and die when there is DNA damage orwhen cell division is abnormal. Cancer cells 
continue to divide,even when there is a huge amount of DNA damage and when thecells are abnormal. These 
progeny cancer cells contain theabnormal DNA, thus as the cancer cells continue to divide theyaccumulate more and 
more damaged DNA. 
 

Cause of Cancer 
Cancer can be multifactorial, meaning there is no single cause in for any one type of cancer.  
 
Cancer-causing substances (carcinogens): - Mutation or changes to the gene, such as damage or loss, can alter 
how that cell behaves. For example, a mutation may result in the production of too much proteins or that protein 
may not be made at all. Something that damages a cell, changing its behavior and makes it more likely to be 
cancerous is called a 'carcinogen'. 
 

Age: - Many types of cancer become more prevalent with age. The longer the people live, the more exposure there is 
to carcinogens and the more time there is for genetic changes or mutations to occur within their cells thus increasing 
the risk of cancer. 
 

Genetics: - Prevailing model for cancer development reveals that mutations in genes for tumor suppressors and 
oncogenes lead to cancer. However, it may not be that too simple, as the prevailing model fails to explain the genetic 
diversity among cells within a single tumor and does not adequately explain many chromosomal aberrations typical 
of cancer cells. An alternate model proposes that there are “master genes” controlling cell division. A mutation in a 
master gene leads to abnormal replication of chromosomes, triggering whole sections of chromosomes to be missing 
or duplicated. This leads to a change in gene dosage, so cells produce too little or too much of a specific protein. If the 
chromosomal aberrations affect the amount of one or more proteins controlling the cell cycle, such as growth factors 
or tumor suppressors, the result may be cancer. There is also strong evidence that the excessive addition of methyl 
groups to genes involved in the cell cycle, DNA repair, and apoptosis is characteristic of some cancers.  
 

The immune system: - People who have weakened immune systems are more disposed to developing some types 
of cancer. This includes people who have had organ transplantsand take drugs to suppress their immune systems to 
stop organ rejection, peoplewho have HIV or AIDS, or other medical conditions which reduce their immunity. 
Certain lifestyles and environmental factors also can cause mutations that can lead to cancer. Lifestyle and 
environmental causes are to a large extent controllable or avoidable. Examples include: 
o Bodyweight, diet and physical activity - Experts estimate that maintaining healthy bodyweight, making changes 

to our diet and doing regular physical activity could preventcancer. Many people consume too much red and 
processed meat and not enough fresh fruit and vegetables. This type of diet is known to increase the risk of 
cancer 

o Overweight or obesity - Overweight or obese people have ahigher risk of bowel and pancreatic cancer, probably 
due to a tendency towards higher insulin levels. Obesity can also increase therisk of cancer of the oesophagus 
(oesophageal cancer), kidney and gallbladder cancer, aswell as breast or womb (uterine) cancer in women. 

o Alcohol - The evidence that all types of alcoholic drinks are a cause of a number of cancers is now stronger. 
Alcohol can increase the risk of a number of cancers, including mouth, throat (like pharyngeal cancer), laryngeal 
and cancer of the food pipe, liver cancer.  

o Tobacco – Tobacco smoke contains at least 80 different carcinogenic agents. When smoke is inhaled the 
chemicals enter the lungs, pass into the blood stream and are transported throughout the body. Thus smoking or 
chewing tobacco not only causes lung cancer and mouth cancers, but is also related to many other cancers.  
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o Ionising radiation – Manmade sources of radiation can cause cancer and are a risk for people associated with it. 
The main risk is however, extended and unprotected exposure to ultraviolet radiations from the sun which can 
lead to melanoma and skin malignancies. Fair skinned people, those with lot of moles or who have a relative 
who has had melanoma or non-melanoma skin cancer, are at utmost risk. Curie, who discovered radium, paving 
the way for radiation therapy for cancer, died of cancer herself as a result of radiation exposure in her research. 

o Work place hazards - Some people risk being exposed to a cancer causing substance because of the work they 
are associated with. Workers in the chemical dye industry havebeen found to have a higher incidence than 
normal for bladder cancer. Asbestos is a well-known work place cause of cancer, particularly a cancer called 
mesothelioma, which most commonly affects the covering of the lungs (pleura). 

o Infection – Some cancers can also be caused by infection with a virus. The virus cancause changes in cells that 
make them more likely to become cancerous. Examples include cervical cancer, linked to the Human Papilloma 
Virus, primary liver cancer which can be caused by the Hepatitis B and C virus andlymphomas linked to the 
Epstein-Barr virus. Previously, bacterial infections have not been thought of as cancer causing agents. But 
studies have shown that people who have helicobacter pylori infection of their stomach, develop inflammation 
of the stomach lining, which increases the risk of stomach cancer. 

There may be multiple mechanisms leading to the development of cancer. This, further complicates the difficult task 
of determining what causes cancer. 
 
Tumor Biology 
Cancer cells act as independent cells, growing in uncontrollable fashiontoform tumors. Tumors grow in a series of 
steps. The first step ishyperplasia, meaning that there are too many cells resulting fromuncontrolled cell division. 
These cells look normal, but changeshave occurred that result in some loss of control of growth. Thesecond step is 
dysplasia, resulting from further growth, accompaniedby abnormal changes to the cells. The third step requires 
additionalchanges, which result in cells that are even more abnormal and cannow spread over a wider area of tissue. 
These cells begin to lose theiroriginal function; such cells are called anaplastic. At this stage, since the tumor is still 
restricted within its original location (calledin situ) and is not invasive, it is not considered malignant but it 
ispotentially malignant. The last step occurs when the cells in the tumormetastasize, which means that they can 
invade surrounding tissue,including the bloodstream, and spread to other locations. This is themost serious type of 
tumor, but not all tumors progress to this point.Non-invasive tumors are said to be benign.The type of tumor that 
forms depends on the type of cell that wasinitial site of infection. There are five types of tumors. 
 
•Carcinomas result from altered epithelial cells. This arises from the epithelial cells (the lining of cells that helps 
protect or enclose organs). Carcinomas may invade the surrounding tissues and organs and metastasize to the lymph 
nodes and other areas of the body. The most common forms of cancer in this group are breast, prostate, lung and 
colon cancer. 
 
•Sarcomas result from changes in muscle, bone, fat, or connective tissue. A type of malignant tumor of the bone or 
soft tissue (fat, muscle, blood vessels, nerves and other connective tissues that support and surround organs). The 
most common forms of sarcoma are leiomyosarcoma, liposarcoma and osteosarcoma. 
 
•Leukemia results from malignant white blood cells.Leukaemia is a cancer of the white blood cells and bone 
marrow, the tissue that forms blood cells. There are several subtypes; common are lymphocytic leukaemia and 
chronic lymphocytic leukaemia. 
 
•Lymphoma is a cancer of the lymphatic system cells that derive from bone marrow. Lymphoma is a cancer of the 
lymphatic system, which runs all through the body, and can therefore occur anywhere. The two main forms are non-
Hodgkin’s which begins with uncontrolled growth of the - white blood cells -lymphocytes - of the immune system) 
and Hodgkin’s lymphoma in which cells of the lymph nodes become cancerous. 
•Myelomas are cancers of specialized white blood cells that make antibodies. 
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Angiogenesis 
Any cell whether it is healthy or cancerous requires nutrients andoxygen in order to grow. All living tissues are 
adequately supplied withcapillary vessels, which circulates nutrients and oxygen to every cell. Astumorsexpand; the 
cells in the center no longer receive nutrients from the normal blood vessels. To provide a blood supply for all the 
cells inthe tumor, it must form new blood vessels to supply the cells with nutrients and oxygen. Angiogenesis, is a 
process where tumor cells make growth factors which induce formation of newcapillary blood vessels. The cells of 
the blood vessels that divide to make new capillary vessels are inactive in normal tissue; however, tumorscan make 
angiogenic factors, which activate these blood vessel cellsto divide. Without the additional blood supplied by 
angiogenesis, tumors cannot grow larger and also cannot spread, or metastasize to new tissues. Tumor cells can cross 
through the walls of the capillaryblood vessel at a rate of about one million cells per day. Still not all cells in a tumor 
are angiogenic. Both angiogenic and non-angiogenic cells in a tumor cross into blood vessels and spread.  
 
However, non-angiogenic cells give rise to dormant tumors when theygrow in other locations. In contrast, the 
antigenic cells quickly establish themselves in new locations by growing and producing new blood vessels, resulting 
in rapid growth of the tumor. Tumors produce angiogenic factors. An oncogenecalled BCL2 has been shown to 
greatly surge the production of apotent stimulator of angiogenesis. There are severalangiogenic factors and 
production of many of these is increased by a variety of oncogenes.Thus, oncogenes in some tumor cells allow those 
cells to produceangiogenic factors. The progeny of these tumor cells will also produceangiogenic factors, so the 
population of angiogenic cells willincreases the size of the tumor increases. Angiogenesis is critical for the 
progression of dormant tumors into cancer. 
 

Signs and Symptoms 
As there are so many different types of cancer, the symptoms are varied and depend on where the disease is located. 
However, there are some key signs and symptoms, including: 
•Lumps: - some cancers can be felt through the skin. Cancerous lumps are often painless and may increase in size as 
the cancer progresses. 
•Coughing, breathlessness: - persistent coughing episodes and breathlessness can beassociated with lung cancer. 
•Changes in bowel habit: - symptoms of bowel cancer may include blood in the stoolsand a change in bowel habits 
such as constipation and diarrhea. 
•Bleeding: - any unexpected bleeding can be a sign of cancer: 
O Bleeding from the anal passage may be a sign of bowel cancer. 
O Bleeding from the cervix may be a sign of cervical cancer. 
O Blood present in the urine may be a sign of kidney or bladder cancer. 
•Unexplained weight loss: - a large amount of unexplained weight loss over a short period of time (a couple of 
months) can be a sign of cancer. 
•Fatigue: - fatigue is extreme tiredness and a severe lack of energy. If fatigue is due to cancer, sufferers normally also 
have other symptoms. 
 
Detecting and Diagnosing Cancer 
Imaging techniques such as MRI, X-rays, CT, and ultrasound are the most common techniques which can provide an 
image of a tumor. Endoscopy allows to look for tumors in organs such as the stomach, colon, and lungs. Most of 
these techniques are used to detect visible tumors, which must then be removed by biopsy and examined 
microscopically by a pathologist. Then the aberrations in the cells in terms of their shape, size, and structure, 
especially the nucleus need to be sorted out. Basedon investigation of the tumor cells, the tumorcan be classified as 
benign or malignant, and also the stage of development of tumor can be defined whether in early or late stage. 
Tumor markers proteins are found more frequently in the blood ofindividuals with the tumor than in normal 
individuals. These are notideal compounds for diagnosing of cancer for two reasons. First, individuals without 
cancer may have elevated levels of the marker,leading to false positives. Second, tumor markers are not 
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sufficientlyelevated in all individuals with cancer to allow their detection. Thisleads to false negatives. One of the 
most commonly used tumormarkers is prostate-specific antigen (PSA). It is present in all adultmales, but its level is 
amplified after both benign and malignantchanges in the prostate. Thus, high levels of PSA indicate onlythat further 
tests are prerequisite to determine whether the condition iscancer. If prostate cancer is diagnosed, the levels of PSA 
can help todetermine the effectiveness of treatment and detect recurrence.CA125 is another tumor marker, which is 
produced by a number ofdifferent cells, particularly ovarian cancer cells. It is used primarily tomonitor the treatment 
efficacy of ovarian cancer. When the cancer isresponding to treatment, CA125 levels drop. It is not used as a 
routinetest for ovarian cancer as many common conditions that causeinflammation also increase the level of CA125, 
leading to a highfrequency of false positives. 
 
The earlier a cancer is found the more effectively it can be treated;however, early stage cancers typically produce no 
symptoms. Scientistsare evolvingmolecular techniques to detect very early cancer. Usingtechniques such as mass 
spectrometry, they are also developing specificblood tests to identify a pattern of new proteins in the blood of 
individuals with a particular type of cancer. Scientists are also developing DNA microarrays to identify 
genesexpressed in particular types of cancer cells. With the sequencing of the human genome and the mapping 
ofsingle nucleotide polymorphisms (snps), it may be possible to diagnose particular cancers by identifying cellswith 
known gene alterations. In 2002 scientists detected ovarian cancerby testing blood for the presence of DNA released 
by tumor cells. Theylooked for changes in certain alleles at eight snpsthat arecharacteristic of cancer. By using this 
technique, they could successfullyidentified eighty-seven percent of patients known to have early-stageof ovarian 
cancer and ninety-five percent of those with late-stageovarian cancer. The capability to determine which genetic 
alterations arerelated with various cancers unlocks the possibility of recognizingcancerous cells while the cancer is in 
an early, treatable stage. 
 

Treatments 
Treatment of cancer depends on the type of cancer, its location, and its state of development. Surgery is used to 
remove solid tumors. This treatment may be necessary for early stage cancers and benign tumors. Radiation 
treatment destroys cancer cells with high-energy rays targeted directly to the tumor site. It acts mainly by damaging 
DNA and preventing its replication. Therefore, it preferentially kills cancer cells. It also kills some normal cells, 
predominantly those that are dividing. Surgery and radiation treatment are often used together. Chemotherapy 
drugs are toxic compounds that target quickly growing cells. Many of these drugs are specially designed to restrict 
the synthesis of precursor molecules needed for DNA replication; they interfere with the ability of the cell to 
complete the S phase of the cell cycle. Other drugs cause extensive DNA damage, which stops replication. A class of 
drugs known as spindle inhibitors stops cell replication early in mitosis. During the mitosis, chromosome separation 
requires spindle fibers composed of microtubules. Spindle inhibitors stop the synthesis of microtubules. Since, most 
adult cells don’t divide often; they are less sensitive to these drugs than are cancer cells.  
 
Chemotherapy drugs also destroy certain adult cells that divide more rapidly, like those that line the gastrointestinal 
tract, bone marrow cells, and hair follicles. This results in some of the side effects of chemotherapy, including 
gastrointestinal distress, low white blood cell count, and hair loss.Although cancer cells have lost some of the normal 
responses togrowth factors, some cancer cells still require hormones for growth.Hormone therapy for cancer tries to 
starve the cancer cells ofthese hormones. This is typically done by drugs that block the activityof the hormone, 
although some drugs can block synthesis of thehormone. For example, some breast cancer cells require estrogen 
forgrowth. Drugs that block the binding site for estrogen can slow thegrowth of these cancers. These drugs are called 
selective estrogenreceptor modulators (serms) or anti-estrogens. Tamoxifen andRaloxifene are examples of this type 
of drug. Likewise, testosterone (anandrogen hormone) stimulates some prostate cancer cells. Selectiveandrogen 
receptor modulators (sarms) are drugs that block thebinding of testosterone to these cancer cells, inhibiting their 
growthand possibly preventing prostate cancer. Newer chemotherapeutic drugs target specific, active proteins or 
processes in cancer cell signal transduction pathways, such as receptors, growth factors, or kinases. As the targets are 
cancer-specific proteins, the faith is that these drugs will be much less toxic to normal cells than conventional cancer 
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drugs. Chemotherapy may fail because the cancer cells become resistant to the therapeutic drugs. One of the 
characteristics of cancer cells is a high frequency of mutation. In the presence of toxic drugs, cancer cells that mutate 
and become resistant to the drug will survive and multiply in the presence of the drug, producing a tumor that is 
also resistant to the drug. So many a times, combinations of chemotherapy drugs are given at the same time. This 
decreases the probability that a cell will develop resistance to several drugs at once. However, such multiple 
resistances do occur. Some drug-resistant cancer cells express a gene called MDR1 (multiple drug resistance). This 
gene encodes a membrane protein that can not only prevent some drugs from entering the cell, but can also expel 
drugs already in the cell. Another hopeful target for cancer therapy is angiogenesis.  
 
Numerous drugs, including some naturally occurring compounds, have the ability to inhibit angiogenesis. Two 
compounds in this class are angiostatin and endostatin, both are derived from naturally occurring proteins. These 
drugs prevent angiogenesis by tumor cells, restricting tumor growth and preventing metastasis. Advantage of 
angiogenesis inhibitors is that, because they do not target the cancer cells directly, there is less chance that the cancer 
cells will develop resistance to the drug. Immunotherapy includes several techniques that use the immune system to 
attack cancer cells or treat the side effects of some types of cancer treatment. A technique called 
chemoimmunotherapy attaches chemotherapy drugs to antibodies that are specific for cancer cells. The antibody 
then carries the drug directly to cancer cells without harming normal cells, reducing the toxic side effects of 
chemotherapy. A similar strategy, radioimmunotherapy, couples specific antibodies to radioactive atoms, thereby 
targeting the deadly radiation specifically to cancer cells. 
 
Cancer seems to result from a mixture of genetic changes andenvironmental factors. Lifestyle that minimizes 
exposure toenvironmental carcinogens is one effective means of preventingcancer. Individuals who restrict their 
exposure to tobacco products,sunlight, and pollution can greatly decrease their risk of developingcancer. Many foods 
contain antioxidants and other nutrients that mayhelp to prevent cancer. The National Cancer Institute recommends 
adiet with large amounts of colorful fruits and vegetables. These foodssupply sufficient amounts of vitamin A, C, 
and E, as well asphytochemicals and other antioxidants that help to prevent cancer.Vaccines are alsopotential 
candidates for prevention of cancer. It appears that vaccines such as hepatitis B vaccine, papillomavirus vaccine may 
play a crucial role in minimizing the risk of liver cancer and cervical cancer (precancerous lesions) respectively. 
 

CONCLUSION 

 
By here and now, we discern that cancer is not simply the localized lumps andbumps that we have been 
programmed to accept through the years.Cancer in the adult can often be seen as a deteriorating processwith 
symptoms representative of underlying systemic dysfunction.There are countlessfactors, including emotional, diet, 
drugs and chemicals, infections,genetic mutation and environmental pollutants.Conventional treatments look at 
cancer as a disease state. Thenatural-oriented doctor views cancer as a set of symptoms reflectingunderlying 
disease.The conventional treatment of surgery, radiation and chemotherapyhas been the cornerstone of cancer 
treatment over the past severaldecades. Less toxic and target-specific chemotherapeutic agents are being developed. 
Furtherresearch and clinical studies are also being conducted on naturaltherapies.The success of a treatment often 
depends on the stageof cancer, the age, the immunity status, and the tumor responserate of the patient.As more 
research is carried out new therapies will be found.Regrettably, most cancer patients do not have time to 
wait.Sometimes, they are only given a few more months to live and left behind with an unsolved question why did 
this happen to me? 
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Table 1. Some Genes Associated with Cancer 

NAME FUNCTION EXAMPLES of Cancer/Diseases 
TYPE of 

Cancer Gene 

APC 
Regulates transcription of target 
genes 

Familial Adenomatous Polyposis 
Tumor 

suppressor 

BCL2 
Involved in apoptosis; stimulates 
angiogenesis 

Leukemia; Lymphoma Oncogene 

BLM DNA repair Bloom Syndrome DNA repair 

BRCA1 
May be involved in cell cycle 
control 

Breast, Ovarian, Prostatic, & Colonic Neoplasms 
Tumor 

suppressor 

BRCA2 DNA repair Breast & Pancreatic Neoplasms; Leukemia 
Tumor 

suppressor 

HER2 
Tyrosine kinase; growth factor 
receptor 

Breast, Ovarian Neoplasms Oncogene 
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MYC Involved in protein-protein 
interactions with various cellular 
factors 

Burkitt's Lymphoma Oncogene 

P16 Cyclin-dependent kinase inhibitor Leukemia; Melanoma; Multiple Myeloma; 
Tumor 

suppressor 

P21 Cyclin-dependent kinase inhibitor Pancreatic Neoplasms 
Tumor 

suppressor 

P53 Apoptosis; transcription factor Colorectal Neoplasms; Li-Fraumeni Syndrome 
Tumor 

suppressor 

RAS 
GTP-binding protein; important in 
signal transduction cascade 

Pancreatic, Colorectal, Bladder Breast, Kidney & 
Lung Neoplasms; Leukemia; Melanoma 

Oncogene 

RB Regulation of cell cycle Retinoblastoma 
Tumor 

suppressor 

SIS Growth factor Dermatofibrosarcoma; Meningioma Oncogene 

XP DNA repair Xerodermapigmentosum DNA repair 

 

Table 2. Some Drugs Used in the Treatment of Cancer 

CLASS MECHANISM 

Selective estrogen receptor modulators Blocks the binding site for estrogen; 

(SERM); (Tamoxifen and Raloxifene) Can slow the growth of estrogen-stimulated cancers 

Selective androgen receptor modulators Blocks the binding site for testosterone; 

(SARM) Can slow the growth of testosterone-stimulated cancers 

Spindle inhibitors Stops cell replication early in mitosis 

Farnesyltransferase inhibitors Blocks the addition of a farnesyl group to RAS, 

 
Preventing its activation 

Gleevec® Binds to abnormal proteins in cancer cells, blocking their action 

Angiogenesis inhibitors 
 

(endostatin, angiostatin) Prevent angiogenesis by tumor cells 

Immunostimulants Enhance the normal immune response 

(interleukin 2, alpha interferon) Antibody that binds to HER2 receptor on tumor cells, 

Herceptin® Preventing the binding of growth factors 
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Aquaponics is a typical bio-integrated system that forms a critical link between the recirculating 
aquaculture with hydroponic vegetable, flower, and/or herb production. It establishes a type of symbiotic 
relationship between aquatic animals with that of plants with in a system. Recent advances by 
researchers all around the globe have curved aquaponics into a working model of sustainable food 
production. This innovation named aquaponics respects principle of sustainability as well as gives a 
possibility to increase economical efficiency with an additional productivity. For the improvement of 
man’s health we must reconsider the agricultural sciences in such a way that we can develop 
technologies friendly for the environment. 
 

Keywords: Aquaponics, aquaculture, hydroponic, productivity. 

 

INTRODUCTION 

 
Aquaponics is the merger of aquaculture or fish cultivation and hydroponics or plant farming devoid of soil. The 
escalating rate of scientific and technological innovation has kept researchers in an unremitting struggle to update 
themselves with the latest codes of practices, technologies and scientific breakthroughs. The need and exigency of 
sustainable development for the aquaculture is beyond the thought. Increased productivity with reduced ecological 
impact, integration between production systems and reduced use of chemicals are some of the leading principles that 
more sustainable fish production needs to follow (Diver S, 2006). The safety of food for human consumption is 
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alarming on a worldwide level. Aquaculture represents fish farming, one system where commercial fishes are reared 
in containers, ponds or tanks. Hydroponics generally refers to the production of plants without soil. Plant roots are 
able to grow in a nutrient solution with or without an artificial medium for mechanical support (Pantanella E, 2008). 
Hydroponics is one of the plant culture techniques, which enables plant growth in a nutrient media with the 
mechanical support of inert substrata. Hydroponics is considered as a promising technique not only for plant 
physiology experiments but also for commercial production (Hutchinson W, 2004). Both aquaculture and 
hydroponics have some negative aspects. Hydroponics requires costly nutrients to feed the plants, and also periodic 
flushing of the systems is required which leads to waste disposal issues.  
 
Aquaculture needs to have excess nutrients removed from the system; normally this means that some amount of the 
water is removed, generally on a daily basis. This nutrient rich water needs to be disposed off regularly and replaced 
with clean fresh water. While aquaculture and hydroponics are both very efficient methods of producing fish and 
vegetables, when we look at combining these two, these negative aspects are curved into positives. Fish produces 
mainly nitrogenous wastes. If these wastes accumulate, it can be fatal for the life of fish, but if they can be managed 
efficiently then the same waste can be a great fertilizer for plants. As the plants take up these nutrients, they purify 
the water, which is beneficial for the fish. Many cultures have been made using this cycle to grow better crops and 
rear the fish as an additional food source. This simple logic is the base for Aquaponics culture. Rice paddies in the 
China and Thailand and many other countries across the globe have been using aquaponics technique for years. The 
Aztecs developed a system of building floating islands for food-plants such as maize and squash. Fish use to 
propagate around the islands, leaving their waste on the lake bottom, where it could be collected to fertilize the 
plants. 
 
Modern aquaponics is slightly more technically efficient which makes use of environment friendly approach to 
produce food. Fish are usually kept in large tanks and the plants are grown hydroponically; that is, without soil. 
Plants are mainly planted in beds with a little gravel or clay and their roots hang down into the water. The water is 
cycled through the system, so that it collects the "waste" from the fish and recirculates back to the plant beds, where 
it is naturally filtered by the plants and then again returned to the fish tanks. In this trend of culture, no chemical 
fertilizers are needed for the plants unlike traditional farming methods as in the present context they all come from 
the fish-waste. It also tends to be organic, because the use of pesticides would be detrimental to the fish. Thus, 
aquaponics is a sustainable system that combines both hydroponic (plant) and aquaculture (animal) systems. This 
system makes use of the natural biological cycles (Nitrification). It allows us to produce fish and plants in a single 
system with a large reduction in water use (Fig.1) 
 

Why Aquaponics 
Aquaponics as an integrated system helps to negotiate many of the crises prevailing across the globe. Some of the 
common crises are increasing population, food shortages, increasing unemployment, global warming, etc. This 
system only uses a fraction of the water, about 10% of soil growing. There is no need to purchase, store and apply 
fertilizer, no soil-borne diseases, no tilling, and no weeds. It results in high fish stocking density, high crop yield. 
This integrated system relies on the principle of no waste as waste from fish is been used by plants. In other words 
waste from fish is used to feed the plants. Water is re-used in the re-circulating system. No pesticides or herbicides 
required rather continuous organic fertilizer is supplied naturally. This system aids to food security as we can grow 
our own food within a defined space, year-round and equally potent in draught or places with poor soil quality 
which results in local food production, enhances the local economy and reduces food transportation. Thus, 
aquaponics is considered as sustainable as it has lots of advantages with respect to hydroponics and aquaculture 
(Table 1) along with a cutting edge for meeting several crises.  
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How Aquaponics Works (Fig. 2) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Components 

Aquaponics is comprised of two main parts, aquaculture part for raising aquatic animals and the hydroponics part 
for growing plants (Rakocy, Diver, 2006). Although consisting primarily of these two parts, aquaponics systems are 
usually catagorized into several components or subsystems responsible for the effective removal of solid wastes, for 
adding bases to neutralize acids, or for maintaining water oxygenation (Rakocy, 2006). Typical components include: 
 Fish Tank 
 Place to Grow Plants 
 Water Pump(s) 
 Air Pump 
 Irrigation Tubing 
 Water Heater (Optional) 
 Filtration (Optional) 
 Grow light (Optional) 
 Fish and Plants 
 Sump 
 Settling basin 
Fish tank is used to rear fish. Water pumps and air pump are used to regulate the water level and air level 
respectively. Irrigation tubing is well connected throughout, so that it creates a re-circulating system. Sump is the 
lowest point in the system where the water flows to and from which it is pumped back to the fish tanks. Settling 
basin is a unit for catching uneaten food and detached biofilms, and for settling out fine particulates (Fig. 3) 
 

Plants: Hydroponics 
Plants are grown as in hydroponics systems, with their roots immersed in the nutrient-rich effluent water. This 
enables them to filter out the ammonia that is toxic to the aquatic animals, or its metabolites. After the water has 
passed through the hydroponic subsystem, it is cleaned and oxygenated, and can return to the aquaculture vessels. 
This cycle is continuous.  Without plants the system cannot function properly.  Growing plants in soil is fairly easy 
but takes up valuable space because of moisture and spacing requirements. Aquaponics takes care of this 
automatically, without much thought except to insure the flow of water.  If the electricity quits or a pump fails the 
plants will survive several days up to two weeks depending on the temperature, but of course the fish will die within 
hours. Even plants needing large amounts of nitrogen, like tomatoes, can exist side by side with plants that require 
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little, like lettuce.  The nutrient rich water reaches all plants and because it only passes through, only what is needed 
is used.  Even with good plant coverage there are a lot of nitrates flowing out the drains back to the fish tank, enough 
in fact to power up another group of grow beds. This is not a concern unless the water is cloudy in the fish tank. 
Vegetables like Lettuce, Beans, Squash, Zucchini, Broccoli, Peppers, Cucumbers, Peas, Spinach,,etc. Herbs like Basil, 
Thyme, Cilantro, Sage, Lemongrass, Wheatgrass, Oregano, Parsley, etc. Fruits like Strawberries, Watermelon, 
Cantaloupe, Tomatoes, etc. Most garden varieties flowers can also be grown. 
 
Why do Plants like Aquaponics? 

 Nutrients constantly provided 
 Warm water bathing the roots 
 Don’t have to search for water or food 
 Less effort needed in putting out roots 
 All the energy goes into growing UP not DOWN 
 No weed competition 
All of the above mentioned factors aids all the necessary ingredients responsible for a better and healthy growth of 
the plants. 

 
What influences the amount of available nutrients to plants? 

 

Many factors as mentioned below held responsible for the availability of nutrients to the plants. These factors should 
be tightly and timely regulated for the optimum growth of the plants. 
 

 Density of fish population 
 Size of fish 
 Temperature of water 
 Amount of uneaten fish feed in water 
 Availability of beneficial bacteria 
 Amount of plants in the system 
 Media present in system 
 Water flow rate 
 
Economical Rising Effectiveness with Vegetables Production 
Aquaponics presents an promising opportunity to rethink the traditional fish farming, to fetch in more money at the 
farm gate. Two profit centers for producers: fish and plants. If fish goes through a stumpy cycle then we have plant 
revenue to rely on and vice versa. Many experts claim that aquaponics has the potential to produce more than 
conventional or hydroponics where as some claim it produces considerably less.  The integration of fish and plants is 
a kind of polyculture that increases diversity and thereby enhances system stability. Aquaponics increase economical 
efficiency because several key costs such as nutrients, land and water are substantially reduced and module 
operating and infrastructural costs are shared.  
 
The system involves no control of root pathogens, as these are controlled biologically by the broad spectrum of 
antagonistic micro-organisms that develop in the natural environment (Nichols M, 2008 ). Aquaponics is a bio-
integrated system that associates recirculating aquaculture with hydroponic vegetable, flower, or herb production 
(Gordon A Chalmers, 2004).  This production type of fish and vegetables, is right where the market is headed- 
consumers are demanding safe food produced in an environmentally responsible way. The fact that aquaponic 
products are locally produced, and therefore, ″leaving a small footprint on earth, is an added bonus″. Terms such as 
″natural″, ″environmentally friendly″, ″pesticide free″, ″organic″ have growing attraction to consumers(Graham L, 
2003). 
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Aquaponics process, gives big advantages in earlier and faster plant crop production to capture more profits. This 
type of agriculture might mean a stepped-up investment, but it is one that creates another revenue stream (from fish) 
linked with more profitable plant production.  Some benefits of this system outlined by Amadis Lacheta (2010): 
 
• Faster growth rate, crop maturity and yields 
• Consistency and quality of crops 
• Drastically reduced water and nutrients compared with soil-grown produce 
• Crops can be grown in places where ordinary horticulture and aquaculture is impossible due to poor or 
contaminated soil or water  
• Reduced growing area required 
• Systems can be set up at a comfortable working height, excellent for people who are elderly or have disabilities  
• Relative freedom from soil diseases and pests 
• Weeds are virtually non-existent 
• Water stress is reduced in hot conditions 
• Less ongoing maintenance required 
 
Increasing economical efficiency of aquaculture by aquaponics, is given from the fact that by this  innovation water 
consume is reduced to minimum and most important we obtain organic vegetable products, that means an 
additional product which brings to us extra cash. 
 
Animals: Aquaculture 

Aquariums require filtering systems that must be either cleaned or replaced on a regular basis.  The grow beds of the 
aquaponics system by themselves act as this filter without the hassle of cleaning or replacing. Of course, plants must 
be present in the grow beds. Almost many freshwater fish can be raised in the system although the operating 
temperature may prohibit rearing of some species such as trout.  Freshwater fish are the most common aquatic 
animal raised using aquaponics, Fish like aquarium fish, Tilapia, Trout, Catfish, Yellow Perch, Bass, Bluegill, Carp, 
Koi, Goldfish, freshwater Prawns are recommended for rearing in an aquaponic system.  
 
Fish Maintenance 
 Feed fish 2 - 3 times a day, but shouldn’t be overfed 
 Fish eat 1.5 – 2% their body weight per day, this should be taken care of 
 Fish should be feeded only that which they can eat in 5-10 minutes 
 Fish won’t eat if they are too cold, too hot or stressed, thus temperature conditions should be well regulated 
 Water quality should be checked periodically  
 Fish behaviour and appearance should be observed 

 
Fish Health Management 
 Good hygiene and bio security—prevention, avoidance, selective access, and commonsense should always be 

exercised. 
 Before stocking fish from other facilities into own’s  system it should be quarantined properly. Their health 

should be monitored for several days—treat if necessary. 
 The best defense is fish’s own immune system. Always there should be a low-stress environment so that fish 

will maintain their health. 
 

Bacteria 
Nitrification which involves the aerobic conversion of ammonia into nitrates, is one of the most important functions 
in an aquaponics system as it helps in reducing the toxicity of the water for fish, and thus allows the resulting nitrate 
compounds to be removed by the plants for nourishment (Rakocy, 2006). Ammonia is steadily released into the 
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water through the excreta and gills of fish as a product of their metabolism, but must be filtered out of the water as 
higher concentration is detrimental to fish. Although plants can absorb ammonia from the water to some degree, 
nitrates are assimilated more easily thereby efficiently reducing the toxicity of the water for fish (Rakocy, 
2006). Ammonia can be converted into other nitrogenous compounds through: 
 Nitrosomonas: bacteria that convert ammonia into nitrites, and 
 Nitrobacter: bacteria that convert nitrites into nitrates. 
In an aquaponics system, the bacteria responsible for this process form a biofilm on all solid surfaces throughout the 
system that are in constant contact with the water. The submerged roots of the vegetables combined have a large 
surface area, so that many bacteria can accumulate there. Care for these bacterial colonies is important as to regulate 
the full assimilation of ammonia and nitrite. This is why most aquaponics systems include a biofiltering unit, which 
helps facilitate growth of these microorganisms. Since the nitrification process acidifies the water, non-sodium bases 
such as potassium hydroxide or calcium hydroxide can be added for neutralizing the water's pH. In addition, 
selected minerals or nutrients such as iron can be added in addition to the fish waste that serves as the main source 
of nutrients to plants (Rakocy, 2006).    
A good way to deal with solids buildup in aquaponics is the use of worms, which liquefy the solid organic matter so 
that it can be utilized by the plants and/or animals. 
 
Technical Operation 
Ten key guiding principles for creating successful aquaponics systems were issued by Dr. James Rakocy, the director 
of the aquaponics research team at the University Of The Virgin Islands, based on extensive research done as part of 
the Agricultural Experiment Station aquaculture program: 
 Use a feeding rate ratio for design calculations 
 Keep feed input relatively constant 
 Supplement with calcium, potassium and iron 
 Ensure good aeration 
 Remove solids 
 Be careful with aggregates 
 Oversize pipes 
 Use biological pest control 
 Ensure adequate biofiltration 
 Control pH 

 
The vital inputs to the system are water, oxygen, light, feed given to the aquatic animals, etc.  In terms of output, an 
aquaponics system may frequently yield plants such as vegetables grown in hydroponics, and edible aquatic species 
raised in an aquaculture. Typical build ratios are .5 to 1 square foot of grow space for every 3.8 L of aquaculture 
water in the system. 3.8 L of water can support between 0.23 kg and 0.45 kg of fish stock depending on aeration and 
filtration. Target pH should be maintained between 7.0 – 8.0. A thorough knowledge of the organisms in the system 
is required for success. pH, ammonia, dissolved Oxygen, soluble Salts, alkalinity, nitrate are some of the measures 
for water quality which should be monitored periodically. 
 

Safe Materials 
All the components used in the system should be made sure that they are safe for fish and humans: 
 Polypropylene - labeled PP 
 High Density Polyethylene - labeled HDPE 
 High Impact ABS (Hydroponic Grow Trays) 
 Stainless Steel barrels 
 EPDM or PVC (poly vinyl chloride) pond liner (make sure its UV resistant and avoid fire retardant material) 
 Fibreglass tanks and grow beds 
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 Rigid white PVC pipe and fittings, black flexible PVC tubing, some ABS 
 DO NOT use Copper – Its toxic to the fish 
 
System Maintenance 
 Fish should be feeded daily and their health should be monitored regularly. 
 Water quality should be tested (every other day for the first month, then about once a week, then as needed). 
 Filter screens, filter tanks (if using), tubing, water pump, growbed media, etc. should be cleaned out as and 

when needed. 
 Plant health should be checked. 
 Plants should be checked for bugs or nutrient deficiencies in a regular fashion. 
 
System Start-up Checklist 
 Type and size of system to build should be clearly decided 
 Drawing to be done for designs, research where to get parts, plan 
 Components should be brought and assembled properly 
 Plants should be grown from seed or some source for seedlings should be found 
 System should be filled with water and circulated (at least a week) 
 About 20% of stocking density of fish should be added to the system 
 Water quality should be monitored and partial water changes should be done as and when needed 
 System should be maintained properly 

 
Handy Tips and Tricks 

 Gravel media should be washed before putting into the system – otherwise it will lead to very cloudy dirty 
water 

 pH of the gravel media should be tested 
 Vitamin C and an air pump to bubble out chlorine and chloramines from tap water should be used 
 Worms (red wigglers) need to be used in media beds to breakdown solids and reduce anaerobic zones 
 Cleaning products, pesticides, algaecides, fertilizers or like substances shouldn’t be used in fish tanks or grow 

beds 
 Plants should be sprayed with diluted vinegar and water solution if aphides infects the plants 
 Direct sunlight on fish tanks should be avoided, the top should be covered to avoid algae and make fish happy 
 More than 1/3 of water at a time shouldn’t be changed. More than that will destroy the good bacteria in the 

system. 
 Outdoor plants should be covered during a frost, and shade from the scorching summer sun. We need to make 

sure that we have backup power available for pumps and aerators 
 

Benefits from Aquaponics 
 Addresses issues on food safety 
         – Produce do not contain the most common pathogen 
 Maximizes the use of space 
         – Diversified operations (fish and plants) 
         – Ability to produce a large quantity of food in a small space 
         – No land is needed 
 Ease of operation 
          – No weeding 
          – No soil cultivation 
          – Minimal watering 
          – No pesticide application 
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          – Minimal maintenance and time spent 
 Addresses issues on climate change 
         – Conserves water 
         – No leaching of nutrients or waste to be pumped into the environment 
 A great educational tool to teach children grows food and care for living things 

 Operation is friendly to persons with physical disability 

 Products are higher in nutrient and better 

 

Future Perspectives 
Simplicity in design and management with almost no energy and low equipment costs makes these systems an 
interesting solution wherever land availability, flooding, productivity and ecological footprint are an major issue. In 
addition the employ of water weeds as a resource can certainly increase livelihoods opportunities in all those areas 
affected worldwide.  Further research needs to address the nutrient dynamics of different growing media and to 
optimise system design and nutritional requirement of vegetables in those water bodies with limited dissolved 
nutrients. The possibilities of this integrated system are quite high and can provide sensitive benefits to smallholders 
as well as big aquaculture enterprises. The potential of these systems is however not fully understood and 
interdisciplinary links and research can unquestionably address many of the issues that are still hidden. 
 

CONCLUSION 
 

Aquaponics is the combination of aquaculture and hydroponic systems whereby nutrient rich waste water from the 
aquaculture system is engaged into the hydroponic system. The trends of new millennium in environmental 
regulation, are limiting amount of water which may be consumed or discharged. In aquaponics, wastewater from 
aquaculture is filtered and is recirculated into the system. Aquaponics presents an opportunity to rethink the 
traditional fish farming, to bring in more money farm gate.  
“The ultimate goal of farming is not the growing of crops, but the cultivation and perfection of human 
beings.” ― Masanobu Fukuoka, the One-Straw Revolution 
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Table 1: Comparison between hydroponics, aquaculture and aquaponics. 

 

System Advantages Disadvantages 

Hydroponics 

 Produces a high volume of crops in a 
small space 

 The most water efficient method of crop 
production 

 Dependent on manufactured 
fertilizers that are costly 

Aquaculture 
 Produce a large volume of fish in a small 

space 

 It has a high rate of failure due to 
high stocking rates 

 Fish produce ammonia, algae, 
minerals that are to be constantly 
filtered 

 

 

Aquaponics 

 No pesticide, thereby reducing carbon 
footprint 

 The plants get an automatic food supply 
from the fish water 

 The plants filter the water for the fish 

 Management requires skills in 
growing fish and plants 
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Fig.1 Aquaponics basic diagram 
Fig. 2 Diagram illustrating general working of 

Aquaponics 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 General setup of an aquaponics system 
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Physical,chemical and biological parameters like Temperature, Total alkalinity, pH, Dissolved oxygen, 
Nitrate Nitrogen and planktons were studied in three ponds (1,2 & 3) in Khurda district of Odisha. The 
parameters studied in all the ponds varied but statistically insignificant. The ponds were stabilized 
empowering the people with the techniques for composite fish farming using Catla, Rohu and Mrigal as 
candidates for harvesting. 
 

Keywords: Temperature, total alkalinity, planktons, ponds. 

 

INTRODUCTION 

 
Limnology is defined as the study of fresh water andtheir inhabitants. The growth and survival of aquaticinhabitants 
depend on the quality of water Boyd 1989,1990, Philips 1991, Jhingran 1985. The quality of water depends on the 
physical, chemical and biologicalcharacteristics of water is known.Zweig et al. 1999, Adeniji and Ovie 1982; Das and 
Padhi2014,Padhi et al. 2015. Hence the present study isfocussed on the determination of quality of water in order 
toutilize the ponds for aquaculture.Fish plays an important role in agriculture sector ofIndia. It provides livelihood 
to more than 60 million peopleand earns more than 6800 crore rupees through export. Limnological studies have 
been carried out by Olopade 2013 and Nikolosky 1963.The Main objectives of the study was to determinephysical, 
Chemical and biological characteristics of pondsin order to utilize them for fish culture and thus 
generateemployment opportunity for gainful earning among ruralpeople by creating awareness among them 
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through trainingon aquaculture practices.Composite fish farming is the technique to culture different types of 
compatible and non competitive fishes in the same ecosystem so as to allow them to grow by feeding by making 
optimum use of different zones ( surface,bottom and column) of the ponds without impeding the 
growth,development and maturity of one another.This is a very profitable method of aquaculture and hence 
importance has been laid to train the populace for gainful employment.  
 

MATERIALS AND METHODS  
 

For the purpose of study, three ponds in three villages (Khudpur, Podopoda, and Barapada) in Khurda district, 
Odisha, were chosen for investigation, and such ponds were not utilized for fish cultivation earlier. The parameters 
chosen were water temperature, PH, dissolved oxygen, total alkalinity, nitrate nitrogen and plankton biomass of 
water.Temperature was recorded using ordinarythermometer (accurate up to 0.01 degree C), PHby PH meter, 
alkalinityby using phenopthalein and methyl orange indicaters. Dissolved oxygen was measured by 
Wrinkler’smethodand nitrate nitrogen and plankton biomass were measured byfollowing standard procedures 
(APHA-2005) using watertesting kits (NICE). During the period from November 2018to October 2019. 
 

Preparation of Ponds for Composite Fish Culture 
a)Cleaned the ponds by making free from undesirable plants and weeds manually. 
b)Liming the ponds was done in order to correct the acidity of soil and water to speed up the decomposition of 
organic matter; which acts as disinfectant and as an essential nutrient (@ 200 kg/ha). 
c) Fertilizing the ponds was done after 3 days of liming for bloom of phytoplankton and growth of zoo plankton by 
manuring with organic manures (cowdung and oil cake @ 500 kg/ha) which carry almostall nutrients required by 
fish.The inorganic manures like urea @ 60 kg/ha/month and single super phosphate @ 70 kg/ha/month were used 
depending on the soil and water condition of the different ponds as they provide the nutrients, vitamins and 
minerals to the fish thus increasing natural productivity of the ponds. 
d)Artificial feeding was done by providing rice bran, oil cake and kitchen waste as these are cheaply available. 
e) After cleaning, liming and fertilizing the ponds during March-April 2013, the fingerlings of 50-100 gm size 
(approx) purchased from govt.hatcheries were stocked in the ponds 15 days after fertilization of ponds. Fingerlings 
of Catla, RohuamdMrigal in the ratio of 4:3:3 wereselected to get good yield in mixed farming during July2013. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth Gupta and Gupta 
2006.The water quality standards vary significantly due to different environmental conditions, ecosystem and 
intended human users EPA 2006. The quality of aquaculture products and their suitability for human consumption 
may also be affected by water quality Zweig et al. 1999.Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment.The results (Fig.1-5) indicate that the water temperature in pond 1 varied from 19 to 32, in pond 2 from 
19.3 to 33.5 and in pond 3 from 21 to 33.1. pHin pond 1 varied from 7.4 to 8.1, in pond 2 from 7.5 to 8.2 and in pond 3 
from 7.4 to 8.1. Total alkalinity showed 81.3 to 184.86 in pond 1, from 86.20 to 196.15 in pond 3 and varied from 84.18 
to 196.24.Dissolved oxygen values varied from 5.4 to 8.5 in pond 1, from 5.5 to 8.3 in pond 2 and from 5.6 to 8.1 in 
pond 3.Nitrate nitrogen varied from 0.98 to 5.28 in pond 1, from 0.96 to 8.21 in pond 2 and from 2.38 to 15.35 in pond 
3.Phytoplankton analysis revealed variation from 212 to 218 in pond 1, 224 to 231 in pond 2 and 225 to 238 in pond 
3.Zooplankton varied from 20 to 38 in pond 1, 27 to 35 in pond 2 and from 26 to 31 in pond 3 during different months 
of the year (2018-2019) under study. Taking all these factors into consideration, the three ponds under study were 
prepared for fish culture by cleaning, liming, fertilizing, stocking and artificial feeding for harvesting after one 
year.The result (range of variation of different parameters)obtained on three ponds (P1, P2, P3, Average Depth of 3.5-
5’)during the period of study(Nov 2018 to Oct 2019), were recorded. After having studied, the pond health, treatment 
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was done preparing the ponds for aquaculture following standard prescribed guidelines for pre stocking, stocking 
and harvesting.  
 

CONCLUSION 
 

Catlacatla(surface feeder) Labeorohita(column feeder)and Cirrhinamrigala(bottom feeder) and with differentfeeding 
habits occupying different zones of the ponds utilizethe available food of the ponds in all the zones 
profitably.Regularly the weeds were removed by physicalmethods, manuring was done alongwithproviding 
artificial diet like oil cakes,waste vegetables etc.,the fish were caught and weighed at intervals. The fish werecaught 
by netting during March-April 2013. The weight offish, ranged from 500gm-1000gm. Fishes below 500gm wereagain 
left in the ponds for further growth.The average yield of fishes and their cost at site was from P1-250kg, from P2-
253kg and from P3-255kg @ Rs 100/kg and the total sale price was Rs. 82,800 in the year under study.Awareness 
programmes were organized periodicallyin the villages in order to create awareness among people inorder to 
motivate them for fish cultivation. The resourcepersons were invited from Fishery Training Institute,Balugaon; 
WBUAFS, Kolkata; Berhampur University andfrom CIFA, Bhubaneswar.Training programmes on composite fish 
farmingwere organized forVillagers and students. The technical expertise so gained isbelieved to be utilized by the 
beneficiaries for gainful earning.During the period of study care of the ponds was monitored by a group of peer 
volunteers from each village who have assisted in managerial activity and watch of the ponds in their respective 
villages. The profit of the sale proceeds of fish was being used as seed money by the volunteersfor cultivation of fish 
for livelihood besides other engagements. Thus the objectives have been achieved through training and interaction 
sessions generating confidence among the villagers for aquaculture for their livelihood. 
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Fig. 1: Variations in total alkalinity (mg CaCO3-l-1) in 

different ponds (Nov 2018-Oct-2019) 

Fig. 2: Variations of nitrate-nitrogen (μg-l-1) in different 

ponds (Nov 2018-Oct-2019). 

Fig.3: Temp. (0C) in three ponds (Average value) (Nov 

2018-Oct-2019). 
Fig.4: Dissolved oxygen (DO) in three ponds (in ppm) 

(Nov 2018-Oct-2019). 
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Fig.5: pH in three ponds (Average value) (Nov 2018-Oct-2019). 
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This study deals with the ecology of temporary ponds in the east coast of India from November 2018 to 
July 2019. Three categories of ponds were recognized on the basis of physical and biotal characteristics. 
Each of the ponds displayed a detritus-based food web derived predominantly from leaf litter. 
Productivity in all the ponds was contributed due to aquatic vegetations and phytoplankton. Physico-
chemical parameters including physical, chemical and biological parameters like temperature, total 
alkalinity, pH, dissolved oxygen, nitrate and nitrogen contents of the pond water were investigated. 
There was no consistent pattern across the ponds, though community metabolism reports showed that 
the ponds which are exposed are autotrophic whereas the shaded ponds are heterotrophic in nature. 
Most importantly, the ponds were stabilized empowering the people with the techniques for composite 
fish farming of Indian major carps (Catla catla, Labeo rohita and Cirrhinusmrigal) as candidates for 
harvesting. The present investigation was carried out on certain water quality and biotic parameters of a 
fish pond in different time intervals. The pH found to be between 7.4 and 8.2. The total alkalinity ranged 
between 130 to 218(mg CaCO3.l-1).The water quality of the pond was moderate for aquatic organism and 
fishes. 
 

Keywords: Physico-chemical, limnology, water, fish, alkalinity, ponds. 
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INTRODUCTION 

 
Ecosystem is predominantly the basic and fundamental unit of ecology. It provides information regarding the 
availability of solar energy in a habitat and also about the accessibility of mineral elements, their utilization and 
recycling. Majorly, the microorganisms, plants and animal present in an ecosystem makeup the biotic component 
whereas the physical and chemical components/factors represent the abiotic components of an ecosystem. Water 
resources are continuously deteriorating everyday at a quicker rate primarily due to hasty population and 
urbanization load. Declining water quality is currently a global issue (Mahananda et al., 2010). The water purity 
varies from place to place in nature (Patil 2013). Essentially, the interaction between physical, chemical and biological 
components of a habitat determines the quality of water of an ecosystem. Mostly, aquatic biota influences the 
physico-chemical characteristics of an aquatic ecosystem (Sharma et al., 2009). 
 
Limnology essentially deals with the study of fresh water andtheir inhabitants. Primarily, the growth and survival of 
fresh waterinhabitants depend on the quality of water(Boyd, 1989; Boyd, 1990; Philips, 1991; Jhingran, 1985). Fish 
plays an important role in agriculture sector of India. It provides livelihood to more than 60 million people and earns 
more than 6800 crore rupees through export. Extensive limnological studies have been carried out (Olopade, 2013; 
Nikolosky, 1963). The quality of water predominantly depends on the physical, chemical and 
biologicalcharacteristics of water (Zweig et al. 1999; Adeniji and Ovie 1982; Das and Padhi,2014; Padhi et al. 2015). 
Mostly, the present study isfocused on the determination of quality of water in order toutilize the ponds for 
aquaculture.The Main objectives of the study was to determinephysical, chemical and biological characteristics of 
pondsin order to utilize them for fish culture and thus generateemployment opportunity for gainful earning among 
ruralpeople by creating awareness among them through trainingon aquaculture practices.Composite fish farming is 
the technique to culture different types of compatible and non competitive fishes in the same ecosystem so as to 
allow them to grow by feeding by making optimum use of different zones (surface,bottom and column) of the ponds 
without impeding the growth,development and maturity of one another.This is a very profitable method of 
aquaculture and hence importance has been laid to train the populace for gainful employment. 
 

MATERIALS AND METHODS 
 

Study Site  
For the purpose of study, three ponds (P1, P2 and P3) in three villages in the state of Odisha, India were chosen for 
investigation, and such ponds were not utilized for fish cultivation earlier.  
 
Measuring Physico-Chemical Parameters 
The parameters chosen were water temperature, pH, dissolved poxygen, total alkalinity, nitrate nitrogen and 
plankton biomass of water.Temperature was recorded using thermometer (accurate up to 0.01 degree Celsius), 
pHbypH meter, and alkalinityby using phenolphthalein and methyl orange indicators. Dissolved oxygen was 
measured by Wrinkler’s methodand nitrate nitrogen were measured byfollowing standard procedures (APHA-2005) 
using watertesting kits (NICE), during the period from November 2018to October 2019. 
 

Preparation of Ponds for Composite Fish Culture 
The ponds were manually cleaned by making free from undesirable plants and weeds manually.Liming of the ponds 
was done in order to modulate the acidity of soil and water to speed up the decomposition of organic matter; which 
acts as disinfectant and also as an essential nutrient.  Fertilizing the ponds was done after 3 days of liming for bloom 
of phytoplankton and growth of zoo plankton by manuring with organic manures like cowdung and oil cake (500 
kg/ha) which carry almostall nutrients required for fish growth. 
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Fish Feeding 
The inorganic manures like urea (60 kg/ha/month) and single super phosphate (70 kg/ha/month) were used 
depending on the soil and water condition of the different ponds as they provide the nutrients, vitamins and 
minerals to the fish thus increasing natural productivity of the ponds.Artificial feeding was done by providing rice 
bran, oil cake and kitchen waste as these are cheaply available. 
 
Introducing Fingerlings in the Pond 
After cleaning, liming and fertilizing the ponds during March-April 2018, the fingerlings of 50-100 gm size (approx) 
purchased from govt.hatcheries were stocked in the ponds 15 days after fertilization of ponds. Fingerlings of Catla, 

Rohu amd Mrigal in the ratio of 4:3:3 wereselected to get good yield in mixed farming during July2018. 
 
Statistical Analysis 
Each experiment was done in triplicates to validate the significance of the results. 
 

RESULTS AND DISCUSSION 
 

The maintenance of good water quality is essential for both survival and optimum growth (Gupta and Gupta 2006). 
The water quality standards vary significantly due to different environmental conditions, ecosystem and intended 
human users EPA 2006. The quality of aquaculture products and their suitability for human consumption may also 
be affected by water quality (Zweig et al. 1999).Keeping these factors in view, the ponds under study were 
maintained for aquaculture imparting training to local people also in order to empower them for gainful 
employment.The results (Table I-V, Fig 1-5) indicate that the water temperature in pond 1 varied from 19 to 32, in 
pond 2 from 19.3 to 33.5 and in pond 3 from 21 to 33.1. pHin pond 1 varied from 7.4 to 8.1, in pond 2 from 7.5 to 8.2 
and in pond 3 from 7.4 to 8.1. Total alkalinity showed 81.3 to 184.86 in pond 1, from 86.20 to 196.15 in pond 3 and 
varied from 84.18 to 196.24.Dissolved oxygen values varied from 5.4 to 8.5 in pond 1, from 5.5 to 8.3 in pond 2 and 
from 5.6 to 8.1 in pond 3.Nitrate nitrogen varied from 0.98 to 5.28 in pond 1, from 0.96 to 8.21 in pond 2 and from 2.38 
to 15.35 in pond 3.Phytoplankton analysis revealed variation from 212 to 218 in pond 1, 224 to 231 in pond 2 and 225 
to 238 in pond 3.Zooplankton varied from 20 to 38 in pond 1, 27 to 35 in pond 2 and from 26 to 31 in pond 3 during 
different months of the year (2018-2019) under study. Taking all these factors into consideration, the three ponds 
under study were prepared for fish culture by cleaning, liming, fertilizing, stocking and artificial feeding for 
harvesting after one year.The result (range of variation of different parameters)obtained on three ponds (P1, P2, P3, 
Average Depth of 3.5-5’)during the period of study(Nov 2018 to Dec2019), were recorded: (Table VI).After having 
studied, the pond health, treatment was done preparing the ponds for aquaculture following standard prescribed 
guidelines for pre stocking, stocking and harvesting. 
 

CONCLUSION 
 

Catla catla (surface feeder), Labeo rohita (column feeder) and Cirrhina mrigala (bottom feeder) and with different 
feeding habits occupying different zones of the ponds utilize the available food of the ponds in all the zones 
profitably. Regularly the weeds were removed by physical methods, manuring was done along with providing 
artificial diet like oil cakes, waste vegetables etc., the fish were caught and weighed at intervals. The fish were caught 
by netting during March-April 2018. The weight of fish, ranged from 500gm-1000gm. Fishes below 500gm were 
again left in the ponds for further growth. The average yield of fishes and their cost at site was from p1-280kg, from 
P2-263kg and from P3-285kg @ Rs 100/kg and the total sale price was Rs. 82,800 in the year under study (2018-2019) 
(Table VII). Awareness programmes were organized periodically in the villages in order to create awareness among 
people to motivate them for fish cultivation. Training programmes on composite fish farming were organized for 
villagers and students. The technical expertise so gained is believed to be utilized by the beneficiaries for gainful 
earning. During the period of study care of the ponds was monitored by a group of peer volunteers from each village 
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who have assisted in managerial activity and watch of the ponds in their respective villages. The profit of the sale 
proceeds of fish was being used as seed money by the volunteers for cultivation of fish for livelihood besides other 
engagements. Thus the objectives have been achieved through training and interaction sessions generating 
confidence among the villagers for aquaculture for their livelihood. 
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Table I: Variations in total alkanity (mg CaCO3.l-1) in different ponds. 

                         Month/Period                                             P1                                                                   P2                                                            P3 

Nov 2018 I 81.36 105.85 112.25 
 II 112.72 101.72 116.20 

Dec 2018 I 124.58 109.95 120.16 
 II 122.78 135.4 127.35 

Jan 2019 I 134.26 134.62 120.60 
 II 129.85 138.12 135.70 

Feb 2019 I 142.18 148.70 128.3 
 II 138.26 154.20 140.20 

Mar 2019 I 151.34 147.25 156.15 
 II 156.10 164.26 168.92 

Apr 2019 I 162.96 152.85 178.34 
 II 159.14 194.10 196.24 

May 2019 I 184.86 196.15 184.12 
 II 89.14 184.72 179.80 

Jun 2019 I 94.42 110.62 132.40 
 II 84.36 112.10 102.80 

Jul 2019 I 82.98 105.20 96.20 
 II 83.16 86.20 84.18 

Aug 2019 I 110.18 108.15 89.10 
 II 94.82 110.42 128.12 

Sep 2019 I 89.54 95.20 89.25 
 II 84.80 98.90 94.36 

Oct  2019 I 96.30 94.65 98.12 
 II 98.12 88.12 98.40 

Nov 2019 I 90.10 92.10 105.20 
 II 110.30 112.30 110.15 

Dec-19 I 90.8 91.1 104.9 
 II 109.6 111.6 108.9 

  
Table II: Variations of nitrate-nitrogen (µg-l-1) in different ponds. 

Month/Period                                                      P1                                           P2                                           P3 

Nov 2018 I 2.89 10.96 9.18 

 II 3.20 4.38 10.95 

Dec 2018 I 2.98 5.32 9.40 

 II 2.56 4.96 8.36 

Jan 2019 I 2.10 6.75 8.52 
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Table III: Temp. (in 0C) in three ponds (Average value). 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 II 1.26 5.32 7.48 

Feb 2019 I 0.98 4.26 5.10 

 II 1.26 2.10 2.38 

Mar 2019 I 1.32 1.26 2.56 

 II 2.15 2.09 2.86 

Apr 2019 I 1.18 0.96 3.94 

 II 1.35 1.85 5.69 

May 2019 I 2.12 1.23 7.20 

 II 4.10 4.56 15.35 

Jun 2019 I 4.34 5.38 14.18 

 II 5.28 3.75 13.92 

Jul 2019 I 4.96 6.14 14.16 

 II 5.10 8.10 12.89 

Aug 2019 I 3.63 6.45 14.36 

 II 4.12 5.82 12.40 

Sep 2019 I 3.96 5.10 15.10 

 II 3.24 6.89 12.96 

Oct  2019 I 4.10 8.21 10.85 

 II 4.36 7.26 11.10 

Nov 2019 I 3.52 7.10 9.95 

 II 2.87 6.95 10.42 

Dec 2019 I 3.30 6.91 9.56 

 

 
II 2.64 6.60 9.36 

Month/Period P1 P2 P3 

Nov 2018 26 26.4 26.5 
Dec 2018 20.8 21.1 21 
Jan 2019 19 19.3 19.2 
Feb 2019 20.5 20.8 20.6 
Mar 2019 26.1 26 26.1 
Apr 2019 30.2 30 30.1 
May 2019 33 33.1 33 
Jun 2019 33.3 33.5 33.1 
Jul 2019 32 32.1 32.1 

Aug 2019 28 27.6 27.6 
Sep 2019 27 26.8 27 
Oct  2019 26.3 26.1 26.1 
Nov 2019 20.8 26.5 26.4 
Dec 2019 21.32 22.46 21.31 
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Table IV: Dissolved oxygen (DO) in three ponds (in ppm). 

 

 

Table V: pH in three ponds (Average value) 

 

TableVI: Range of variation of Parameters (November 2018 to October 2019) 

Parameters P1 P2 P3 

Temperature 19-32 19.3-33.5 21-33.1 
Total alkalinity 81.36-184.86 86.20-196.15 84.18-196.24 

pH 7.4-8.1 7.5-8.2 7.4-8.1 
Dissolved Oxygen 5.4-8.5 5.5-8.3 5.6-8.1 

Phyto plankton (no/lit) 212-218 224-231 225-238 
Zoo plankton (no/lit) 20-38 27-35 26-31 

Nitrate nitrogen 0.98-5.28 0.96-8.21 2.38-15.35 
 

Month/Period P1 P2 P3 

Nov 2018 6.8 6.6 6.7 
Dec 2018 6.5 6.2 6.3 
Jan 2019 8.5 8.0 7.9 
Feb 2019 8.2 8.3 8.1 
Mar 2019 7.9 7.9 7.8 
Apr 2019 7.5 7.5 7.6 
May 2019 5.8 6.1 6.2 
Jun 2019 5.4 5.5 5.6 
Jul 2019 5.6 5.7 5.8 

Aug 2019 7.1 5.7 7.3 

Sep 2019 7.7 7.8 7.9 
Oct  2019 7.0 7.1 7.2 

Nov 2019 
6.7 

 
6.6 

 
6.8 

Dec 2019 6.9 6.8 6.7 

Month/Period P1 P2 P3 

Nov 2018 7.4 7.5 7.4 
Dec 2018 7.6 7.5 7.5 
Jan 2019 7.6 7.6 7.4 
Feb 2019 7.9 7.8 7.8 
Mar 2019 8.1 7.9 7.8 
Apr 2019 8.0 8.2 8.1 
May 2019 8.0 8.1 7.9 
Jun 2019 8.0 7.9 8.1 
Jul 2019 7.7 7.8 7.6 

Aug 2019 7.6 7.6 7.5 
Sep 2019 7.7 7.7 7.6 
Oct  2019 7.6 7.6 7.5 
Nov 2019 
Dec 2019 

7.6 
7.5 

7.5 
7.5 

7.5 
7.5 
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Table VII: Post-harvestment output 

Species P1(3500Sq.ft) P2( 3600 Sq.ft) P3(4000Sq.ft) 

Catla catla 102 KG 118kg 130kg 
Labeo rohita 98kg 75kg 85kg 

Cirrhinus mrigala 80kg 70kg 70kg 
Total yield 280kg 263kg 285kg 
Sale price 28,000 26,300 28,500 

Approx expenditure 10,000 10,000 10,000 
Profit (Indian rupaiya) 18,000 16,300 18,500 
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Fig 1. Variations in total alkalinity in different 

ponds (Nov, 2018-Dec, 2019) 
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Fig 2. Variations of nitrate-nitrogen in different ponds 

(Nov, 2018-Dec, 2019) 
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Fig 3. Temp. (0C) in three ponds (Average value) 
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Fig 4. Dissolved oxygen (DO) in three ponds (in ppm) 

(Nov 2018-Dec-2019) 
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Fig 5. pH in three ponds (Average value) (Nov 2018-Dec-2019) 
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Rainfall Prediction is considered to be one among the challenging phases in Forecasting Weather. There 
are many merits of accurate and timely prediction of rainfall. It helps in taking preventive measure 
against agricultural difficulties, flood situations etc. The fields like agriculture, aquatic life, and 
ecosystem get affected of it. To get the real rainfall information, various statistical methods are proposed 
in the literature. Due to dynamic nature of atmosphere, statistical techniques fail to provide good 
accuracy for rainfall forecasting.Nonlinearity of rainfall data makes Artificial Neural Network a better 
technique. Review work and comparison of different approaches and algorithms used by researchers for 
rainfall prediction are analysed in this paper. The main aim of this paper  is  to  give non-experts an  easy  
access  to  the  computational intelligence techniques  and  approaches used in the field of rainfall 
prediction. 
 
Keywords: Rainfall Prediction, Neural Network, Computational Intelligence Model, Expert System,MLP 

 

INTRODUCTION 

 
Rainfall is a natural phenomenon. Rainfall Prediction is regarded as a challenging task in meteorology. It has prime 
importance in the areas like science and research, marine biology etc. Rainfall Prediction is difficult to perform as 
well as a challenging task. One of the prime reasons for it is the dynamic changes in climate and atmospheric 
process. Therefore accuracy in Predicting Rainfall is the major challenge for Meteorology Department [1]. Accurate 
Prediction of rainfall is not possible as it cannot be predicted where the rainfall will occur and whether it is a heavy 
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rainfall or not. The common factors, which affect the occurrence of rainfall, are temperature, humidity, wind speed, 
motion of cloud etc. It helps in saving life and assets and does disaster management caused due to heavy rainfall. 
Therefore to impart an accurate prediction, a set of prediction models have been devised and implemented. This 
Paper has the objectivity of going through various models relating to computational intelligence. Many Researchers 
have applied a set of techniques for  rainfall prediction and tried developing certain technologically advanced 
monitoring System by implementing and integrating Artificial Neural Network, Genetic Algorithm [2].MLP also 
helps in  predictions, Genetic Algorithm is applied for inputs, structure between the inputs, the output layers and to 
make the training of Neural Network more effective [3]. 
 

LITERATURE STUDY OF RAINFALL PREDICTION METHODS 
 
Rainfall Prediction plays an important role in the horticulture, agriculture, water resource management, crop 
production plan. This prediction has a vital role in serving to the mankind. The researchers predict rainfall with 
accuracy with the help of different number of approaches. Few methods are accurate than the others [4]. Weather 
Prediction is a method, which gets data basing on atmospheric conditions. It records the different atmosphere 
parameters like humidity, temperature, wind speed, rainfall, direction and so on. Different number of tools can be 
used for getting the data for forecasting the weather. Those tools may be wireless sensors, radars, high speed 
computer systems, meteorological satellites etc [5]. Weather forecast has a number of advantages, like monitoring 
and observing climate or weather, overcoming climate hazards, agriculture production, detection of  drought , 
aviation industry and so on. In general, a large amount of weather data are available with different sources like 
meteorology department website, UCI , Kaggle Repositories etc. These are considered as rich information and 
utilised for prediction. Different Data Mining Techniques are used with available weather data for predicting 
atmospheric parameters. These parameters cited above are dynamic in nature [6]. Weather calculation with 
atmosphere parameters change with the geographical location. The Data Mining Techniques, used for weather 
prediction include Fuzzy Logic, Artificial Neural Network (ANN), Regression, Decision Trees, Naive Bayes, and 
Support Vector Machines (SVM) etc. 

Fuzzy Logic 
Fuzzy logic is known as Fuzzy Inference System (FIS).Fuzzy logic has two components, Knowledge base and 
database. Knowledge base is composed of a set of if then rules whereas database defines the membership function. 
Fuzzy Logic relies on recognition. Here logical statements are taken, but not restricted with true or false values. It 
ranges with “almost certain” value to “very unlikely” [7]. Fuzzy logic plays a vital role in expert system applications.  

Fuzzy inference system (FIS) has following blocks, 

1. Rule base-It consists of if-then rules 
2. Membership functions- It uses fuzzy rules 
3. Decision making Unit- It performs inference operations  
4. Fuzzification Interface- It converts the crisp inputs to degrees of match with linguistic values 
5. Defuzzification Iinterface- It transforms the fuzzy inference results to crisp output. 
Following Figure implies the structural representation of Fuzzy Inference System. 

ANN (Artificial Neural Network) 
Artificial Neural Network (ANN) is an information processing structure. It is inferred from the biological nervous 
system. Biological Nervous System consists of brain and processing information [8]. It is consisting of interconnected 
processing elements known as neuron. Its objective is to solve some specific problem.ANN is a flexible arithmetic 
structural representation. It finds critical nonlinear relationship between input and output data set. Artificial Neuron 
Network Models are necessary. They are also efficient. The Processing elements are connected by synoptic weights. 
They adapt through a learning process [9]. In this era, Artificial Neural Networks have been found with application 
in vision, pattern recognition, classification, speech recognition, and control systems. 
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Regression 
A statistical approach, which tries to get the conclusion of the strength of the relationship between one dependent 
variable and a series of other independent variables is known as Regression [10]. A Regression Model contains two 
and more number of predictor variables. These are known as Multiple Regression Model [11]. 
Dependent variable is taken as Y and independent variable as X. 
Multiple regression model is of the following form:  
  Y=a0+a1x1 +a2x2 +a3x3+ a4x4+... .e 
 
Where a0, a1, a2, a3, a4 are known as the regression coefficient, e is the unexplained portion of dependent variable 
with zero mean along with constant variance [12].  
Multiple regression is used as a model to predict a dependent variable from two or more independent variables [12] . 
 
Naive Bayes 
Naive Bayes classifier is a simple approach of Bayesian network. Naive Bayes class has no parents. Single attribute is 
having parent, which is class. The model is built without counting complex parameters [13].For large data sets, the 
classification method is applicable. The approach has explicit model for deployment. It can be applicable for any real 
world issue. Minimal training data can be used for prediction of classification parameters [14]. The methodology is 
usually applied to predict rain fall. 
 
Multilayer Perceptron (MLP) 
MLP, which stands for Multi Layer Perceptron is called Feed Forward Network. It belongs to Artificial Neural 
Network (ANN). It is composed of non linear activation function. This function is present in hidden layer. Input and 
Output vectors perform nonlinear mapping [15]. There are two functions, 
1. Pattern Classifiers 
2. Nonlinear Adaptive Filters 
The neural network consists of three layer architectures, 1. Input layer defines input value, 2.hidden layers defines 
the mathematical function, 3. Output layer defines final outcome of each layer. The set of neurons are interconnected 
with weights [16]. Neuron has activation function. It takes input with the earlier layer, yields output for the later one. 
The Activation Function counts the number of Predictions [17]. 
 
Support Vector Machines (SVM) 

Support Vector Machine is a multi layer feed forward network. Support Vector Machines can be used for pattern 
classification and nonlinear regression. Support Vector Machines was developed by Vapnik and his co-workers. Its 
application is for supervised learning[17]. The reason for it is better generalization performance compared to Neural 
Network model. SVM result is unique, optimal. SVM is a method, which solves a number of classification problem, 
Kernel PCA, Kernel based clustering, feature selection, and dimensionality reduction. Some researchers have used 
the technique to predict rainfall to find accurate output. Support Vector Machines (SVM) with linear or nonlinear 
kernels is a learning algorithm used for the classification and regression. These are the methods in data mining with 
kernel mapping. SVM is a set of supervised learning methods. SVM is an extension to nonlinear models of the 
algorithm [18].  
 
Decision Tree 
One of the predictive modelling approaches is Decision Tree. It can be used in prediction, classification, and 
clustering. It uses a technique, Divide and Conquer, which decomposes the problem into number of subsets [19]. The 
Decision Trees consists of two parts, 
1. The growth of the tree to enable it to accurately categorize the training dataset 
2. The pruning stage is a methodology in machine learning as well as searching algorithm to decrease the size of 
decision tree. It overcomes the classifier issues thereby increasing the predictive accuracy. 
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CONCLUSION 

 
This paper is intended to provide an analysis of a no. of rainfall prediction methodologies used by different 
researchers. It helps generating a prediction model in getting rainfall accuracy by implementing any of the 
techniques cited. 
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Fig 3: Regression steps 
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Face of a human being is an important part. One person can be differentiated from the other with the 
help of it due to some unique features associated. Biometrics is one of the important area, where Facial 
Recognition plays a major part. Scope of this paper is to review on facial recognition. It has the objectivity 
to find and survey different Facial Recognition Techniques. These are the real world applicabilities in the 
area of Artificial Intelligence and Machine Learning. This acts as a frame work for real time face 
recognition and recognition. Face recognition is regarded as a technology which considers the position 
and dimension of a face in digital image. This Paper is intended for presenting a comprehensive review 
of Facial Recognition Techniques. 
 

Keywords: Facial Recognition, Artificial Intelligence, Machine Learning Methods 
 

INTRODUCTION 

 
Biometric techniques are identification based. The Parameters are the physiological characteristics like face, 
fingerprints, finger geometry, hand geometry, hand veins, palm, iris, retina, ear, voice etc. Face Recognition has 
advantages over the Biometric methods. Face Recognition is beneficial for security and surveillance purpose. Face 
Recognition is a visual pattern recognition problem. Face is a three-dimensional object, which vary with illumination, 
pose, expression and so on. Face identification can be viewed as a particular instance of article class recognition. In 
object class identification, the errand is to discover the areas and sizes of all articles in a picture that have a place with 
a given class. Models incorporate upper middles, people on foot, and cars. Face-location calculations center on the 
recognition of frontal human countenances [1]. Users are capable of identifying the faces by learning throughout life 
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span, recognize the familiar faces after distance of years. The human beings are capable of it irrespective of being 
affected after the lapse of the period and some visual changes. These changes are occured due to issue in aging, 
distractions, different facial conditions like growing beards on face, hair style changes, wearing of glasses, 
expressions etc. The face detection has the objective to find whether face in any image exists or not. It is an important 
task for human beings, which is a challenging task for computer systems [2]. Now a days, it has been considered one 
important research topics. 
 
Facial Recognition Techniques 
A number of technologies are used for face identification from the images.  Facial Recognition System identifies faces 
present in the images and videos. It is divided into following categories: 
1.Facet authentication, which is also used for authentication: one to one matching is done here. It compares a query 
face image against a pattern of features image which checks for the identity.  
2. Face Identification : here a number of and  kind of compare are being  done. it contrasts a query face image aligned 
with the face patterns available in the database to decide the distinctiveness of the reserved face image.[3][4] 
When any Algorithms on Facial Recognition are to be developed, then system test is being made. For Face 
Identification Classification testing, a collection of faces are required. A standard database is always used. There are 
plentiful standard collection being offered and any proper database can be certainly chosen as per requirement [4]. 
Some popular databases include FERET database, AT&T Face Database, UCI Repository, AR Database, Yale 
Database, Kaggle etc. 
 

Template based Method: Template matching is a concept, which is related to an approach to spot the faces with help 
of global representations. These methods include certain processe. face image is taken as a whole and extracts 
features from the whole face region and then classify the image by applying a pattern classifier. One of the methods 
used to extract features in a holistic system and it is based on statistical approaches [5]. 
 
Statistical Methods: There methodologies identify, analyse and parameterize the linear subspaces. There are some 
statistical face recognition techniques excluding the linear subspaces. These are based on nonlinear subspaces. Non 
linear subspaces include kernel-PCA and kernel-LDA, Transformation (Hidden Markov Model (HMM), Fourier 
Transform) and Support Vector Machine (SVM)[6].  
 
Neural Network: Neural Network or Artificial Neural Network (ANN) is a popular tool for pattern recognition 
problems. One of the demonstrations of neural network for face image has applications. Using a small set of face 
images, accurate recall was reported even when input image is very noisy, low resolution and dimension or when 
portions of the images are missing [7]. ANN consists of simple elements, operated in parallel.ANN can be used for 
Facial Classification and Gender Classification. ANN are used to reduce the complexity. The neural network learns 
from experience, works on the images with change in lighting conditions and improves the accuracy. The major 
drawback of the neural network is large amount of time required for training.ANN finds the face with help of 
learning. NN based system is trained, so that it can be able to recognize the faces. Neural Network with Incremental 
Learning Ability was used for the face recognition purpose [7][8]. 
 

Hidden Markov Model (HMM): It is a statistical model. This HMM has two processes. One is Markov Chain with a 
finite number of states [9].This can’t be viewed. The second process consists of states. Each state has a set of 
probability density function associated with it. This model is analogous to Eigenface method. The Hidden Markov 
Model has a great contribution in the area of speech recognition. But This Model had the objective to identify the 
faces.HMM is applicable for facial recognition, face detection, object recognition etc. The number of states can be 
increased or decreased depending upon the system’s requirement. HMM also raises the performance of the face 
recognition system [10]. 
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Support Vector Machine (SVM): SVM is a method dealt with the classification issues. SVM is a machine learning 
method, where the classifier is trained sufficiently and effectively, which deals with the face recognition issue. SVM 
takes out the discriminatory information from the training data. SVM works to find the classification. The scope with 
SVM is dealing with the two class predicament. Face Recognition is a Multi class problem [10][11]. Use of SVM does 
the face recognition after facial feature extraction is made. For face recognition, SVM can be applied individually or 
can be used with the other techniques. Like a Hybrid method can be used in which features can be extracted with 
Independent Component Analysis (ICA) and then afterward the recognition issue can be resolved using 
SVM[13][14]. 
 
Facial recognition is regarded to be one of the active areas of research since many years. The Face Recognition 
consists of several areas like machine learning, image processing, computer vision, pattern recognition, neural 
networks. It mainly helps in security systems, surveillances, biometrics, law Enforcement etc [5]. Here the main 
constraint is Classification. Facial Recognition methods include training of facial images from the given set of data, 
classify the new test images into one of the classes. The problem of Face Recognition can be resolved by humans. The 
machine learning face recognition system has some disadvantages. They are ageing, facial expressions, scaling 
factors, illumination variance etc [6][12].  
 
Luo et al. (2018) have suggested deep cascaded detection method that iteratively exploits bounding box regression, a 
localization technique, to approach the detection of potential faces in images. They also consider the inherent 
correlation of classification and bounding-box regression and exploit it to further increase overall performance. Their 
method leverages cascaded architecture with three stages of carefully designed deep convolutional networks to 
predict the existence of faces [16]. Tensor Flow is a machine learning system that operates on large scale and in 
heterogeneous environments. Tensor Flow uses dataflow graphs to represent computation, shared state, and the 
operations that mutate that state. It maps the nodes of a dataflow graph across many machines in a cluster, and 
within a machine across multiple computing devices, including multi core CPUs, general purpose GPUs, and 
custom-designed ASICs known as Tensor Processing Units (TPUs). 
 
Stitiprajna et al.(2020) have used the Haar-Cascade classifiers for the extraction of features. They have downloaded 
the xml file of Haar-Cascade from Google and saved in directory. A no. of features have been found to be encoded 
within it. By the help of this classifier they have detected the faces. They have taken a 3×3 dimension matrix and 
passed it across one image taken. At each move, the pixel at the centre is compared with pixels all across. Hence they 
have found out a threshold value. The neighbours are denoted by intensity value, which is  less than or equal to the 
centre pixel by 1 and the rest by 0.After reading these 0 or 1 value in the 3×3 dimension matrix, a binary pattern like 
11100011 is found, which is local to particular area of the image. By applying on the image, a set of local binary 
patterns will be get. After training the images, the authors have used LBPH algorithm and with the help of the 
histogram, are able to recognize the faces of the given data. The proper path have been given to the folders where the 
images of the persons exist. After it, the video streaming have been made through the web camera. It will detect the 
photos in the video frame by frame and show the name of the person. Current time and date modules have been 
imported for showing in which time and date that it had recognized the faces.Mukherjee et al. (2017) have discussed 
the methods, using hand crafted features followed by training a simple classifier and an entirely modern approach of 
learning features from data using neural networks. Ren et al. (2017) have presented a method for real time detection 
and tracking of the human face. The proposed method combines the Convolution Neural Network (CNN) detection 
and the Kalman filter tracking. Convolution Neural Network (CNN) is used to detect the face in the video, which is 
more accurate than the traditional detection method. Kalman Filter [16] is used, when the face is largely deflected or 
severely occluded. Tracking is utilized to predict the face position. They try to increase the face detection rate, while 
meeting the real time requirements. 
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CONCLUSION 

 
This Paper discusses about the recent development in the field of face recognition and the methodologies adopted to 
achieve. Facial Recognition Systems have reached certain height while operating under constrained conditions. The 
lists of references have the objective to understand the process easily. The Face Recognition in video has more 
challenges to the current face recognition systems.  
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Fig 1: Facial Recognition System Fig.2: Face Recognition Process Flow 

Fig 3: Facial Recognition Approaches Fig.4: Image Thresholding [1]) 

Fig.5: Simulation with LBPH [1] Fig.6: Simulation Result using LBPH & Time Module [1] 
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This experiment was guided to investigate the effect of dietary calcium level on eggshell thickness of 
aged laying hens. With increasing hens age increased the egg size and weight, but it not directly 
proportional to the shell weight, which gives on to decreased in the shell thickness as well as the shell 
weight in egg weight ratio. The eggs are cracked due to weak eggshell. More numbers of cracked eggs 
are view in aged layers could be result of disturbance with the calcium homeostasis. Due to calcium 
deficiency calcium were supplying needed to make a good shell. So, in this experiment total 24 numbers 
of hens, 45to 50 weeks old Vanaraja hens were used and housed in conventional cages and divided into 4 
groups and each group fed with diet containing calcium level of 3.8%, 4.1%, 4.5% for 10 weeks and 
another one group is under control. The feed diet containing corn, wheat, soybean meal, oat, calcium and 
vitamin D3 tablet.  After 4- 10 weeks of feeding, the eggs from each group were collected individually 
and the external parameters of these eggs were measured. This experiment had no effect on the eggshell 
qualities’ traits such as eggshell thickness, eggshell weight. Thus, this experiment suggested that the aged 
reproducing hens requires sufficient level of calcium every day in their diet. 
 

Keywords: Dietary Calcium Levels, Cracked Eggs, Eggshell quality, Aged laying hens, eggshell 
thickness. 

 

INTRODUCTION 
Technically poultry is termed for those species of birds that has been domesticated to produced and grow in captive 
condition for their meat and egg. In India the word poultry is synonymous with domestic chicken (Gallus 

gallusdomesticus) because other type of poultry almost unknown as source of egg and meat (Alemu, 1995).  
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Egg 
According to the intake of food, egg is considered aslow cost but it contains highly nutritious substances, which 
provides balanced nutrients and have a great impact on human health. Eggs contain essential protein, selenium, fats 
soluble vitamins, minerals, and bioactive compounds. Composition and net amount of egg depends on age, hen 
foodstuffs, and environmental situations. The ratio of nutrient to energy density of one egg (50g) contains 78 kcal is 
energy,6.29gis saturated,2.0g is monounsaturated, 0.7g is polyunsaturated, and 186mg is cholesterol. Egg also 
contains micronutrients but doesn’t contains vitamin C and also contains variety of minerals like eggshell contains 
high amount of calcium also the yolk contains small amount of calcium, iron, magnesium, phosphorous, potassium, 
sodium, and zinc) all of these are important ingredient in egg and most vitamins are present in egg. 
 
Egg Proteins 
Egg is highly proteinaceous and it is an important ingredient in human diet. It proved to be having antioxidant like 
phosvitin, which is present in egg white.  The evaluation of external and internal quality of egg is essential as 
consumer prefer to better quality of eggs (Song et al., 2000). According to (Stadelman1997) egg is compost of those 
quality characteristics which affect its acceptability to consumers such as cleanliness, freshness, egg weight, shell 
quality, yolk index, albumin index, Haughunit and chemical composition. According to(Swiatkiewicz et al., 2015) 
eggshell quality is one of the significant issues in the egg industry. The calcium enters the shell structure up to 95% 
as calcium carbonate and represents 1.5% of body weight of the hens so that calcium is the most important 
nutritional factor determining eggshell quality (Gerber, 2006, Swiatkiewicz et al., 2015). Another scientist (Robert, 
2004) told thateggs with inferior shell quality are a leading economic loss to poultry producers. According to (Roland 
1988)it has been reported that the average of eggs cracked and lost prior to point of consumption ranged from 13% to 
20%. Due toreduce in an intestinal Ca uptake, which causes decrease in eggshell thickness and increased egg sizein 
aged laying hens (Al-Batshan et al., 1994). Increases in hens age, egg size and egg weight increased, but it is not 
directly proportional to the shell weight, which conduct to decrease in the shell weight in comparison with egg 
weight ratio.So,a greaternumberof cracked eggs are found mainly in late old age period of hens. 
 
(Elaroussi et al., 1994) suggested that the increase in ruptured eggs view in old age laying hens could be a result of 
disruption related with the calcium homeostasis. According to (Ahmed et al., 2013)calcium is the one of the 
solutionswhich is required for egg production and optimal egg shell quality of laying hens. (Roland (1987) also 
suggested that  anincreased in egg shell quality when feeding dietary Ca above 4.35 g/d. On the other hand, (Leeson 
et al., 1993) did not find any difference on the eggshell quality when the laying hens fed with high level of dietary 
calcium and come to the conclusion that 3.4 g Ca per daywassufficient for brown egg layers. The domestic chicken 
that is Gallus gallusdomesticus (2n=78) is comes under Family Phasianidae and Order Galliformes.  
 
Calcium 
Calcium is the most important nutrientin the formation and metabolism of bone. Both calcium and phosphorus are 
needed for the formation of bone. It also provides mechanical strength. Freshly hatched chicks require an 
immediatesupply of calcium in their diet for bone development. 

 

METHODS AND METHODOLOGY 

 
The study was carried out in Centurion University of Technology and Management, Bhubaneswar. In this 
experiment 24 number of hens, 40-50 weeks old Vanaraja hens were used and housed in conventional cages. Then 
the layers were divided into 4 groups, one group contains 6 numbers of birds under control and other 3 groups are 
feed with dietary Ca level and each group contains 6 numbers of birds. The layers were provided with one of the 
experimental diets with calcium level 3.8%, 4.0%, 4.5% respectively. And the control was also taken with numbers of 
hens with same age. All diets were getting ready to meet and exceed the nutrient demand of (NRC, 1994). Ingredient 
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compositions of diets were corn, wheat, soybean meal, oats and calcium and vitamin D3 tablets. The experimental 
was conducted for 10 weeks, at that time room temperature was 25to 5 C.Feeds were freshly added daily. 
Moisture of nutrient was measured by using the oven, before kept the nutrient in the oven measure the weight and 
then kept it into the oven overnight at 100 C. Crude fat measured by the help of succilator and rotary evaporator. 
Crude protein was measured by Lowry method.   
 
Egg Production and Qualities 
The egg produced by the experimental hens was recorded and measuring the average weight of egg and also 
excluding the abnormal eggs. The percentage of cracked eggs were calculated per each group (number of broken egg 
/ numbers of egg produced × 100). At 6, 8 and 10 weeks of experiments,6eggs from each group were collected and 
measuring the egg individually.Then measuring the internal and external qualities of eggs. 
 
External Egg Quality Parameters 
1. Egg weight was measured bythe help of weighing machine (Aczet _ model_CY224). 
2. Egg width and egg length were measured with aVernier calliper in centimetres. 
3. shape index of the egg was obtained by the shape indexformula, for primarily measuring the egg quality. 
         Shape index = width of the egg ÷length of the egg×100. 
 
Internal Egg Quality Parameters 
The internal egg quality of individual egg sample was measured by breaking them on a uniform white surface and 
being careful not to breaking the vitelline membrane that enclosed the yolk. The parameters were measured as 
follows. 
1. Yolk width was measured as the widest horizontal circumference with Vernier calliper in centimetres. 
2. Yolk height was measured as the height of yolk at the midpoint with tripod micrometre 

 
 Yolk index= height of yolk÷ width of yolk  

1. Albumin height of the eggs were broken and albumin height were measured from at least three places with 
tripod micrometre. 

2. Albumin width was measured as the widest horizontal circumference of the thick albumin with a Vernier 
calliper in centimetre. 
 

Albumin index = height of albumin ÷width of albumin 

1. Shell thickness of dry egg shell was measured with micrometre screw gauge. The mean point (the narrow, the 
broad and middle) were taken as the shell thickness. 

2. Haugh unit basically measure egg protein quality, on the basis of egg albumin. For measuring Haugh unit the 
egg was broken on a white flat surface plate, during these always avoiding the breakage of yolk and by using 
tripoid micrometre the height of thick albumin was measured. Haugh unit was resolved by using the formula as 
follows 

HU= 100log (H+7.57-1.7W0.37) 
Where HU= Haughunit 
H= height of albumin(mm) 
W= weight of egg 
The experimental data was obtained by statistical analysis with the help of analysis of variance (ANOVA) and the 
significant difference between the mean were calculated. 
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RESULT AND DISCUSSION 

 
The feed intake of oldagelaying hens with varying ca levels were represented in Table 1 and the analysed 
composition of the diet were represented in table 2.  The diet containsCa levels didn’t affect feed intake, egg 
production and egg weight significantly. In increasing ca level 4.0g to 4.5g in diet cracked egg reduced linearly (p< 
0.01). A number of studies have been resulted that laying performance was not significantly affected by the dietary 
calcium level in laying hens. (Cufardaret al.,2011) in their experiment when the laying hens feeding with 3.0%, 3.6%, 
4.2% of Ca in their diet, the scientist didn’t find any significant effect on egg production and egg weight. Frost and 
Roland (1991) and keshavaraz and Nakajima (1993) also suggested that different level of dietary Camake an effort a 
negative effect on egg production as aresult of reduce feed intake (Ousterhout, 1980; Pelicia et al., 2009).  
 
In this experiment the feed intake varies from 100.2- 102.4 g. There was no negative effect on egg production. There 
have been finding a conflicting relationship among feed intake after feeding diets with varying level of calcium. 
(Olver and Malan 2000) point out that the dietary calcium levels did not impact total feed consume during 16 to 
80wks of age. (Narvaez- Solarteet al.2006) reported that daily feed consume was decreased as Ca levels in the diet 
increased. While (Chandramoni et al., 1998) reported that with increasing the level ofCain the diet, the daily feed 
consumption tended to be increase, but not significantly. This lack of consistency may be due to the difference in 
hens age, feeding level of Ca, dietary energy density. Significantly reduced in incidence of cracked egg with 
increasing Ca level, which was might be related with improvement in eggshell thicknessseen in (Table 4) 
asincreasing dietary Ca. when the laying hen’sintake of insufficient amounts of Ca in their diet may causes poor shell 
quality which leads to higher occurrence of cracked eggs (Jiang et al., 2013). In this experiment feed intake was not 
affected by dietary calcium level, but the calcium intake increases as dietary calcium increases. To decrease the 
incidence of cracked eggs in old age layers, the diet must contain enough Ca due to the effect being liner. 
 
Eggshell Qualities 
Egg and eggshell qualities of old agelaying hens fed diets with varying level of Ca are represented in Tabel 4.  As Ca 
level increases in the dietHaugh unit score was linearly increased. The egg shell quality was influenced by Ca levels 
in the diet.  
 
Egg shell thickness measurement is expressed as 0.01mm. 
Dry egg shell weight was measured by weighing machine (Aczet_model_CY224). 
Haugh unit value is determined using the procedure describe by Haugh (1937).  
HU= 100×log (H+7.57-1.7×W0.37) 
The effect of Ca levels on egg shell qualities are incompatible with the available result. According to (Jiang et al., 
2013) layers fed on a diet with 2.62% Ca had a weaker eggshell breaking strength as compare with those old laying 
hens fed with diet contain 3.7% or 4.4% level Ca. Another scientist (Roland 1987) suggested that the eggshell 
thickness was linearly increased when diet containCa levels were above 4.35g per day. On the other hand (Cufadar et 
al., 2011) also noted that the level of Ca on the diet had no significant effect on incidence cracked eggs and eggshell 
thickness. On the other hands, (Keshavarz and Nakajima, 1993) suggested that increasing levels of Ca from 3.5% to 
5.5 % in the diet did not have any beneficial effect on eggshell qualities in a long-process experiment. The adequacy 
amount of Ca for optimal eggshell qualities is stillunder experiment. But this experiment was conducted based on 
the result and suggestion from the previous studies, a constant increase in the dietary Cahas been associated with the 
increase in the eggshell qualities. (Castillo et al., 2004) concluded that 4.26% of calcium in the diet is the biological 
optimum level for maximum eggshell quality. An increase in Cainthediet from 4.08 to 4.64 g/d which reduce 
incidence of cracked eggs and improve the eggshell weight and egg shell thickness in aged Brown layers (Safaa et al., 
2008), which is similar with this study. 
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(Pelicia 2009) suggested that taking 90 and 108 weeks of old age laying hens in the experiment, there was no effects 
of Ca on eggshell quality; but the eggshell percentage and eggshell weight per surface area (ESWSA) was increased 
by increasing Ca concentration in the diet. The (NRC 1994) reported the Caneededfor Brown layers to be 3.4% of 
dietary Ca for 110g/d feed consumenevertheless of age, which seems insufficient for optimal eggshell qualities. 
 

REFERANCES 

 
1. Ahmed, N. M., K. A. Abdel Atti, K. M. Elamin, K. Y. Dafalla, H. E. Malik, and B. M. Dousa. 2013. Effect of 

dietary calcium sources on laying hen’s performance and egg quality. J. Anim. Prod. Adv. 3:226-231. 
2. A1-Batashan, H. A., S. E. Sceideler, B.L. Black, J. D. Garlich, and K. E. Anderson. 1994. Duodenal calcium uptake, 

femur ash and eggshell quality decline with age and increase following moit. Poult. Sci. 73:1590-1596. 
3. Alemu Y 1995 Poultry production in Ethiopia. Worlds Poultry science Journal, 51, 197-201. 
4. AOAC (Association of Official Analytical Chemist) Intenational. 1995. Official Method of Analysis of 

AOACInternational,16thedn. AOAC International, Gaithersburg, MD, USA. 
5. Balnave, D.,El-Khatib, N.U. AND Zhng, D.(1992). Calcium and carbonate suppy in the shell gland of hens laying 

egg with strong and weak shells and after arrest from lay.Poult.sci.71;2035-2040. 
6. Bar, A. & Hurwitz, S. (1987). Vitamin D metabolism and calbindin (Calcium- binding protein) in aged laying 

hens. The Journal of nutrition,117(10):1775-1779. 
7. Bar, A., Razaphkovsky, V.&Vax, E. (2000). Re- evolution of calcium and phosphorus requirement in aged laying 

hens. British poultry science, 43 (2):261-269.  
8. Bar,A,(2009). Calcium transport in strongly calcifying laying birds: mechanism and regulation. Comparative 

Biochemistry and Physiology part A: A Molecular & Integrative Physiology, 152 (4),447-469. 
9. Blokhuis, H. J., T. Fiks van Niekerk, W. Bessei, A. Elson, D. Guѐmenѐ, J. B. Kjaer, G. A. Maria Levrino, C. J. Nicol, 

R.Tauson, C. A. Weeks, and H.A. van de Weerd. 2007. The Lay Wel project: Welfare implications of changed in 
production systems for laying hens. World’s Poult. Sci. J. 63:101-114. 

10. Castillo, C., M. Cuca, A. Pro, M. Gonzalez, and E. Morales. 2004. Biological and economic optimum level of 
calcium in white Leghorn laying hens. Poult. Sci. 83:868-872. 

11. Chan, C. & Moran Jr, E. (1985). Egg characteristics of high-performance hens at the end of lay when given 
cafeteria access to energy, protein, and calcium. Poultry Science,64 (9):1696- 1712. 

12. Chandramoni, S. B. Jadhao, and R. P. Sinha. 1998. Effect of dietary calcium and phosphorous concentrations on 
retention of these nutrients by caged layers. Br. Poult. Sci. 39:544-548.  

13. Clunies, M., Etches, R.,Fair, C. &Leeson, S. (1993) .Blood intestinal and skeletal calcium dynamics during egg 
formation. Canadian journal of animal science,73 (3): 517- 532. 

14. Cufadar, Y., Olgun, O. &Yildiz, A. (2011). The effect of dietary calcium concentration and particle size on 
performance, eggshell quality, bone mechanical properties and tibia mineral contents in moulted laying hens. 
British poultry sciece, 52 (6): 761- 768. 

15. De Witt, F., Kuleile, N., Van Der Merwe, H. & Fair, M. (2009). Effect of limestone particle size on egg production 
and eggshell quality of hens during late production. South African Journal of Animal Science, 39 (5): 37- 40. 

16. Elaroussi, M. A., L. R. Forte, S. L. Eber, and H. V. Biellier. 1994. Calcium homeostasis in the laying hens. 1. Age 
dietary calcium effects. Poult. Sci. 73: 1581- 1589. 

17. Frost, T. J. and D. A. Roland, Sr. 1991. The influence of various calcium, and phosphorous levels on tibia 
strength, and eggshell quality of pullets during peak production. Poult. Sci. 63: 339- 343. 

18. Garlich, J., J. Brake, C. R. Parkhurst, J. P. Thaxton, and G. W. Morgan. 1984. Physiological profile of caged layers 
during one production year, molt and postmolt: Egg production, eggshell quality, liver, femur, blood 
parameters. Poult. Sci. 63:339-343. 

19. Guesdon, V., A. M. H. Ahmed, S. Mallet, J. M. Faure, and Y. Nys. 2006. Effects of beak trimming and cagedesign 
on laying hen’s performance and egg quality. Br. Poult. Sci. 47: 1-12. 

20. Haugh, R. R. 1937. The Haugh unit for measuring egg quality. US Egg Poult. Mag. 43: 552- 573. 

Itishree Nibedita Lenka and Yashaswi Nayak 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25611 

 

   

 

 

21. Jiang, S., L. Cui, C. Shi, X. Ke, J. Luo, and J. Hou. 2013. Effects of dietary energy and calcium levels on 
performance, egg shell quality and bone metabolism in hens. Vet. J. 198: 252-258.  

22. Keshavarz, K. and S. Nakajima. 1993. Re-evaluation of calcium and phosphorus requirements of laying hens for 
optimum performance and eggshell quality. Poult. Sci. 72:144-153. 

23. Koreleski J, Swiatkiewicz S. 2004. Calcium from limestone meal and grit in laying hens’ diets –effect on 
performance, eggshell and bone quality. J.  Anim. Feed Sci., 72:1510-1514. 

24. Leeson, S., J. D. Summers, and L. Caston. 1993. Response of brown- egg strins layers to dietary calcium or 
phosphorous. Poult. Sci. 72:1510-1514. 

25. Narvaez- Solarte, W., H. S. Rostagno, P. R. Soares, L. F. Uribe- Velasquez, and M. A. Silva. 2006. Nutritional 
requirement of calcium in white laying hens from 46 to 62wk of age. Int. J. Poult. Sci. 5:181-184. 

26. NRC.  1994. National Recommendation Council, Nutrient requirement of poultry, 9th edition, National Academy 
Presss; Washington, DC, USA. 

27. Olver, M. D. and D. D. Malan. 2000. The effect of choice- feeding from 7 weeks of age on the production 
characteristics of laying hens. S. Afr. Anim. Sci. 30: 110-114. 

28. Ousterhout, L. E. 1980. Effect of Dietary Available Phosphorous and Phytase Level on egg weight and eggshell 
quality in laying hens. Poult. Sci 59:1480-1484.  

29. Pelicia, K., E. Gracia, C. Mori, A. B. G. Faitarone, A. P. SILVA, A. B. Molino, F. Vercese, and D. A. Berto. 2009. 
Calcium levels and limestone particle size in the diet of commercial layers at the end of the first production 
cycle. Rev. Bras. Cienc. Avic. 11:87-94. 

30. Roberts, J. R. 2004.  Factors affecting egg internal quality and eggshell quality in laying hens. J.Poult. Sci. 41:161-
177.  

31. Roland, Sr., D. A. 1988. Research note: Egg shell problem: Estimated of incidence and economic impact. Poult. 
Sci. 67: 1801- 1803. 

32. Roland, Sr., D. A., M. M. Bryant, and H. W. Rabon. 1996. Influence of calcium and environmental temperature 
on performance of first cycle (Phase I) commercial leghorns. Poult. Sci. 75:62-68.  

33. Safaa HM, Serrano MP, Valenica DG, Frikha M, Jimenez- Moreno E.2008.  Productive performance and egg 
quality of brown egg laying hens in the late phase of production as influenced by level and source calcium in the 
diet. Poultry Sci. 87: 2043-2051. 

34. Song, K.T., Choi, S. H. and Oh, H.R. (2000). A comparison of egg quality of Pheasant, Chykar, Quail and Guinea 
fowl. Asian- Australia Animal Science13(7): 18-22. 

35. Stadelman, W.J. (1977). Quality preservation of shells eggs in egg science and technology (2ndediton) (Ed. W.J. 
Stadelman and O.J. Cotterill) AVI Publishing Company Inc. Westport, Connecticut, pp41-47. 

36. Swiatkiewicz S., Arczewska- Wlosek A., Krawczyk J., Puchala M., Jozefiak, D. (2015). Effects of Dietary Calcium 
Sources in laying hens’ diets with different Ca concentrations. Arch. Anim. Breed., 58,301-307. 

37. S. H. An1, D. W. Kim2, and B. K. An*(2016) Effect of dietary calcium levels on productive performance, Eggshell 
quality and overall calcium status in aged laying hens. Asian Australas. J Anim. Sci. vol 29, No. 10: 1477-1482. 

 
Table 1 Ingredient composition of experimental diet  Level of calcium 

ITEM 3.8 4.0 4.5 
CORN 42g 42g 42g 

WHEAT 10g 10g 10g 
SOYABEAN MEAL 40g 41g 42g 

OAT 5.4g 5.4g 5.4g 
CALCIUM AND 

VITAMIN D3 TABLET 
3.8g 4.0g 4.5g 
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Table 2 Analysed nutrient composition of formulated diet Level of calcium 

Composition (%) 3.8 4.0 4.5 
Moisture 7.0005 7.0002 7.0007 

Crude protein 0.139 0.137 0.140 
Crude fat 81.0000 81.0960 81.0969 
Calcium 39% 40.09% 40.56% 

Manganese (II) oxide 0.356% 0.355% 0.357% 
ZnO 0.257% 0.257% 0.259% 

Br 169.4ppm 169.6ppm 169.6ppm 
SiO2 3.034% 3.034% 3.034% 
P2O5 10.285% 10.285% 10.286% 
K2O 30.775% 30.775% 30.776% 

Fe2O3 3.626% 3.626% 3.626% 
Cl 0.828% 0.829% 0.827% 

CuO 607.3ppm 607.2ppm 607.3ppm 
 
TABLE 3 Effect of grades levels of dietary calcium on production performance in the aged laying hens Level of 

Calcium 

ITEM CONTROL 3.8 4.0 4.5 MEAN ± SE 

Feed intake 

(g/d/bird) 
100.2 101.8 100.1 102.4 101 ± 0.57 

Egg production (%) 75.1 76.0 75.2 79.1 76 ± 0.93 
Egg weight (g/egg) 54.68 54.79 54.82 55.19 54.87 ±0.11 

Cracked egg (%) 3.6 3.4 2.3 2.2 2.64 ±0.38 
A significant (P<0.05) decrease in no of cracked egg as dietary calcium increases. 
 
TABLE 4 Level of Calcium 

ITEM CONTROL 3.8 4.0 4.5 MEAN± SE 

Eggshell thickness 0.36 0.38 0.39 0.43 0.39±0.01472 

Dry egg shell weight 5.46 5.49 5.52 5.57 5.51±0.023452 

Haugh unit 86.32 86.87 88.59 91.24 88.25±1.105441 

 

Fig 1 : Egg Production Fig 2 : Egg Weight 
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Cyclonic Storms (CS) in North Indian Ocean including Bay of Bengal and Arabian Sub-basin are 
generically formed due to sea surface temperature anomalies and influenced by systems like Nino’s, El 
Nino Southerly Oscillation, Indian Ocean dipole, Intra-seasonal Oscillations, Shamal winds and Makaran 
Swells. The players for Cyclogenesis are strong wind, pressure drop, storm surges, dust clouds, westerlies 
and heavy rainfall causing damages like fatalities, pecuniary losses and coastal geo-bio systems. The 
frequency, amplitude and intensity of CS in Arabian Sea (AS) basins have been increased from 2015 
onwards with unprecedented rise in the year 2019 and a tendency of shifting landfall to the countries like 
Arabia and Somalia. Further, drought prone Somalia state has received two cyclones in a year for the first 
time. The hike inintensified cyclonic storms in AS basin is the scope of the present study. Data of various 
cyclones during 1891-2019 has been collected and analysed. It reveals that Indian Ocean dipoles, Intra 
seasonal oscillations are the favourable conditions for formation, intensification and dissipation of 
cyclonic storms. Using predictive modelling techniques, it shows that there is a tendency of increase in 
intensified cyclonic storms over AS basin in next decade. The study concludes that the impact of increase 
in frequency and intensity of cyclones shall bring greenness to dessert and drought prone countries like 
UAE, Oman, Yemen, Somalia, and Ethiopia. 
 
Keywords: Arabian Sea; Cyclogenesis Upsurge; Cyclone Prediction; El Niño Southern Oscillation (ENSO). 
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INTRODUCTION 

 
Cyclones are oceanic disturbances around a deep low-pressure area.  The North Indian Ocean (NIO) cyclones 
are frequent annual occurrences in Bay of Bengal (BoB), but less common in the Arabian Sea (AS). Arabian Sea 
floor has been divided into six sectors south east ( SE), south west (SW), east central (EC), west central (WC), 
north east (NE) and north west (NW) and the total area comprising of 3862000 km2, maximum width 2400km 
and optimum depth 4862m (Wikipedia). The countries that encompass the Arabian sea with approximate coast 
line are India (2500km), Maldives (1000km), Pakistan (1050km), Iran (50km), Oman (1000km), Yemen (500km) 
and Somalia (100km) depicted in Fig. 1. The cyclonic disturbances in NIO are compartmentalized as Low 
Pressure area (LPA), Well Marked Low (WML ≤31kmph), Depression/Deep Depression (D/DD ≤51-62kmph), 
Cyclonic Storms (CS≤ 63 – 88kmph), Severe cyclonic storm (SCS≤ 89-117kmph)), Very severe cyclonic storm 
(VSCS≤ 118-165kmph), Extreme severe cyclonic storm (ESCS≤166 -220kmph) and Supper Cyclonic storm (SuCS≥ 
221kmph) and based on sustained wind speed (3mnts average SWS). 
 
The NIO generates an average 7% of total storms formed annually in the globe according to Kathryn Hansen[1]. 
There were 1584 number of depressions and disturbances above depression, out of which 102 were during 
1891-1899, 1297, were in 20th century, and 186 were during 2000-2019, with a total average of 10 CDs/year. But 
in Arabian Sea, the yearly average frequency of CD’s has been raised from 1 to 1.7 with 8 CDs in the year 2019 
(IMD data updated). In 2019, tropical CDs were 143 in entire globe, out of which an average of 105 CDs were 
intensified to CS and above. 
 
2nd Set Of Nomenclature of CS 
The Regional Meteorological Centre (RSMC), IMD, India and five Tropical Cyclone Warning Centers (TCWC) 
with acceptance of WMO has notified2nd set nomenclature of169 names (13 WMO/ESCAP countries x 13 names 
each)decided consensus at Myanmar released on 28.4.2020 the upcoming CS’s in NIO. The list of old names 
wasexhausted and was given by only 8countries from 2004. The new countries added at present are Iran, 
Quarter, Saudi Arabia, UAE, and Yemen. The list of namesupto 1-91 is given in Table 1 
 
Motivation for Study  
The following abnormal brewing of cyclogenesis has motivated the study to analyze and predict the unusual 
meteorological events in the AS floor. 
 
The 21st Century Storms in Arabian Sea  
As per records of AS cyclonic storms, prior to Kyarr, the devastative ESCS in AS were AS 03A (Gujarat, 1998), 
Gonu (Gulf of Persia, 2007), Keila (CS, 2011),  Murjan (CS, 2012),Naunak (CS, 2014), Nilofar (VSCS, 
2014),Ashobaa (CS, 2015), Chapala (ESCS, 2015), and Megh (ESCS, 2015), Vardah (CS, 2016), Mekunu (ESCS, 
2018), and Luban (VSCS, 2018). There was no CS during period 2013-2017 in AS. The AS basin had combated 
six CSs and above in the year 2019 alone and was first time since 1891.  The year 2019 was one hyperactive 
tropical cyclone season for NIO, particularly the AS basins. But most of the cyclones in AS in NIO form 
between April to December, with the two frequency peaks one in May and the other during November and 
strike West coast of India, Pakisthan, and east coast of Arabia[2]. 
 
The Miracle in Arabian Sea and WIO 2019 
Two set of parallel storms were found in the Arabian Sea and adjacent West Indian Ocean during early 
December, 2019 clearly indicating climatic change (CC) anomalies in Indian Ocean as in Fig.2. The 
consequences of the series indicate that the Pak-Arabia dust clouds in Arabian Peninsula tend to drive away 
the series of disturbances in AS of NIO and WIO. The heavy rain wasresulted in the basin and had floods in 
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rivers; brought greenness and vegetation to Arabian states. If the CC persist for few years, that may bring a 
dramatic change in the deserts of Arabia. 
 

LITERATURE REVIEW 
 
There is a gradual declining trend in monsoon activity in BoB[3].The cyclogenesis of CS in tropics are 
dependent upon Coriolis force (f), +ve relative vorticity at low-level (ζr), vertical wind shear at low 
tropospheric (Sz), heat content (E) when SST >26.50C, the threshold, atmospheric instability between sea 
surface and troposphere at 500mb(Δθe), and RH(mid troposphere[4]. Significant increase in frequency of CS in 
NIO has increased due to rise in SST in NIO including west Arabian Sea in global CC[5].The numbers of CS 
formed in NIO were 1108 CS, (1885-2009), out of which 68% (751 numbers) slammed 7500km Indian coasts, 
19.31% (214 nos) crossed Bangladesh, 5.68% (63nos) landfall Myanmar[6]. The busiest basin is the West Pacific 
ocean that brewed the highest numbers of typhoons i.e. 26 (tropical CS) and average 16.5 typhoons/year 
whereas NIO has in average 4.8 CS and above per year[7]. The pre-monsoon storms (AMJ months) are 
influencing the early/late arrival of SW monsoon whereas the post-monsoon cyclones (OND months) cause 
more post-monsoon cyclones to brew in AS than BoB. Unlike BoB basin, the CS brews in AS basin during pre 
and post monsoon period but rarely during monsoon seasons. The devastating tropical cyclones that landfall in 
Bombay to Gujarat coast in years were 1882, and 1975[8], [9], [10].Cyclones of 1998, 2019 and probability of 
landfall near Mumbai city is less but storm surge shatters the metropolis due to its low lying topography, large 
coastal facing, and thick population. AS is less prone to CS but is in increasing trend and 64% of the storm risk 
is due to anthropogenic activities and CC based on the carbon foot print[11]. The Tropical Cyclone activities are 
least fluctuating in frequency, duration, intensity, ACE (accumulated cyclonic energy), and PDI (power 
dissipation index)[12], [13]. The inland onshore landscape playspivotal role in saving the extent of storm surge 
submergence[14].  
 

METHOD AND METHODOLOGY 

 
Method of Cyclogenesis 

Cyclogenesis is not spontaneous under promotive conditions. All CDs do not intensify to CS and some CSs are 
dissipated within sea.  LOPAR, the ab initio cyclonic disturbance, forms only when there is UACYCIR (Upper 
air cyclonic circulation), maximum low level wind vorticity, higher SST, high RH value, and the clouds should 
be organized in the deep low pressure area under the sustenance of initial convection condition for a long 
period and grow[15]. The sustainability of a convective system depends upon survival for an adequate period. 
The survival ability of the initial convection, Rossby radius of deformation Lr is given by ,where  low 

level +ve relative vorticity or atmospheric stability; fCoriolis parameter; NBrunt Vaisala frequency; H is the 
depth of system [4].The dissipating power EDis ,where CD drag coefficient depending on sea 
roughness; ρ density of air mass; ʋ  wind velocity in Km/h [16].Tropical cyclonic storms are aeolian perturbing 
systems when the peripheral anticlockwise spiral wind exceeds 63kmph and the pressure difference become 6-
10hPa in the eye around the storm producing wave heights > 5.5m. 
 
Methodology  
Present study is formation of a time series for past occurrences, evaluation of the strength/intensity of the 
CD’s/CS/SCS and above. Analysis of results of GIS, and space based satellite imageries (Geostationary or Polar 
orbiting satellites), upper air based (Pilot balloon, RSRW, Profiler, Ground Radar, Aircrafts), Surface 
observations (AWS, ARG, SYNOP, Buoys, Aviation, Ships), collected from various sources like NASA, NOAA, 
IMD etc. A comparative study of frequency and causes of occurrence for more storms in AS basin is studied. 
Statistical studies of the time series are made for both decadal, intensity and frequency. The causes of formation 
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and propagation under different inducing strategies are explored including the prominence of CD’s in the AS 
basin for last 4-5 years and predictive model to forecast for future frequency, intensity and magnitude in AS. 
 
Data Analysis  

Storm statistics over AS Basin 
The IMD data for the cyclonic disturbances (CD’s) over AS basin is available for the period 1891 to 2019 for 129 
years. It is observed from time series that the cyclonic disturbance season starts from the month of May and 
ends during middle of   December in past. From the decadal data series,it is found the mean and standard 
deviation of for CD’s, CS and higher order storms (≥SCS) are 20.5, 11.76 and 6.08 respectively whereas the 
corresponding standard deviations are 10.66, 6.66 and 3.25 respectively. The status of various storms is given in 
Fig.3. The data reveals that highest numbers of CDs and CS in AS were in the decade 1891-1899 (45 
numbers),2nd highest during 1970-79 (34 CDs), and the 3rdhighest during the period 2010-19 (31 CDs). In 
comparison, the highest number of devastative CSs were in the decades 1891-99 (28 nos.) followed by the 
decade 2010-19 (19nos). For SCS and above the numbers are in reverse and the highest was the decade 2010-19 
(12nos), 2ndpeakin 1970-79 (11nos) and the 3rd highest was during 1900-09 (9nos) indicating trend isincreasing 
in frequency and intensity.   
 
Surge in Storms in AS basin  
The threshold temperature for cyclogeneses of Tropical storms (TS) is   ≥27.50C in AS. The BoB is more 
conducive for TS than the AS though both the basins have land ward extensions. The area of expanse of BoB is 
less than AS. About 58% of NIO cyclones formed in BoB whereas AS brew 25% only [17]. The landhit of CS 
formed in BoB is more in ASsince average SST of the AS is highly uneven seasonally and unmatched to the BoB. 
The causes are variance in IOD (Warm pool), rainfall, strong winds in SW and NE monsoon, Somali current, 
less flow from inland rivers and upsurge in vertical mixing[18].  
 
Landfall of Storms over AS and AS peninsular coasts 
The total numbers of CS (≥ 34kts) that slammed west coast of India formed in Arabian sea between 1891-2019 
were 104 numbers out of which most of them were formed between MJJ months. The post SW or NE monsoon 
CS also brew during OND months in AS. The countries slammed by CS’s along the WC are Gujarat of India (≈ 
74%) whereas no report received slamming CS along Karnataka coast. The statistics of slamming CSs and above 
in different coasts are shown in Fig.4and Table 1. 
 
Drivers for Cyclogenesis in AS 

SST anomalies over NIO 2019 
The cause of SST anomalies (SSTA) in AS are due to ENSO and IOD[18] [19].NOAA has reported that globally 
the SSTA in AS has increased from 0.33C (2018) to 0.41C (2019) associated with transition from La Nina of 
2017/18 to El Nino of 2018/19. Positive SST departures were observed in NIO near equator, Madagascar (SE 
ridge of equator), Somalia coast and Arabia. The SSTA in AS has been triggered by the underwater volcanic 
eruption in West Indian Ocean (WIO). The SSTA during 2019 was next to the warmest SSTA after 2016 (0.44C). 
The land and SST departure from average was recorded highest in June 2019 in ASsince 1880 (140 year)as per 
NOAA temperature record. The land and SSTA for 2019 was the 2nd warmest period during Jan–June 2019. 
This anomaly has prompted to initiation and triggering of all the CDs formed in AS to be drifted to east coast 
Arabia rather than crossing west coast of India and coasts of Pakistan. 
 
 
Oceanic current anomalies in AS 2019 
NIO had been visited by 12 depressions, 11 deep depressions, 08 tropical CSs, recorded 6 SCSs , 3 ESCS’s, and 
one SuCS (Kyar) which is the highest in terms of intensified TCS and maximum number of TCs in Arabian Sea 
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than ever recorded. The NIO had experienced Positive Indian Ocean Dipole (PIOD)from June, 2019. Globally, 
the oceans are heated by average 10 C and some pockets are doubled. The oceanic wave pattern has changed. 
The oceanic current during Sept-Dec-2019 was prominent. The monthly wave pattern of AS were observed 
from the data of ASOG/EPSA, SAC, ISRO.The POID in AS influenced the ocean circulation and the trade winds 
to become intensely warmer than normal SST which has recurrence after 1902 (117years) (IMD).  The west part 
of basin became warmer and eastern chunk became cold than the normal. The setting triggered the convection 
configuration which invited more rain and CD’s in the AS.  
 
Oceanic Niño Index (ONI) 
The Oceanic Niño Index (ONI) is one among the popular standard tool to predict El Niño (warm phase), La 
Nada (normal) and La Niña (cold phase) occasions in the Pacific area in tropics (valid within 50 N-50 S Lat. to 
120W-120W Lat). in the tropics/subtropics. It is evaluated trimesterwise considering monthly average SST (≥ + 
0.5o C glitch for El Niño), (≤ -0.50 C variance for La Niña) for 5 consecutive 3 months.  Nino’s and Nina’s are 
SST anomalies for minimum consecutive trimester are weak El-Nino (+ 0.50 C to 0.90 C), Moderate ((+1.00 C to 
1.40 C), Strong (+1.50 C to 1.90 C) and Very Strong (≥ 2.00C) [37]. 
 
IOD (Positive and negative) 
The year 2019 is the highest Indian Ocean dipole (IOD) yearas per Dr Saji N Hameed,the discoverer of the 
event[20]. The IOD-induced fluctuations occurs in equatorial SST, SL pressure. IOD reforms the north AS winds 
which form grounds for intra-annual variation in the tropical wave system and climate over east zone of AS 
[17]. Constant fluctuations in SST of the tropics/sub tropics in WIO and EIO drives CC’s as the (IOD) which 
occur in an average of 10years interval. It is called the Niño of the Indian Ocean. The heat sources that changes 
the SST of Indian Ocean. Temp. change of    (> + 0.50 C) anomaly is pIOD (positive IOD) and < -0.50 C as nIOD 
(negative IOD) in India. The IOD phenomenon start with pre-monsoon (MJ months),ends during ND months 
and optimum during SW- monsoon period. The IOD stimulate climate changes like flood, drought, vegetation, 
rainfall, public health. CD’s from east to West in NIO, BoB and AS basins.  A pIOD results hot and wet climate 
in western part of NIO whereas the east zone of NIO is hot and dry[8], [9], [21],[22]. 
 
Intra-Seasonal Oscillations (ISO) 
About 60% of CS formed in NIO can be linked with intra-seasonal oscillation (ISO) events and during seasonal 
transitions i.e. (months of AMJ and OND). Two types of ISO are identified i.e. Madden Julian Oscillation (MJO) 
and Boreal Summer Intra-seasonal Oscillations (BSISO). [23],[25]. The proxies for MJO/ BSISO are RMM-1 and 
RMM-2 (Real-time Multivariate MJO)[24].The newly developed bimodal ISO index JRA-55 include the MJO and 
the BSISO indices by applying OLR (outgoing longwave radiation) using EEOF ( extended empirical orthogonal 
function) can be applied to OLR which forecasts the growth of CS in tropical ocean fabric[26].   
 
Maiden Julien Oscillation 
The MJO (Madden-Julian Oscillation, 1972) is a moving tropical trimonthly relapse event of disturbances 
associated with E-ly movement of pressure anomalies, wind, cloud, and rainfall with optimal peaks over EIO, 
WPO and south of maritime continents (SMC). The harmonic oscillatory motion, reach NIO in its Phase 2 and 
Phase 3 out of total 8 phases.  MJO can have extra-tropical forcing, uncharacteristic cyclogenesis of higher 
strength as per the graphical analysis of the data from Aug-Sept 2019; Source NOAA/OAR/ESRL,PSD. From the 
data it is observed that the MJO in AS started in the end of May 2019 set to be very strong[27] 
 
Boreal Summer Intra-seasonal Oscillation (BSISO)  
Like MJO; the BSISO-1 and BSISO-2 (Boreal summer intra-seasonal Oscillation) are the prominent northerly 
moving systems undergoing a strong seasonal variation from Indian Ocean (IO) to West Pacific Ocean (WPO). 
They play crucial role in deciding CD/CS events in the northern hemisphere. The four responsible factors for 
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cyclogenesis in NIO are absolute vorticity in lower-troposphere, potential intensity, vertical shear, and relative 
humidity of mid-troposphere. The BSISO activity monitored since 2013 and forecast as per the BSISO built 
numerical models and has been presented by the APCC (APEC climate centre)[28], [29] and [30]. About 70% of 
intra-seasonal cyclogenesis are brewed and favoured for intensification due to northerly transmission of BSISO 
during intra-transition period of SW monsoon (AMJ and SON months) and rest 30% are due to Easterly 
movement of  MJO activities during post SW monsoon[31]. 
 
The low level and over stay of ITCZ 
The ITCZ (Intra-tropical Convergence Zone) is normally a band of LPA that hover near equator and within the 
tropics and cause dynamic thunder storms. ITCZ play vital role in intra-transfer of energies between the 
northern and southern trade winds.  There activities can influence cyclogenesis both in BoB and AS basins. By 
end of November, the ITCZ normally shift to the S- Hemisphere. In 2019, till 5thDec 2019, the ITCZ was active 
and was near the equator within N- hemisphere and triggered by the action of PIOD. The month and shifting of 
MJO phase II has also had favoured cyclogenesis near Sri Lanka and Camorine area in NIO for the storm 
Pawan and the disappeared storm Seven.  
 
Cyclones in Arabia & Somalia  
The favourable conditions for intensification of the CD in AS are high SST, tropospheric CYCIR in the upper 
atmosphere, high RH. Warm air received from the African and Oman coast add to the cyclogenesis processes in 
AS. AS basin is prone to strong superficial cooling, more vertical mixing that delimits intensification of 
cyclones.  About 28°C as SST is the limit favourable for convective cloud formation which is satisfied frequently 
in the BoB Basin but rarely in AS basin. The Arabian Peninsula (Arabia) is a part to West Asia close to Africa. 
Though Somalia, have the eastern most coast of Africa, had never reported strong CS from Arabian Sea which 
is neighbour to Arabia. But from 2013, report of one deep depression during 2013, the CS ‘Sagar’ in 2018 and 
two CS in 2019 (‘Kyarr’ and ‘Pawan’) has indicated that the AS storms are tending to head towards SW Arabian 
Sea in the 21st century. This tendency shall bring better rainfall and greenness to Arabia, Somalia and Ethiopia. 
 
Summary of climatic events over AS 
The major cyclogenesis influencing factors are ENSO, IOD and MJO in the tropical Ocean. The number of CDs, 
CS, SCS and above were considered from 1975 till 2019 along with the meteorological events like Nino’s, IOD 
and ISO. It is observed that the most favourable threshold for formation of Cyclonic disturbances in Arabian 
Sea are under El-Nino prevalence, and in PIOD with moderate to strong MJO conditions (Table -2). 
 
Prediction of Cyclogenesis in AS 

 

MATERIALS AND METHODS 
 
The study uses cyclogenesis data of 129 years starting from 1891 to 2019 based on Indian Meteorological 
Department publications and Wiki data. Three time-dependent observations such as CD, CS, SCS are 
considered for prediction. Machine learning approach that is widely used for classification and prediction is 
preferred over traditional ARIMA (Auto Regressive Integrated Moving Average). WEKA, a popular software 
tool for application of machine learning algorithms is used. It provides an easy-to-use interface for time series 
forecasting with configuration options for number of time units to forecast and skip list that indicates time 
period not to consider as increment among others.  Linear Regression (LR) and Sequential Minimal 
Optimization Regression (SMOreg), two well-known algorithms for multivariate time-series forecasting 
problem are applied on the data. SMOreg is based on support vector machine and supports both linear and 
nonlinear regression models. Both the regression algorithms are set to its default configurations. Linear 
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Regression uses Ridge regression to avoid over-fitting and SMOreg uses Normalized PolyKernel as nonlinear 
kernel function.  
 

RESULTS 

 
The prediction results are show in Fig.5 and Fig.6 at 95% confidence level. RMSE (Root Mean Squared Error) is 
taken as evaluation parameter to assess the accuracy of prediction. A value of RMSE closer to zero indicates 
better prediction. The RMSE values of both the algorithms for 11 steps ahead (2020-2030) are plotted in Fig.7. 
Both the algorithms show error values less that 1.5 which indicates better fitting of regression lines. The 
algorithm SMOreg shows lower error values for CD, CS and SCS compared to that of LR at initial steps. The 
error difference gradually reduces as it proceeds towards the end step.  Overall, it shows that the SMOreg is 
better in prediction of cyclogenesis given the dataset at hand. 
 

DISCUSSION 
 
The NIO Basin was hyperactive during the year 2019 by brewing 12 cyclonic disturbances (8 were CS and 
above) whereas normal it was2/year (1.7 numbers). The CDs in AS basin generally form in SE region basin in 
the months of May (Pre monsoon). But during post monsoon (Oct-Dec),they were less, in East Central zone. 
During the month of June, the CD’s propagate WNW-ly and recurve NE-ly to cross Gujarat coast in general. 
Some of them move NW-ly slam coasts of Pakistan, horn of Africa, Oman and Yemen. Sometimes storms 
hitting south of east coast of India, cross the southern Indian peninsular land mass and enter AS and intensify 
later to an active system. From 1985 onwards, the incidence of annual rainfall events in Arabia is observed due 
to shielding effect of the dust cloud  The cyclogenesis is initiated in  ASwhen SST is (>280 C), strong wind 
shear, additional influx from surroundings (from WIO).The level of thermal transfer in AS at the interface of 
SST and Upper Air is high. Cyclogenesis is higher during pre and post monsoon period due to ITCZ 
positioning, trade wind anomalies and positioning of westerly disturbances.  
 
The less numbers of storms in AS in past years were due to more area, less values of SST and lesser initiating 
mechanism like IOD, El-Nino ENSO activities, MJO effect and anthropogenic causes. Normally AS brews one 
SCS, VSCS or ESCS category in 4-5years. In 21st century there were eight ESCS indicating an increasing trendof 
CS activity along west coast of India. The basin has witnessed 3 CS in 2018 and six during 2019. Previously 
Saurastra region and the Gujarat coast was the target for land fall, but recent years even Kerala and Karnataka 
coast are hit by AS cyclonic storms. The confronting causes are: Factors increasing the probability of TC’s in the 
post-monsoon period in AS basin are oil well fire, oil spill in the ocean, concrete jungle in Arabia and increase 
in GHG gases[32]. The submarine under water volcanic eruption near the Mayotte islandnear Madagascar in 
adjacent WIO are observed from Nov-2018 accompanied by frequent mild tremors (recorded by the National 
Centre for Scientific Research (CNRS) in France, the IPGP). The rise in SST can be due to these volcanic 
eruption can be causes for increase of SST in NIO and brewing intensified storms during 2018 and 2019. 
ACE (the accumulated cyclonic energy) was recorded by NOAA as 54 to 88.6 units (10 -1 knots2)with very high 
kinetic energy during 2019 in comparison to long term average 19.1unit in NIO which  has surpassed 2007 ACE 
highest of 46.1unitsmay be cause forSuCS,Kyarr development in 2019.   
 
The climate change and global warming are the present reflection in positive temperature anomalies (about 10 
C averaged) in the AS basin driving more and more intensified CDs. A pseudo El-Nino called El-Nino Modaki 
as reported by scientists of NIO, Goa is hindering barring BoB basin from brewing CDs. As a result large 
convergence zone is formed over AS basin to conceive more CS during years of El-Nino Modoki also. 
Most of the storms originating in China sea or Bay of Bengal and propagate to south Indian land mass and 
enter AS basin being less reinforced and further intensify in AS.  
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Fresh water is lighter than salty water which make layer during stratification. The BoB is lighter and less saline 
than AS. The higher SST and warm water (less saline) supported formation of TCs in AS. The PIOD is the 
significant contributor for CD formation over AS during in late-May or early June in 2019 and became abruptly 
strongly +ve causing high SST. The warm water in WIO and cooler water in Eastern AS may be the main 
contributor for brewing of storms in AS in 2019. The cyclogenesis prediction results show that there in a 
continuing increasing trend  in  cyclonic disturbances, cyclonic storms and severe cyclonic storms over AS 
basin may increase for the next decade 
 

CONCLUSION 

 
The Arabian Sea basin has turned to be hyperactive with respect to cyclogenesis from 2015 onwards. The age 
old annual frequency of cyclones has been changed from 1.0 to 1.6 during last 4 years over AS basin.  The 
predictive models have also reiterates the same trend and shows that it will continue during the next decade. 
The increase in cyclogenesis over AS basin and trend of rising landfall in Arabia, Somalia and Ethiopia will 
bring more rain to these countries. It is expected that its impact will result more greenness in this region. 
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Table 1.The Decadal Slam Of Cs By Coastal States In Ec; India, Pakistan, Oman, Yemen And Somalia. 

Year Cyclonic storms land slamming Arabian sea (East &West coast) ≥34kts or ≥ 63kmph 

 
EC-

Pakistan 

EC-

Oman 

EC-

Yemen 

EC-

Somalia 

WC- 

GuJa 

WC 

MH/Goa 

WC- 

Karnataka 

WC- 

Kerala 

1890-1899 2 1 2 0 4 0 0 0 

1900-1909 2 1 2 0 1 0 0 0 

1910-1919 0 2 0 0 1 0 0 0 

1920-1929 0 3 0 0 1 0 0 1 

1930-1939 0 0 0 0 2 0 0 1 

1940-1949 2 1 0 0 3 3 0 0 

1950-1959 0 3 0 0 0 0 0 0 

1960-1969 2 4 1 0 2 2 0 0 

1970-1979 0 5 4 0 2 0 0 0 

1980-1989 1 1 1 0 3 0 0 0 

1990-1999 3 4 1 0 3 0 0 0 

2000-2009 5 2 0 0 0 1 0 0 

2010-2019 2 8 5 2 2 0 0 0 

Total CS 19 35 16 2 24 6 0 2 

 
Table 2: The Status Of Cyclogenesis Influencing Factors In As Of Nio (2000-2019) 

Year CD's CS SCS EL Nino IOD MJO 

 AS AS AS ENSO Type pIOD/nIOD Strong/Mod/Weak 

2000 0 0 0 WL Nil nil 
2001 3 3 1 La Nada nIOD Mod-weak 
2002 1 1 0 ME pIOD Strong-Mod 
2003 1 1 1 La nada Nil weak 
2004 5 3 3 WE Nil Strong-Mod 
2005 2 0 0 WL Nil Mod-strong-nil 
2006 1 1 1 WE pIOD Weak-mod 
2007 3 2 1 SL Nil Weak 
2008 2 0 0 WL Nil Strong-weak 
2009 3 1 0 ME Nil Mod-strong 
2010 2 2 1 SL nIOD Mod 
2011 5 2 1 ML Nil Weak 
2012 2 1 0 La Nina pIOD Mod 
2013 1 0 0 La nada Nil Weak 
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2014 2 2 1 WE nIOD Weak 
2015 5 3 2 VSE pIOD Mod 
2016 2 0 0 WL nIOD Weak 
2017 0 0 0 WL Nil Mod -weak 
2018 4 3 3 WE pIOD Mod 
2019 8 6 4 WE pIOD Mod 

WE=Weak El Niño, ME=Moderate El Niño, SE=Strong El Niño, VSE=Very Strong El Niño, 
WL=Weak La Niña, ML=Mod. La Niña, SL=Strong La Niña pIOD: Positive IOD; nIOD: Negative 
IOD, NIL: No IOD event 

 
 

 
Fig.1. Index Map of NIO segmentation with coastal 

states around Arabian Sea (AS); 

Source: Indian Meteorological Department (IMD). 

 
Fig. 2. Lined 5 CDs in NIO, & parallel 2-3 CDs in WIO 

heading Africa Source: Dremann C. C. [35]. 

 
Fig.3.The CDs (SWS ≥ 31kmph), their growth to CS 
(SWS ≥63kmph and intensification to SCS and 
above (SWS ≥ 89kmph) recorded in Arabian Sea 1891 
to 2019;Source: Indian Meteorological Department 

(IMD). 

Fig.4. The % of landfall of cyclonic storms by the 

encircling countries around AS Peninsula 
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Fig.5. The prediction in CDs, CSs and SCS during 

2020-2030 using LR model 

Fig.6.The prediction in CDs, CSs and SCS during 2020-

2030 using SMOreg model 

 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. The error comparison of the LR and SMOreg models used for predicting CDs. CSs and SCS in AS basin 
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This paper explores the challenges and opportunities for compliance of building ethics for disaster 
resilient structures, focusing on traditional, informal and present coastal structures along east coast of 
India, during varieties of cyclonic storms.  Since seven years it is observed the frequencies of cyclonic 
storms in Bay of Bengal has reduced whereas the intensities have abnormally surged up. After the super 
cyclone 1999, the 480km long Odisha coast has interacted with cyclones above severe cyclones are Phailin 
(2013), Hudhud (2014), to Fani (2019), Bulbul (2019) and Amphan (2020) have caused enormous damages 
to the structures, inundation and devastation of the green coast.  These cyclonic storms highlights a major 
problem to existing structures of 20-25km inland and both sides of the storm track as they are non-
compliance with safe building codes. In India building codes for disaster resilient structure do exist, but 
compliance to code is lacking due to cultural, economic and political concerns both in coastal towns and 
rural areas. Before 2-3 decades; most of the coastal houses are mud built and thatched roof causing less 
economic losses. But 1970 onwards the tiled roofs, Slant roofs of asbestos and tin causing more trauma 
and fatalities.Thebuilding code for cyclone resistant structures has become a challenge to the villagers 
due to their lower resources and weaker governance. Field surveys were conducted in Puri and 
Bhubaneswar as case studies of post Fani housing. According to local people, the ignorance about the 
safe building’s code for cyclone resilient structures, and poverty are the main cause for their sufferings.  
 

Keywords: Cyclonic storms, Resilient buildings, Odishacoast, DRR, Fani,  Amphan 

 

INTRODUCTION 

 
Entire earth is stressed under natural or anthropogenic hazards, meteorological extremes and associated disasters. 
Unprecedented climate anomalies have escalated the frequency, intensities and magnitude of these disasters. The 
ecology and the biodiversity are encountering fatalities, damages, and losses to societal, fiscal and political status of 
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the world. Over the past few decades, a series of meteorological extremes like earthquakes, Tsunamis, cyclonic 
storms and high floods have shattered several parts of the globe, which have challenged the existing risk reduction, 
and management system. Disaster can be flood, cyclonic storms, tsunami, drought, lightening, viral diseases, earth 
quake and landslides etc. Out of the seven natural disasters cyclonic storms are major life taking and devastator. In 
Indian context; super cyclone (1999), Chobari earth quake, Gujarat (2001), Indian ocean Tsunami (2004), Mahanadi 
floods (2008 and 2011), Tropical cyclones at Paradip (1999), Phailin (2013), Hudhud (2014), (Titli) 2018 and Fani on 
26th April-3rd May and the Bulbul (5th to 10th Nov) in 2019 and Amphan (16 to 21May 2020)  are some of the major 
catastrophes and apocalyptic disasters over the past 20years in India. TheOdisha’s coastal territory has been victim to 
mainly upsetting cyclonic storms having long-term impacts 
 
Disaster risk resilience factors can be categorized into six groups: infrastructural, psychological, socioeconomic, 
social-capability and social capital, managerial/ organizational, and culturallivelihoodassets.Measuring resilience, the 
focussed elements are Technical ability, Skills and training levels, pecuniary eminence and progress, environmental 
quality and natural resource management institutions through Community resilience Chandra et al, 2013[1], Jue-
Sheng 2014[2], Patel et al 2017[3]. For immediate help, the state provides expert disaster management officials like 
the Orissa State Disaster Management Authority (OSDMA) and the Orissa Disaster Rapid Action Force (ODRAF). 
Present study emphasizes on community coping with structural and non-structural safety aspects in the built 
environment and proposing methodologies to have strategic planning for resilient buildings in cyclone prone areas 
affected by Fani, the extreme severe cyclonic storm along Odisha coast. 
 
Cyclone Category 
The characteristics of different category of tropical  disturbances and  cyclones in North Indian Ocean (NIO) 
according to 3mnts average wind speed  are Low pressure Area (LPA; <31 km/h), Depression  ( D;31 to 49 km/h), 
Deep Depression (DD;50 to 62 km/h), Cyclonic Storm (CS; 63 to 88 km/h), Severe Cyclonic Storm (SCS;89 to 118 
km/h), Very Severe Cyclonic Storm (VSCS;119 to 167 km/h), Extreme Severe cyclonic storm (ESCS; 168 to 221Km/h) 
and Super Cyclonic Storm (SuCS; ≥ 222km/hour). The categorisation can be varied based upon eye extension, and the 
pressure dropMishra et al., 2014[4]. The cyclogenesis factors for type of CS may include the storm swale/surge, the 
travel time and the path of propagation along with seasonal behaviour and the favourable systems associated with 
the storm like El Nino, ITCZ positioning, OLR and MJO etc. can be a better categorisation(Li z et al., 2019[5]Mishra S. 
P. 2020[6]).  
 
Objectives 

Odishahas a long coast line of 480km; due to its topography is vulnerable to natural disasters like floods, cyclones, 
droughts, coastal erosions with sinking and shrinking of its deltas. Hence it is the instant need for a coordinated 
strategic plan for attaining disaster resilience community to risqué the victims affected from disaster management 
activities. The built up environment play important role in city or village communitybuilding.The resilient building 
helps to maintain sustainable living and safe life style along the coastal front.It is of paramount importance to 
develop a built environment with an effective degree of resilience to withstand and adapt to the threats of disasters 
particularly the most hostile storms along coastal Odisha. The present paper aims to explore the challenges in 
achieving a disaster resilient built environment within cities/ rural areas to provide recommendations as to how 
these challenges could be averted.  
 
During Fani and Amphan, the last two cyclones have battered the entire coastal Odisha.  As such two case studies 
were conducted selecting a city, Bhubaneswar; the capital city of Odishaduring Fani and like Bhogaraimany coastal 
blocksofBalasore to JagatsinghpurdistrictduringAmphanhas been harshly shattered.  The data were gathered 
through semi-structured interviews with the local and other government and NGO officials, policy makers, industry 
practitioners and experts who are engaged in the respective areas either for restoration and renovation of the 
distorted infrastructure. In addition, expert interviews were conducted who are extensively engaged in disaster 
management and built environment of related disciplines to validate the case study findings. The interview data 
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were analysed based on the findings conclusions are drawn for the challenges associated in achieving a disaster 
resilient built environment within Odisha. 
 

METHODOLOGY 

 
Disaster resilience and it’s management had been considered bitch’s affair tried to satisfy the deities by ritual 
customs in past. Advancement of science and modern structural methodologies has shaped the disaster resilient 
structures from 20th century only. It was mainly to explain why some communities did better or was successful in 
responding to and bouncing back from large-scale disasters while others failed. Previous studies have suggested that 
a community’s disaster resilience can be attributed to a variety of factors: a sense of community; problem-focused 
coping style; self- or collective efficacy; social support or social capital; citizen participation in voluntary 
Organizations; local leaders; disaster management policies; plans, and practices process- oriented hazard mitigation 
policies. The organizational preparedness with cooperation learning can protect us from storms. Communication 
capabilities, indigenous expertise, experiences, significance, and ethos, infrastructure, life lines and the demographic 
features of a community can ameliorate the impact.From observation and case studies, number of barriers for 
creating a disaster resilient built environment within cities and rural areas of Odisha are identified. The main 
challenges related to disaster risk resilient structures of Odisha are discussed with about 50 CS and above in 20th 
century and above 10 in 21st century till date. 
 
Informal Buildings 
Lots of informal buildings and temporary structures like mud built hutments, palm leaf cottages are there in coastal 
Odisha and even in slums of the city like Bhubaneswar which are  
in the coast constructed without basic plans, infrastructural designs and appurtenant facilities. These urban slum 
dwellers and rural communities are vulnerable to floods and cyclone hits(Fig 1). The affected people and the 
government pose major challenge to restore, rehabilitate and relocate the disaster oustees. These permanent 
inhabitants have their livelihood and earning avenues depend upon the means and sources of the neighbourhood 
areas. These informal building are dilapidated with the gusty spells of the cyclone Fani.The structures made up of 
barbed fenced earthen houses, thatched roofs, old buildings with deteriorated and weakened conditions of walls, 
unreinforced or old poorly constructed structures of rural, and slum communities are most vulnerable for storm 
impactFig 2(a) and 2(b). The topography of land, and temporary shelters in low lying, lacustrine, coastal and isolated 
areas are also vulnerable to the aeolian forces and whirl wind zones affect the poor structures.  
 
Lack of Regulatory Frameworks 
Based on observation it is revealed that the existing regulatory framework on planning, design and construction does 
not adequately look into the resilience. “Policy for housing for all in Urban areas 2015” the updated Code of practice 
for design loads for buildings and structures Part 3 is not taken in account. Even the amendments to the Indian 
standard codes are not updated in policy booklet. Number of initiatives was taken at the state and central level to 
address all aspects of housing for urban poor including slum rehabilitation, redevelopment as well as new housing 
and for needy rural community. Maintain the multipurpose disaster resilient building every year not to deteriorate 
due to salinity Fig 2.The reconstruction/rehabilitation of public damaged houses/villages in-situ should be allowed 
not to be done beyond the CRZ buffer zone (> 500m from coast line).  Reconstruction activities must enforce DRR 
laws and multi hazard resistant features.  
 
The IS: 875 (Part 3) – 1987[7]has provision for wind pressure at ground elevation is given by    where 
PzandVzare the design pressure and wind velocity during heavy wind. The values of Vzcalculated as per the code.The 
pressure of wind depends upon flow aero-dynamics circumscribing the buildings,  the vertical faces under pressure, 
the lateral and leeward faces receiving suction, the sloping roofs acting as a barrier. The sun shades and roof 
projections are also subjected to uplift pressuresVandari  et al., of IITKanpur[8]. 
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A model has been designed but not applicable to buildings or structures with unconventional shapes, unusual 
locations, and abnormal environmental conditions that have not been covered in this Code.as Fig 3 (A) and (B). 
Designinghazard&risk maps, disaster resilience planning and construction guidelines and set back zones are 
defined. However, many of these initiatives have not been mainstreamed into building planning and approval 
process of the local governments and as a result the awareness on these new initiatives was somewhat low with the 
local level staffs (Block level) who are actually engaged in the building approval process.  
 
Traditional old structures in Odisha have taught us buildings with large openings are vulnerable to cyclonic gusty 
winds where as a small opening in wall act as a tunnel to equalise the external wind pressure and internal room 
pressure so that there shall be less suction and lift (Fig 4). The Gujarat State Disaster Management Agency (GSDMA 
bulletin[9]) have reported a building with large opening of 1.75mx1.2m in a wall can build up wind pressure  0.7 
kN/m2 where as a small opening has low wind pressure 0.2 kN/m2 . Similarly the old ATTU (a mud roof below the 
thatching) saves the storm victims from fatalities and trauma and also behaves as a tunnel to normalize building 
pressure during gusty wind. 
 
Old Building at Risk Infrastructure 

A good number of old school buildings, bungalows and houses of zamindaris of heritage are there in many villages 
of Odisha which were of belated design without adequate consideration to disaster impacts and resilience(Fig 4). 
Government is taking steps to replace these old buildings and at risk infrastructure. But due to lack of funding all 
school are not immediately replaced. Strength, durability and performance monitoring is not done periodically. 
Strengthening of structural members for all old institutional building is not done. Also, poor maintenance of the 
existing infrastructure intensifies the risk of disasters like falling of walls after heavy storm and rain. Even in 2019 
also there are schools without RCC slab. The schools are with dangerous tin and asbestos roof and blows away with 
CS wind (Fig 5). The connection between these sheets and roof is not adequate to resist wind speed more than 150 
KMPH. Also the broken fibres of asbestos after a storm may cause asbestosis, lung cancer etc. Mostly temporary 
prefabricated structures and Kutchahouses got affected due to Fani.  Also inadequate cleaning and maintenance of 
canals and other natural and man-made rainwater drainage systems has been identified as one of the reasons for 
recent flooding in the state.  
 
Unplanned Cities and Urbanisation 
The meteorological setting is to be accounted for achieving safe and suitable design for dwellings considering the 
players are temperature, direction and strength of wind and precipitation (Landsberg H. E, 1976[10]). Most of the cities in 
Odisha are unplanned and also a rapid urbanisation is undergoing at present. As a result most of the protective and 
servicing infrastructure is not sufficient to serve the increasing population. Many dwelling houses and other 
buildings are built without adequate consideration of disaster risks and vulnerabilities. More recently the state was 
severely affected by floods and cyclones and the impact was aggregated due to poor design and construction 
activities in. Some of the major reasons behind the increased impacts of flooding are, filling of agricultural lands, 
paddy fields and other low-lying areas; obstructing the natural rain water drainages for the construction of houses 
and other structures; and, blocking natural waterways, blocking of natural drains with plastics, without adequate 
drainage structures, prevention from percolation of runoff water to ground and increase the surface run off. 
 
Institutional Arrangements 
In Odisha, there are a number of governmental organisations eg BDA, BMC, R&B etc responsible for the design, 
development, operation and maintenance of the built environment. The urban planning in functions is in close 
collaboration with various agencies under different government ministries. Each of these agencies has a specific role 
in the process of planning, designing and approval of housing and infrastructure. Accordingly, all these departments 
are responsible for initiating disaster risk reduction and contribute to building safer cities. In addition, further 
collaboration is required with OSDMA and technical agencies responsible for producing information related to 
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natural hazards. All these indicate that there is a system in place to create a disaster resilient built environment in 
Odisha. However it is witnessed that the current system demonstrates a number of drawbacks such as lack of well-
defined roles and responsibilities; overlapping of responsibilities; lack of coordination among organisations; political 
will and commitment.  
 
Lack of Funding 
They have capacity-building programmes at ab-initio level to enact such catastrophes. Disaster resilient built 
environment is relocating existing vulnerable structures; enforcing resilient building codes and standards; use of 
hazard resilient designs, specifications, construction methods, materials and technologies; protecting critical 
infrastructure in the city and constructing protective infrastructure; sustainable urban planning; and land use 
Practices. All these invariably require a considerable amount of funding for satisfactory completion. Paucity of 
adequate budgetary provision and alocation is the main challenge for disaster resilient structure in rural community 
and urban slum areas. The little state Odishais unable to allocate proper funds to combat floods, droughts, cyclonic 
storms and under lock downs and social distances byvirulentpresent COVID-19 in 2020. 
 
Inadequacy of Qualified Human Resources 
Qualified staffs knowledgeable on DRR are limited especially at the local level and as a result some of the resilient 
measures are overlooked. Local governments are the primary agency in the country for issuing development permits 
for buildings and lands and issuing certificates of conformity to ensure that the constructions carried out complies 
with the approved plans. In doing so, all disaster risks and vulnerabilities need to be considered before issuing 
development permits and the certificate of conformity. However without the adequate number of qualified staff, 
knowledgeable on DRR, it is difficult to build a resilient built environment and to effectively monitor the 
development activities carried out in the city. Also the most affected people are from rural community and they are 
far behind from knowledge of Indian standard codes and their importance. 
 
Inadequate Capacities of Municipal Councils 
Municipal councils are the premier form of local governments which are based at the most urban cities of the 
country. They are the primary agency in the country for providing planning approval for new buildings, alterations 
and extensions to existing buildings, and changing the use of buildings and land use and issuing certificates of 
conformity to ensure the construction complies with the approved plan. Thus, municipal councils are required to 
play an inevitable role in creating a resilient built environment within cities. However, the empirical evidence 
revealed BMC is facing a number of challenges in its contribution to making a resilient built environment within city. 
The main issues that have emerged are legal framework; lack of adequate tools, techniques and guidelines; human 
resource and funding constraints; lack of focus; coordination; managing the long term process; dependence on 
central government; irregular occurrences of disasters; community actions, leadership and organisational culture; 
and corruption and political interference. 
 
Awareness for Resilient Structures 
Lack of awareness for disaster resilient structures amongst the citizens is also identified as a challenge. Awareness 
camps should be organized in community level to make them understand that the severity of calamity will be 
increased in coming years due to climate changes. And for rural community it is better to do investment for climate 
proof infrastructure may cost a little extra upfront, but it will deliver more sustainable infrastructure in long term. 
Critical infrastructure should be protected from future climate impacts (OAS/USAID  norms[11]) The walling, 
cladding, wind bracing, ground anchoring and eves must be properly designed to resist sloped structures which are 
existing in the coastal areas prone to storm, surges and floods(Fig 6)(NDMA guideline[12]). As far as possible flat 
roofs with light weight concrete structure (with ferro cement) are preferred in disaster prone areas. Four side slanted 
roofs with small opening is desired in cyclone vulnerable areas (Agrawall A., 2007[13]). The major plantations must 
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be avoided near the houses except some small fruit bearing trees without large trunks for shading in summer 
(Lemon, orange, Guava, dwarf coconut, cashew nut trees plantains etc.) 
 
Vulnerable Part of Structure 
Rooftops, gables and ridges 

They are considered as the most common area of catastrophe during cyclonic storms. It isdue to insufficient 
thickness,   quantity    of    fastenersand    fastening devices. Roofs can be protected by installing hip roofs having 
pitch ranges within 250 to 400 .Overhangs either avoid or small length and the separated patio  roofs  and  verandas. 
The main ridge using gussets, collar ties and metal straps to be secured with proper driving screws (Gibbs et al., 
2001[14]) 
 
Know foundations and materials:The foundations are sensitive part of the building.Foundation damage, destruct 
structural walls even increase the risk of the building to detach from foundation. The depth of foundation is to be 
judged depending upon soil type and bearing capacity. The foundation construction should have proper Knee 
bracing/ full diagonal bracing with a foundation RCC band. The walls must be built with brick or stone have 
minimum four bands at DPC level, window sill level, lintel level and below roof level  with RCC bracings/ buttresses 
if required to be pr4ovided in the long walls.Ferro-cement need for the plastering and corner reinforcement need to 
be provided (Keote S. A. et al., 2015[15]).  
 
Thatched houses: They should be provided with ATTU below roof, with metal strips and nailed at the joints, the 
bamboo battens well bound with new ropes and the houses must be well fenced with strong shrubs. The rooms have 
very small openings and must be placed clustered and over open field without large plantations. Large verandas as 
overhang must be avoided in cyclone prone areas in sloped roof houses.   
 
Tiled buildings: Must have compound walls and the court yard should not have large trees. The over laps within 
tiles to be jointed with cement mortar. The roofs should be inclined < 250 to the horizontal. The tip of the roofs 
(ridges)should be well designed with gussets/collars or metal strips so that the wind shall pass away over it. The 
roofs should have strong sal/metal battens jointed with rafters by U-hooks, eaves provision with concrete strips, 
replacement of rusted bolts, old broken tiles, and metal straps. The strong roof trusses (king and queen posts) should 
be strongly anchored with walls and the rafters. There should have reinforced concrete bands in the compound walls 
if needed should be counterfort structures. Hipped roofs are better than slanted roofs during cyclones(Panda and 
Mishra 2020[15]) 
 
Concrete/Prefabricated structures: The roof top should not have large water tanks, poorly structured overhead 
rooms. The outer walls of prefabricated structures as far as possible should be plastered with light weight (ferro-
cement) thin walls over the aluminium cladding and the structure must be well anchored with basement. Openings 
near corners must be avoided as they are the suction zones for uplifting the structures. Glass or transparent plastic 
panels are to be avoided(Taher R. 2010[16]). In coastal zones of Odisha the cyclones generally approaches from ESE 
to ENE. But the wind direction received by the buildings is random as the Aeolian forces are rotating in nature. So 
the buildings should be well protected from all direction to combat cyclonic wind. It is long practices that the well 
protected house is square or elliptical shaped rather than rectangular or L-type or T-type but the houses should be 
zigzagged to dissipate wind energy(Fig 7). 
 
Rebuilding Resilient Structures 

Fani has devastated 90899 houses fully damaged, partially damaged 157200 houses as per district administration 
Puri. These fully damaged houses need urgent reconstruction where a resilient build environment under proper 
design maintaining safety procedures is highly essential. The model of a luxurious storm resistant structure with 
concrete  roofing or thatched roofing is shown in fig 8 
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While passing through north Odisha coast, the VSCS Amphan had uprooted trees, inundated paddy fields in the low 
lying areas. Only some kutcha buildings were damaged there was zero death reported. The 33-KV feeders have been 
damaged, impacting almost all electricity consumers in coastal districts along the north coast from Balasore, 
Jagatsinghpur districts.  
 
Cyclone Prone Structures 

Foundation: In coastal areas the foundation is important for cyclonic storms in low lying areas due to submergence 
by storm surges. The points of importance in foundation are elevating the structure above GL to avoid inundation 
and larger foundation depth. The bracing arrangement is essential if the foundation is piles or can be opted for well 
foundation. 
 
Super structure: To maintain the structure monolithic and uniformity use same construction type up to full height. 
Instances of failure have been noticed at the joints of two types of structures. Use good quality construction materials 
and use fully or partially reinforcement well grouted for structural safety during cyclone. Along with plinth band 
lintel and extra bond beam may be provided with concrete structures. To avoid common wall connection failure, it 
can be opted for use of reinforcing bars of masonry walls at the corners Fig…. 
 
Disaster Risk Reductionstructural planning: 

Old settlements made by past kings in Odisha (Sasan’s) are  in the valleys and had symmetrical rows planned with a 
central road and surrounded by coconut, palm and pea nut trees with passages for wind to save the settlement from 
cyclonic storms facing north-south facing to avoid maximum wind pressure on the windward side. Some villages are 
having high rise verandas on deposited mounds i.e.  built on stilts to save structures from highly gusty wind. To 
have fewer traumas during storms the houses have puddled cladding as roof (Called ATTU) below the fragile 
thatched roof (Panda and Mishra.et al., 2020[15]) 
 
DRR on Cyclonic Storms 

After the apaclyptic cyclone along Andhra coast in 1977, the cyclone review committee(CRC) has been formulated, 
under Science and technology Dept, GOI, and the cyclone mitigation plans  such as Review of cyclone plan of India, 
zoning of cyclone prone areas and cyclone warning centres along coasts of India. There was need for preparation of 
national cyclone code, and CEAP’s (cyclone emergency cyclone plans) in the coastal states in natinal level. There was 
need for cyclone research  and training  and accordingly the presentRSMC (regional specialised meteorological 
centres) and each state has its  own national disaster response service givers (NDRF team) for authoritative retort to a 
menacing disaster state of affairs (Srinivas H N 2006[17]). Some indivisual DRR structures with 3D views are made 
on examplary basis which can withstand the disaster related hazards Fig 8 and Fig 9 
 

DISCUSSION 

 
About 75-80% of houses constructed today are non-engineered construction. For engineered construction the IS code 
875 (Part-3) is used . For cyclone resielent structures, the  points to be considered are choosing proper location, 
topography to avoid part of wind impact(Fig 9). The buildings should be of regular shape preferred circular or 
elecptical to evade concentrated pressure. Low height buildings are more preferable with roofing angle 22 to 45 
degress to the ground with separate verenda or sitting place to avoid overhanging of wider roofs.The bonding 
between foundation wall and rof should be tight and bracings or more bands of concrete in the structure. Keep 
double doors and windows which should be firmly jointed to the structure. Avoiding light roofs like asbestos or tiles 
is a good decession. Plant trees at a distance to avoid wind pressure on the structure(Lakshman C T., 2011).   
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CONCLUSION 

 
In moving towards a disaster resilient built environment, it is important that all the challenges discussed in the 
previous section are addressed effectively under the guidelines of Odisha State Disaster Agency (OSDMA) 
https://www.osdma.org/faq/reconstruction-of-school-buildings/ and Planning Commission, SER Division, GOI , 
New Delhi, guide lines. In addressing the challenges, participation of all relevant stakeholders, government or 
otherwise and the support of the community is highly appreciated. Investing in disaster resilient structure is better 
than investing to repair the structure after every calamity and keeping life in risk.  Odisha has upheld its protest 
during emergency preparedness during Cyclonic storms..There were about 10,000 lives sacrificed during super 
cyclone 1999 Super Cyclone whereas the similar ESCS Fani (2019) has reduced it to 34 and close passing Amphan 
(2020) has zero mortality. It is high time for the to expedite to build and strengthen prevent cyclone resilient 
buildings and infrastructures to minimise trauma, deaths, devastations.  Post-disaster construction should not be 
confined to only repairing the old one, They should be upgraded from pre-disaster levels.Temporary shelters should 
be built to higher standards so that later these can be used as housing for the poor or multipurpose shelters 
Maintenance funding for strengthening and retrofitting infrastructure could be increased by raising budget 
appropriations for this purpose. 
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Fig 1: A disaster risk resilent building in the villages of 

Coastal Odisha (Attu with Thatching) 

 
Fig 2 : (A) Attu portion visible  (b) Traditional informal 

storm resilient houses in tribal villages of Odisha 

 
Fig 3: (A) Recently constructed cyclone shelter (B) 

Eroded post SuCS 1999 in JSPurOdisha, without care          

Source: https://www.thestatesman.com/cities/coastal-

villages-jagatsinghpur 

 
Fig 4: The heritagebuilding at Hukitola (1865) retained 

after combating many storms  
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Fig 5 :The roofblown away during ESCS Amphan in 

Kolkata 21st May 2020 

Fig6  : The pressure zone to a building with heavy 

wind (IS 875 (pt-3 ): 1987 revised 2015 

Fig 7: A modelled single dwelling in coastal are 

Fig 8: Cover the pedestal by curtains to make it living 

but during storms stay at UG roo 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

Fig 9 : A mofel resilent building with large open spaces all around in the coastal areas 
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The present study based on analysis haematology of male and female Red Jungle fowls(Gallus gallus). 
The two different sex of fowl used as the experimental birds. This study had analysed the haematological 
profile of fowls male and female and the influence of sex on the haematological values. Blood samples 
were collected from both male and female fowls to study the following parameters  Red Blood Cells 
(RBC), White Blood Cells (WBC), Packed Cell Volume(PCV), Haemoglobin (HB), MCV,MCH and MCHC 
. The mean value of haemoglobin (HB) concentration in males is 13.15±0.75 g/dl and 9.78±0.57 g/dl in 
females  respectively. The mean value of RBC in males is 4.02±0.47×106 mm3 and 3.64±0.36 ×106 mm3 in 
females respectively. The mean value of WBC in males is 13681.0±713.425×103 mm3 and 14198.2±103 mm3 
in females respectively. The mean value of PCV in males 49.27±0.86 % and 33.25±0.71 % in females 
respectively. The mean value of MCV in males 106.06±7.87 µm3 and 91.98±7.19 µm3 in females 
respectively. The mean value of MCH in males 32.35±1.46 pg and 26.98±1.45 pg in females respectively. 
The mean value of MCHC in males 30.57±1.18 % and 29.37±1.08 % in females respectively. The total red 
blood cells , haemoglobin concentration and packed cell volume of males red jungle fowl were higher 
than females (p<0.05). Finally MCV, MCH and MCHC of the male and female red jungle fowl were not 
significantly different (p>0.05).  
 

Keywords: Haematological parameters, Red Jungle fowl(Gallus gallus), Haemoglobin, WBC, RBC 
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INTRODUCTION 

 
Chicken is also referred as fowl which is descended from the red jungle fowl of Asia. When the first fleet arrived in 
Australia, the cargo includes poultry and since that time they have been many importance of poultry birds. The use 
of domesticated birds leads to the growth of a number of industries using various breeds  to create products for 
human use (Carter and Howard,1923).  The Red Jungle fowl (Gallus gallus)   is a tropical  bird  in  the  family   
Phasianidae. It ranges   across    much   of   Southeast Asia and   parts of south  Asia. Red Jungle fowl are   the   
primary   progenitor of the modern chicken breeds   used today  in  commercial  agriculture  (Daghir,1995). Red 
Jungle fowl   has a mix of feather colours, with orange, brown, red, gold, grey, olive and metallic green plumage.  
The   tail  of   the  male   roosters can  grow up to 28 centimetre (11 inch) and the whole bird may  be  as long as   70 
centimetre (28 inch). A moult in June changes the  bird’s  plumage  to an eclipse pattern,  which lasts  through  
October.  There are  14 tail feathers. The male eclipse   pattern  includes a  black  feather  in the  middle of  the back  
and small red   orange   plumes  spread across  the  body. Female  eclipse plumage is generally   in  distinguishable   
from  the  plumage  at   other seasons , but  moulting  schedule  is   same   as  that  of  males.  The red jungle fowl 
body weight is around ( 2.5lbs (1kg) in females and  ( 3.25 lbs (1.5kg) in males and  brighten in colouration. This 
study was to establish the haematological values of the Red jungle fowl. From this study is important to assess the 
general health , clinical pathological diagnosis and in depth study of this bird.   
 

MATERIAL AND METHODS 

 
 The mature Red Jungle fowls (Male and Female) was selected for this study, which was collected from this study, 
which was collected from nearly located poultry farm, Cuttack. The birds were obtained with their normal diet and 
environmental condition. The study was made on male(n=10) and female(n=10) Red Jungle fowl. Blood samples were 
collected from the wing vein of the fowls by the help of veterinary doctor. Blood samples were transferred in to 2ml 
EDTA vials for haematological analysis. All the samples were transferred in to the laboratory using icepacks within 
12hr of blood collection. Haematological profile include total counts of RBCs, WBCs, Hb%, PCV which are estimated 
using the technique described (Cambell,2004). RBC, WBC counting was done by haemocytometer, the estimation of 
Hb% was carried out by haemometer and Packed Cell Volume measured using centrifuged machine. 
 

RESULTS AND DISCUSSION 

 
Haematology study of blood and blood related diseases and prevention of disease related to the blood. It involves 
treating disease that affect the production of blood and it’s components, like blood cells, haemoglobin, blood vessels 
and the mechanism of coagulation. By studying these parameters of fowl helps in detection and diagnosis of diseases 
at an earlier stage.  In this investigation haematological parameters like RBC, WBC, Hb, PCV, MCV, MCH, MCHC 
are analysed in both male and female fowl and comparison of haematological parameter between male and female is 
also presented.  The mean haemoglobin concentration of Male Red Jungle fowl is 13.15 g/dl with a minimum range 
of 12.3 to maximum range of 14.2 g/dl and Female Red Jungle fowl have concentration of haemoglobin is 9.78 g/dl 
with a minimum range of  10.2 to maximum range of 12.1 g/dl.The Haemoglobin value differs from 13.15±0.75 and 
9.78±0.57 g/dl respectively.The result shows that male fowl have comparatively high haemoglobin content as 
compared to female fowl. It may be due to direct effect of sex, hormones, both estrogens and androgens, on 
erythropoiesis. However since there is no difference in erythropoietin levels between the sexes .  The result shows 
that male fowl have comparatively high haemoglobin content as compared to female fowl. It may be due to direct 
effect of sex, hormones, both estrogens and androgens, on erythropoiesis. Also the androgens have a stimulatory 
effect on EP secretion. Both these factors tend to keep the red blood cell count high in males which in turns causes 
high haemoglobin content and males are more prone to spikes of activity, while females do more sustained activity. 
So males evolved with a high level of haemoglobin to cover fluctuation (William et al. ,   2010). 
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The total RBC values were not statistically different from each other. The TRBC values differs from 4.02 ± 0.47 to 3.64 
± 0.36 for Male and Female Red Jungle fowl respectively . The TRBC were higher in case of Male Red jungle fowl 
than the Female Red jungle fowl.Where as TRBC value of Male Red jungle fowl was tested by Jain et al.,(1993) which 
was slightly higher than the TRBC value of present experiment. However the result revealed that the TRBC  value of 
two different sexes of fowl were not significantly different from each other. The result indicates that Total White 
Blood Cells (TWBCs) range from  13681.0± 713.42  to 14198.2 ± 726.40 for Male Red Jungle fowl and Female red 
Jungle fowl  respectively . The TWBCs of Female red Jungle fowl was significantly higher than the TWBCs of Male 
red jungle fowl.The white blood cell has an important role in immunity system. When any bacteria , virus, fungi or 
any kind of foreign particles enters to body WBC can recognise it and protects body by fighting against it. As 
infection – causing bacteria or viruses multiply in the blood; bone marrow produces more white blood cells to fight 
off the infection (Dein  FJ et al. , 1994). 
 
The value of PCV for two different sexes ranges from 49.27 ± 0.86 % to 33.25 ± 0.71 % for Male Red Jungle fowl and 
Female Red Jungle fowl respectively . The PCV  values were higher in Male Red Jungle fowl than the Female Red 
Jungle fowl. The difference was very large and was statistical different from each other. The PCV value of Male Red 
Jungle fowl was higher than the Female Red Jungle fowl. The haematocrit or PCV (Packed Cell Volume) have 
various relationship with the oxygen transport. The PCV value is optimum when the oxygen transport is more. The 
increasing value of PCV causes increasing the oxygen carrying capacity of blood as well as the exponential increase 
in bold viscosity (Birchard, 1997). The high PCV  value causes an increasing of blood viscosity, which leads to reduce 
the blood flow and force the heart pump harder than the normal rate and to move the blood through the body 
(Clemens, 1990). 
 

The MCV value for the two different sexes was ranges  from 106.06 ± 7.87 to 91.98 ± 7.19 for Male and Female Red 
Jungle fowl respectively. MCV value was higher in Male Red jungle fowl than the Female Red jungle fowl. The result 
showed that the Mean Corpuscular Haemoglobin  was varies from 32.35 ± 1.46 to 26.98 ± 1.45 for the Male and 
Female Red Jungle fowl respectively. The MCH value was higher in Male than the Female Red jungle fowl. For mean 
corpuscular haemoglobin concentration  (MCHC) ,the MCHC value ranges from 30.57 ± 1.18 to 29.37 ± 1.08 for Male 
and Female Red Jungle fowl respectively. Values are expressed  as mean ± standard deviation and significant at 
p<0.001, p<0.01 WBC= White Blood Cells, RBC= Red Blood Cells, Hb= Haemoglobin , PCV= Packed Cell Volume, 
MCV= Mean Cell Volume, MCH= Mean Corpuscular Haemoglobin, MCHC= Mean Cell Haemoglobin Concentration. 
 

CONCLUSION 

 
The result of this study provide the knowledge of the characteristics of haematological parameters of different sexes 
of fowls (Gallus gallus) differ from each other in various areas of world. In this study it was noted that the Red Jungle 
fowl of Haemoglobin , Packed Cell Volume, Mean Cell Volume, Mean Corpuscular Haemoglobin, Mean Cell 
Haemoglobin Concentration and Red Blood Cell  is more in the male than the female fowl. In the WBC concentration 
is higher value in the female fowl than the male fowl.  
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SL 

NO 

HAEMATOLOGIC

AL PARAMETERS 
UNIT MALE (10) RANGE FEMALE(10) RANGE P Value 

1 Hb g/dl 13.15±0.75 12.3-14.2 9.78±0.57 10.2-12.1 0.082064 
2 RBC 106/mm3 4.02±0.47 3.16-4.80 3.64±0.36 3.13-4.23 0.050298 
3 WBC 103/mm3 13681.0±713.42 12480-14700 14198±726.40 13109-15100 0.068668 
4 PCV % 42.97±0.86 42.05-44.67 33.25±0.77 32.48-34.73 0.057332 
5 MCV Fl 106.06±7.87 91.77-113.95 91.98±7.19 82.10-104.50 0.000939 
6 MCH Pg 32.35±1.46 29.37-33.41 26.98±1.45 25.92-29.39 0.006481 
7 MCHC % 30.57±1.18 29.25-32.29 29.37±1.08 27.71-31.09 0.019723 

Values are expressed  as mean ± standard deviation and significant at p<0.001, p<0.01WBC= White Blood Cells, RBC= 
Red Blood Cells, Hb= Haemoglobin , PCV= Packed Cell Volume, MCV= Mean Cell Volume, MCH= Mean 
Corpuscular Haemoglobin, MCHC= Mean Cell Haemoglobin Concentration. 
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Fig.1. Comparative haematological values between male and female Red Jungle fowl 
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In the last two decades the phenomenon of malpractice in examinations conducted by engineering 
colleges has seen a considerable rise. This enhanced the opening of several technical colleges 
mushrooming throughout the country .A new problem of large rise in enmass cheating has come up in 
many of the institutions .This has led to increase in large no.of unskilled engineers and their 
unemployment. Enforcement of all these steps with utmost sincerity and dedication will bring down 
malpractice in engineering institutions and the vast no. of unemployed engineers will also scale down 
 

Keywords: phenomenon, Technical, colleges, engineers  

 

INTRODUCTION 

 
In the last two decades the phenomenon of malpractice in examinations conducted by engineering colleges has seen 
a considerable rise. It infact brings down the quality of the education imparted and employability in the market 
while tampering the image of technical education providing colleges in the nation (India). This paper throws light on 
this aspect and tries to counter it with some suggested measures 
 

LITERATURE SURVEY  

 
Economic reforms in 1991 by P.V Narasimha Rao Govt.(Prime Minister of India:1991-1996) guided by then Finance 
Minister Dr.Manmohan Singh aimed at rapid industrialisation ,foreign investment and encouragement to private 
sector along with the public by ending the licence raj. It led to increased investment and growth of private players in 
different sectors [1]. This enhanced the opening of several technical colleges mushrooming throughout the country. 
A new problem of large rise in enmass cheating has come up in many of the institutions .This has led to increase in 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25640 

 

   

 

 

large no.of unskilled engineers and their unemployment [2] . Many business men, coaching centres owners and 
industrialists  came up with engineering colleges owing to the increasing financial stability of middle class people 
thanks to nearly five decades of independence by 1990’s .In the 1990’s and early 2000’s engineering education which 
was out of reach of many due to less no. of colleges became realizable for private colleges .As all the motive behind 
these educational institutions was business and profit, their evidently was lax in admission criteria’s , procedures for 
allowing students who could just pay the desired fees .Many of these students had not worked sufficiently on 
Maths,Physics and Chemistry in their school and 10+2 exams .This weak mental ability and aptitude for sciences was 
accommodated  to enrol in  a professional and rigorous mathematical programme like Engineering. 
 
Scenario in Private Technical Institutions 

To increase the pass percentage the college management adopted certain manipulation techniques like: 
1. Unfair use of technology (Xerox) or microxerox allowed into the exam halls with students  
2. Backbiting and harassing the employment of lecturers and professors to loosen the vigil during examinations 
3. Influential (close to the college proprietor) teaching and non-teaching staff involved in making answer sets to 
question papers for financial gain. 
4. Hooliganism inside the college campus by students and previous year pass outs having backlogs 
5. Backside financial gains for External supervisors from Universities for allowing malpractices during exams in back 
papers and special examinations. 
 
Scenario in Europe 
Malpractice in examinations is a universal phenomenon. It is linked to several social factors as well. The Pie chart 
below shows this problem by A.Bucciol, S.Cicognani and N. Montinari 
 
Proposed Remedies 
1. Minimum marks of 50% in 10+2 science and at least 60% in High school certificate examinations to restrict dull 
students getting admission  
2. Students should be counselled in the first semester itself about examinations rules, regulations and consequences. 
They should be discouraged from copying. 
2. Overall supervision of college admission, no. of students and their fees 
3. Seizing of campus or blacklisting a certain exam hall on being caught copying  
4. Supervision of video clips from CCTV footage of exam halls 
5. Action on the charitable trust running the college (legal action) for not enforcing clean and proper examination 
procedures 
6. Faculty recruitment procedure and removal to be supervised by a body of the university .The faculty should be 
paid at par with government scale of pay 
7. Digital watches, cell phones and other audio visual equipments should not be allowed in the premises on the day 
of exam in line with national level examinations 
 

CONCLUSION 

 
Enforcement of all these steps with utmost sincerity and dedication will bring down malpractice in engineering 
institutions and the vast no. of unemployed engineers will also scale down. 
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Fig.1: Cheating in University Exams3 
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Fishes are known as most useable protein source. Fishes are very sensible towards any environmental 
changes as they are familiar towards its surrounding. Haematological and Serum biochemical parameters 
act as the health indicator for fish as well as other organisms. In this study three fishes from different water 
such as; fresh water fish Labeo rohita, brackish water fish Mugil cephalus and marine water fish 
Parastromateus niger was taken in to consideration to assess the Haematological- biochemical analysis. The 
haematological analysis includes TRBC counting, TWBC counting, Haemoglobin percentage, PCV, MCV, 
MCH, MCHC and the biochemical analysis includes random plasma glucose, serum cholesterol, total 
protein and serum albumin. The TWBC value and PCV value was statistically significant at P<0.001. The 
TRBC value was significant at P<0.005.Whereas the Hb, MCV, MCH and MCHC value was statistically 
non-significant. On the other hand all the biochemical parameters of the above three fish species of 
different water such as; plasma glucose, serum cholesterol, total protein and serum albumin was 
statistically significant at P<0.001. The difference in all the haematological parameters between the three 
different fish species is due to change in ph and temperature of different water. The size of fish also affects 
the blood parameters of fish species. On the other hand all the biochemical parameters may differs due to 
feeding habit and any type of change in environment condition.  
 

Keywords: Fish, Haematology, Biochemical, Marine, Brakish, fresh water. 
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INTRODUCTION 

 
Fish is the notorious organism among the entire taxonomic group. It seems peculiar due its poikilothermic nature. 
Starting from its life, survival rate, appearance, reproduction ability and parental care, all these characters makes it 
different from others. During the period of evolution fishes shows most manifest feature. They can only survive inside 
water as they contain gills instead of lungs. From the ancient era and now a days also fishery acts as a foremost part of 
food source. It has been assessed that aquaculture i.e., mostly fish accomplishes the protein prerequisitearound 60% of 
people in India as well as several developing country (Osibonaet al., 2009). As fishery and its all-inclusive productshow 
this much of importance, thus it is very much crucial to taking care of fish health status and maintaining the breeding 
and development process of fish (Tripathi and Harsh, 2002). 
 
Labeo rohita (F Hamilton, 1822) is the extensively used and easily available fish which is locally known as Rohu in India 
is a fresh water fish.Among cyprinids of all Indian major carpLabeoroita (Rohu) is the most preferable fish; hence it 
justify to be in the rank of a fish having higher economic importance.It mostly found in the rivers and backwaters of 
Northen India, Pakistan and Burma and also seen in the rivers of central region of India and Nepal(Chattopadhyay, 
2017).Mugil cephalus(Linneaus, 1758) is a fish found in brackish water or marine water. It is also called as flathead grey 
mulletand it remains in the mouth of stream and river or in brackish bays, inlets and lagoons with sand and mud 
bottoms (Bester C, 2004).Parastomateus niger (Bloch, 1795) commonly known as and Black pomfret respectively are the 
well-known Indian marine fish and also found in western Pacific Ocean.  
 
The physiological and haematological characteristics of a fish plays most vital role in knowing the health status of that 
species. The study of those characteristics of fish species is a considerable way get used in the progress of aquaculture. 
These tools may also help to know the good or bad health condition of an organism, if it is suffering from any type of 
disease or may facing any stress (RainzaPavia et al., 2000; O’Neal and Weirich, 2001).Any type of deviations in blood 
parameters may be seen due various factors such as; the fish species, aquatic biotope,age and sexual 
maturity,nourishment and health status of that species (Blaxhall, 1972; Chaudhuri et al. 1986; Wilhem et al. 1992; 
Hrubec et al., 2001; Fazio et al. 2016). Haematological parameters have an intimate relation with animal world and its 
health. It point out that haematological characteristics of a fish can be affected by the environment where the fish live 
i.e. any type of environmental disturbances can bring a immense change in the blood parameters of fish (Kori-Siakpere 
et al., 2005, Gabriel et al., 2004). This was conducted to determine the pathological condition of the three different fish 
species with respect to different type of water body such as; Labeo rohita, Mugil cephalus and Parastromateus niger.  
 

MATERIALS AND METHODS 
 
Experimental Site 
This experiment was done from January to March 2020 at Centurion University of Technology and Management, 
Bhubaneswar, Odisha. 
 

Experimental Species 
The brakish water fishes Mugilcephalus(Linneaus, 1758) andmarine water fish Parastomateusniger (Bloch, 1795) was 
collected fromParadip, Jagatsinghpur, Odishafish market. Fresh water fish Labeorohita (F Hamilton, 1822) was 
collected from nearest fish market. 
 

Data Collection 
Blood samples were collected from the selected fish species (Labeorohita, Mugilcephalusand Parastomateusniger) for 
haematological and biochemical analysis. Blood samples were collected from the caudal vain of the above fishes by 2ml 
syringe (Dispo van, 26×1/2, 0.45×13mm, manufactured by: Hindustan syringe and medical devices Ltd., Ballabgarh, 
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Faridabad, India-121004) andinstantly placed in to an 2ml vials contained Ethylene diaminetetra acetic acid (EDTA 
anti-coagulant).Then the tube was thoroughly shake to mix the containing blood sample with the EDTA and then used 
for haematological analysis. Blood samples were marked according to types of species (2ml, XLNCA-E3K2,). For the 
biochemical analysis blood from the above specimen were collected and placed in to the appendorf tube.  
 
Haematological Analysis 
All the type of blood cell analysis was carried out including TRBC, TWBC counting, PCV, MCV, MCH, MCHC and 
MCHC calculation. The total Red blood cell and white blood cell count was done via haemocytometer. TWBC was 
done using Hayem’s fluid and TRBC byTurk’s fluid. Haemoglobin concentration was estimated by Sahli’shaemometer 
(Sahli’s, 1909). The Packed Cell Volume (PCV) was measured by the help a windrop tubes placing them in a centrifuge 
machine at 3000 rpm for 5 min. Several erythrocyte indices like Mean Corpuscular Volume (MCV), Mean Corpuscular 
Haemoglobin (MCH) and Mean Corpuscular Haemoglobin Concentration (MCHC)was calculated by using respective 
formulas.  
 
Biochemical Analysis 
For the biochemical analysis blood was collected and segregation of serum from the blood sample was done instantly. 
The serum extraction was carried out by centrifugation of blood sample at 5000 rpm for 5 minutes. All the blood 
biochemical tests was conducted by using the standard methods and commercial kits (Coral Clinical System, Vernal 
Industrial Estate, Verna, Goa, India) such as; Plasma glucose estimation, serum cholesterol estimation, total protein 
estimation and serum albumin estimation. 
 
Statistical Analysis 
The results given in the study were obtained statistically analysis of the data. The haematological and serum 
biochemicalparameters were expressed as Mean±SE in all the three fish species i.e., Labeo rohita, Mugil cephalul and 
Parastromateus niger using the Microsoft Office EXcel 2010. Comparison of all the haematological and serum 
biochemical parameters in between L. rohita, M. cephalusand P. nigerwere performed in excel sheet by using ANOVA: 
Single Factor. Differences in between them were classified significant at p<0.001, p<0.01 and p<0.05 

 

RESULT AND DISCUSSION 
The haematological and Serum biochemical studies were equipped to compare all these values in between three fish 
species i.e., Labeorohita, Mugilcephalus and Parastromateusniger. 
 
Haematological Analysis 
Haematological analysis includes all the blood parameters such as; counting of WBC, RBC, percentage of Hb, PCV, 
MCV, MCH and MCHC (Table 1).  
 
Total WBC Count 
The TWBC values of three different fish species ranges from 8378.9±1045.611, 19044±2443.186 to 10624.1±388.6783 for L. 

rohita, M. cephalus and P. niger respectively. The obtained data indicates a statistically significant difference of TWBC 
value in between these three fish species at P<0.001 (Fig. 1) (Table 1). The TWBC value was higher in case M. cephalus 
and lower in case of P. niger. Varying in the WBC value indicates the variation in immunity system of different fish 
species of different waters. This value may vary with respect to different water(Mills and Fournier, 1979). WBC helps to 
indicate the diseased or non-diseased condition of a species. These changes may also indicate that marine water fish 
shows lower WBC value due to more pollution in marine water body. 
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Total RBC Count 
The TWBC values ranges from 2.797±0.266254, 2.416±0.175722 to 1.767±0.135475   for L. rohita, M. cephalus and P.niger 
respectively.The result shows that the TRBC value for the three different fish species exist a statistically significant 
difference from each other at P<0.05 (Fig. 2) (Table 1). TRBC was more in L.rohita and less in M. Cephalus and P. Niger 

respectively.The TRBC value is related to haemoglobin concentration of that species. Higher RBC value implies that the 
oxygen carrying capacity was more in L.rohitai.e., more oxygen was needed for the body metabolism. Whereas a lower 
in RBC value indicates that M. Cephalus and P. nigercan survive with a less consumption of oxygen (Acharya and 
Mohanty, 2014; Engel and Davis, 1964). 
 
Estimation of Haemoglobin The haemoglobin percentage was ranges from 10.54±0.470744, 9.92±0.46111 to 
8.88±0.58   for L. rohita, M. cephalus and P.niger respectively (Fig. 3) (Table 1). The Hb value of three different species was 
statistically non-significant. The Hb concentration was higher in L. rohitaand lower in case of M. cephalus and P.niger 
respectively.  The increasing or decreasing value of Hb is depends up the physical movement of a fish. The higher 
value of Hb in L. rohitaindicates that it an active swimmer and more active thanM. Cephalus and P. niger(Engel and 
Davis, 1964).  
 
Estimation of Packed Cell Volume 
A higher value of Packed Cell Volume was seen in case of L. rohitaand for M. cephalus it was lower and lowest in P. 

niger. The PCV value for three different breeds of fish ranges from 28.1±0.982, 22.3±1.011599 to 20.9±1.206004 for L. 

rohita, M. cephalus and P.niger respectively. A statistically significant PCV value was exist for three different fish species 
at P<0.001 (Fig. 4) (Table 1). Varying in ranges of haematocrit or PCV value shows an inverse relationship with RBC. 
PCV and RBC value helps to know the anaemic condition of a species (Ahmadet al., 2015).  
 
Estimation of Mean Corpuscular Volume  
The MCV vale for three different fish species was statistically non-significant. The MCV value ranges from 
114.2171±18.27246, 97.05369±8.653238 to 125.7603±13.52237 for L. rohita, M. cephalus and P.niger respectively (Fig. 5) 
(Table 1). The MCV value was higher in P. nigerand lower in L. rohita and M. Cephalus respectively. The change in MCV 
value was due to fluctuation in the PCV and RBC values.  
 
Estimation of Mean Corpuscular Haemoglobin 
The MCH value for three fish species was ranges from 41.881±5.123, 44.4905±5.8707 to 52.334±4.349 for L. rohita, M. 

cephalus and P.niger respectively (Fig. 6) (Table 1). The MCH value was statistically non-significant. The MCh value was 
higher in P. nigerand lower in L. rohita, M. cephalus. The change in MCH value was due to inclusive oxygen 
consumption rates and difference in swimming presentation under normal condition (Stillwell and Benfey, 1995).  
 

Estimation of Mean Corpuscular Haemoglobin Concentration 
A higher value MCHC was seen in M. cephaluand lower in L. rohitaand P. niger. The MCHC value for three fish species 
was ranges from 38.1605±2.6233, 45.6151±3.3974 to 43.22002±3.0526 for L. rohita, M. cephalus and P. niger respectively 
(Fig. 7) (Table 1).The MCHC value was statistically non-significant. The varying ranges in MCHC of three different fish 
species may due to the increasing or decreasing values of Hb concentration and RBC values.       
 

Biochemical Analysis 
The biochemical analysis includes estimation of random plasma glucose, serum cholesterol, total protein and serum 
albumin. 
 

Plasma Glucose Estimation 
A high level of plasma glucose concentration wad found in L. rohitawhere the value was lower in M. cephalus and P. 

niger respectively. The plasma glucose concentration for the different fish species was ranges from 212.4±6.873, 

Subhadarsini mohanty and Sitaram Swain 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25646 

 

   

 

 

62±1.498 to 56.7±1.826 for L. rohita, M. cephalus and P. niger respectively. The glucose concentration for three different 
fish was statistically significant at P<0.001 (Fig. 8) (Table 2). The higher level of glucose in L. rohita implies the stress 
condition. The variations in plasma glucose in different fish species with respect to different water is due to stress and 
fluctuation in fish species (McDonald and Milligan, 1992).  
 

Serum Cholesterol Estimation 
The cholesterol concentration for three fish was statistically significant at P<0.001 (Fig. 9) (Table 2). The glucose 
concentration ranges from 123.4±5.3483, 205.4±2.227 to 122.7±11.7142 for L. rohita, M. cephalus and P. niger respectively. 
The serum cholesterol concentration was higher in M. cephalusand was lower in L. rohitaand P. niger respectively. The 
serum cholesterol concentration was different in different fish species due to deviation in their diet, their physical and 
sexual development as well as different activities (McDonald and Milligan, 1992).  
 
Total Protein Estimation 
The Total protein in blood was higher in case of L. rohitaand lower in M. cephalus and P. niger respectively.Total protein 
value was ranges from 7.18±0.082, 5.44±0.089 to 4.61±0.12601 for L. rohita, M. cephalus and P. niger respectively (Fig. 10) 
(Table 2). The result shows statistically significance at P<0.001. Protein level of fishes acts as a display of nutritional 
value (Acharya and Mohanty, 2014). As L. rohitaseems to contain higher value of protein it can be taken into 
consideration as a nutrient rich fish. Lowering the value of total protein than the normal range in blood plasma may 
indicate liver disease or a little infection. It also acts as a sign of immunodeficiency (Campbell et al., 2016). 
 
Serum Albumin Estimation 
The serum albumin concentration for three fish species ranges from 2.61±0.0721, 1.38±0.119 to 1.28±0.123 for L. rohita, 

M. cephalus and P. niger respectively. The serum albumin concentration was statistically significant at P<0.001 (Fig. 11) 
(Table 2). The serum albumin value was higher in L. rohitaand lower in M. cephalus and P. niger respectively.  Albumin 
is known to be the most profuse source of protein. It transport fatty acid to the liver and muscle cells for and later it 
used as an energy source. Hence, increase or decreasing value of serum albumin may be due to its extra synthesis or 
due to its loss through urine, faeces etc. Age, season,maturation, physiological status and geographical location of a 
fish also affects the albumin level of that fish. Fluctuations in the concentration of albumin of the above three different 
fish species such as; L. rohita, M. cephalus and P. nigerfrom different water body may point toward that it was due to 
change in the environmental condition like fresh water, brackish water and marine water, ph level (Kovyrshina et al., 
2012, Masi A et al., 2018). 
 

CONCLUSION 

 
Haematological and biochemical parameters can be known as a reflector of physiological and nutritional 
health.Aquaculture, ordinarily fisheries provides a huge amount of food and act as the largest protein source from the 
ancient period to the people and society. Management and protection of fish and a well organised fish culture 
influences the profitable use of fishes.In the above study three different fish species such as; fresh water fish i.e., Labeo 

rohita, brackish water fish i.e., Mugil cephalus, and marine water fish i.e., Parastomateus niger was takenand the 
haematological and serum biochemical analysis was concluded. Combining all the previous studies and this above 
study the conclusion says that fishes are very much serviceable and sensitive toward its natural environment. Now a 
day due to exposure of toxicants and heavy metals and several diseases caused by the nature leads fishes to stress 
condition, facing metabolic disorders, reproductive dysfunction and immunodeficiency (Filiciottoet al., 2012, 
Pradhanet al., 2012 and Handy RD, Depledge M H, 1999). Haematological and biochemical test was conducted to 
know the health status of fish and provide good health by knowing the diseases. The disturbances causes in the 
haematological parameters of fishes was due to less oxygen consumption, less active body metabolism of fishes, 
changes in environmental condition, stress, any type of destruction in gill. All the disturbances in serum biochemical 
parameters were due to change in ecological and biological characteristics of fishes as well as the changes in habitat of 
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fish. Diet also has a large impact up on the biochemical parameters, starving condition leads to fluctuation on amount 
of serum glucose level. At last, this study provides a brief data about the pathological condition fishes from different 
areas. Changes in several body parameters of fish in the evolutionary period due to environmental changes leads to 
lowering the economy as well. Studying up on these and monitoring the health status can helps to create awareness 
among the people to reduce pollution and protecting the fishes as a wild life as well as cultured organism to show the 
future generation.      
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Table 1 Haematological parameters of Labeo rohita, Mugil cephalus and Parastromateus niger 

 

Sl. No. 
Haematological 

Parameters 
Unit Labeo rohita 

Mugil 

cephalus 

Parastromateus 

niger 
P Value 

1 WBC 103/mm3 8378.9±1045.611 19044±2443.186 10624.1±388.678 0.0001 S 
2 RBC 106/mm3 2.797±0.266 2.416±0.175 1.767±0.135 0.0041 S 
3 Haemoglobin gm/dl 10.54±0.470 9.92±0.461 8.88±0.5862 0.0843 NS 
4 PCV % 28.1±0.982 22.3±1.0115 20.9±1.206 0.00013 S 
5 MCV fl 114.2171±18.272 97.05369±8.653 125.7603±13.522 0.36109NS 
6 MCH pg 41.88188±5.1236 44.49051±5.870 52.334±4.349 0.34253NS 
7 MCHC % 38.16055±2.623 45.6151±3.397 43.220±3.052 0.22721NS 

 

Table 2 serum biochemical parameters of Labeo rohita, Mugil cephalus and Parastromateus niger 

Sl. No. Biochemical 

Parameters 

Unit Labeorohita Mugil 

cephalus 

Parastromateus 

niger 

P Value 

1 Glucose mg/dl 212.4±6.87378 62±1.49815 56.7±1.82605 2.22E-21 S 
2 Cholesterol mg/dl 123.4±5.34831 205.4±2.22711 122.7±11.7142 9.09E-09 S 
3 Protein g/dl 7.18±0.08273 5.44±0.08969 4.61±0.12601 5.97E-17 S 
4 Albumin g/dl 2.61±0.07219 1.38±0.11907 1.28±0.12365 1.45E-09 S  
Figures in parentheses represent number of observation.Values expressed as mean ± standard error and 

significant at P<0.001, P<0.01 and P<0.05 
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Fig.1 Comparison of WBC of  L. rohita, M.cephalus and 

Pniger. 

Fig. 2 Comparison of RBC of L.rohita, M.cephalus 

and P.niger.  

Fig. 3 Comparison of Haemoglobin of L.rohita, 

M.lcephalus and P.niger.  

Fig.4 Comparison of PCV of L.rohita, M.cephalus and 

P. niger. 

Fig.5 Comparison of MCV of L rohita, M cephalus and P 

niger.  

Fig.6 Comparison of MCH of L rohita, M cephalus and P 

niger. 
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Fig.7 Comparison of MCHC of L rohita, M cephalus and P 

niger. 

 

Fig.8 Comparison of Glucose of L rohita, M cephalus 

and P niger. 

Fig.9 Comparison of Cholesterol of L rohita, M cephalus 

and P niger.  

Fig.10 Comparison of Protein of L rohita, M cephalus 

and P niger 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 Comparison of Albumin of L rohita, M cephalus and P niger. 
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Fishes are very sensitive to any changes in their aquatic ecosystem. Malathion is widely used as pesticide 
in agricultural field to protect the crops from pest. This pesticide causes significant changes in fish and 
may be fatal.In this study, the effect of malathion has been studied on haematological parameters of 
fishes.This present study concluded that significant variation in haematological profiles such as decrease 
in  erythrocytes, haemoglobin, PCV, MCH,MCHC in fishes exposed  to malathion than the control 
species labeo rohita without exposure.This studies sighted the effect of pesticides on fishes which will 
affect the biotic community and can provide the information to reduce the use of pesticide to maintain a 
safer and healthier environment for future generation. 
 

Keywords: Malathion, Labeo rohita, haematological parameters 

 

INTRODUCTION 
 
Aquaculture is known as the largest sector for production of foods as it provides enough food sources. It is playing 
an important role in providing nutrition throughout the year. Fish provides a wide range of health benefits. Now 
uncontrolled use of pesticides in cultivated land and water bodies are the leading causes for pollution. Pesticides are 
the chemicals that kill the pest but having toxic effect on the environment. Pollution due to pesticides has a serious 
concern for the society. Globally, Pesticides are used to control the pest in agricultural field (Sarkar et al., 2004, 
Moore et al., 2011 and Vani et al., 2012).  These pesticides come contact with aquatic ecosystem through different 
pathways. It ultimately affects the animal as well human health (Das and Mukherjee , 2003). Pesticides get used as a 
beneficial chemical agent by humans on the other hand it also affect the whole ecosystem and create disturbances in 
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the aquatic community (Gaafar et al.,2010). Among the organophosphate, malathion as pesticide causes harmful 
effect on vertebrates including mammals.Hence, the use of malathion is more frequent and regular than other 
pesticides (Pandey et al., 2005). It is highly toxic for aquatic biota (Areechon and Plumb,1990;Moore et al.,2011). Any 
type of contamination which may causes directly or indirectly occurs in aquatic body by pesticide may causes harm 
in fish production i.e.leads to decreases the amount of fish production (Jasmin et al.,2018). Blood parameter are very 
much sensitive to any changes in environmental factors that made easier to analyse (Remyla et al., 2008). 
 
Haematological parameters are the well-known catalogues which have been chosen as the most important guide to 
identifying the health status, toxic effect and any damage in immune system of any living organism mostly the 
cultivated or domesticated animals (Thrall et al.,2012; Talas and Gulhan, 2009; Kavitha  et al., 2010). Affected  edible 
fish consumption may be affected  the health of an individual. Fishes are very sensitive to water contamination by 
pesticide that can damage the different organs of fishes.Among the Indian major craps Labeo rohita (Hamilton,1822) 
commonly called as rohu is the most preferred species. It has certain advantages such as ability to thrive well in 
shallow waters, a high demand in market,excellent growth rate and it have the ability to survive in artificial diet 
also(Rani S et al.,2016). In recent years , haematology has been used as a tool to assess the physiological conditions in 
healthy, stressed or diseased fishes and also in toxicological screening culture of L. rohita and lack of information on 
haematology of this species (Rani et al,.2016). Hence, this study was find out the exposure of malathion on variation 
in haematological parameters of Labeo rohita.   

 

MATERIALS AND METHODS  

 
Study area 
These investigation were was undertaken from the month of Decebe,2019 to Februay,2020. For this study fresh water 
fish species Labeo rohita were collected for the experimental work. The experimental analysis was done in the 
Zoology laboratory of Centurion University of Technology and Managemnt, Bhubaneswar campus, Odisha.  
 
Collection of samples  
The specimens were collected from the local market and ponds. These species were identified in the laboratory. 
Blood samples were collecte from the control fishes  after identification of the species.After identification the blood 
samples were collected from the control species of L. rohita. Another one was kept under treatment with mallathione 
as pesticide.After sevendays, blood samples were taken for further analysis from both control and treated 
species.The collected blood samples were preserved in a 2 ml EDTA vials (Ethylene diamine tetraacetic acid)as 
anticoagulant agents for haematological experimental analysis (Parrino et al.,2018). These experimental analysis 
include Total Red blood cell count(RBC) using neubauer’s chamber, concentration of haemoglobin (Hb) using 
Sahli’sHaemocytometer , White blood cell count (WBC) using Neubauer ‘s chamber ,packed cell volume (PCV) using 
wintrobe’s tube, erythrocyte sedimentation rate(ESR) by Westergren method,Mean corpuscular volume(MCV), Mean 
corpuscular haemoglobin(MCH) and mean corpuscular haemoglobin concentration(MCHC)  was determined by 
using standard procedure(Feldman et al., 2000). These were statisticallyanalysed and level of significance was 
considered at p-value<0.05. These data analysis of independent student t-test were carried out by Microsoft excel, 
2010. 
 

RESULT AND DISCUSSION  

 
The reaction of fishes to many external factors is monitored by several changes in haematological parameters 
(Mazrouh et al.,2015). These parameters were stastically calculated and represented in table-1 as mean(X) ±SE of both 
two types of species with significant difference at independent t-test at p<0.05. During the study, one species was 
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kept under normal condition and another was treated with malathion. No mortaliry was observed during these 
seven days of control fish, but in treated fishes, behavioral changes were observed with redness of fins.  
 

Estimation of WBC 
The WBC value may use as the most important health indicator of a species.  The WBC values ranges from 
10694±540.709 to 6173.8±725.259 in control fish and fish affected with pesticide which implies that this value is 
statistically significant at p<0.001. A high value of WBC were observed in case of control fish i.e. Labeo rohita and 
lower in case of species with pesticides. The lower value of WBC in pesticide affected species may indicate that the 
species have less active immune system.Any change in environmental condition leads to change in the 
haematological parameters as they are sensitive to alterations in environment factors. These changes give clue to 
measure the illness or the disease of any species (Remyla S R et al., 2008). 
 
Estimation of RBC 
In case of control fishes, the value of RBC  was  higher than the fish affected with pesticide. The RBC was statistically 
significant value of both the species at p<0.05. The RBC value ranges from 2.416±0.191to 1.874±0.200 in control fish 
and fish treated with pesticide respectively.Some environmental factors like water salinity directly affect different 
parameters like RBC (Witeska 2013). The gathering of pesticide inside the gills of fish which was in pesticide control 
may show a decreasing level of RBC (Narain and Srivastava, 1989).   
  
Estimation of haemoglobin 
Haemoglobin concentration was different in case of both the species. The Hb value was more in case of normal fish 
than the fish affected with pesticide.These values ranges from 10.19±0.421492 to 5.12±0.235136, which statistically 
significant at P<0.001. The Hb value is very lower in case of the fish affected with pesticide this implies theoxygen 
consumption rate is very less. That leads to less iron flow through blood. The use of pesticides lowers the oxygen 
carrying capacity of body and may lead the fish towards death or diseased condition. The effect of the water salinity 
indirectly affects the oxygen carrying capacity of haemoglobin and thus the rate of oxygen transport may be 
increases or decreases (Witeska 2013) . 
 
Estimation of PCV 
The packed cell volume was ranges from 34.1±2.806 to 23.3±1.193 in control fish and fish treated with pesticide 
respectively.  This value was statistically significant at p<0.001.A high level of PCV was noticed in control species 
where a very lower amount was found in case of the species with pesticide. The PCV value may decrease as the 
number of RBC reduces or their contraction in blood decreases (Singh and Srivastava, 2010). In general the decrease 
in RBC; successively moderate haemoglobin content and PCV value (Narainand Srivastava, 1989, Banaei et al., 2008).  
 
Estimation of MCV,MCH and MCHC 
The Mean Corpuscular Volume was varies from 158.42±29.64 to 139.31±16.79 which was statistically non-significant. 
The MCV value was higher in case of control species than the species affected with pesticide. MCH value was higher 
in control fishes as compare to the fishes with pesticides control. The MCH value ranges from 44.92±4.34 to 
31.60±4.72. This value was statistical significant at p<0.05. The Value of Mean Corpuscular Haemoglobin 
Concentration (MCHC) was ranges from 31.60±2.49 to 31.60±2.49. This data shows the MCHC value was higher in 
case of fish with normal condition and lower incase of the species with pesticide control. The data is statistically 
significant at p<0.01.  
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CONCLUSION 

 
This study will provide valuable information which might be helpful for fisheries and biologist in the assessment of 
fish health.Haematological indices are important for understanding the health status of an individual as well as 
status of animal population. Generally fishes are exposed to not only a single type of pollutant but also innumerable 
pollutants present in water bodies. The results from this earliest study provides the most uncomplicated and 
fundamental knowledge about blood cell contour of Labeorohita. This major carp has also both ecological and 
economic importance.From this study, it is also determined the effect of pesticide acts as toxicant for aquatic 
organisms and cause alternation in haematologicalincesand behavioural in this major carp. The presence of 
pesticides disturbs the aquatic ecosystem and fishes are not comfortable. Hence stringent care should be taken before 
using pesticide for environmental usage. 
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Table 1 Comparison of haematological parameters of control species and pesticide affected species 

Haematological 

parameters 

Control species 

(Labeo rohita) 

(X±SE) 

Specieswith pesticides 

(Labeo rohita) 

(X±SE) 

p value 

WBC (×103/mm3) 10694±540.709 6173.8±725.259 4.68E-05 
RBC(×106/mm3) 2.416±0.191 1.874±0.2006 0.033 

Hb (g/dl) 10.19±0.421 5.12±0.235 2.08E-09 
PCV (%) 34.1±2.806 23.3±1.193 0.001 
MCV (fl) 158.429±29.64 139.310±16.79 0.290 

MCH (pg) 44.929±4.341 31.60235±4.728 0.026 
MCHC (%) 31.602±2.497 22.587±1.677 0.003 

 

Fig. 1 Comparison in WBC values of Normal fish 

species and fish with pesticide control. 

Fig. 2 Comparison in RBC values of Normal fish species 

and fish with pesticide control. 
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Fig. 3  Comparison in Haemoglobin values of control 

fish species and fish with pesticide . 

Fig. 4 Comparison in PCV values of Normal fish species 

and fish with pesticide control. 

Fig. 5 Comparison in MCV values of Normal fish 

species and fish with pesticide control. 
Fig. 6 Comparison in MCH values of Normal fish 

species and fish with pesticide control 
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Haematological parameters are found to be a useful implement for determining fish health. As Mugil 

cephalus(Linnaeus, 1758)  belong to the omnivorous class and it can survive both brackish as well as fresh 
water environment.The main aim of this study was to find out the haematological parameters of 
M.cephalus which will provide a normal baseline values at a particular habitat. It can be used for 
comparative studies with other species and same species with other habitat.During this study following  
parameters were taken for haematological analysis such as total red blood cell count (RBC) and total 
white blood cells count (WBC), haemoglobin, mean cell haemoglobin concentration (MCHC), mean cell 
volume (MCV) and mean cell haemoglobin of Mugil cephalus . Haematological parameters were analysed 
by standard protocol The difference in all the haematological parameters between the fish species is due 
to change in salinity, pH and temperature of different water. The size of fish also affects the blood 
parameters of fish species. From this assessment, this study provides a better understanding of the 
influences of habitat and feeding habits on fish blood parameters.  

 

Keywords: Haematology, Mugil cephalus, habitat, Fish health 

 

INTRODUCTION 

 
Fish cultivation is increasing to offset the shortage of animal protein worldwide. Mullets are distributed worldwide 
and live in tropical and temperate waters, and few spend their lives in fresh water as well [1]. It is found in coastal 
areas like lagoon and estuaries worldwide. In India, it is seen mainly in Kerala, Tamil Nadu, Andhra Pradesh and 
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Odisha. Mugil cephalus  belongs to family mugilidae and includes 20 genera and 77 species in the world [2,3]. Mugil 

cephalus feeds mainly on zooplankton, benthic organisms and detritus. Local name  and common name of M. cephalus 
are Khainga and Striped mullet respectively. It is the one of the most popular fish not only found in Chilika but also 
in worldwide because of its taste and commercial value. The species was very abundant in Chilika fishing decades 
ago, but is slowly becoming scarce due to various factors, such as overfishing, habitat loss, lack of breeding and 
nursery grounds, shocking migration routes to the sea, misuse of proper fishing networks and equipment etc.[4] 
Mugil cephalus not only occurs in the Chilika lagoon but also has a distribution worldwide where it inhabits 
estuarine, freshwater and marine coastal habitats. Despite such a large distribution and high commercial value, 
information concerning the growth parameters of this species for Chilika lagoon is very small. Base lines of 
haematological indices provide an important detector to know the physiological changes in the fishes. These 
parameters provide the information about the health status and toxicological symptoms of an organism. 

It also shows adaptation capacity of that species to that specific environment [5]. Haematological parameters are 
considered to determine the status of a fish or fish population [6].These haematological parameters of fishes mainly 
depend upon the variation in sex, nutrition and environmental condition[7,8]. These variations are highly sensitive 
to environmental conditions like oxygen content, pH and salinity of water as well as the ecological factors[9]. Fish 
haematology helps us to find out the relationship with phylogeny,habitat and adaptation to specific 
environment[10].The haematological parameter are comparatively studied in different marine fishes. The result 
represents the haematological RBC, WBC , MCV and MCHC are significantly correlated[11]. The present paper 
focuses on profiling of haematological parameters of Mugil cephalus and will help in conservation of faunal diversity 
for sustainable management of Chilika lagoon. 

 

MATERIALS AND METHODS  
 

Study area 
Chilika is the largest coastal lagoon in India and the largest brackish water lagoon in Asia. It is located(19°28′ to 
19°54′N and 85°05′ to 85°38′E) in the Ganjam district of Odisha state on the East Coast of India. It is the largest coastal 
lagoon in India and the second largest brackish water lagoon in the world [12]. Analysis of haematological 
parameters and the experimental work was done in the Laboratory of Centurion University of Technology And 
Management, Bhubaneswar, Odisha. 
 

Collection of sample 
The specimens were collected from the fishermen and fish market of Chilika. The fish species was identified as Mugil 

cephalus by following the approach of Thomson (1984).  Grey mullet (Mugil cephalus; Linnaeus 1758) were selected 
because of their year-round availability and high commercial importance. The blood sample was drawn from the 
caudal vein of fish by introducing disposable sterile 2.5 ml syringe. Then two ml of blood was transferred to 
anticoagulant vial containing EDTA (Ethylene-diamine tetra-acetic acid) for haematological analysis. 
 

Haematological analysis  

All the type of blood cell analysis was carried out including TRBC, TWBC counting, PCV, MCV, MCH, MCHC and 
MCHC calculation. The total Red blood cell and white blood cell count was done via haemocytometer. TWBC was 
done using Hayem’s fluid and TRBC by Turk’s fluid. Haemoglobin concentration was estimated by Sahli’s 
haemometer. The blood was diluted with appropriate diluting fluid for RBC(Hayem’s fluid) and WBC count( Turk’s 
fluid) and were determined using Neubauer Chamber and observed under the microscope. The Packed Cell Volume 
(PCV) was measured by the help a windrop tubes placing them in a centrifuge machine at 3000 rpm for 5 min. 
Several erythrocyte indices like MCV,MCH and MCHC were indirectly by the above direct parameters values using 
standard formulas. Erythrocyte Sedimentation Rate (ESR) was estimated by the using Westergren pipette [13].These 
data were statistically analysed  were carried out by Microsoft excel, 2010. 
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RESULT AND DISCUSSION 
 
In haematological parameters of the Mugil cephalus (chilika Lake) were statistically analyzed and represented in 
Table-1.These tools or paprameters are essential tool for fish biologist and researchers in many parts of the world. 
These parameters are closely related to the response of the animal to the environment, an indication that the 
environment where fish lives could exert some influence on the blood characteristics (Fernandes and Mazon, 2003). 
Fish may be stressed when they are held and kept in captivity. Accordingly, the environment where the fish lives 
could exert some influence on the haematological characteristics of that species. However, the PCV values recorded 
in this study are 41±8.259%. Varying in ranges of haematocrit or PCV value shows an inverse relationship with RBC. 
PCV and RBC value helps to know the anaemic condition of a species [14]. 
 
Estimation of WBC 
The total WBC count was varies from 11.286±1.953 ×103/mm3 in Mugil cephalus. The WBC value was higher in case of 
M cephalus which is either due to their feeding habitat of the species or environment since increased in salinity[15].  
 
Estimation of RBC and Haemoglobin 
A significant difference was found from the comparison between the total RBC counting at P<0.01. The TRBC value 
was ranges from 2.779±0.773×106/mm3 in Mugil cephalus. Haemoglobin percentage in case ofMugil cephalus was 
mean±SD 10.35±0.732 g/dl. To remains more active a fish needed more oxygen which increases the Hb concentration 
[16]. RBC helps in transport of oxygen to the tissue and carbondioxide from the tissue to lungs. These variation in 
RBC could be due to the variation in ecological conditions[17].MCV is an estimate of the volume of RBC . In this 
study, it is determined that  41.246±16.986.However, the high MCV may be due to the high concentration 
of haemoglobin in red blood cells. 
 

CONCLUSION 
 

This preliminary study suggests that the disturbances in these blood indices were attributed to a defense reaction to 
stress due to the disturbances that occurred in fish exposed to acclimatization. In conclusion, this study has 
established influence of environment and habitat on haematological parameters in different habitat[18]. These results 
of haematological indices are considered as important tools for determining the health status of a fish by changing in 
adaptive physiological changes at a particular habitat. This investigation on fish haematology will provide a better 
contribution towards fish management. Such haematological findings from this study may represent the effective 
diagnostic tool for early understanding and the variability blood cells in different fish species.  
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Table-1 haematologival parameters of Mugil cephalus(Linnaeus, 1758)   

Haematological parameters (Units) 
Minimum 

value 

Maximum 

value 

Mugil cephalus 
Mean±SD(n=10) 

Red blood cell (×106/mm3) 1.18 3.95 2.779±0.773 
White blood cell  (×103/mm3) 8.56 15 11.286±1.953 

Haemoglobin (g/dl) 9 11.4 10.35±0.732 
Pack cell volume (%) 28 52 41±8.259 
Mean cell volume(fl) 108.1 303.5 158.979±62.88 

MCH (pg) 26.7 83.05 41.246±16.982 
MCHC (%) 17.3 38.62 26.475±7.129 
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A Study was undertaken to assess the butterfly area of “Deuli Matha”, Kakatpur, puri (Latitude 19.9898* 
N; Longitude 86.1969*E). This place is adjacent to historical site of Mangala mandir temple, kakatpur 
expanding up to 1 to 2km, has enormous number of organisms and show a great area specifically in 
phylum Arthropods and class Insecta. Study was done to assess the butterfly area of this man-made 
garden from November 2019 to March, 2020 during morning 7.00am-10.00am and afternoon 3.30pm-
5.30pm. As per the available data till date it was observed that, this beautiful place has 22 number of 
species belongs to order Lepidoptera under family Nymphalidae with eight species, Hesperiidae with 
three species, Pieridae seven species, Papillionidae three species and Lycaenidae one species. To assess 
the area statistically Simpson’s diversity index was done. As an indicator this will help us to develop the 
environmental conditions of that area in a productive manner by taking necessary safety measures. 
 

Keywords: Butterfly diversity, Diversity index, Insecta Indicator 

 

INTRODUCTION 

 
Insects are one of the most dominating creatures on the earth . Their population extended from frozen regions to 
temperate zone. It’s been 200 million years they are being sustaining with more diversified way and plays a major 
role for maintaining the biodiversity and ecosystem. Diversity is the variability of living organisms including 
structural and genetic differences among group of individuals and between species. This concept of diversity is the 
major key factor for maintaining a healthy ecosystem. The world diversity is being maintained by 1,263,500 species 
of plants and animals while India is being a healthy resident for 51,828 species. Insects represent 80% of the total 
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species of kingdom Animalia throughout the world and according to the estimated data, there are about 9,50,000 
species of insects and there so many yet to be discovered. Worldwide there are lots of organisms distributed with 
much diversity and specifically insects represent the highest among all and butterflies have been documented since 
18th century [1]. 
 
A member of Hexapoda (Class-Insecta) belongs to the largest phylum Arthropoda. Characteristics of Arthropoda are 
little bit different from Insecta i.e.in terms of body segmentation. 1)Head contain mouth, compound eyes, antennae 
and antennules 2) Thorax divided in to 3 regions containing legs and wings 3) Abdomen contain all the organs such 
as digestive, excretory and reproductive[2]. One of the most identifying characters of insect is the presence of 3 pairs 
of legs. To identify such a higher group of organism classification is very much necessary. All insects belong to class 
insecta are grouped in two groups, such as Apterygota (wingless insects) and Pterygota (winged insects). Subclass 
pterygote is divided in to two divisions such as exopterygota and Endopterygota. Endopterygota further classified 
into 11 orders. Out of which Lepidoptera is one of them includes butterflies and moth has been evolved 35 million 
years ago and regarded as the major component of Biodiversity (New, 1991). Lepidopteran includes 1,50,000 species 
of butterflies, moths, and skippers[3]. Because of the body color and flying activities, these animals belong to order 
coleoptera. Butterflies are more familiar than night flying and dull colored moths. In terms of abundance and 
density, moths are more rather than butterfly, with certain exception. 
 
Lepidoptera are widespread throughout the world except Antarctica. They are numerous and more diversified 
extends up to every corner of the world, from polar vegetation to desert and from mountain top to tropical rain 
forest. Butterflies get easily adapted to their environment according to their ecological niches but only shows 
restrictions when it comes to choosing host plants or nectar collecting plants. Abundance of butterflies at specific 
regions is due to availability of host plants and other resources. Sometimes it may cause problem because of insects 
which are injurious to human, agriculture, forest etc. because most of the injurious insects belongs to Lepidoptera. 
Lepidoptera divided into further families, such as Papilionoidae, Nymphalidae, Pieridae, Lycaenidae, Riodinidae, 
Hesperiidae. Butterfly has been one of the most efficient multitasking insects, act as pollinator, indicator of healthy 
environment, maintenance of food chain, supports other predator and parasite, shows mimicry, maintains 
biodiversity, population dynamics, natural pest controller etc. Butterflies have short life cycles and thus react quickly 
to environmental changes. Their limited dispersal ability, larval food plant specialization and close-reliance on the 
weather and climate make many butterfly species sensitive to fine-scale changes. Not all butterflies are flower 
visiting. Only those who have proboscis for feeding and liquid diet they pay visit to different flowering plants [4]. 
Because insects make up the largest proportion of terrestrial wildlife, it is crucial that we assess the fate of insect 
groups in order to monitor the overall state of biodiversity. Being typical insects, the responses seen in butterflies are 
more likely to reflect changes amongst other insect groups, and thus the majority of biodiversity, then established 
indicators such as those based on birds. The “Butterfly Effect”, a phenomenon in chaos theory is often used to 
explain the inherent complexity of weather system, researchers at the city based on Environmental Management and 
Policy Research Institute (EMPRI) Says that butterflies are the best bio-indicators of climate change. Asper the recent 
available data’s, butterflies have declined more rapidly than birds, plants and other organism emphasizing their 
potential role as indicators. 
 
Butterflies are the most familiar insects to human being because of their bright color. Butterflies and moths are the 
only group of insects which have scales on their wings. There are about 17,500 species of butterflies present all over 
the world and around 750 butterfly species available at United States. They differ from other insects also by their 
ability to coil up their proboscis. So far 1,504 species of butterflies were recorded in Indian subcontinent [5,6,7] 
reported 334 butterfly species from the Western Ghats. In North-Eastern Himalayas, Evens (1932) found about 835 
species, recently some new species were described and some extinct species were rediscovered, however these 
studies are mostly circumscribed to certain pockets. 
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Development of butterfly follows different stages to complete its life cycle, such as egg, larva, pupa and adult. 
Caterpillars are the larval stages of Lepidoptera have distinctive characteristics in terms of morphological feature 
which can be easily identified than the adults. While developing, their skin shed off four and five times called 
molting controlled by juvenile and Ecdysome hormones secreted from corpora allata and prothorasic gland 
respectively. With each molt, the coloration and appearance of the caterpillar changes leading to some changes. 
Relationship between host and depending animal is a real key factor behind existence of any organism, which 
provides the resources the development and growth. But as per certain data sometimes butterfly richness indicates 
low plant diversity but the exact region is still unknown [8,9].The aim of the study is to produce a report on available 
butterflies. to check the species richness  and to study the interaction between butterflies and their respective host 
plants at study area. 
 

MATERIALS AND METHODS 

 
Study Area 
 The “Deuli Matha” is a very popular holy place of Kakatpur. Deuli Matha is situated near kakatpur, it is a holy place 
on the river bank of Prachi 1 km from Maa Mangala Temple, Kakatpur. ‘Nabakalebara’ of lord “Jagannath” the 
devotee prays the goddess “Maa Mangala” first & Maa direct them to go for Daru. The place is situated in the bank 
of river ‘Prachi’. This place is 2 km far from Bajpur. It is known that this matha which is under the control of “Emar 
Matha”, Puri is directly involved with Nabakalebara rituals of the Deities. The Even this matha is small but it has got 
an ancient status and tradition. A canal is flowing beside Deuli Matha which provides better environment and good 
place for the butterfly in  Odisha. 
 
Methodology 
Observation was conducted from November 2019 to March 2020. It was done during morning 7.00- 10.00 am and 
evening 3.30pm to 5.30pm in these study areas. All the observation has been done by randomly just by walking at 
different parts of study area, mostly at flowering regions. Study was done by direct visual method. Cameras used 
were Samsung 6.0 mega pixels with 3X optical zoom and digital control. Flash was kept almost on to identify 
butterflies more efficiently. No animal was harmed during the study and it was carried out with lots of care and 
sincerity. Animals were identified by following data available on Indian Foundation for Butterflies (IFB)[10]. Based 
on the frequency of sighting, butterflies are divided in to three categories, such as Common, Uncommon and Rare.  
 

RESULT 
 

Diversity Indices 
A diversity index is a quantitative calculation of species diversity in a community. It basically indicates the number 
of species i.e. Species richness as well as the abundance of each organism i.e. Evenness.  
Simpson’s index (D): It is actually a measurement of dominance.  
 
D= Σ n(n-1)/N(N-1) 
 
Where n is the total number of organisms of a particular species and N is the total number of organisms of all 
species.  
 

Simpson’s diversity index (1-D): The value of this index ranges between 0 and 1, so greater the value, greater the 
sample diversity. In this case, the index represents the probability that individuals randomly selected from a sample 
will belong to different species.  
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Table 1: Represents Simpson’s diversity index  
           D= Σ n (n-1)/N (N-1) 
                         =328 / 83*82 
    =0.04 
Simpson’s index (D) = 0.06 
Simpson’s index of diversity(1-D) = 0.94 
                                                   

DISCUSSION 

 
 During the study from November 2019 to March 2020, total 22 different species have been identified. All these 
species belong to 5 different families of Lepidopteran order. Out of 22 species, 8 species belong to family 
Nymphalidae, 3 species belong to family Papillionidae, 1 species belongs to family Lycaenidae, 3 species belong to 
family Hesperiidae, and lastly 7 species from family Pieridae. According to enlisted check list data, as per local status 
out of 22 species, 11 species belong to Common category, 2 species belong to uncommon category and 9 species 
belong to Rare category. Out of all the organisms most commonly available butterflies are Common evening Brown, 
Common branded Red eye, Common Emigrant, Monarch Butterfly, Red eyed, Evening brown Butterfly, Common 
Indian Crow, Indian Palm Bob, Common Crow, Danaid eggfly, Molted       Emigrant found to be in maximum 
number around morning and afternoon time. Uncommon available butterflies Grey Pansy and Marius Hairstreak. 
Rarely available butterflies Peacock Pansy, Plain Tiger, Cabbage white, Crimson Rose, Large White, Blue jay,  Indian 
Cabbage White, Shallow tails, Grass Yellow Butterfly. Species having abundant in number are called the dominant 
species, here the dominated ones belong to family Nymphalidae. There 8 different species of Nymphalidae has been 
found during the study period out of which Common Indian crow and Common evening brown are dominated 
ones. These are available at highest number. 
 

Maintenance of healthy environment depends on living and nonliving factors and depending on the associative 
factors the number of organisms increases gradually. Communities can be large or small but each community 
consists of diverse species. All species are not equally important but everyone has some role in maintaining the 
richness. Species diversity is one of the most important and basic characteristics behind maintenance of a community 
as well as population. Higher diversity indicates better environmental conditions and other needed factors. There are 
various ways of measuring species diversity and it can be characterized by species richness and evenness of species 
abundance. By calculating all these aspects, we can get a better overview regarding the environment. Two most 
important aspects of biodiversity study are species richness [11] and relative abundance of individuals [12]. Here I 
have taken Simpson’s diversity index to characterize the study area. These are commonly used parameters provide 
very much related data through which we can actual asses the study area as well as other outcomes. The data not 
only gives us idea regarding the available number of organism but also indicates the abundance of organism. To 
make sure I used the index called Simpson’s diversity index, and the calculated value found to be 0.94. This index 
value lies between 0 to 1 which indicates that if the value is nearer to 1, then the area is more diverse or vice versa. As 
per the statistical analysis done above, the diversity indices such as Simpson’s values showed higher diversity. 
 
Nectar has all the nutritious materials that help for overall development of insects. Apart from this, through 
proboscis butterflies can draw nutrient from soil and mud because these things are rich in nutrients. But that is not 
enough for overall development, that’s why caterpillars depend on leaves and butterflies depend on nectar 
containing flowers. Food is very much essential for overall development and for that the healthy physical property of 
soil is very much necessary. As we all know insects follow direct development shows different larval stage through 
metamorphosis for which hormones as very essential. At study area I got four different varieties of host plants, such 
as Dog wood, common Hoptree, Marigold and Leucanthemum species. These are all flowering plants produces 
nectars and that’s why butterflies mostly rely on these plants for feeding and foraging. Any changes in physical 
properties of soil would ultimately affect the plants which will end up with affecting the respecting organisms who 
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depends on them completely. Since decades butterflies have been use as an indicator for the quantification of 
pollution and qualitative analysis of Environment [13]. Climate change has been one of the only reasons behind 
extinctions of lots endemic species in just two decades [14]. Change in Physical properties of soil or air or water is all 
because of human interference. 
 

CONCLUSION  
 
Environment is a home to all creatures of the universe, and the backbone of existence of life forms. So, there is no 
doubt in this that, this area is a very good resident for all its available organisms. Physical properties play an 
important role in determining soil suitability for agricultural, environmental and engineering uses. Availability of 
water and nutrient to plants its directly associated with physical properties of soil [15,16]. As this area is always been 
in a crowded condition because of human interferences so this is very prone to contaminations. Contamination leads 
to degradation of actual properties, so that control of human activities is very necessary. Habitat degradation, 
unsuitable resource exploitation, pollution, invasive species and climate change, the diversity of life on the planet is 
likely to continue life on the planet is likely to continue to diminish considerably over the coming years.  
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Table 1: Representing list of butterflies found at study are Deuli Matha 

Sl. No. Common Name Scientific Name Family 

1 Common Evening Brown Melanitis leda Nymphalidae 
2 Peacock Pansy Junonia almana Nymphalidae 
3 Monarch butterfly Danaus plexippus Nymphalidae 
4 Common Branded Redeye Matapa aria Hesperiidae 
5 Common Emigrant Catopsilia pomona Pieridae 
6 Plain Tiger Danaus chrysippus Nymphalidae 
7 Red Eyed Matapa aria Hesperiidae 
8 Evening brown Butterfly Melanitis leda Nymphalidae 
9 Cabbage White Pieris rapae Pieridae 

10 Crimson rose Pachliopta hector Papillionidae 
11 Common Indian Crow Euploea core  Nymphalidae 
12 Large white Pieris brassicae Pieridae 
13 Blue Jay Graphium evemon Papillionidae 
14 Indian Palm Bob  Suastus gremius Hesperiidae 
15 Indian Cabbage White Pieris canidia Pieridae 
16 Grey Pansy Junonia atlites Nymphalidae 
17 Common Crow Euploea core Nymphalidae 
18 Danaid eggfly Hypolimnas misippus Nymphalidae 
19 Shallow tails Papilio machaon Papillionidae 
20 Grass Yellow Butterfly Eurema hecabe Pieridae 
21 Marius Hairstreak Rekoa marius Lycaenidae 
22 Molted Emigrant Catopsilia pyranthe pyranthe Pieridae 

 
Table 2: Threatened List of butterflies found at the study area representing local status, WPA status and IUCN 

status 

Sl.  

No 

Common Name Local Status WPA Status IUCN Status 

1 Common Evening Brown C   

2 Peacock Pansy R   
3 Monarch butterfly C   
4 Common Branded Redeye C   
5 Common Emigrant C   
6 Plain Tiger R   
7 Red Eyed C   
8 Evening brown Butterfly C   
9 Cabbage White R   

10 Crimson rose R   
11 Common Indian Crow C Sch IV LC 
12 Large white(male) R   
13 Blue Jay R   
14 Indian Palm Bob C   
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15 Indian Cabbage White R   
16 Grey Pansy U   
17 Common Crow C   
18 Danaid eggfly C Sch I LC 
19 Shallow tails R   
20 Grass Yellow Butterfly R   
21 Marius Hairstreak U   
22 Molted Emigrant C   

 

Table : 3  

Sl. No Common Name Number of sample (n) n-1 n(n-1) 

1 Common Evening Brown 10 9 90 
2 Peacock Pansy 2 1 2 
3 Monarch butterfly 3 2 6 
4 Common Branded Redeye 5 4 20 
5 Common Emigrant 2 1 2 
6 Plain Tiger 5 4 20 
7 Red Eyed 4 3 12 
8 Evening brown Butterfly 5 4 20 
9 Cabbage White 5 4 20 

10 Crimson rose 4 3 12 
11 Common Indian Crow 5 4 20 
12 Large white 5 4 20 
13 Blue Jay 3 2 6 
14 Indian Palm Bob 1 0 0 
15 Indian Cabbage White 4 3 12 
16 Grey Pansy 4 3 12 
17 Common Crow 3 2 6 
18 Danaid eggfly 7 6 42 
19 Shallow tails 1 0 0 
20 Grass Yellow Butterfly 3 2 6 
21 Marius Hairstreak 1 0 0 
22 Molted Emigrant 1 0 0 

  Σ=83  328 
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The present study was carried out in Daya River near Dhauli, Bhubaneswar, Odisha to analyze the 
morphometric measurement and accumulation of biometals in some selected five different  species. After 
analysis it was found that, there are 14 to15 different traced elements were accumulated in the tissues of 
fishes. Fourteen morphometric measurements were taken for the analysis of these five different fishes. 
The accumulations of biometals were studied by the X-Ray fluorescence spectroscopy. The study was 
found about 11 elements present in these species in ppm level. These biometals were determined the 
edible aquatic species like the Puntius ticto, Amblypharyngodon mola, Cirrhinus reba, Penaeus monodon and 

Hypomesus olidus. This investigation determined the accumulation of pollutant and trace elements in 
aquatic ecosystem and the aquatic adaptation of these species in these condition.It may help to monitor 
the quality of water that particular environment.  
 

Keywords: Morphometric study, Biometals, Fish, Odisha, XRF spectroscopy 

 

INTRODUCTION 

 
The level of urbanization world over is on the rise as more than half (54.83%) are residing in the urban areas. Most of 
the world’s major urban centres are nearer to the river basin. These river basin meet the requirements of urban areas 
world over like, domesic wastage, industrial activities and maintain the hydrological cycle. In India discharge of 
untreated sewerage is the leading cause of pollution of the rivers and other water bodies [1,2]. Bhubaneswar is one of 
the urban centres in the state of Odisha and Bhubaneswar as the capital of Odisha, which are situated along the 
banks of rivers Kuakhai and Daya. Bhubaneswar's population grew from 14512 in 1951 to 905339 in 2016 with 
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respect to the growing population of Odisha 44.86 billion. Generation of daily households and Industrial waste are 
being discharged into the rivers creating deterioration of aquatic environment. The municipal areas of Bhubaneswar 
is 135 Km2  to 233 Km2  and it lies between 20012’ N to 20025’N and Longitude 85044’N to 85055’N. The area used 
under residential, commercial, industrial, administrative, institutional and other utilities are 49.61 Km2, 3.64 Km2, 
6.23 Km2, 4.08 Km2and 10.93 Km2 respectively. Without treatment of effluent water, the waste water is discharged 
through Gangua nallah to the Daya River. Daya is a distributary of river Kuakhai which is a part of Mahanadi river 
basin. There are two industrial clusters consisting of 88 industries, 34 of which are vulnerable to water. Liquid waste 
in the form of domestic, biomedical and industrial waste has faced an acute disposal problem at the same time. The 
township is rapidly rising and all the liquid waste is drained directly to the Daya [3]. The fish has been treated as a 
staple food in around the world. Thus, in recent years there is an awareness of its nutritional and therapeutic benefit. 
Morphometric and meristic study of fish species is an important tool for accurate identification of the species using 
measurement of length , weight, fine count, spine count and other parameters [4,5].From some studies it is found 
that accumulations of biometals in various organs of fish may cause structural lesions and functional disturbances 
[6].According to Ahmad and Suhaimi-Othman (2010), the mature fish contain or accumulate more metals in their 
tissues as compared to the premature fish or old fish and that is due to the inhabitation of living continuously in that 
polluted environment or water. 
 

MATERIALS AND METHODS 
 

The fish samples are collected from the river and the fish market near Daya River. The collection of specimens and 
experimental analysis were done during the month of November,2019 to February,2020. During this study, five 
species including four fishes and one prawn were selected for this experimental approach. These collected specimens 
were Puntius ticto, Amblypharyngodon mola, Cirrhinus reba, Hypomesus olidus and Penaeus monodon.  After collecting the 
specimens, these were preserved in10% formalin and stored in specimen bottle. Morphometric analysis was done of 
14 parameters of fishes by using measuring scale and measured in centimetre (cm) in the laboratory of Zoology 
Department, Centurion University of Technology and Management, Odisha, India[8,9]. 
 
For analysis of biometals and trace elements in fish samples were analysed from the earlier samples preserved in 
bottle. One gram of accurately weighted dorsal tissues or muscles must be taken by dissecting for further analysis. 
Dissected samples were transferred to a Teflon beaker or petridish. Then the samples were placed in the oven for 2 to 
3 days so that they can be easily converted into powdered form. Then the weighted samples were digested with 5ml 
of Nitric acid, then after complete digestion the samples were placed again in the oven for 15 mins at 180°C. Then the 
samples were cooled at room temperature and after that the samples were digested with 25ml of double distilled 
water. After adding double distilled water the mixture were stirred vigorously to get a samples solution for  analysis 
of biometals by XRF spectrometer[10]. 

 
RESULTS AND DISCUSSION 
 

The study on morphometric character in fishes is important because they can be used for the differentiation of 
taxonomic units and are able to spot from different fish population [11]. Morphometric analysis of these four 
different species has represented in table-1. General morphometric characters are influenced by various 
environmental factors.  It has been reported that that hydro graphic condition may also led variation in body-
proportion. So, the present study revealed that Morphometric  analysis of freshwater fish of Daya river showed that 
the proportional growth rate of fish species increasing with increase in fish length and show the higher positive 
correlation with the total length. There may be some limitations which estimates that all measurements were 
obtained based on formaldehyde preserved specimens after 5-10 days of fixation. The change in the total length as 
well as total weight of the preserved specimen in formaldehyde is due to shrinkage and partial dehydration.The 
accumulation of biometals in particular species in particular amount is called bioaccumulation. A food chain is a 
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linear network of links in a food web. A food chain also shows how the organisms are related with each other by the 
food they eat. Due to eating some organisms of consumers that will accumulate more metals in secondary consumer, 
that process is called biomagnification. As a result, the elements present in consumer level that may get accumulated 
in the secondary consumer level and when we consume the secondary consumer the elements which get 
accumulated in his body from consumer level gets accumulated in our body. And as we consume fishes on the daily 
basis, the level of metals may rise up to the critical amount which may cause severe problems in human beings like it 
may damage the liver, pancreas, intestine, gall bladder, heart diseases, may secrete hormone higher than the normal 
amount[12,13,14]. 
 
In Puntius ticto, the traced metals are Ca>P>Si>S>K>Cl>Sn>Zn>Fe in which the required elements are Ca, P, Si, K, Cl, 
Fe. But Tin(Sn)which is not required element these may cause stomach ache, liver problem, kidney problem, tin 
leprosy  etc. In Amblypharyngodon mola, the traced metals are P>Ca>S>K>Cl>Sn>Fe>Eu in which the required elements 
are P, Ca, S, K, Cl and Fe. But Tin(Sn) and Europium(Eu) is not the required elements. Although Europium is not an 
required elements but its advantages and disadvantages are not yet known.In Cirrinus reba, the traced metals are 
P>Ca>S>Cl>K>Sn>Fe>Eu in this the required elements are P, Ca, S, Cl, K, Fe. As we discussed before Tin (Sn) and 
Europium(Eu) is  not the required elements.In Penaeus monodon, the traced metals are Si>K>Cl>Fe>Sn>Zn>Eu in this 
species the required elements are Si, K, Cl, Fe, Zn. In Hypomesus olidus, the traced elements are 
P>Ca>S>K>Cl>Sn>Eu>Fe in this the required elements are P, Ca, S, K, Cl and Fe. And as we discussed above Tin(Sn) 
and Europium(Eu) are the not required elements. 
 

CONCLUSION 

In conclusion, significant differences were identified among muscle of prawn and fishes, gill, liver,  intestine of the 
fishes in view of the bioaccumulation of the selected heavy metals from Daya river. However, high level of heavy 
metals was found in liver and gill,but fish liver and gill are rarely consumed, it may represent good bio-monitor of 
metals present in the surrounding environment. So from the above discussion it is concluded that The Daya River is 
not that much polluted and the fishes came from that river are not much harmful for consumption. Bioaccumulation 
in living species can be reduced by proper management and treatment of waste material . 
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Table-1 Morphometric analysis of four different species 

Sl 

No. 
Parameters 

Puntius 

ticto 

Amblypharyngodon 

mola 
Cirrhinus reba 

Hypomesus 

olidus 

1 Total length(cm) 7.5 8.1 21.5 11.8 
2 Fork length(cm) 6.6 7.6 18.4 10.2 
3 Dorsal fin(cm) 1.9 1.7 4.1 1.7 
4 Pre-dorsal fin (cm) 3.3 3.5 7.1 6.6 
5 Head length(cm) 1.5 1.9 3.1 2.2 
6 Snout length(cm) 0.5 0.5 1 0.6 
7 Eye diameter(cm) 0.5 0.4 1 0.6 
8 Pre-pectoral fin(cm) 2.8 1.1 3.4 2.5 
9 Pectoral fin(cm) 1.2 1.4 3.3 2.8 
10 Pre-anal fin(cm) 4.4 4.7 14.1 6.9 
11 Anal fin length(cm) 0.8 1.2 2.7 1 
12 Caudal fin length(cm) 1.8 1.7 4.4 2.2 
13 Pre-pelvic fin (cm) 2.9 3.6 7.7 5 
14 Pelvic fin(cm) 1.4 1.2 3.3 1.5 

 
Table 2: Element analysis by  XRF spectrometer  

 

 Puntius ticto 
Amblypharyngodon 

mola 
Cirrhinus reba 

Penaeus 

monodo 

Hypomesus 

olidus 

Silicon 787.8ppm 192ppm 352ppm 478.9ppm 115ppm 
Phosphorus 849.5 810.7ppm 655.4ppm 0ppm 784.6ppm 
Potassium 267ppm 296.8ppm 148.6ppm 389.2ppm 278.9ppm 
Calcium 993.1ppm 591.4ppm 393.6ppm 2703ppm 517.1ppm 
Chlorine 190.1ppm 232ppm 212.6ppm 174.5ppm 193.3ppm 

Manganese 0ppm 0ppm 0ppm 10.7ppm 0ppm 
Iron 15.2ppm 16.9ppm 17.5ppm 66.2ppm 15.3ppm 

Sulfur 432.7ppm 337.5ppm 280.2ppm 104ppm 378.7ppm 
Tin 47.1ppm 71.9ppm 43.3ppm 48.6ppm 45ppm 

Europium 21.7ppm 13.2ppm 4.1ppm 12.6ppm 20.2ppm 
Zinc 0ppm 0ppm 0ppm 21.3ppm 0ppm 
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Fig1: Fishermen Fishing in Daya river, Odisha. 

 
Fig2: collected five species for this study. 
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Fig.3 Comparative analysis of elements in selected species. 
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The present investigation was carried out to estimate the protein content, minerals and elements from 
different genotypes of dairy cows of Odisha. Protein estimation was done by following the general 
procedure of Lowry Method and XRF to determine the presence of elements in the milk sample of cow. 
These protein varieties contributes greatly to the unique nutritional and functional quality of milk 
obtained from different genotype of cows found in Odisha .A total of six dairy cows  such as pure Indian 
breed desi cow(Bos indicus), Holstein, Gir , Hariana, Sindhi, Jersey were selected to conduct the 
experiment. From this experiment, it is showed that the protein from the given sample found to be more 
in desi cow milk (3.039) with 3.0366 ± 0.002074 µg/ml. The others sample from Holstein with2.17 ± 
0.001581µg/ml, Gir with 1.995 ± 0.001581µg/ml, Hariana with 2.7452 ± 0.001924µg/ml, Sindhi with 2.7276 
± 0.00114µg/ml and Jersey with 2.427 ± 0.001581µg/ml. But the calcium, potassium and phosphorus is 
comparatively less in desi local cow milk and more in Jersey and Holstein breed. But chlorine and water 
content is found to be more in desi as compared to other breeds. From the above result it’s been observed 
that the protein and chlorine is more with less thickness of milk lactation found in desi cow milk but 
other elements are more in other five breeds. 
 

Keywords: Protein, elements, XRF, milk, cow. 

 

INTRODUCTION 
Milk is one of the highly evolve secretion of mammals by it provides the better nutrition to the infants(1). Milk from 
dairy meets the nutritional requirements as compared to any single food and is regarded as ideal and complete 
food(2). India is considered as the largest consumer and producer of milk in the world. There is a growing public 
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health issue in the recent past, especially according to our intake of food. Milk contains about 86% of water,4.6% 
lactose sugar, 3.7% triglycerides, 2.8% milk protein with 0.54% minerals(3). Milk is used for the preparation and 
production of various valuable nutritional items. The milk composition is influenced by sex, sex, lactation period, 
diet and environment. A number of authors have shown that variations in the chemical and physical chemical 
properties of milk are determined by genetically variation among cows of different races(4). In recent days, great 
attention is given to milk from indigenous cow and buffalo, as they produce A2 milk which is safer than A1 milk 
produced from exotic. Milk A1 contains A1β Casein and milk A2 contains Milk that contains A2β-Casein 
respectively. A1 milk protein generally found in European crossbreeds while indigenous cows and buffaloes contain 
A2 milk in India(5). The physico-chemical and nutritional values of cow’s milk are more significant and its industrial 
production capability varies by many factors. These are including: diet, type of breeds, feeding and environmental 
condition.The price of cheese has risen in recent years and therefore the assessment of the protein content of milk is 
an important factor in the quality of the industry(6). In the near future, milk components, such as milk fat, 
particularly protein, will be more important when it comes to milk quality. It needs continuous monitoring of milk 
protein and simultaneous work on genetic development in this way. The object of the study was to investigate the 
assessment of protein in five different breeds of indigenous cows of Odisha. 
 

METHODOLOGY 
 

This experimental study was undertaken at the department of Zoology and ATC laboratory of Centurion University 
of Technology and Management, Bhubaneswar campus, Odisha from the month of November, 2019 to 
December,2020. This study was consisting of two parts. One part was considered for protein analysis by Lowry’s 
method and another part included the analysis of trace elements present in the milk samples(7). 
 
Preparation of Stock Solution 

The day before the experiment the stock solution need to be prepared from the egg white. First of all egg albumin 
was collected by piercing a small hole using a sharp needle and then collected in a clean beaker measuring exactly 
around 10ml. Then 10ml distilled water added to it and stirred with the help of a stirrer. Then from the mixture 
another 10ml was taken in another clean beaker, where 50ml of distilled water was added. The mixture is kept inside 
laminar airflow chamber for the whole 24hours for it to settle down.  
 
Collection of Milk Sample 

All the milk samples were collected in well cleaned plastic bottles from the dairy farm of CUTM Campus except the 
Desi cow milk which is collected from the locality of Bhubaneswar. The milk was collected early morning before 8.00 
a.m. soon after the milking of cows. Since the milk used to get spoil within 3 to 4 hours from the time it has been 
collected. Therefore the milk samples were storaged inside the deep freezer if not able to conduct the experiment 
within 3 to 4 hours of its collection.  
 
Normalizing the Freezed Milk 
Just before conduct the experiment, the freezing milk samples were normalized where the milk reaches to the normal 
temperature and ready for the experimental use.  After normalization of different milk samples of different breeds, 
total protein present in milk samples were estimated according to Lowry’s method by using UV visible 
spectrophotometer [6]. The following reagents were used during the protein analysis by Lowry’s method. Folin 
ciocalteau reagent(Reagent D), The reagent should have no greenish 20%sodium carbonate in 0.1N sodium 
hydroxide (reagent A).Reagent B was prepared with 0.5% copper sulphate in 1%pottassium sodiumtartrate. Then 
Alkaline copper solution (Reagent C) was prepared by mixing of 50ml of reagent A and one ml of reagent before use. 
The day before experiment, stock solution need to be prepared by mixing of ten milliliter albumin added with 10 ml 
of distilled water. Standard solution was prepared by 10ml stock solution added with 50ml distilled water.The 
amount of protein present in milk was measured using a calibration curve prepared with different concentrations 
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albumin as standard. In a series of test tubes different aliquots of standard protein solution were pipetted out. For 
protein analysis, supernatant were collected after centrifugation. Centrifuge tubes were taken and Pipette out 0.2, 0.4, 
0.6, 0.8 and 1.0ml of the working standard into a series of test tubes. All tubes were made up of volume up to one 
milliliter. Took six clean test tubes were taken where in the first tube only 1ml of distilled water is taken. In the 2nd 
tube 0.2ml of Stock solution with 0.8ml distilled water to make it total 1ml. then in the 3rd tube 0.4ml of Stock solution 
with 0.6ml of distilled water. In the 4th tube 0.6ml of Stock solution with 0.4ml of distilled water. In the 5th tube 0.8ml 
of Stock solution with 0.2ml of distilled water.  
 
Then 5 ml of reagents were added to each test tube and mixed thoroughly. After ten minutes 0.5ml of reagent D was 
added in each tube. These tubes were mixed immediately after each steps of addition and placed at 370C for 30 
minutes. Purple blue colour was developed and readings were taken in spectrophotometer at 640 nm. A standard 
graph was drawn to calculate the amount of protein present in respective sample in the sample.Optical Density is 
measured in the spectrophotometer at wavelength 640nm. Then serially all the test tube’s components are measured 
keeping the manual setting as per the requirement. All the above procedures were done for 6 times as the experiment 
consisting milk samples of 6 genotypes of cow available in Odisha. For the analysing elements present in milk 
samples of different milk sample of Indian cows, the fresh milk were collected and analysed by XRF 
spectrophotometer in ATC laboratory of Centurion University of Technology and Management, Bhubaneswar 
campus, Odisha. The samples were tested and results were obtained for the experimental analysis.  
 

RESULTS AND DISCUSSION 

 
The study was under taken to find out the protein content in milk of different breeds of cows and simultaneously the 
trace elements present in the samples also analysed during the investigation. These breeds are generally 
domesticated in rural areas only for their lactating behaviour. Although the breeds are very good in lactating good 
amount of milk, but the protein content is more in Desi cow Bos indicus  with 3.0366 ± 0.002074 µg/ml. The samples 
from other breeds have the  milk content as follows like Holstein with2.17 ± 0.001581µg/ml, Gir with 1.995 ± 
0.001581µg/ml, Hariana with 2.7452 ± 0.001924µg/ml, Sindhi with 2.7276 ± 0.00114µg/ml and Jersey with 2.427 ± 
0.001581µg/ml. As the milk contains a wide range of minerals, some minerals were analysed during the study. Here 
these data were enlisted in table-2 after analysing by XRF spectrophotometer (8).Minerals like Calcium, potassium 
and phosphorous concentration were less in milk of desi cows as compared to the bovine species. But the water and 
chlorine content is more in milk of desi cows as compared to others breeds. The quantity of milk varies according to 
the genetics and inheritance of the lactacting character. The concentration of protein in milk is not directly associated 
with quantity of milk secreted from cow. Thus further study should be undertaken to enhance the protein values 
long with the production of milk.   

 

CONCLUSION 

 
Milk provides a significant amount of nutrients which is required for the development of human individual. As 
necessary elements it takes part in several metabolic pathways and regulates the positively effect on blood pressure 
and oxidation for maintaining good health(9). Protein from different breeds of dairies varies according to the climatic 
condition and other biological factors(10). For quantity and nutritional aspects selective breed can be domesticated. 
The protein content with their medicinal values with their selective breeds can improve the diary as well as 
pharmaceutical industry.   
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Table-1 Estimation of protein by Lowry’method of six different cows 

 
 
 

 

 

 

 

SL NO. Test Tubes Distilled water 

(ml) 

Conc. of stock 

solution(ml) 

Reagent C 

(ml) 

Reagent D 

(ml) 

1 1st 1 0 5 0.5 
2 2nd 0.8 0.2 5 0.5 
3 3rd 0.6 0.4 5 0.5 
4 4th 0.4 0.6 5 0.5 
5 5th 0.2 0.8 5 0.5 
6 6th 0 1 5 0.5 
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Table 2 Trace elements present in milk samples of different breds of cow 

 
Elements in Milk 

sample 

Different breeds of cows 

Jersey Hariana Desi Gir Holstein Sindhi 

Si 200.0 ppm 249.1ppm 242.0 ppm 235.2 ppm 180.9 ppm  

P 0.178 % 0.172 % 0.136 % 0.153 % 0.180 % 0.158% 

S 741.6 ppm 619.4ppm 539.9ppm 551.0 ppm 716.5 ppm 516.2ppm 

Cl 0.120% 0.113% 573.3% 0.152% 0.130% 0.156 % 
K 0.177% 0.191% 0.153% 0.160% 0.171% 0.187% 
Ca 0.188% 0.159% 0.157% 0.164% 0.183% 0.147% 
Fe 16.4ppm 17.9ppm 16.3ppm 13.5ppm 16.8ppm 13.5Ppm 

Co 0.0ppm  0.0ppm 0.0ppm 0.0ppm 8.2Ppm 
Zn 8.4 ppm 6.0ppm 3.3 ppm 4.3ppm 8.3ppm 4.9Ppm 
Rb 6.4 ppm 6.2 ppm 3.5ppm 5.0 ppm 7.0ppm 7.4 Ppm 
Tb 30.0 ppm      
Er 82.2ppm  101.4ppm 67.9ppm 64.3ppm  

Re 0.8ppm 0.8 ppm 0.8 ppm 1.0ppm 1.3ppm 1.5Ppm 

H2O 99.228% 99.270% 99.403% 99.275% 99.228% 99.288% 
Sn  49.8ppm  55.6 ppm 53.1ppm 54.9Ppm 
Mn   7.0 ppm 4.1 ppm 8.3 ppm 1.9 Ppm 
Eu   24.0 ppm 27.1ppm  29.6 Ppm 

Gd     33.8 ppm  
Normalisation 

Factor 
1.545 1.566 1.539 1.546 1.211 1.283 
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Here different MgO nanostructures were synthesized by using three different chemical methods such as 
hydrothermal, reflux and co-precipitation. The interesting thing of these different synthetic methods is to 
achieve three different morphology of MgO. To confirm the phase, formation and morphology, different 
characterization methods are used.  From XRD, the MgO phase formation was confirmed by different 
peaks with different inter planar spacing values. The XRD results reveal the well crystalline nature of the 
prepared compounds. The formation of nanoflakes, hierarchical nanostructure and nanorods wre 
obtained by hydrothermal, reflux and precipitation methods which were confirmed from FE-SEM 
images. 
 

Keywords: Nanostructures, MgO, Chemical method, Hydrothermal, Reflux, Precipitation 

 

INTRODUCTION 

 
There are various methods for the fabrication of nanomaterials which are grouped into three main categories: 
Physical, chemical and biological methods. The physical methods are electric arc discharge, flame pyrolysis, ball 
milling, laser ablation. Chemical methods include sol-gel, microemulsions, hydrothermal, microwave, co-
precipitation and sonochemical methods. The biological synthesis is the greener synthesis includes the use of 
microorganisms eukaryotes (yeasts, fungi)or prokaryotes (bacteria, actinomycetes), use of plant extracts and 
enzymes or by the use of templates like diatoms, viruses and membranes [1-10]. Among the several chemical 
methods the co-precipitation method is the simplest and low cost method widely used for the synthesis of nano level 
materials [11]. This method can be carried out under very low temperatures and can give nanomaterials of both 
crystallinity and larger surface areas. In this process first the starting precursors were stirred and mixed together and 
again it was stirred to form a homogenous mixture. In this method it is important to maintain the purity of the 
precipitate, thermogravimetric analysis shows that the precipitates contain undesired impurities which can increase 
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the mass, this can be solved by digestion or by redissolving the precipitates again [12-16]. Sol–gel method is a bottom 
up synthetic approach, which occours in a 3- D confinement in the liquid phase. In this process the starting solution 
(sol) undergoes a transition state to form a gel like network containing both solid and liquid phase [16-20]. The 
starting precursors for this process were generally metal alkoxides, metal chlorides and metal nitrates. These 
undergoes hydrolysis and polycondensation reaction to form colloids and then it was allowed for sedimentation. 
Formation of metal oxides involves connecting the metal centers with oxo (M-O-M) [15] or hydroxo (M-OH-M) 
bridges, hence generating metal-oxo or metal-hydroxo polymers in solution. This method has high advantage over 
others as it possesses high chemical purity, high range of homogeneity, lower temperature for calcinations and 
control over particle morphology [21-25]. 
 
Hydrothermal synthetic method is a method of production of different chemical compounds and materials in 
solution phase under high temperatures >6000C and pressures upto 300 MPa. The main parameters including in the 
hydrothermal synthesis are kinetics, properties of resultant products, initial pH, time interval, temperature and 
pressure. The term hydrothermal was originated from geology, which produces single crystals [25-30]. The growth of 
crystals can be done by an apparatus consisting of steel vessel known as autoclaves which can bear high 
temperatures and pressures for a longer periods. Advantages of this technique are to synthesize crystals of 
substances that are unstable near the melting point and synthesis of large crystals of high quality. Some of the 
disadvantages include high cost of the equipments and the in ability to monitor the crystals in the growth process 
[30-32]. 
 
Magnesium oxide is known as magnesia occours naturally as periclase. It is a white hygroscopic solid mineral 
consisting of Mg2+ and O2-ions held by ionic bonding. Its melting point is about 28520C and boiling point is 36000C. 
Due to its high melting pointit is used as  insulator windows, limiters and optical beams [33]. It is soluble in acid, 
ammonia but in soluble in alcohol. MgO have thermal conductivity of 40–60 Wm-1K-1, refractive index of 1.73. The 
crystal structure of MgO is periclase, which contains octahedral Mg2+ and O2- ions. Magnesium oxide is a class  II-IV 
semiconductor compound possessing a large band gap of 7.8eV, large dielectric constant of 9.8 and small exciton 
binding energy less than 0.1eV. Generally  magnesia occours in three crystallographic structrures such as rock salt 
NaCl (B1), CsCl (B2) and inverse NiA (B81). In normal conditions the B2 and B81 structures are less stable but with the 
increase in pressure around 2.2Mbar the B81  structure is the most stable [34-36]. MgO is focused very much on 
research area due to their novel properties and wide applicability also it possesses low weight and non-toxic. 
Synthesis of MgO nanostructured materials of different morphologies like rods, tubes, wires have been paid 
attention worldwide due to their wide band gap, insulating behavior, piezo and pyro electric properties etc [30-39].  
 So in this work our man research objectives are synthesis of magnesium oxide nanomaterials of different 
morphologies by chemical methods such as precipitation, reflux and hydrothermal method and  Characterization of 
synthesized nanomaterial by different scattering and microscopic techniques like XRD, FESEM, FTIR etc.  
 

MATERIALS AND METHODS 
 
Materials Used 
Magnesium chloride (MgCl2.6H2O), ammonium carbonate (NH4)2.6H2O) were parched from Merck India. All 
chemicals are used as such. The double distilled water was used throughout the experiments. 
 

Synthesis of MgO nanoflakes  
Hydrothermal method was used for the synthesis of MgO nanoflakes. In this method 4 gm of MgCl2.6H2O was taken 
in a beaker which has 50mL of distilled water. Then stirred for 5min followed by addition of  6 gm of  (NH4)2CO3. 
Then the resulting mixture was put in a container followed by hydrothermal treatment for 3hr at 1200C. Then  
obtained mixture was washed several time with distilled water and dried at 70 °C for 3 hours followed  calcined at 
400°C for 3 hours form MgO nanoflakes.  
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Synthesis of MgO nanorods  
Co-precipitation method was used for the synthesis of MgO nanorods. In this method 4 gm of MgCl2.6H2O was 
taken in a beaker which has 50mL of distilled water. Then stirred for 1h followed by addition of  6 gm of  (NH4)2CO3 
to obtain white precipitation . Then the resulting precipitation was washed several time with distilled water and 
dried at 70 °C for 3 hours followed  calcined at 400°C for 3 hours form MgO nanorods.  
 
Synthesis of MgO hierarchical nanostructures  
Reflux method was used for the synthesis of MgO hierarchical nanostructures. In this method 4 gm of MgCl2.6H2O 
was taken in a beaker which has 50mL of distilled water. Then stirred for 1h followed by addition of  6 gm of  
(NH4)2CO3 to obtain white precipitation . Then the mixture was taken in a round bottomed flask and refluxed for 3 hr 
at 120 0C. Then the resulting precipitation was washed several time with distilled water and dried at 70 °C for 3 
hours followed  calcined at 400°C for 3 hours form MgO hierarchical nanostructures.  
 
Characterization Techniques 
The instruments were used for characterization are XRD, SEM and FTIR. Powder X-ray diffraction patterns of the 
samples were recorded in a PANalytical X-ray diffractometer. It is used to analyse the phase of the sample.  Surface 
morphology, microstructure and particle size of the as obtained samples were studied by Nano Nova 450 Field 

Emissionscanning electron microscopy (FE-SEM). The working voltage was kept at 15kV and 20 kV. X-ray scanning 
used to measure the elemental distribution (EDX).  
 

RESULTS AND DISCUSSION 
 

Surface Morphology and Microstructure 

The surface morphology of the as synthesized magnesium carbonates by different chemical methods before 
calcinations were analyzed by scanning electron microscope and the images were shown below figure 1. Fig 1 (a) 
shows the formation of MgCO3 nanorods prepared by simple co-precipitation method and are uniformly distributed, 
Fig. 1 (b) shows the formation of hierarchical morphology prepared by reflux method and Fig 1 (c) shows the 
formation of flakes like nanostructures synthesized under hydrothermal method. The above MgCO3 prepared by 3 
different chemical methods were calcined at 400 0C for 3 hr to form MgO nanomaterials. Fig. 1(e) shows the EDAX 
spectra of MgO synthesized by reflux method. From this spectrum, it is confirmed that the presence of Mg and O 
elements.  
 
X-ray Diffraction Analysis 
The X-ray diffraction patterns of as synthesized and calcined samples of magnesium oxide (MgO) nanomaterials 
prepared under different wet chemical methods were shown below. 
 
Nanoflakes 
The XRD pattern of  MgO nanoflakes before and after calcination which were synthesized from hydrothermal 
method  represents in Fig. 2. From this spectra, a mixture of monoclinic and orthorhombic phases are confirmed 
according to JCPDS no 25-0513 and 70-1177.  Again from Fig.2 (b) confirmed the formation MgO with JCPDS no 78-
0430 after calcination [30-35].  
 

Hierarchical Nanostructure 
The XRD pattern of  MgO hierarchical nanostructure before and after calcination which were synthesized from reflux 
method  represents in Fig. 3. From this spectra, a mixture of monoclinic and orthorhombic phases are confirmed 
according to JCPDS no 25-0513 and 70-1177.  Again from Fig.3 (b) confirmed the formation MgO with JCPDS no 78-
0430 after calcination [35-39]. 
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Nanorods 
The XRD pattern of MgO nanorods before and after calcination which were synthesized from precipitation method 
represents in Fig. 4 (a). From this spectra, a mixture of artinite and monoclinic phases are confirmed according to 
JCPDS no 70-0591.  Again from Fig.4 (b) confirmed the formation MgO with JCPDS no 78-0430 after calcination [30-
34].  
 

CONCLUSIONS 

 
Here different MgO nanostructures were synthesized by using three different chemical methods such as 
hydrothermal, reflux and co-precipitation. The interesting thing of these different synthetic methods is to achieve 
three different morphology of MgO. To confirm the phase, formation and morphology, different characterization 
methods are used.  From XRD, the MgO phase formation was confirmed by different peaks with different inter 
planar spacing values. The XRD results reveal the well crystalline nature of the prepared compounds. The formation 
of nanoflakes, hierarchical nanostructure and nanorods wre obtained by hydrothermal, reflux and precipitation 
methods which were confirmed from FE-SEM images. 
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Fig. 1 : SEM images of before calcination (a) 

precipitation method, (b) reflux method (c) 

hydrothermal method (d) EDAX image of reflux 

method. 
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Fig. 2 : XRD MgO synthesized by hydrothermal method 

(a) before calcination, (b) after calcination 
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Fig. 3 : XRD MgO synthesized by reflux method (a) 

before calcination, (b) after calcination 
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Fig. 4: XRD MgO synthesized by precipitation method 

(a) before calcination, (b) after calcination 
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In this project, we have synthesized MgO-Fe2O3nanocompositesthrough precipitationmethod using 
magnesium nitrate and ferric nitrate as salt precursors. Here polyethylene glycol and NaOH were 
stabilizing and precipitating agents respectively. Apart from this we have also synthesize pristine MgO, 
Fe2O3nanoparticles using the same synthetic method for comparison study. In order to determine the 
information on the crystal structure, formation, size, and morphology of the prepared nanocomposite 
were characterized by using XRD and FESEM analytical techniques.  
 

Keywords: Nanocomposites, Precipitation, Iron, Magnesium 

 

INTRODUCTION 

 
Nanocomposites can be defined as the composite material of which at least one phase has dimensions of less than 
100 nanometers. It is consists of solid or bulk material matrix with nano-dimensional phases of one, two or more 
nanomaterials. Arrangement of nanomaterials is random in nanocomposites [1-3]. High surface to volume ratio of 
reinforcing phases of nanocomposites, differentiate nanocomposites from conventional composite materials. The 
reinforcing material can be made up of nanomaterials like nonaparticles, nanofibers, nanosheets. The matrix material 
is affected by proximity of reinforcement [4]. A small amount of nanoscale reinforcement gives a huge effect (i.e 
observable effect) on macroscalepropertiesof the composites due to the large amount of reinforcement surface area. 
They have a huge range of applications on medicines, microelectronics, nanophotonics, sensors, food packaging, 
cosmetics. Nanocomposites are tools of nanotechnology which show a great change in all industrial fields [5-
10].Nowadays metal Oxide nanomaterials can have much more attraction in various fields due to their important 
properties [11,12]. 
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Nanomaterials can be synthesized by various chemical methods like hydrothermal, co-precipitation and sol-
gel.Among the several chemical methods the co-precipitation method is the simplest and low cost method widely 
used for the synthesis of nano level materials [13]. This method can be carried out under very low temperatures and 
can give nanomaterials of both crystallinity and larger surface areas. In this process first the starting precursors were 
stirred and mixed together and again it was stirred to form a homogenous mixture. In this method it is important to 
maintain the purity of the precipitate, thermo gravimetric analysis shows that the precipitates contain undesired 
impurities which can increase the mass, this can be solved by digestion or by redissolving the precipitates again. 
Hence here we have synthesized mixed iron and magnesium oxides nanocomposite through simple and cost 
effective precipitation method [14-15]. 
 

MATERIALS AND METHOD 

 
Materials 
Mg(NO3)2. 6H2O,Fe2(NO3)3. 9H2O, NaOH and Polyethylene glycol, Congo redwere purchased from sigma Aldrich. 
Ethanol is purchased from Merck chemicals Ltd.India 
 
Preparation of MgO nanomaterial 

2.56g of Mg(NO3)2.6H2O and 2.56g of PEG and 25mL of ethanol was added to a beaker. The mixture was stirred in 
50-60oC till a clear solution appears. Then NaOH was added drop wise till the pH become 11-12 with continuous 
stirring for 6h to formed whitish precipitation. Then obtained precipitation was kept in air oven for 12hrs at 150oC to 
dry followed by calcination at 550oC to obtain desired product. 
 
Preparation of Fe2O3 nanomaterial 
4g of Fe(NO3)3. 9H2O and 4g of PEG and 25mL of ethanol were mixed in a beaker. The mixture was stirred 
continuously in 50-60oC till a clear solution appears. Then NaOH was added drop wise and made the pH of the 
solution in range of 11-12. Then obtained brown precipitation was kept in air oven for 12hrs at 150oC to dry followed 
by calcination at 550oC to obtain Fe2O3nanomaterilas. 
 
Preparation of MgO-Fe2O3nanocomposite 
Different weight ratios of MgO-Fe2O3 were synthesized by hydrothermal method by taking Mg(NO3)2. 6H2O and 
Fe(NO3)3. 9H2O with PEG and alcohol in a beaker. Stirred the above mixture in 50-60oC till a clear solution appears. 
Then NaOH was added drop wise so that pH of the solution is in the range of 11-12. Then obtained whitish brown 
precipitation was kept in air oven for 12hrs at 150oC to dry followed by calcination at 550oC to obtain desired 
product. 
 
Characterization techniques 
To confirm the formation and morphology of synthesized nanomaterials we have used various analytical methods. 
The instruments were used for characterization are XRD and SEM. Powder X-ray diffraction patterns of the samples 
were recorded in a PAN alytical X-ray diffractometer. It is used to analyze the phase of the sample. Surface 
morphology, microstructure and particle size of the as obtained samples were studied by Nano Nova 450 Field 

Emissionscanning electron microscopy (FE-SEM). The working voltage was kept at 15kV and 20 kV. X-ray scanning 
used to measure the elemental distribution (EDX). 

 

 

Aninda Sundar Rout et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25686 

 

   

 

 

RESULT AND DISCUSSION 

Xrd Analysis 

The phase analysis of the prepared nanocomaterials was analyzed by XRD using CuKα radiation. Fig. 1 shows the 
XRD patterns of the as preparedMgO, α-Fe2O3 nanoparticles and α-Fe2O3-MgO nanocomposite. The pattern (a) 
contains the characteristics peaks of MgO and can be index to cubic crystal structure according to JCPDS No: 45-0946.  
The pattern (b) contains characteristics peaks of hematite (α-Fe2O3) and can be index to rhombohedral crystal 
structure according to JCPDS No: 24-0072. The pattern (c) contains the characteristics peaks of both MgO andα-Fe2O3. 

The X-ray diffractograms reveal the well crystalline nature of the compounds.  

Surface Morphology 
In order to understand the morphologies of our nanocomposites, FESEM analysis was performed. Fig. 2(a) and 3(b) 
shows the FESEM images of α-Fe2O3-MgO nanocomposite. This image indicates that there is formation of fine 
nanoparticles with average diameter range 50-80nm.Figures 2(c) and 2(d) shows the EDX elemental mapping and 
EDX spectra of α-Fe2O3-MgO nanocompositerespectively, in which presence of Fe, Mg and O is indicated. 
 

CONCLUSIONS 
 

MgO-Fe2O3 nanocomposite was synthesized through precipitation method using magnesium nitrate and ferric 
nitrate as salt precursors. Here polyethylene glycol and NaOH were stabilizing and precipitating agents respectively. 
Apart from this we have also synthesize pristine MgO, Fe2O3 nanoparticles using the same synthetic method for 
comparison study. In order to determine the information on the crystal structure, formation, size, and morphology of 
the prepared nanocomposite were characterized by using XRD and FESEM analytical techniques.  
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Fig. 2. FESEM image of (a) and (b) α-Fe2O3-MgO 

nanocomposite, (c) EDS elemental mapping and (d) EDX 

spectra of α-Fe2O3-MgO nanocomposite. 
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Here, we have synthesized MgO nanomaterial by using costefficiftive and simple precipitation method 
using magnesium nitrate as starting material and polyethylene glycol as stabling agent where sodium 
hydroxide is precipitating agent. Then the synthesized nanomaterial was used for the removal of highly 
toxic Congo red (CR) dye from water by changing pH of the solution. From the results, it was confirmed 
maximum adsorption occurs at pH=7.   
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INTRODUCTION 

 
Nanoscience is the study of properties and phenomena of nanoscale materials. Nanomaterials are materials which 
are made of grains in the size range of 1-100 nanometer (nm). 1nm comprise 10 Å [1]. Nanomaterials are those 
materials having at least one of their dimensions at nanoscale range.  Nanomaterials can be of zero dimension (e.g., 
nanoparticles), one dimension (e.g., nanofibers, nanotubes, nanorods, nanowires), two dimensions (e.g., nanofilms, 
nanolayers, nanocoatings), or three dimensions (e.g., dispersion of nanoparticles, rolls of nanowires, and nanotubes) 
[1–3]. Materials like graphene, thin films, or surface coatings are two dimensional nanomaterials. The main two 
factors that increase the properties of nanomaterials compare to other materials are high specific surface area, and 
quantum dimension effects. These factors can change the properties of nanomaterials such as high electrical 
properties, reactivity, strength and optical properties [4]. Nano sized materials have created a great interest in 
chemistry, physics, bioscience and engineering in recent years because of their unusual mechanical, electrical, optical 
and magnetic properties. These unique properties make them as potential candidates for commercially used 
purposes like adsorption, catalysts, photocatalysts, fillers, electronic, drug delivery, energy storage and fillers [2–4]. 
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Congo red (CR) (disodium 4-amino-3-[[4-[4-[(1-amino4-sulfonatonaphthalen-2-yl) diazenyl] phenyl] phenyl] 
diazenyl] - naphthalene-1-sulfonate) is a benzidine based anionic dye. It is generated from textiles, printing and 
dyeing, paper, rubber and plastics industry, among others. CR is known to metabolize into benzidine, which is a 
known human carcinogen Therefore, it is very important to remove residual Congo red from water sources before 
discharge to receiving water bodies. Treatment of wastewater containing dyes is conventionally done by several 
physicochemical and well as biological methods including coagulation-flocculation, advance oxidation, adsorption, 
ozonation, photo-chemical degradation, fungal decolorization, etc. However, adsorption is the most popular method 
among the aforementioned ones due to its low operational cost, low maintenance and simplicity [5-10].  
The main objectives of this work are: 
 To synthesize MgOnanomaterials by using cost effective method.  
 To characterize the synthesized nanomaterials using XRD and FTIR 
 To remove the CR dye by adsorption 
 

MATERIALS AND METHODS 

 
Materials 
All of the chemicals were of analytical grade and used without further purification. Graphite powder (300 mesh), 
Poly ethylene glycol (PEG; Mn=20,000), Magnesium nitrate hexahydrate(Mg(NO3)2.6H2O) were bought from Sigma 
Aldrich (USA). Ethanols (C2H5OH), Sodium Hydroxide (NaOH) were purchased from Merck (INDIA).  
 
Synthesis of MgO nanomaterial 
Co-precipitation method was used to synthesize MgO composite nanomaterials. In this method, Mg(NO3)2.6H2O and 
polyethylene glycol (PEG; MW: 20,000) were dissolved in 70 mL of ethanol with 1:2 mol ratios of Mg and polymer 
respectively (where PEG was used for controlling the size of the nanocomposite). Then 2M NaOH was added drop 
wise to the mixture up to pH 11 under magnetic stirring. After 3h of vigorously stirring, the white precipitated 
reaction mixture was obtained. After that the prepared sample was washed several times with ethanol and distilled 
water and then dried at 600C for 4 hours. Then the dried sample was calcined at 3500C for 3hours with heating rate 
100C /min to form MgOnanomaterials. 
 

Adsorption of Congo Red(CR) 
The Dye adsorption efficiencies of the prepared MgOnanomaterials were tested towards adsorption of Congo Red 
(CR) in an orbital shaker. Initially a stock solution of 1 g of Congo red was dissolved in 1000 ml of double distilled 
water.  In a typical experiment, 0.01 gm of adsorbate were added to20 ml of 100mg/L Congo red solution in a 100 ml 
of beaker for adsorption. After adsorption the solution was filtered. Then the solution was put into a quartz cell, and 
adsorption spectrum was measured using Shimadzu UV-2450 spectrometer. The percentage removal can be 
calculated by the following equation. 
 

Percentage of removal =                        (1) 

 

RESULTS AND DISCUSSIONS 

 
Conformation of formation of MgO using XRD 
The above figure reveals the XRD patterns of MgO nanomaterial. The XRD pattern of MgO contains characteristics 
peaks at at 2θ=37.05°, 43.42° and 62.1°  belong to the plane (111), (200), and (220) respectively are index to cubic 
structure of MgO according to JCPDS no. 45-0946.Surface morphology of synthetic MgO nanomaterial was analyzed 
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by FESEM and represented in Fig. 2. From the figure it is confirmed that the formation of fine nanoparticles with 
range 50-80 nm.  
 

Effect of pH on CR removal by MgO nanoparticles 
The effect of pH is an important controlling parameter on the dye adsorption capacity. Figure 3 shows the adsorption 
of Congo red dye on different pH for 20 mL of 100 mg L-1 each dye. In our study we have taken pH range from 3-8. 
The adsorption of Congo red dye, a diazo dye having a natural pH of 7.1, It was found that the dye solution becomes 
dark blue from red when the pH was lowered to 3 but became original colour after some time when it was shaken in 
the orbital shaker also the red color was changed  to slightly red when the pH was above 10–12. Therefore, in this 
study, the pH of the solution was maintained in between 3-8. The equilibrium adsorption of Congo red was observed 
in pH 6-7 and then decreases. The maximum % removal of dye was seen by more than 99%  at pH 7.  
 

CONCLUSIONS 

 
Here, we have synthesized MgO nanomaterial by using costefficiftive and simple precipitation method using 
magnesium nitrate as starting material and polyethylene glycol as stabling agent where sodium hydroxide is 
precipitating agent. Then the synthesized nanomaterial was used for the removal of highly toxic Congo red (CR) dye 
from water by changing pH of the solution. From the results, it was confirmed maximum adsorption occurs at pH=7.   
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Figure 1: XRD of MgO 
 

Fig. 2 FESEM Image of MgO nanoparticles 
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Figure 3: Effect of pH on the removal of Congo red. 
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Red mud, the bauxite residue is adiscarded materials producedfrom the Bayer’s methodof production 
ofalumina. The muck is highly alkalising the soil and deteriorating the outskirt ecosystem. The cement 
plants yield noxious gasses declining the normal geo-bio and hydrosphere.Red mud waste produced in 
India is ≈70 MMT (0.8 to 1.5Mt per Ton production of alumina). Present work is investigating 
resemblance of chemical constituent of cement and the red-mud waste by using XRF Spectroscopy.The 
highly alkaline raw red mud (pH >10) has been normalized by sea water before using as cement 
substitute. Cubes, cylinders and beams are casted at different Normalized Red Mud (NRM) substitute. 
The physical and mechanical properties are tested in the laboratory by gadgets like CTM and UTM. The 
optimum % of NRM substitute of cement was found to be 20% by weight of cement with 5% addition of 
hydrated lime. The use of red mud, can prevent the water (both surface and ground), the soil, the 
vegetation and the faunal biodiversity around the Bauxite industry and maintain a sustainable natural 
environment. 
 

Keywords: Bauxite, Concrete, XRF Spectrometer, UTM, Normalized Red Mud 

 

INTRODUCTION 

 
The Bayer’s process employs theabstraction of alumina from the ore, bauxiteis a cost-effective process. The red mud 
slurry (Bauxite tailings) of the process is generatedcontaining 40-60% of Al2O3. The process implicates digestion of 
ore with caustic soda (NaOH) at raised hotness and mercury to extract alumina and leaving red coloured slurry as 
residue of high alkalinity called Red mud (RM). The global inventory of Red mud generation of about 
≈150MMT/year and India has capacity of generating 9MMT of red mud as per; PTI; Out Look 26th July 2019. China is 
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the largest producer (54%) of aluminium (Al) (32.6MMT) and largest consumer of alumina (Al2 O3) of 72 MMT.  India 
(5%)is the fourth producer after USSR (6%) and Canada(%) , has plants with capacity 19.3 MMT of bauxite 
processing (Data 2015) and 0.6 MMT of crude aluminium metal and producing red mud waste of 2MMT disposing to 
RM ponds, Samal et al. 2013 [1], Nayak and Mishra 2016 [2], Singh J., 2019 [3]. The state Odisha hasthe highest 
bauxite reservefollowed by Jharkhand, Maharashtra, MP, and Chhattisgarh.Interestingly AP/Telangana has good 
amount bauxite reserve but no plants. 
 
Past Spill/breach of RM Lagoon 
The breaches/spillage from RM ponds has invited catastrophe in past. Ajka red mud pond breech, 2010 (Hungary), 
had long term adverse impact on soil and water. As long term impacts; the RM inundated  soil /water have turned 
into highly alkaline (rich in AL(OH)4 ) and toxic hexavalent Chromium),with growth of new organisms having eco-
toxicological genotoxic effects on local vegetation and habitats,(Ruyters et al., 2011[4], Milacic et al., 2012[5], Mayes et 
al., 2016[6] and Pontius W., 2018[7]).During 8/ 2016, the RM waste pond breach  had inundated Dahegou and  
Luoyang  villages of Henan Province  in China and resulted heavy crop loss. The RM Pond at Vedanta Alumina 
refinery at Lanjipally  in Koraput district of Odisha, India is always at risk of breach/spillin RM pond and is of 
constant threat to the villages nearby during rainy season every year from 2016. The related conservational 
trepidations related to production of huge quantity of RM waste for disposal and casualties due to breach/ spill 
during heavy rain is the challenge with Alumina industry. Hence it is pertinent to use the alumina industry residue 
in an effective and eco-friendly manner to reduce the hazard. 
 

LITERATURE REVIEW 
Partial replace of cement (about 20%) with red mud has been tried as RM has Al2 O3  and Fe2O3  similar ingredients 
and almost equal proportion as that of Portland cement and retain thecementous properties and mechanical strength, 
(Rathod RR. et al., 2012 [8], SawantB.et al. 2011[9, 10], Metilda D. L. et al. 2015[11], Sarod D., et al, 2015 [12], 
Gowsalya. R et al 2015(13),Deepika at al., 2017[14], Varghese M., 2017[15], Nayak and Mishra et al., 2017[2] and Das 
Mohapatra and Mishra et l 2019[16]) and also with other ingredients like ultra-fines (GGBS), fly ash, Meta Kaolin, 
Rice Husk, Silica Fumes, Menhosh et al., 2017[17}, Kulkarni S 2018[18], Kamaldeep et al. 2019 [19] and Das & Mishra 
2020 [19] etc.The RM waste disposal in RM Lagoon /ponds environmental degrading due to high alkalinity (pH>10), 
GW pollution (NaOH contaminant), leading to health hazards. (Bishetti P.N., et al. 2014[20], Pujar S.M. et al. 2014 
[21], Normalization of highly alkaline RM (pH >10) can be normalised (pH <8) by sea water, (Tuazone et al., 2015 
[22]). SamalS.et.al (2013)[1]pointed about difference in constituent of red mud of India from other countries.Snigdha 
et.al.(2008)[23], Riberio et.al (2011) [24], are of opinion that thenormalized red mud cement concrete offer more 
resistance against the chloride attack by its fillings effects.Three pleat benefits can be attributed to RM like waste 
disposal, raw material and supplementary values when  used as building ingredients such as  dyes/paints, bricks/ 
paver blocks, Pavements Kerbs/shoulders, stalls,  sea defences, small bins, sewage pipes, floor tiles  and light weight 
concrete etc. (Tauber et.al.,1971[25], Satapathy et al, (1991) [26], , Garg et al., 2015 [27], Lima et.al.,2017 [28]). 
 

Objective 
The  investigation is conducted to assess (a) The normalisation of red mud with sea water (b) the optimum substitute 
of cement by RM (red mud) (c) to find physical, chemical, and mechanical characteristics of conventional  cement 
concrete and (d) compare it with different % of  blending of made with red mud after normalisation. 
 

METHODS 
Recycling and Reuse of RM 
To save the ecosystem, soil and water near the alumina industry, the focus should be on reuse of the toxic RM. The 
Bauxite waste has been utilized as (a) manufacture of cement (Qiu et al., 2011[28], Liu Dong et al., 2012 [29]), (b) 
Ceramics production (Amritphale et al., 2007 [30]), (c) manufacture of NRM bricks, paints, catalysts etc. (Pontikesh et 
al., 2007[31] and Arhin et. Al., 2013 [32], Busto et al., 2016 [33]), (d) Preparation of Paver blocks as per IS:15658-2006, 
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(Velumani et al., 2017 [34], Batham G., 2018 [34] [35], Das Mohapatra and Mishra 2020 [19]), (e) Absorbent to remove 
heavy metals, nitrate, PO4 and F , (Kalkan et al., 2006 [36]), (f) recovery of  Fe, Al, Ti and some other trace metals 
(Pradhan et al., 1999), (g) treatment acid draining from mines, (Tuazon et.al., 2008 [22], Li Y., 2018 [28]), (h) as geo-
tech material to stabilize soil (Deelwal K. et al., 2014 [37]) and many others. 
 
Red Mud Disposal 
Red mud is disposed as dry or semi dry (as slurry) material either by crating lagoon /pond, dry stacking or dry 
disposal. If the mines are at close proximity it is advantageous to dispose the RM residue to those abandoned ditches 
of bauxite mine in itsparental atmosphere.The RM slurrymixture is comprised of 65-70% liquid and rest solids. The 
highly alkaline liquid (pH lying between 10-13) can be up to 2 m with high conc. (5-20 gm/ltr) of (Na2CO3) escort per 
one ton of RM which has impact on the eco-health including human (dermatitis,  irritation of eyes etc. (Tabereaux 
Alten 2019 [38]) 
 
Methodology 
The experimental observations undertaken during the study are: (a) Identification of chemical constituents available 
in the ingredients of conventional cement concrete andcompared with normalised red mud by using XRF 
spectrometer. (b) Normalisation of raw red mud by using sea water (c) Finding the physical properties of the 
ingredients of concrete and NRM (d)Casting of cubes, beams,and cylinders (after curing for 7days, 14 days and 
28days under water) at different proportion of mix with NRM (0%, 10%, 20%, & 30%), lime (5%) and superplasticizer 
( e) Testing the mechanical strength of the cubes, beams and cylinders for their strength (Compressive,  split tensile 
and flexural) by using the CTM and UTM (Compressive strength Machine and Universal Testing Machine) (f) 
Analysing the result 
 
Comparison of Chemical Ingredients of Cement and RM 
The cement industry is prone to high environmental pollution due to release of GHG gas emission though one 
among the three widely used building materials. The use of bauxite residue can be considered as a part replacement 
of the cement in construction industry. So the chemical nomenclature of RM and cement is to be done.To substitute 
RM with Cement, the chemical ingredients must be approximately same and the % of the constituents must be equal 
or nearly equal. To explore the chemical symmetry of theircementous contributing constituents, the XRF 
spectroscopy (University Laboratory) was conducted and the outcomes are in Table 1. There is a great dissimilarity 
in the chemistry of cement and RM. There is a large gap in constituent calcium. So it needs addition of calcium which 
can be supplemented by adding either CaO or gypsum to supplement it. The % of constituent’s differ country wise 
location wise and types of mines formation. The varying constituent composition and location the normalisation 
process diverges.  

Normalizing Red Mud 
The residue RM from Bayer’s process is highly alkaline (pH value 10-13) which is toxic to water, soil, vegetation and 
biosphere. It is due to addition of caustic potash in some midway procedures (Commination, de-silication and 
digestion) of abstraction of Alumina from bauxite.  It is essential to neutralize the residue   red mud for open disposal 
and reuse to ameliorate the environment. Various processes used for limiting pH<8 are (a) using Sea water (b) 
Acidification, (c) Carbonation, (d) Geo-sequestration (e ), calcification  associating carbonation and ( f) using flue gas.  
Among the six processes, Sea water can be considered as the cost effective method and sea water act as an adsorbent 
and reduces the pH of raw RM in two ways. i.e either directly dumping raw RM in sea if the plant is adjacent to coast 
or transporting sea water to the plant and neutralise the red mud to the required pH value (Rai Sucheta et al, 
2012[39] and Tabereaux Alten 2019[38]).  
The pH value of residue red mud from Lanjipalli Vedanta plant at Kora put was found to be average 10.8.  So the 
present study uses sea water (BoB at Puri coast) for normalisation of alkaline RM and to find the physical and 
different strengths (mechanical) of concrete. The red mud powder was first mixed with sea water and kept for 30 
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minutes and then the slurry was mixed with dry ingredients of concrete and the cubes, cylinder and beams are 
casted and cured for testing. The sea water + red mud slurry was tested for the pH value and was found to be 8.7 and 
benign for concrete mix. Practically the salinity remains high due to high Na+ content and need subsequent leaching 
either by Ca++ ions ( Lime or gypsum etc.) are needed, (Hanahan C et al, 2004[40], Rai Sucheta et al., 2013 [39]). To 
overcome the problem in the present study quicklime was added to reduce the conc. of Na+ ion in the concrete. But 
the Vedanta Alumina industry is reducing caustic soda (NaOH) consumption by 10-15 kg/MT of alumina; to 
minimizedisposal spaceconstraint by 50-60% as they have installed a dry red mud powder plant. They have reduced 
the quantity of wet red mud storage and have eliminated ecological hazards, http://redmud.org/vedanta-
commissions-red-mud-powder-plant-in-odisha 
 
Physical Analysis of RM and OPC 
The physical properties of ingredients of cement concrete (IS: 12269-1987) and the blending materials with super 
plasticizer had been collected and the physical properties like specific gravity (Sp. Gr.), Fineness modulus (FM), 
soundness, initial and final setting for cement (IS: 8112–1989) water absorption and moisture content for fine (Sand 
zone III) and Coarse aggregate (HG chips) (Is-383-2016 (R) and the results are in Table 2 

Water and Sea water 
Sea water was collectedfrom PURI sea beach. The analysis of sea water was carried at CUTM in chemistry 
laboratory, Jatni. The pH value of sea water is found to be 8.04. The sea water of about 10liters and 20Kg of red mud 
was made slurry before 30 minutes of making the Normalised Red Mud cement concrete (NRMCC). The normal 
water from the university taps were used in preparation of normalisedred mud cements concrete NRMCC) with 40% 
water cement ratio ate a room temperature ranging 28 -35 . The pH value of normal water is found to be 7.2. 
 
Super Plasticizer 
Dr. Fixity plasticizer was used in the experimental studies. The plasticiser isespeciallymanufactured and used as 
waterproofing compound and surfactant plasticising polymers and additives. It made the concrete cohesive and 
prevents segregation.  The traditional calculation of design mix was made for M40 grade CC, having targeted design 
strength after 28days curative adaptation (water) as per IS 10262-2000 (clause 3.2  page -1) was found to be 1: 2.2: 2.9. 
The % of NRM quantity was varied added are0%, 10%, 20%, and 30% by weight of cement and the casting of 
specimen was done. The testing sample are 36 no of cubes (150X150X150)mm, 36 no of cylinders (150X300)mm& 36 
no of beams (100x100x500)mm (IS 10086 : 1982 and IS 516-1959) ware casted iron mould. The specimens were 
scientifically placed in curing water tanks after 24 hours of casting for 7,14& 28 days respectively. Present mix 
proportions adopted in preparation of M40 concrete of cement (Ultra Tech) = 374 kg/cum, NRM =37 kg/cum, water 
=152 lit/cum, fine aggregate (aggt.) 855 kg/m3&coarse aggregate = 1087 kg/m3, chemical admixture = 8kg /m3 & W/C 
ratio =0.36.Where the mix design ratio was cement: fine aggt: coarse aggt. = 374:855: 1087=1:2.2: 2.9 and CaO 
(Hydrated lime) @ 5% by weight of cement and varying wt. of NRM.  
 

Compressive Strength 
Compressive (Comp.) strength for cement concrete (CC)  of the blocks were established by Comp.Testing Machine 
(CTM)  and Universal testing machine (UTM) as per the specification with 7, 14 and 28 days of curing (IS : 516-1959: 
6, table-3)is given (Table 3 and Fig 2) as: compressive strength ≥fck+0.825 recognised S.D. approximate up to 0.5 
N/ and av. comp. strength (fc) = P/A, Where, P= applied load in N and A= cross sectional (CS) area in  
The representative strength should be lower in value than the design. According to standard practice the standard 
days for finding comp strength are 7th days, 14 days & 28 days should be 65%, 90% & 99 % respectively. 
 

Split Tensile Strength 
The tensile strength of CC represents the load at when the concrete member cracks. The cylinders (150 mm   x 300 
mm) were casted and cured for required days. The observational outcomes are given in Table 4 and Fig 3 
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The formulae used is Split tensile strength = 2p/  ; Where, P= maximum applied load in Newton; L=length of the 
sample in mm; d= diameter () of the Sample in mm 

Flexural Strength 
The beam of size 275mmx75mmx75mm is casted taking bajri as coarse aggregate, river sand &OPC cement and red 
mud at different percentage such that 10%, 20% & 30%. The suggested breaking load for pedestrian paths allowed is 
2KN and residential drive ways is 3KN. Different beams are casted with various % of red mud substation of cement 
and the breaking  load is obtained using UTM after 7days, 14 days & 28 days curing Table 5 and Fig 4. The flexural 
strength (F) =PL/BD2; where P= maximum load in N; L=span of the length (mm); B= width of the specimen in mm; D 
= depth of the specimen in mm 
 

RESULTS AND DISCUSSION 

 
The literature survey reveals that the bauxite residue disposed from Bayer’s process is highly alkaline and contain 
concerted iron and titanium oxides and other toxic elements which can deteriorate the soil water and the vegetation 
of the area. The RM excreted cannot be reused until their high pH > 10 to be reduced to a value pH < 8 for which the 
slurry need to be normalised. Further researches reveal that normalisation can be done by using Sea water (b) 
Acidification, (c) Carbonation, (d) Geo-sequestration, (e) calcification etc. but the use of sea saline water is the 
cheapest method. Further the normalised red mud is deficient of calcium oxide when compared with cement whose 
manufacturing process evolves huge GHG gasses and polluting the atmosphere. To improve the cementous property 
of red mud in NRMCC; trials are made by adding NRM with lime or Gypsum. The cost efficient present study 
involves use of sea water and lime in addition to red mud and experimented at measure strength as cement concrete. 
Since sea saline water is a good normaliser for the bauxite residue waste; the NRMCC can have better prospective in 
coastal and under water constructions.  
 
The observations has shown that upto 5%  addition of hydrated lime and red mud, the concrete increases its slump 
value and the workability, making it self-compacting concrete (SCC).The comp. strength gradually increasing  for 
M40 concrete grade after 28 days curing were 45.85N/mm2 (Orthodox mix),. For blending with 10% NRM + 5% CaO, 
20% NRM + 5% Cao and 30% NRM +5% CaO have yielded strength after 28 days curing were 46.75KN/mm2, 48.35 
KN/mm2 and 44.20 KN/mm2  respectively. It indicates that beyond 20% NRM substitute the strength id degrading. 
The optimum value of split tensile strength is gradually increasing without and with RM at 0%, 10%, 20% and 30% 
substituting cement (all with addition of 5%lime with RM) and was 5.24Kn/mm2, 5.33KN/mm2, 5.85KN/mm2 and 4.64 
KN/mm2 respectively. Similarly the optimum value of split tensile strength is gradually increasing without and with 
RM at 0%, 10%, 20% and 30% substituting cement (all with addition of 5%lime with RM) were 6.58KN/mm2, 
6.65Kn/mm2, 6.80Kn/mm2 and 5.35KN/mm2.  
 
The above results infer that the economy % of blending the cement concrete with red mud do not affect the 
cementous properties along with increasing the mechanical strength and final setting time of NRMCC. The red mud 
(20%) with hydrated lime (5%) when replace cement do not affect the cement quality or any pozzolanic activity but 
rather make it self-compacting due to light weight. This enhances the feasibility of substituting cement by 20% NRM 
and 5% CaO at the optimum. Also it is observed that initially there is affinity of NRMCC for water with increased % 
of red mud is finer and light in weight. This drawback was removed by using supper plasticizer. The rate of gaining 
strength increases with time even after 28days curing it further increasing which may be due to low permeability of 
the NRMCC. 
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CONCLUSION 

 
It is observed that the percentage of optimum normalised red mud substituting cement is observed as20%. In 
comparison to other blending materials as substitute of cement like GGBS, Glass dust (from literature), Red mud 
increases strength at a lower rate but it provide the advantage to maintain a sustainable environment, good soil and 
good ground water in and around the Bauxite industrial area.Replacement of NRM for Cement is possible from 
compressive, tensile and flexural strength point of view but need to be verified by exhausts experimental studies. 
Research is required to address the issue like, corrosion, durability of cement product along with red mud. 
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Table 1: The assessment of chemical ingredients between cement and normalised Red mud 

Cementous 

Oxides 

Formulae/

Unit 

Bauxite 

residue 

Moise et al. 

2017 

Cement NRM 
Impairing 

properties 
If Excess 

Calcium CaO (%) 5-23 63 3.96 Strength expand & disintegrate 
Silicon SiO2 (%) 0.8-2.3 22 11.53 Strength Extend setting time 

Aluminium Al2O3 (%) 10-22 6 14.14 Early set Weaken cement 
Iron Fe2O3 (%) 31-43 3.35 42.52 Colour alter impart strength 

Sodium Na2O (%) 3-5 Nil 8.85 Alkaline 
alkali-aggt reaction, 

efflorescence / staining 
Magnesium MgO (%) 0.3-0.7 2.5 0.05 Hardness Colour 

Water H2O H   Hydration affect workability 
Sulphate SO3- - S   soundness early setting 

Source: http://www.engineer ingenotes.com/concrete-technology/cement-concrete-technology /cement-
characteristics-properties- composition-harmful-constituents-and-uses-engineering-materials/46449 
 

Table 2: The physical characteristics of the Cement, Sand and Chips and the NRM used 

Physical 
Quantity 

Unit Cement NRM 
Sand 
Zone III 

Chips Apparatus 
IS Code 
followed 

Product used Ultra Tech       

Specific Gravity Sp Gr. 3.2 2.7 2.74 2.85 
Sp. Gr. 
bottle 

IS:  4031 (2)–
2005 

Fineness 
Modulus 

Sieving 3% 4.0% 2.7 0.8 
Sieve 
analysis 

IS 4031-(1)-
1996 

Consistency 32 % H2O 8mm - - - 
Vicatapprat
us 

IS: 4031 (4) – 
1999 

Soundness in mm 5mm - - - 
Li-Chat 
appar. 

 

Initial setting 
Tine 

Min 35 - - - 
Vicat’sappar
. 

IS: 4031 (5) –
1999 

Final Setting 
Time 

Min 586 - - - 
Vicat’sappar
. 

IS: 4031 (5) –
1999 
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Grain size 
distribn 

n = D60/D10) - Clay Zone III - 
Sieve 
analysis 

IS: 2386(-1) –
2016 

Moisture 
content 

%  10.35% 1.2% 1% - - 

Bulk density gm/cm3  2.13   - -- 
Water 
absorption 

   1% 0.4% - - 

Source: For sand and HG chips the IS codes referred are Is-383-2016(R), IS 15658 (2006) for Red mud: Tharani P. et. 
al., 2017 [41], Tang W. C. 2018[42], Feng B & Wang 2018 [43], 
 

Table 3:The compressive strength of cubes of NRMCC at various % with NRM and Lime  

 

 
Table 4: The split Tensile strength of cylinders of NRMCC at various % with NRM and Lime 

 

 
 
 
 

 

 

 

% 
substitute 

7 days comp. strength (N/mm2) 14 days comp. strength(N/mm2) 28 days comp. strength(N/mm2) 

Test S-1 S-2 S-3 Avg. S-1 S-2 S-3 Avg. S-1 S-2 S-3 Avg. 

M40 CC 4.1 4.51 5.0 4.54 4.53 4.69 5.36 4.86 4.95 5.0 5.77 5.24 

10% NRM 
, CaO 5% 

4.2 4.68 5.2 4.69 4.54 4.72 5.65 5.1 5.1 5.15 5.74 5.33 

20%NRM 
, CaO 5% 

4.35 4.96 5.35 4.88 4.62 4.86 5.88 5.24 4.94 5.28 5.35 5.85 

30%NRM 
, CaO 5% 

4.0 4.19 4.26 4.15 4.12 4.16 4.56 4.28 4.1 4.82 5.0 4.64 
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Table 5: Flexural strength of beamsof NRMCC at various % with NRM and Lime (Comp. Strength is in N/mm2) 

 

 

Fig 1: Bauxite residue, the test samples, the lab work, 

The CTM & the XRF spectrometry  
Fig 2 : The compressive strength of blended NRMCC at 

various % with NRM and Lime 

Fig 3: The split Tensile strength of blended concrete at 

variuos % with NRM and Lime 

Fig. 4: Flexural strength of beams of blended concrete at 

various % with NRM and Lime   

 

% 

substitute 

Comp. strength 7 days ( 

N/mm2) 

Comp. strength14 days ( 

N/mm2) 
Comp. strength28 days ( N/mm2) 

Test 
 

S-1 S-2 S-3 Avg. S-1 S-2 S-3 Avg. S-1 S-2 S-3 Avg. 

M40 CC 5.48 5.45 5.47 5.46 5.92 5.98 5.97 5.95 6.55 6.61 6.58 6.58 
NRM 
10% 

, CaO 5% 
6.2 5.9 5.0 5.70 5.98 5.97 6.01 6.1 6.32 6.70 6.61 6.65 

NRM 
20% 

,CaO 5% 
6.4 5.93 5.77 5.92 6.8 6.0 6.3 6.37 6.42 6.85 6.92 6.80 

NRM 
30% 

,CaO 5% 
5.0 4.9 4.7 4.85 5.12 5.05 4.56 4.89 4.3 5.75 6.0 5.35 
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Slags obtained from Ferrochrome (FeCr) plants are industrial wastes left to nature which pollutes the soil 
and water making the surrounding barren and deprived of vegetation. To sustain the environment the 
research intends to replace the FeCr slag as coarse or fine aggregate substitute.  The slag generated 
during manufacture of FeCr alloy whichis a stable, dense, crystalline product having tremendous 
thermal, mechanical and engineering properties found suitable forpartial substitute as fine aggregate 
material (sand) in concrete. Present studyenvisages replacement ofFeCr slag with conventional fine 
aggregate in concrete for achieving high strength(M40Grade) concrete for every incremental of 20% 
replacement up to 100% is investigated.The hardened properties of concrete is determined by casting test 
cubes for compressive strength, cylinders for split tensile strength and prisms for flexural strength for 
7days, 14days and28days curing. The results are compared with conventional fine aggregate and the 
corresponding physical and mechanical properties for M40grade concrete verified at different mixes. The 
results exhibits that 60-80%replacement of FeCr slag against normal river sand in cement concreteis the 
optimum substitution considering compressive strength. This shall add to safe disposal of Fero-chrome 
ally plants in hilly, coastal and muddy areas where suitable river sand is not available and coastal areas 
 

Keywords: Ferrochrome Slag, Fine Aggregate, Mechanical strength, natural sand, UTM, XRF 
spectrometry 

 

INTRODUCTION 
Concrete is a versatile material widely used as principle element for structures and for other applications. The 
demand on concrete is increasing day by day due to the growing population, housing, transportation and other 
amenities. As a result the demand for concrete making materials also increases leading to the scarcity of naturally 
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available fine and coarse aggregate required for concrete making. Additionally, the fast industrialization 
hascontributed to different types of wastes as residues or by-products which is environmentally toxic and creates 
problem in disposal. Hence, utilization of suitable waste bi-products or reused activities of the environment 
degrading waste is essential. 
 
Construction industries have become an inevitable option in recent days by fulfilling the demands of concrete as 
well as reduction in impact on environment. The use of industrial waste as aggregates in concrete provides good 
platform to utilize the waste as alternatives to naturally available aggregates in concrete as aggregates are the main 
constituents of concrete making about 75% of its total volume. Ferrochrome (FeCr) slag (Fig 1) is one of the 
alternative materialswhich can be used as both coarse and fine aggregate for replacement of river sand andcrushed 
rock ballast in concrete by altering the physical formlike thermal conductivity and specific heat (Al-jabri et al 
2018[1]).  
 
FeCr Slag 
Ferrochrome slag a waste by-product generated during the manufacturing of Ferrochrome alloy. Ferrochrome alloy 
ismanufactured in a submerged electric arc furnace by physio chemical process at thetemperature of 17000C. 
Individually the molten liquids of the ferrochromium and slag flowout into dippers. Due to the different specific 
gravities of metal and slag, separation of thetwo liquids takes place. The liquefied ferrochrome slag gradually cools 
down in air (air cooled) forming stable, dense, crystalline product having tremendous mechanical properties. The 
FeCr slag contain chemical ingredients in dry process such as Al2O3 (22-30%), SiO2 (26-29%), MgO (23-30.5), CaO (2-
3%), Cr2O3 (≈ 8%), FeO (≈ 3-4%).The typical ferrochrome slag which is basic and pH value is about 8. (Panda et al 
2013[2],Kopuri et al 2017[3])whereas water cooled FeCr residue has more Cr2O3 (>10%) which is more harmful and 
toxic (Laxmipriya et al., 2018[4]).The heavy noxious metals like Zn, Cd, Hg, As and Pb are available in trace (Urs N et 
al., 2018[5]) The cement concrete prepared by FeCr slag sand imparts diverse characteristics like leaching, micro-
structural and mechanical properties. However the fine particle of FeCr obtained from the alloy plant is tested by X-
ray Fluorescent spectroscopy,(Epsilon 1 PAN analytical B. V., the Netherlands   make)of  in the University 
Laboratory and the chemical constituents are in Table 1:  

The reuse of Ferrochrome slag is limited when associated to its generation. They are mostly used in civil engineering 
constructions and pavement structures and filling works. The use of ferrochrome slag can reduces the procurement 
of natural aggregates and reduces the impact on environment. Although the waste slag has excellent properties, its 
usage has been limited due to its potentiality of discharging dangerous chromium compounds to the environment. 
In the present study, Ferrochrome Slag Sand is assessed for its suitability to partially and fully replace the fine 
aggregate in M40 Grade concrete. 
 

LITERATURE REVIEW 

The generation of FeCr slag is 6.5 to 9.5MMT/year and is increasing @2.8 to 3 % per annum (Kauppi and Peka, 
2007[6]). Ferrochrome residue is still land filled due to chromium as constitutent and environmental issues (Holappa 
et al., 2004[7], Horkmans et al., 2019[8]). The FeCr slag obtained from Ferrochrome alloy plants in particle size can 
replace the river sand used as fine aggregate in high strength cement concrete (Panda et al., 2013[2], Somyashree et 
al., 2017[9], Dash M. K. et al 2018[10], Laxmi Priyaet al. 2018[4], Kopuri et al., 2019[3]). The residual chromium in FS 
as Cr (III) remains immobilized in the stable spinal phase like magnesium aluminum chromates Al2(CrO4)3, 
magnesium chromate (Mg CrO4), which inhibit the release of chromium from the slag matrix under ambient 
environmental condition and Cr++ ion is toxic for the ecosystem and water portability Panda et al. (2013)[2].  
 

FeCr slag products is in use as filling construction materials,sub surface drainage and replacing natural sand and 
macadam in Finland from 1970’s since low leaching properties, (Niemelaet al., 2007[11]). The feasibility of partial 
replacement of cement by the FeCr dust and lime is under study and the problems isworkability, consistency and 
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setting time, (Acharyaet al., 2015[12]). The replacement of ferrochrome slag with conventional coarse aggregate in 
concrete for M25 grade and even high strength (M50 Grade) concrete for every incremental of 25%replacement up to 
100% can be possible (Susheel et al., 2016 [13] and Sathwik et al., 2016[14]). 
  
Experimental Programme  

 

Material Properties  
The materials required for the tests are grade 53 OPC, river sand, Black hard granite chips, FeCr fine particles, water 
and super plasticizer (Fig 2) 

Cement 
The products used in this investigation are of grade 53 Ordinary Portland cement (OPC) with a specific gravity (Sp. 
Gr.) of 3.20 with 34 and 505 minutes for initial and final setting time’s respectively. 

 Coarse Aggregates 
Black hard granite rock Ballast (Machine crushed) as Coarse aggregate is obtained from a local quarry. The Coarse 
aggregate is confirming to grading zone-IV of table-1 of IS: 383.Typical Properties of    Maximum nominal size of 
aggregate 20mm,Coarse aggregate Specify gravity 2.65, Water absorption of 12 -20mm chips (coarse aggregate) is 
1.5. 
 
Fine Aggregates   
 The Fine aggregate used is naturally available river sand in the nearby Dayariver. The properties of Fine aggregate 
are determined from experimental investigations and presented in Fine aggregate is confirming to IS 2386-3 (1963). 
The physical properties of the medium quality sand used are of Specific gravity 2.69, fineness  modulus 3.31, water 
absorption 1.8, loose bulk density 1.62 and the particle size distribution is of Zone III IV  (IS 373-2016).  
 
Ferrochrome Slag Sand 
Ferrochrome slag aggregate used in this study, is a waste material collected from a dump yard at M/S.Stork Ferro 
and Mineral Industries Pvt. Ltd ,RemunaBalasorein Odisha .The Ferrochrome slag sand properties are Specify 
gravity of ferrochrome slag sand 2.82, Water absorption of1.9,Fineness of Ferrochrome slag sand 3.83 and pH 7.34 . 
 
Super Plasticizer 
Sika super plasticizer is used as a cement additive in concrete due to its pozzolanic nature.  Sika increases the 
workability and strength of concrete. . It makes concrete cohesive and prevents segregation.  
 
Mix Design and Mix Proportion 
The laboratory works such as physico- mechanical properties of the ingredients of the present study has been 
conducted in the Centurion University Technology and management laboratory, Jatnithe physical properties of the 
ingredients were identified according to the available standard laboratory processes. The targeted compressive 
strength (Comp. Strength) was found using IS 456-2000.The mix is designed to have a minimum slump of 25-50mm. 
It is observed that the cement content required for mix proportioning exceeds the design stipulations hence Sika 
super plasticizer is replaced with weight of cement. The formula used is fck.’ = fck. + 1.65s.  From Table I of  IS10262 
:2009 Standard Deviation ,S=5N/MM² ,Therefore target Strength = 40 +1.65s =48.25N/mm².The % of addition of 
Ferrochrome slag sand varied from 0%, ,20%, and 30% 40% ,60%,80%,100% by weight of the cement and the 
specimen was casted .Applying standard procedure of calculation as per IS 456-2000, the quantity of ingredients 
calculated are cement =427kg/m3, water = 154 ltr /m3, the fine aggregate=701kg /m3, coarse aggregate-973kg\m3, 
Chemical admixture=8kg/m3 under W/C ratio=0.36. The final design mix proportion by weight was found to be 
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1:1.64:2.27. Cubes, cylinders and beam werecasted and cured by portable supply water of CUTM for 7, 14 and 28days 
for different mix proportions and replacements 

 

RESULTS AND DISCUSSION 

 
This chapter deals with the presentation of test result, and discussion on compressive strength development of 
ordinary concrete. The test result of various tests performed on fresh concrete and Fine aggregate with replacement 
of Ferrochrome Slag as Sand at different percentages are presented in the tables below and the casting and testing 
processes are in Fig 3. 
 

Compressive Strength 
Compressive strength of concrete tells about the strength the concrete can withstand compressive load. From 
different substitute of FeCr Sand replacing natural fine aggregate (sand) shows there is a regular increase and at 60%, 
80% and 100% substitute the loading capacity is 40.95, 43.8 and 48.29 N/mm2. Fig 4 and Table 2 

 

Split Tensile Strength 
The tensile stress (Split: SPTS) an indirect method of tensile strength testing of concrete at acts evenly on the line of 
action of load as per IS 5816: 1999. The formula used is T= 0.637P/dl Where, T = SPT in MPa P = Functional load, D = 
Dia. of the sample CC Concrete cylinder. The optimum results obtained after 7. 14, 28days curing are when the FeCr 
substitute for sand is gradually increasing and optimum at 80% substitute (Fig 5 and Fig 6). 
 
Flexural Strength 
According to IS: 516 – 2002, It is the Flexure (toughness) which is imparted to the cement concrete so that it tends to 
bend the test beam casted from the cement and its ingredients. The flexural strength or the modulus of rupture is the 
materials ability to resist deformation. The modulus of rupture (Fb) is: when a =line of fracture and the nearer 

support is>20.0cm for 15.0cm beam sample or > 13.0cm for 10cm sample beam specimen), b = width (cm), d = depth 
to failure (cm) and l = lengthof support (cm). In the present case the maximum flexural strength is when the FeCr 
substitute is 80% (6.15 N/mm2) and and at 60% substitute it is (5.0 N/mm2)(Fig 7)  
 

DISCUSSION 
 
Ferrochrome slag is economically available and sustainable.Environmentally the FeCr slag is toxic due to chromium, 
at a concentration of 1–2 wt % for air cooled slags and 5–10 weight % in water cooled FeCr slag. Many ferrochrome 
alloy industries have also face the problem regarding the acute disposal of this byproduct. However a noteworthy 
solution may consist of a proper utilization of these Sand in different construction processes. The materialbehaviour 
is mostly similar to that of Fine aggregates. So it can be used as a better substitute for Fine aggregates. Moreover the 
complete elimination of Fine aggregates andthe complete utilization of slag may affect the qualitative as well as 
quantitative perspectives in different sectors. Hence a hybrid utilization of both Fine aggregates and Ferrochrome 
slag sand may be convenient for construction purposes. In this project a brief methodology is proposed and the 
optimum hybrid proportions are identified after the evaluation of materialproperties. The concrete shrinks after 
28days curing or hydration process when completes but this property is found to be improved when there is partial 
substitution of FeCr slag particle with sand (Al-Jabri et al., 2018[1]).  
 
According to the literature review 60-80% utilization of Ferrochrome slag sand giveadequate strength when 
substituted by normal river sand in orthodox concrete . So various trials are executed (0-100%) and from which 
the100% use of slag gave greater mechanical strength. However the 60-80% trials are more or less higher than the 
targeted strength and closer to the higher result. A marginal decrease is observed except in 40 % and 100 % trials. So 
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to say some environmental factors and curing conditions are there which affects adversely to the compressive 
strength. Somehow from the research, it can be concluded that 60 - 100 % utilization will be efficient, provided 
proper curing and environmental exposures should be encountered. Further on exposure of the samples in the 
drains, sea water and highly diluted HCl solutions have about no impact on the properties like efflorescence, 
chloride attack to the cubes and extension to the study could not be completed for paucity of time so can be best used 
in coastal areas.Similarly the ecosphere degrading ferrochrome slag granules can add to safe disposal of Fero-chrome 
ally residue in hilly, coastal and muddy areas where suitable river sand is not available. 
 

CONCLUSION 
 
Ferrochrome (FeCr) slag is a waste bi-product from Ferro Chrome alloy plant. The chemistry of the FeCr sample for 
its chemical ingredients have been found for its constituents by XRF Spectrometer. The properties (Physical, 
Chemical and mechanical) of materialswith the mix design has been done as per IS code standards. The samples 
(cubes, cylinders and beams) along with laboratory testsare accomplished on green concrete and the workability of 
concrete is measured in the laboratory. After 7, 14 & 28days water curing, the mechanical properties like comp. 
strength of cubes, SPTS for cylinders and toughness (modulus of rupture test) for beams are executed by using either 
CTM or UTM.Present study tells that the Comp. strength, SPTS and the modulus of rupture has optimum values 
differing ate different % of mix of FeCr granules. The optimum is either reached when the replacement of river sand 
is done by FeCr between the 60-80%.Ferro chrome slag when replaces with fine aggregate it resistant to acid and base 
attacks caused by water. 
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Table 1: the chemical compositions of ferrochrome slag  

Chemical Form Present Chemical Formula Present Chemical Formula Present 
Aluminum 

Oxide 
Al2O3 22.20% 

Chromium 
Oxide 

Cr2O3 27.22% Zirc. Oxide Zr2O3 
237pp

m 

Silicon dioxide SiO2 32.47% 
Manganese 

Oxide 
MnO 0.61% Tin Oxide SnO2 

181pp
m 

Phosphorous 
Pentoxide 

P2O5 0.52% Iron Oxide Fe2O3 6.98% 
Yiterbium 

Oxide 
Yb2O3 66ppm 

Sulpher 
Trioxide 

SO3-- 1.04% 
Nickel 
oxide 

NiO 869ppm 
Irridium 

Oxide 
IrO2 72ppm 

Chlorine Cl 878ppm Zinc Oxide ZnO 706ppm 
Bismuth 

Oxide 
Bi2O3 15ppm 

Pot. Oxide K2O 0.41% 
Selenium 

Oxide 
SeO2 9.4ppm 

Titanium 
Ox. 

TiO2 0.434% 

Calcium Oxide CaO 7.74% 
Stronsium 

Oxide 
SrO 235ppm 

Yitrium 
Oxide 

Y2O3 29ppm 

 
 
Table 2:Compressive strength (7, 14, 28 days) of feCr slag cement concrete cubes N/mm2 

 
Sl. 

No 
Percentage of 

replacement 
7days comp. 

strength 
14days comp. 

strength 
28 days comp. 

strength 
1 0 23.48 28.6 35.95 
2 20 29.5 34.7 45 
3 40 28.25 32.45 41.2 
4 60 26.55 35.35 40.95 
5 80 20.55 34.1 43.8 
6 100 24.55 35.3 48.29 

The strength obtained is slightly less than the required comp. strength of M40 C 
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Fig 1: The fine particles of FeCr slag at Balasore 

Ferro alloys Ltd, Somona 

 
Fig 2: The materials FeCr concrete used for 

study  

 
Fig. 3: The FeCr slag particle, casting of the samples, 

Universal testing machine and CTM 

 
Fig 4: Comp. strength (after 7, 14, 28 days curing) of 

FeCr slag CC cubes N/mm2 

 
Fig 5: The cylinders after casting after mixing with 

different % of substitute of FeCr granules 

 
Fig 6: Split tensile strength (after 7, 14, 28 days 

curing) of FeCr slag CC Cylinder N/mm2 

 
Fig 7: Flexural strength (after 7, 14, 28 days curing) of FeCr slag CC beams N/mm2 
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Baliharchandi estuary situated in the Puri district at the east of Odisha, which is 27 km to Puri sea beach. 
This estuary is the connected area of Puri and Chandrabhaga sea beach.  An initial study was conducted 
by me to explore the malcofauna diversity and their morphological study. The duration of study was two 
months. Studied were conducted by hand picking method, digging substratum, collected species 
preserved in plastic jar and photographic captured. The study yielded 17 molluscan species belonging to 
2 classes, 9 order, 15 family. It was conducted that Baliharchandi is rich in Gastropoda and Bivalvia. 13 
species belong to the Gastropoda and 4 species belongs to the Bivalvia were collected. Cerethidea 

cingulata(Gmelin, 1791) was the most abundant molluscan species present and then Teleoscopium 

teleoscopium was the second highest in the estuary 
 

Keywords: Molluscs, Cinguata, Teleoscopium,Puri, Baliharchandi 

 

INTRODUCTION 

Molluscs are belongs to the kingdom Animalia which are mostly marine. Mollusca is derived from the word mollis 
which mean soft bodied. They are diverse in nature. Molluscs are most abundant among all marine animals so it acts 
as an important constituent in the marine diversity. They are highly diverse reference to their size, anatomical 
structure, behavior and habitats. Due to its abundance it provides vast ecological functions like commercial, social, 
asthetic and medicinal value (SubaaRao 2003). In modern human society they are an important source of food and 
also provide a suitable surface for many microbenthic organisms to form colonies over their body (SubbaRao 2003). 
Mollusca is the second largest phylum after arthropoda. Molluscs are most abundant of all animals. It covers 23% 
whole marine living animals (Mantosh and JaydevMoity 2018). These are most ancient animal and they appear in the 
oldest Cambrian deposits, more than 550 million years ago (Haszprunar G &Wanninger A 2012). According to David 
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Nicol in 1969 the total number of living molluscs species are 107,000 from which 12,000 from fresh water gastropods 
and 35000 from terrestrial. According to Morton JE in 1958 molluscs are plastic material in an evolutionary sense. 
Though the fossil record does not explain about all families and genera through time. Many taxonomic levels have 
appeared, radiated and disappeared over the time period.    

In India Asiatic Society of Bengal (1784) initiated about exploration of Mollusca, which was in 18th century. Then in 
20th century zoological survey of India significantly works on this exploration of Mollusca. Odisha is one of the 
maritime states in east Indian coast which have various type of coastal ecosystem, which basically comprises of 
estuaries, coastal lagoons, creeks, intertidal mudflats, stony and sandy beaches and mangroves swamps contains 
bearing high molluscs diversity. The state of Odisha having many estuaries i.eChilika, Bhitarkanika, Mahanadi, 
Dharma, Subarnarekha and many more.Due to the variety of coastal ecosystem comprising estuaries, creeks, coastal 
lagoons, sandy beaches, swamps having high Mollusc diversity.The Baliharchandi estuary of Puri which lies on 
eastern coast of the state Odisha. This place is sandy beach and the meeting point of river Bhargavi with the Bay of 
Bengal. My study is basically focused on to found in some of the selected areas of the Puri district. There have 
reported some particular species of Mollusca in much in number rather than in variety. 
 
Taxonomic History and Classification 
The classification of phylum mollusc took a long change from days of Aristotle to the present.  Aristotle (384-322B) 
broadly classified molluscs into Malachia now it called Cephalopoda and Ostracodermata (the shelled form). In 
between 23 to79 AD; Malachia was changed to Mollia and Ostracodermata to Testacea by Pliny (the Elder) and 
finally during the 17th century exactly on 1650 Jonstonus was finally changed ollia to ollusca. The contribution of 
Linnaeus in 1758, Cuvier in 1795, Dumeril in 1806 and Jean Lamarck from 1801 to 1809 gradually changes the 
hierarchical structure of molluscs over the consecutive years. (www.biologyeducation.net,2011). 
 
 In 1795, Cuvier was published revised classification of Mollusca. In 1825, De Blainvillealter the name Mollusca to 
Malacozoa, which helps to malacology, malacologist, etc. Larval stages of barnacles and categorized them to be 
crustaceans was done by J. Thompson and C. Brumeister in 1830. In 1866 A. Kowalevsky removed the tunicates from 
the Mollusca. Separation of brachiopods from the molluscs was controversial ordeal and that was continue to the end 
of the 19th century. In the year 1841 Swedish naturalist Loven were discovered Aplacophorans. External 
characteristics, Anatomical differentiation, Molecular genomic differentiation and structure of protein played an 
important role in classification of molluscs so the grouping of the gastropoda changed accordingly. According to 
Richard C Brusca and Gary J Brusca in 2002 explain that there are two subphyla and seven classes of molluscs: 
Aplacophora, Polyplacophora, Monoplacophra, Gastropoda, Bivalvia, Scaphoda, Cephalopoda. 
 
Class-Aplacophora 
Aplacophora are worm like animals, without shell, some are having spicules all over the skin. They are mostly found 
in deep water or in all ocean and exclusively benthic; rudimentary mantle cavity; crystalline style or nephridia. 
 
Sub Class-Chaetodermomorpha (Caudofoveata) 
The mantle covers the entire body and absent of foot occur. Bipectinate gills are located in the posterior of mantle 
cavity. Body shape is cylindrical. Body walls containschitinous cuticle and scale like calcareous spicules.About 70 
known species are found. They consume microorganism as food. (e.g-Chaetoderma, Falcidens, Limifossor, psilodens, 
Scutopus) 
 
Sub Class-Neomeniomorpha (Solenogasteres) 
Worm like, shell less molluscs. It has a radula and it may bear more than one teeth per row so there is absence of 
central radula tooth. Elaborated salivary gland. They have a unique sense organ, vestibulum. True ctenidia is absent. 
During developmental many solenogasters are covered by a spiny scleritome comprising spines or scale like plates. 

Rojalin Ojha and Yashaswi Nayak 

 

http://www.tnsroindia.org.in
http://www.biologyeducation.net,2011).


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25711 

 

   

 

 

They consume bodily fluids or tissue of cnidaria and ctenophores. They do not use their radulae to rasp pray like 
other molluscs. About 250 species are described. (e.g-Neomenia, Proneomenia, Pruvotina, Rhoplacomenia, 
Epimensa, Dondersia, Chevroderma).  
 
Class-Monoplacophora 
This name explains that “bearing one plate”. These are found at the bottom of the deep sea. With a single, cap like 
shell, body bilaterally symmetrical, dome shaped mantle, spirally coiled protochonch, foot broad and flat, with 8 
pairs of pedal refractor muscles, gills are five pairs, nephridia six pairs, in a radder sac radula is present, intestine 
much coiled, two pairs auricle and a single ventricle is present in heart. Internal segmentation occurs. 
Monoplacophorans were known only from lower paleozoic fossils. Their unusual anatomies share a much 
evolutionary speculation. Their structures are limpet like. All over the world 15 described species in 6 genera: Vema, 
Moplacophorus, Neopilina, Rokopella, Laevipiina, Micropilina.  
 
Class-Polyplacophora 
Chiton: previously known as Amphineura. The Greek derived name Polyplacophora comes from the word Poly- 
many, placo- tablet, phoros- bearing. They are about 940 extant and 430 fossil species are recognized. Chitons are 
reference to the chiton’s 8 shell plate. Chitons are fully marine which are contrast to the bivalves. They bear a 
protective dorsal shell which is divided into eight aragonite valves. The gridle are bearing scales and spicules. 
Between the body and the gridle mantle cavity is present. Heart is three chambered. The excretory system consists of 
a pair of nephridia. Mouth is located on the underside carry tongue like structure radula. Salivary glands are present 
inside the mouth cavity. For the capturing of pray cilia is present. Separated sexes; fertilization is external. They have 
a relatively good fossil record, which is 40 million back to the Devonian. They are about 6000 species described. 
 
Order-Lepidopleurida 
Primitive chiton belongs to this order. Usually posterior gill arrangement, simple gamet structure and asthete 
innervation (Sirenko 1993, 2006; Buckland- Nicks 2006; Sigwart 2008). Approximately, 130 living species are known 
within Lepidopleurida. It has shell plates and attachment with the teeth. Gridle are present over plates. It has few 
posterior pairs. (e.g-Lepidochiton, Lepidopleurus, Oldroydia, Choriplax)  
 
Order-Ishnochitonida 
Teeth attached with outer edges of plates. Gridle not extending partly over plates. Mantle groove occupied by 
ctenidia do not extend the full length of foot. (e.g-Acanthochitona, Crytochiton, Cryptoplax)     
 

Class-Gastropoda 
Gastropoda have the maximum number in molluscs species. There are 24000 terrestrial and 30000 marine described 
species are there. Till now 444 extinct species are there. They include mostly snail and slugs. They are also known as 
univalves. Some are live in freshwater and some are marine. Gastropoda distributed from Arctic and Antarctic zones 
to the trophics. Mostly gastropods covered by one piece of shell, which is coiled or spiraled. During development 
visceral mass and mantle rotate 90-1800 on foot (torsion). Olfactory organs, eyes, stoocysts and mechanorecaptors acts 
as sensory organ. Nervous system includes peripheral nervous system and central nervous system. Radula helps to 
rasp the pray. Almost all marine molluscsbreath with the help of gill.  
Mostly marine gastropods show external fertilization. the class is usually divided into 3 sub classes: Prosobranchs 
(marine snails), Opisthobranchs (marine slugs) and Pulmanates (terrestrial snails and slugs). After these 
arrangements also many revisionary schemes have been proposed. 
 
Sub Class-Prosobranchia 
Prosobranch means gills in front of the heart. They contain gills, mantle cavity and anus situated in front of their 
heart. They have separate sex. Their head generally covered by tentacles which bearing basal eyes; foot with creeping 
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planer sole and typically with corneous or calcareous operculum to close shell aperture upon retract of head and 
foot; radula variable or absent nervous system streptonurous. 
 
Order-Archaeogastropoda 
They are also known as Aspidobranchia. These are marine prosobranchgastropodamolluscs. They are mainly 
herbivores. Generally having two gills and a double chambered heart.Primitively with two hypobranchial glands, 2 
osphradia, 2 atria and 2 metanephridia. 1-2 bipectinatectenidia, siphon is not present in mantle cavity. Sexes are 
separate. Male generally without penis. Nervous system weakly concentrated. Some are marine and some are fresh 
water species. This species is the poly phyletic grade. There are 26 families, including pleurotomaridae and 
scissurellidae (slit shelled molluscs, the most primitive living prosobranches: e.g- Perotrochns, Pleurotromaria, 
Scissurella); Haliotidae (abalones, Haliotis); Fissurellidae (keyhole limplets; e.g- Diodora, Fissurella, Lucopinrlla, 
Puncturella ). 
 
Order-Mesogastropoda 
Mesogastropoda were prosobranchgastropoda mollusks. J.Thiele was first introduced this order in 1921 during his 
work. Shells are mainly porcelaneous and nannocreous. Operculum usually presented corneous, rarely calcified. 
Head contain a pair of cephalic tentacles and also basal eyes. Mantle cavity is asymmetrical by structure; which 
having anterior left in current opening basically elaborated into an inhalant siphon. Radula generally taenioglossate, 
occasionally lost. Most mesogastropoda are gonochoristic, which are forms with cocentrated ganglia. There are 100 
families including marine and fresh water.  
 
Order-Neogastropoda 
Absent of nacreous layer; 1-3 teeth in each row with radula; 1 osphradium; radula rachiglossate or taxoglossate; 
mantle forms siphon, carried within siphonal canal; sexes are separate, male with penis; concentrated nervous 
system; chitinous, heart with left atrium only; right nephridium lost. About two dozen families of marine snails, 
including Buccinidae( whelks:e.g; Buccinum)  
 
Sub Class-Opistobranchia 
Sea slug; Detorted body; Shell reduced and thin, external and internal, or lost altogether; ctenidia and mantle cavity 
usually reduced or lost; usually without operculum; head with 1-2 pairs of rhinophores or tentacles; hermaphroditic; 
euthyneurous with various degrees of nervous system concentration. Primary marine benthic; some are fresh water 
species. Traditional (conservative) classifications include nine orders (and over 100 families) of opisthobranchs. 
 
Sub Class-Pulmonata 
Land snails and slugs. Mantle cavity forms lung with contractile opening; without ctenidia (except perhaps in 
Siphonaria); body detorted to various degrees; highly concentrated nervous system (euthyneurous); hermaphroditic; 
without larvae; mainly terrestrial and freshwater forms, a few marine species.  
 
Order-Archaeopulmonata 
Primitive pulmonates with spirally coiled shell, but no operculum;mainly littoral.  
 
Order-Basommatophora 
 Shell variable, minuteor moderate-sized, generally spirally coiled (planospiral) or patelliform; usually without an 
operculum; eyes at bases of sensory stalks; freshwater and intertidal; includes freshwater limpets.  
 

Order-Stylommatophora 
Shell absent or present; if present usually spirally coiled and often partly or completely enveloped by dorsal mantle; 
eyes on tips of sensory stalks; terrestrial. 
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Order-Systellommatophora 
Sluglike, withoutinternal or external shell; dorsal mantle integument forms a keeled or rounded notum; head usually 
with 2 pairs tentacles, upper ones forming contractile stalks bearing eyes.  
 
Class-Bivalvia (Pelecypoda/Lamellibranchiata) 
Clams, oysters, mussels, etc. Laterally compressed; shell typically of two valves hinged together dorsally by elastic 
ligament and shell-teeth; shells closed by adductor muscles; head rudimentary, without eyes or radula, but eyes and 
statocysts may occur elsewhere on body; foot typically laterally compressed, usually without a sole; 1 pair large 
bipectinatectenidia, used in combination with labial palps in ciliary feeding; large mantle cavity; posterior edges of 
mantle often fused to form inhalant and exhalant siphons; 1 pair nephridia. Basically Bivalvia are marine or 
freshwater molluscs and  microphagous or suspension feeders. The class includes about 10,000 living species 
represented at all depths and in all marine environments. 
 
Sub Class-Protobranchia 
Ctenidia are 2 pairs of simple,unfolded, bipectinate, platelike leaflets suspended in themantle cavity. Primitive 
bivalves. 
 
Order-Nuculida (Palaeotaxodonta) 

Shell aragonitic, interior nacreous or porcelaneous; periostracum smooth; shell valves equal and taxodont (i.e., the 
valves have a row of short teeth along hinge margin); adductor muscles equal in size; with large palp proboscides 
used for food collection; ctenidia small, strictly for gas exchange; foot longitudinally grooved and with a plantar sole, 
adults without byssal threads; nervous system primitive, often with incomplete union of cerebral and pleural 
ganglia; marine, mainly infaunaldetritivores. (e.g., Malletia, Nucula, Yoldia) 
 

OrderSolemyida (Cryptodonta) 
Shell valves thin, elongate, and equal in size; uncalcified along outer edges, without hinge teeth; anterior adductor 
muscle larger than posterior one; ctenidia large, used both for gas exchange and feeding (e.g., Solemya). 
 
Sub Class-Lamellibranchia 

Paired ctenidia, with very long filaments that fold back on themselves so that each row of filaments forms two 
lamellae; adjacent filaments usually attached to one another by ciliary tufts (filibranch condition), or by tissue 
bridges (eulamellibranch condition). 
 
Super Order-Filibranchia (Pteriomorphia) 
Ctenidia with outer fold not connected dorsally to visceral mass, with free filaments or with adjacent filaments 
attached by ciliary tufts; shell aragonitic or calcitic, sometimes nacreous; mantle margin unfused, with weakly 
siphons; foot well developed or extremely reduced; usually attached by byssal threads or cemented to substratum (or 
secondarily free). Primitive lamellibranchs, including mussels (Mytilidae: e.g., Adula, Brachidontes, Lithophaga, 
Modiolus, Mytilus) and other clams, such as the ark shells (Arcidae: e.g., Anadara, Arca, Barbatia), glycymerids. 
 
Super Order-Eulamellibranchia (Heterodonta) 
Ctenidia with outer fold completely connected dorsally to roof of mantle cavity, with adjacent filaments attached by 
tissue bridges; shell generally aragonitic, without nacreous layer; shell valves equal to subequal, with a few large 
cardinal teeth separated from the elongated lateral teeth by a toothless space; mantle more or less fused 
posteroventrally and forming incurrent and excurrent apertures that are frequently drawn out onto siphons; foot 
usually lacks byssal threads in adult. Advanced bivalves, mainly marine, including three main groups (treated here 
as orders). 
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Order-Paleoheterodonta 
Shell aragonitic, pearly internally; periostracum usually well developed; valves usually equal, with few hinge teeth; 
elongate lateral teeth (when present) are not separated from the large cardinal teeth; usually dimyarian; mantle 
opens broadly ventrally. About 1,200 species of marine and freshwater clams. Includes the nearly extinct family 
Trigoniidae (with fewer than six living species, in the Australasian region), and the family Unionoidea (freshwater 
bivalves: e.g., Anodonta). 
 
Order-Veneroida 
Usually thick-valved, equivalved, and isomyarian. Includes the following families: cockles (Cardiidae: e.g., 
Clinocardium, Laevicardium, Trachycardium), little heart shells (Carditidae: e.g., Cardita), giant clams (Tridacnidae: 
e.g., Tridacna), surf clams (Mactridae: e.g., Mactra), solens (Solenidae: e.g., Ensis, Solen), tellinids (Tellinidae: e.g., 
Florimetis, Macoma, Tellina), semelids (Semelidae: e.g., Leptomya, Semele), wedge shells (Donacidae: e.g., Donax), 
venus clams (Veneridae: e.g., Chione, Dosinia, Pitar, Protothaca, Tivela), and the freshwater families Sphaeriidae 
(e.g., Sphaerium) and Corbiculidae (e.g., Corbicula). 
 
Order-Myoida 
Thin-shelled burrowing forms with well develope siphons; shell with 0–1 cardinal teeth. Includes the soft-shell 
clams, shipworms, and others: families Pholadidae (piddocks: e.g., Barnea, Chaceia, Martesia, Pholas), Teredinidae 
(shipworms: e.g., Bankia, Teredo), Corbulidae (e.g., Corbula, Mya). 
 
Sub Class-Anomalodesmata 

Shells equivalved, aragonitic, of 2–3 layers, innermost consisting of sheet nacre; periostracum often incorporates 
granulations; with 0–1 hinge teeth, generally isomyarian, rarely amyarian; posterior siphons usually well developed; 
mantle usually fused ventrally, with anteroventral pedal gape, and posteriorly with ventral incurrent and dorsal 
excurrent apertures or siphons; ctenidiaeulamellibranchiate or septibranchiate (modified as a horizontal septum). 
Marine bivalves (including the septibranchs); having one order (Pholadomyoida) and basically 12 families, including 
the aberrant clavagellidae (e.g. Brechites), Cuspidariidae (e.g., Cuspidaria), Poromyidae (e.g., Poromya), and 
Pandoridae (e.g., Pandora). 
 
Class-Scaphopoda 
Tusk shells Shell of one piece, tubular, usually tapering, open at both ends; head rudimentary, projecting from larger 
aperture; mantle cavity large, extending along entire ventral surface; without ctenidia or eyes; with radula, proboscis, 
crystalline style; with paired clusters of clubbed contractile tentacles (captacula) that serve to capture and manipulate 
prey; heart absent; foot somewhat cylindrical. Nearly 400 living species of marine, benthic molluscs in eight families, 
including Dentaliidae (e.g., Dentalium, Fustiaria), Laevidentaliidae (e.g., Laevidentalium), Pulsellidae (e.g., 
Pulsellum, Annulipulsellum), and Gadilidae (e.g., Cadulus, Gadila). 
 
Class-Cephalopoda (Siphonopoda) 
Nautilus, squids, cuttlefish, and octopuses With linearly chambered shell, usually reduced or lost; if external shell 
present (nautilus), animal inhabits last (youngest) chamber, with a filament of living tissue (the siphuncle) extending 
through older chambers; body cavity large; circulatory system largely closed; head with large, complex eyes and 
circle of prehensile arms or tentacles around mouth; with radula and beak; 1–2 pairs ctenidia, and 1–2 pairs complex 
nephridia; mantle forms a large cavity containing ctenidia; which contain muscular funnel or shiphon through which 
water is forced, providing jet propulsion; tentacles of male modified for copulation during reproduction time; 
benthic or pelagic, marine; about 700 living species available in whole world. 
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Sub Class-Nautiloidea (Tetrabranchiata) 
The pearly nautilus. Shell is external and bearing many-chamber,exterior porcelaneous, interior nacreous (pearly); 
80–90 suckerless tentacles present in head ; 13-element radula; beak of chitin and calcium carbonate; funnel of 2 
separate folds; 2 pairs ctenidia (“tetrabranchiate”); 2 pairs nephridia; eyes like a pinhole camera, without cornea or 
lens; nervous system rather diffuse; with a simple, primitive statocyst; without chromatophores or ink sac. Fossil 
record rich, but represented today by a single genus, the chambered or pearly nautilus (Nautilus), with five or six 
Indo-Pacific species. 
 

Sub Class-Coleoidea (Dibranchiata) 
Octopuses, squids, and their kin. Shell reduced, internal or absent; head and foot united into a common anterior 
structure bearing 8 or 10 prehensile suckered appendages (arms and tentacles), 1 pair modified in male for 
copulation; 7-element radula; with chitinous beak; funnel a single closed tube; 1 pair ctenidia (“dibranchiate”); 1 pair 
nephridia; eyes complex, with cornea and lens; nervous system well developed and concentrated; with a complex 
statocyst; with chromatophores and ink sac. 
 
Order-Sepioida 
Cuttlefish. Body short, dorsoventrally flattened, with lateral fins; shell absent or internal, calcareous, often 
chambered, straight, or coiled; 8 short arms, and 2 long tentacles with suckers borne only on spooned tips, and 
retractable into pits; suckers lack hooks. (e.g., Rossia, Sepia, Spirula) 
 
Order-Teuthoida (Decapoda) 
Squids have elongated body, tubular, with lateral fins; shell internal, reduced to cartilage-like pen; with 8 arms and 2 
elongate nonretractable tentacles; suckers often with hooks. Numerous families and genera. (e.g., Architeuthis, 
Bathyteuthis, Chiroteuthis, Doryteuthis, Dosidiscus, Gonatus, Histioteuthis, Illex, Loligo, Lycoteuthis, Octopoteuthis, 
Ommastrephes) 
 
Order-Octopoda 
Octopuses basicallyhaving short and rounded body, usually absent of fins; internal shell is vestigial or absent; 8 
similar arms joined by web of skin (interbrachial web); most are benthic. About 200 species are found in whole 
world. (e.g., Argonauta, Octopus, Opisthoteuthis, Stauroteuthis) 
 
Order-Vampyromorpha 
The vampire squid. Body is plump like, with 1 pair of fins; shell reduced to thin, leafshaped, uncalcified, transparent 
vestige; 4 pairs equalsized arms, each with one row of unstalked distal suckers; arms connected by extensive web of 
skin which is bearing interbrachial membrane; fifth pair of arms represented by 2 tendrillike, retractable filaments; 
hectocotylus lacking; radula well developed; ink sac degenerate; mostly deep water.(one living species, 
Vampyroteuthisinfernalis) 
 
Values of Molluscan Diversity 

The relationship between molluscs and man has been very old since prehistoric time. Discarded shells were found in 
the kitchen middens and in the excavations of stone age culture. There are evidences that shell trade existed in 
protohistoric Iran and southern Asia (Durante, 1979). For the primitive man shells were strange and rare objects. Due 
to beauty of shells, the primitive man collects them up from sea beach and the wondering tribes carried them inland. 
The inland people were never imagin such objects so they accept it with curiosity. As the associating grew man 
attributed magical and mythical powers to shells and had also started manufacturing various articles out of them. 
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Aesthetic value 
Due to colourful exterior and for the perfect shape which is mostly consist of spiral curve a shell appeal to human 
eye. Gastopoda, Bivalvia, and Nautilus in cephalopoda attracted men from the initial period.  
 
SubbaRao: Indian sea shell: Polyplacophora and Gastropoda 
Shell of snails is not mathematical perfection but also beautiful and regular, efficient. One of the best examples of 
formation of spiral curve is the growth shells in snail. That means in this growth the size will increase but the 
geometric proportions will not occur. In molluscs there are two types of important spiral or spiral of Archimedes and 
the equiangular spiral or logarithmic spiral. French philosopher Descartes in 1638 named it equiangular spiral and 
Jacques Benoulli in 1691 named it logarithmic spiral. Its fundamental property is to govern the growth of shell of the 
molluscan.     
 

Geometrical Symmetry-Nautilus 
Nautilus basically found in Andaman Nicobar and they are aesthetically appealing and geometrically perfect. There 
are 38 chambers in adult Nautilus in which first four are formed within the egg and further chambers are develop in 
every 2 to 3 weeks. These are based logarithmic or equiangular spiral. Length of shell during growth increase with 
proportionate of radius so that it can be unchanged.       
 
Cones 
Cones are not only known for its beautiful colour and shape but for aristocrats. Collection of cones considered as 
pride possessions. There are about 400 species of cones. Two rare cones are also known as ‘Glory of the sea’. These 
are Conusgloriamaris; Chemnitz (1777) and Conusmilneedwardsi;Jousseaume(1889) known as glory of India. There are 
other 27 species of cones which are important because of there poisonous nature. There poison is equivalent to the 
poison of cobra. In India 5 species are found they are Conusgeographus(Geography cone), C.aulicus(princely cone),  
C.marmoreus (marble cone),C.tulipa(tulip cone) andC.textile(textile cone) found in the reefs of Andaman and Nicobar 
islands, in Lackshadweep. From these five species Conusgeographus is one of the dangerous species. 
 
Cowris 
Cowries are associated with man aesthetically or ornamentally and financially. In primitive time women were use it 
as their ornaments. That time they also belief that cowry has the power of conferring fertility and it became the 
symbol of womenhood. Cowries are also used as the charms against the evileye and also in that time villagers also 
tie these to the horse and bulls.   
 
Commercial Value 
There are two types collection of shell, these are commercial shells and collector’s shell or specimen shells. 
Commercial shells and collector shells are basically used in shell craft industry after polished and cut into various 
sizes. India have risen sea shell exports 20 tons in 1969 to 466 tons in 1979 (Wells, 1981). The Philippines is the 
leading exporter of sea shells with around 80% followed by South Korea, Thailand, Taiwan and Mexico. India has a 
5% in a few years. Basically shells are collected from Tamil Nadu coast, Kerela, Andaman and Nicobar Islands and 
collection from Odisha, it was became late. It was reported that one shell craft Industry in Bombay processes around 
1200 tons of seashells annually of this about 200 tons are thrown away since the shells do not conform to certain 
standards of colour, shape and size. 
 
Raw Material for Shell Crafts 
Sea shells are used in making house hold stuffs table lamps, ashtrays, agarbati stands, door hangings etc. These are 
also used in lime industry, poultry feed additives. Due to the large size and glittering surface when polished turban 
shells and top shells are popular.Chank was used as ornaments during Mahenjodaro and Harappa time. Pearl is 
nothing but a biochemical product of molluscs. Pearl is used as mostly in crafts and ornamental field. 
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Biomedical Value 
From era of Ayurveda, molluscs are used in preparing medicines. Extracts, powder of oyster shell, cowry shell also 
use in homeopathic medicines. For the skin disease to rickets and asthma sankhabhasma is used. Molluscs also 
provide biologically active compound in marine diversity. For the biomedical potential molluscs, molluscs secrete 
secretions from the dermal region or form internal glands.  
 
Marine Biodeterioration 
A number of marine bivalves attached with hard substances inside the ocean. Where attached bivalves made 
considerable damage. The magnitude of the problem of biodeterioration is such that in spite of several years of 
research. Bivalvia Molluscs are the most successful as followers and borers.  
 
Evolutionary Character 
Molluscs are among the best-known animals on the planet earth as they have conquered almost all terrestrial and 
aquatic habitats of the earth. The dramatic variations over their body plan morphology make them an ideal group for 
comparative studies into how evolution has brought about phenotypic diversityfrom a common ancestor that 
roamed the oceans’ floors at least 550 million years ago (Haszprunar G &Wanninger A, 2012.) Molluscsevolutionay 
history with the occurance of mineralized exoskeletal hard parts in their body plan has given a rich fossil record, at 
least of the shell bearing taxa (Parkhaev;2008,2017). Some findings together with molecular clock estimates revealed 
a picture according to which all major molluscan sublineages are deeply rooted in the Cambrian (Vinther;2014,2015). 
 
Shell Parts 

The calcareous hard shell of mollusc is meant to support and protect the soft body of the organism. Ancestral 
Mollusc is thought to have had a shell but gradually its been reduced or lost in some family members of mollusc 
such as octopus, squid, solenogasters and caudodoveat etc. The scientific study of molluscs is commonly known as 
malacology while conchology is a branch of it that deals specially with the study of shells. Every shell bearing 
mollusc is not bound to be marine; it can be in terrestrial or freshwater regions. There is also a wide range of 
variation in the shape, colour, pattern and ornamentation of shell even within some species of mollusc.  
Nearly all five main classes of molluscs have a shelly covering. Most of the seashells belong to two main classes, 
Gastropoda (about 80%) and Bivalvia. The gastropods have a single piece of shell, which is usually coiled at axis. 
Bivalves have two pieces of shell hinged together. Bivalves have two pieces of shell hinged together. Other shells are 
tusk shells that are relatively similar (Class- Scaphopoda), a few Cephalopoda (family- Nautilidae) have shell and the 
chitons has 8 articulated pieces or valves (Class-Polyplacophora). 
The Bivalve shells have left and right valve connected by a ligament, which is visible, when valves are closed. Shell 
shape, sculpture, cardinal complex, hinge teeth, shape of pallial line, pallial scars and adductor scar are considered as 
important characters for the identification of bivalves. 
 
Objectives 
There are few mentionable studies or literatures available on molluscan diversity around the coasts of Puri district, 
specifically in sea shore. Therefore, my study on the selected coastal connecting area of Puri district (Baliharchandi) 
will provide some better knowledge of the presence of rich molluscan fauna. 
 

MATERIALS AND METHODS 

Search method was adopted, it was conducted for two months from November to end of December 2019 by selecting 
the mouth area, upper reaches and connecting channels of Baliharchandi estuary and from Puri sea beach to 
complete the study.     
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Study Site 
The study was conducted in the connecting channels of Baliharchandi estuary (fig.4). Baliharchandi beach is 27 km to 
Puri. It famous for its clean beach and Baliharchandi temple (fig.5). It is located at eastern coast of Odisha(fig.3). The 
site is the connected area of the river Bhargavi and Bay of Bengal sea. Connected areas are intertidal mudflat area. 
Coastal areas are filled with Eucalyptus and Jhaun plants which keep the site moist and suitable home for molluscs 
(fig.6). 
 
Collection 
There are many ways to collect molluscs or shells. It can be collected from other collectors or from the sea dealers or 
fisher man by purchase it. My collection is done directly from natural habitat. During low tide period, they are 
buried inside the mud in the presence of sunlight. So my collection of sample were made during low tide period. live 
specimens or dead shells were collected by hand picking method. and digging the substratum where the surface was 
intertidal mud flat. Then they were washed in the salty water at the collection site to remove impurities and mud. 
The number of samples varies from 1 to 65 depending upon their abundance. Polythene bag was used during 
collection period at the study sites. A certain code of ethics followed during the collection. 
 
Code of ethics for collection 
 Collection was done in the areas where collections are permitted without making any disturbance to their 

habitats. 
 Minimum number of species were collected without making any indiscriminate collection and putting devasting 

effect on the local population. 
 Local, national, and international laws governing species are habitats were not included. 
 Species in their reproductive stage and juvenile stage are not collected at all. 

Identification 
The identification of the collected species based on their morphological character, shell pattern, shape, and size. 
Taxonomic monographs of Vaught (1989), Bouchet and Racroi (for gastropodas), Bieleretal. (for bivalve and 
polyplacophora).  
 
Preservation 
After studying the morphological character, live specimens were fixed with 5% Formaline solution and brought to 
the laboratory (fig-9). They are finally preserved in Glycerine ethyl alcohol mixture in the ratio of 1:19 as 
recommended by Gosner (1971). Dead shells are washed, dried and kept in plastic box or card board box. Each 
specimen were photographed before their preservation with the help of good quality phone (VIVO-Y69). 
 

RESULTS 

Teleoscopiumteleoscopium; Linnaeus, 1758. 
Class- Gastropoda 

Order- Caenogastropoda 
Family- Patamidiae 
Genus- Teleoscopium 

Sample collected- 28 no. 
Measurement–130 mm 
Diagnostic Character : Shell very large, up to 130mm in length, elongate, with about 14 flat sided whorls. Aperture 
with thickened lips, outer lip arched and curved over short siphon canal, columella with callus deposit, posteriorly 
thickened with rib like callus. 
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Outer lip also with callus, interior or aperture absolutely grooved. Sculptured with deeply incised regularly spaced 
spiral grooved separated by broad and flat inter spaces, straight edged and flattened transpiralribsin juveniles, a 
humped varix on the body whorl anteriorly opposite columella. Colour dark brown, interior purple brown 
(SubbaRao NV 2003). 
Place of collection – Baliharchandi, Puri 
 

Nerita balteata(Sea snail); Muller, 1774. 
Class- Gastropoda 
Order- Neritimorpha 
Family-Neritidae 
Genus- Nerita 

Sample collected- 2 no. 
Measurement – 11.5-33.8 mm 
Diagnostic Character- The length of shell is 11.5- 33.8 mm. Shell is medium large in size, sculptured with deeply 
regular spaced spiral grooves, upper surface is bulging, colour brown to vary purple. 
Place of collection- Baliharchandi, Puri 
 

Notocochlis tigrine; Roding, 1798. 
Class- Gastopoda 
Order- Littorinimorpha 
Family- Naticidae 
Genus- Notocochlis 
Sample collected- 4 
Measurement length- 35mm 
Diagnostic Character- length is of 35 mm. Shell triangularly ovate and think, umbone is pointed and curved; 
sculpture with concentric striae, strong at the ventral margin. Ligament small, lunule large, superficial, almost 
absolete. While in colour or with some tinge of rust brown (Dey and Anirudha 2008). 
Place of collection- Baliharchandi, Puri 
 

Cerethidea cingulata;Gmelin, 1791. 
Class- Gastropoda 
Order- Caenogstropoda 
Family- Potamididae 
Genus- Pirenella 

Species collected-60 
Measurement length- 7.85 to 20mm 
Diagnostic Character- Length is form 7.85 to 20mm. Shell is tiny. Body whorl anteriorly opposite collumela, dark 
and light brown in inner surface smooth, glossy outer surface with lines and radial striae; adductor central; umbo 
small, inconspicuous, cardial teeth two, ridge like, diverging from the umbo at a narrow angle; unequal and the 
posterior larger. (SubbaRao NV 2003) 
Place of collection- Baliharchandi, Puri 
 

Neverita didyma; Roding, 1798. 
Class- Gastropoda 
Order- Littorinimorpha 
Family- Taticidae 
Genus- Neverita 

Sample collected- 1 
Measurement length- 57 mm 
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Diagnostic character- The length is 57 mm, size of shell is large, body whorl large and inflated. Outer surface is 
smooth and glossy. Aperture large and semiovate, Columella with a large transversely expanded curved callosity 
divided into two by a transverse groove, posterior portion large and fuses with the body whole covering the 
umbilicus, anterior part smaller and free. Surface uniformly pale brownish or grayish, callosity and anterior of 
aperture deep chestnut (SubbaRao NV 2003). 
Place of collection- Baliharchandi, Puri 
 
Coenobita(Hermit crab);Latreille, 1802. 
Class- Malacostraca 
Order- Decapoda 
Family- Peguroidea 
Genus- Coenobita 
Sample collected- 1 
Measurement length – 29 to 80 mm 
Diagnostic character- Larger shell; spirally curved and calcified abdomen; tip of abdomen clasp strongly on to the 
columella. Antenna is larger outer pair compound eyes are comprised of faceted lenses. Orange or red legs, bluish 
grey in colour. 
Place of collection- Baliharchandi; Puri 
 

Archachatina marginata; Swainson, 1821. 
Class- Gastopoda 
Order- Heterobranchia 
Family- Achatinidae 
Genus- Archachatina 
Sample collected- 1 
Measurement length – 210 to 130 mm 
Diagnostic character- The snail has a bulbous, large, and broad protoconch with a white orbluish white columella, 
parietal wall and outer lip. The shell has the appearance of a woven texture. 
Place of collection- Baliharchandi, Puri 
 

Viviparus contectus; J.E Gray, 1847. 
Class- Gastopoda 
Order- Caenogastropoda 
Family- Viviparide 
Genus- Viviparus 

Sample collected- 1 
Measurement length – 25to35mm 
Diagnostic character- The shape is bulbous, large and broad protoconch, brown columella, parietal wall, and other 
lip. The colour is dark greenish brown or greyish yellow with three reddish brown spiral bands and striated. Shell 
apex is burnt and weakly having convex whorls. The last whorl is relatively larger. The umbilicus is narrow. The 
operculum is attached to the dorsum and the rear foot. Body is wide and T shaped and mouth has radula. There a 
pair of present short tentacles; the eyes are on the external side of each tentacle.Place of collection- Baliharchandi, 
Puri 
 
Ellobiidae; MelampidaeStimpson, 1805. 
Class- Gastopoda 
Order- Heterobranchia 
Family- Ellobidea 
Genus- Ellobiidae 
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Sample collected- 1 
Measurement length- 15mm 
Diagnostic character- Known as hallow- shelled snails, terrestrial pulmonate gastropod mollusks. Covered with 
hard shell, spirally curved body, bulbous, large and broad protoconch, brown and black in colour. 
Place of collection- Baliharchandi, Puri 
 
Littorina obtusata; Linneaeus, 1758. 
Class- Gastropoda 
Order- Caenogastropoda 
Family- Littorinoidea 
Genus- Littorina 

Sample collected- 1 
Measurement length- 13.5mm 
Diagnostic character- Shell is 13.5mm in length, commonly known as flat periwinkle. The snail is medium large, 
bulbous cover, compact shell covers the mantle cavity, the shell colour is brown. 
Place of collection- Baliharchandi, Puri 

CONCLUSION 

During the present study, a total number of 133 examples of specimens are collected. After the study, it is found that 
these samples are belong to 17species. There are two major classes in my study Gastropoda and Biavalvia. From the 
17 species, 13 species belongs to Gastropoda and 4 species belongs to Bivalvia. In my study the no of Cinguatawhich 
is more than other species that is 60 in number. 
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Figure 1. Hypothetical Gastropod, Bivalve shell showing 

the most common features. 

 
Figure 2. Location of Baliharchandi, Puri 

 
Figure 3. Collection of Telescopium telescopium and 

Pirenella cingulate. Figure 4. Dorsal and ventral view of Teleoscopium 

teleoscopium. 

Figure 5. Dorsal and ventral view of Nerita balteata. Figure 6. Dorsal and ventral view of Notocochlis tigrine 
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 Figure 7. Dorsal and ventral view of Cerethidea 

cingulate. 

Figure 8. Dorsal and ventral view of Neverita didyma. 

Figure 9. Dorsal and ventral view of Coenobita (Hermit 

crab). 
Figure 10. Dorsal and ventral view of Archachatina 

marginata. 

Figure 11. Dorsal and ventral view of Viviparus 

contectus. 

Figure 12. Dorsal and ventral view of Ellobiidae. 

Rojalin Ojha and Yashaswi Nayak 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25725 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Dorsal and ventral view of Littorina obtusata. 
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This paper aims at combining real-time object detection and recognition with suitable deep learning 
methods in order to detect and recognize objects position as well as the names of multiple objects 
detected by the camera using an object detector algorithm. This is to aid the visually impaired user 
without the help of any other person. The image and video processing algorithms were designed to take 
real-time inputs from the camera, Deep Neural Networks were used to predict the objects and uses 
Google’s famous Text-To-Speech (gTTS) API module for the anticipated voice output precisely detecting 
and recognizing the category or class of objects and locations contained. Our best result shows that the 
system recognizes 91 categories of outdoor objects and produces the output in speech i.e. in an audio 
format even when a reduced amount of spectral information from the data is available. 
 

Keywords: COCO dataset, Deep Neural Networks, gTTS, Object detection, object recognition, YOLO 
algorithm 

 

INTRODUCTION 

 
A human being’s best basic feature is often his ability of vision. The ability of being able to see things with our eyes is 
regarded as a gift and is the primary factor in our day-to-day activities [1].  A major challenge in many of the visually 
impaired people is they are unable to be completely independent and are limited by their vision. The visually 
impaired people face trouble with such activities and object recognition will be an imperative feature they can 
depend on a regular basis. They usually face challenges in the identification of items and movement in the 
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surroundings especially while walking on the streets. According to a World Health Organization (WHO) in October 
2019, “Globally, at least 2.2 billion people have a vision impairment or blindness”. The majority of people with vision 
impairment are over the age of 50 years [2].  
 
Limited applications have been developed to assist the visually impaired people. However, the absence of actual real 
time object recognition with voice output for the visually impaired people is still not widely modernized. Some of 
these applications are centered on sensing obstacles near the user and alerting them through alarms or beeping 
sounds with the implementation of Internet of Things (IoT).  For different purposes, a number of gadgets are 
required to hold by the users. For instance, smart sticks with obstacle detector, mobile phones, navigators, etc. are 
required for navigation assistance. These devices are expensive and could be a hindrance to the user at times. Some 
of the alternatives that are widely used today to provide assistance to visually impaired people are:  Tactile signs and 
Braille texts that are labeled on the top of the items for the identification [3,  8]. High-tech systems such as Radio 
Frequency Identification Devices (RFID), barcodes or talking labels that can be used to find objects in near distance 
[4, 8]. 
 
Normally, complete visual impairment or low vision people face difficulties in outdoors. Voyaging or strolling down 
in a jam-packed road may represent an incredible trouble. In general, a visually impaired person takes support from 
their family members or sighted friends to maneuver through unfamiliar environments as well as to avoid the 
obstacles. For all these obstacles, they use canes. But, a cane cannot verify the kind of object ahead of them. From 
their experience, blind people usually identify an object, which leads to an injury or accident if an object is not quite 
the same as the one anticipated. They may also come across items such as stairs, dogs, parked cars, bicycles etc. that 
are hard to evade when walking along a walkway. The most challenging portion of such kinds of applications is the 
precise recognition of the objects and their positions appropriately. To recognize any object, those applications take 
an image as the input and convert that image into a grayscale formatted image. After formatting into grayscale 
photo, they run a top-down or bottom-up inspection and extract it into a histogram, which is based on pixel color 
depth. 
 
A huge number of researches have been carried out in the realm of real time object recognition using Deep Learning. 
In various ways, the Automatic detection of objects in image as well as in video process has been executed. Few are 
similar to our proposal method.  All these researches can be distinguished in the detection of objects in any 
environment. In total our proposed methodology will detect 91 categories of objects including the indoor, outdoor 
and electronic devices. 
 
In the year 1985, the first research paper on a guidance system was written and published by Jack Loomis who was a 
Professor of Psychology at the University of California. It was based on a GPS tracking system and started the 
research on navigation system for visually impaired people [5].  In the year 2009, a South Korean team designed a 
prototype of Unmanned Underwater Vehicle (UUV). On that UUV, a camera and a laser beam were operated to 
detect any obstacle in its path. The camera captured the images and the laser marked on it. Then it was converted 
into grayscale images. Using the most enlightened pixel and histogram, it could detect any object in front of the 
Unmanned Underwater Vehicle [6]. This popularized the method of obstacle detection. In the year 2018, R. Gnana 
Bharathy presented a context of object detection and classification using video analytics in cloud that precisely 
resulted in a high performance. Here, a cascade classifier is used to automate the video stream 
analysis process and laid the basis for the experiment of a large kind of video analytics algorithms [7]. 
 
In paper [8], presented the chief characteristics of software modules dedicated to help the visually impaired or blind 
users. The main objective is to less use of separate devices for object recognition and motion detection. These 
modules are implemented for Android operating system, due to the major use of smart phones in day to day life. 
Object recognition and the motion detection module are two trainable (ANN based) modules. This paper described 
the Image processing algorithms to identify the objects and detect the motion of objects. In this system, notifications 
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are provided to the users in the form of verbal messages. In this paper, our main focus is to help the visually 
impaired people for recognizing the objects by implementing machine learning for a product. It will be very helpful 
for the visually impaired people to feel less visionless. The paper is organized as follows: In section II, we discuss our 
proposed method for object recognition module. In section III, we talk about the experimental result. Eventually, we 
reach with our conclusion and future scope in section IV and V. 
 
Proposed Methodologies 

Object Detection and Recognition 
Object detection and object recognition are related methods for object identification; however, they differ in 
execution. While both are extensively used for image and video processing, object detection is said to be a subset of 
object recognition. Object detection and recognition are widely used in the vast range of industries from individual 
security to productivity in the work environment. It is applied in various fields of computer vision as well as 
automated vehicle systems, machine inspection, surveillance, security, and image retrieval [18]. Generally, the non-
operating system devices can not recommend the text to speech conversion function. Thus, the most mainstream 
decision of smart phones with visually impaired users is either Android based phones or an iPhone.  
 
Object detection:  Object detection is the process of finding instances of objects in images and videos where the 
objects are located in the specified image or video. It highlights the recognized objects with bounding boxes and their 
position in the frame. Object detection is a technology which relates to image processing as well as to computer 
vision.  It defines and detects various objects, for instance, animals, vehicles and persons from videos and digital 
images. Object detection has the ability to categorize several objects quickly within a video or digital image. Object 
detection has been around for decades, however is getting increasingly evident over a scope of industries now, like 
never before previously. Various methods have been used to implement the object detection system. However, this 
paper uses deep learning technique to provide high and better accuracy for object detection of varied object 
categories or classes [18]. The Object Detection Process is as shown in Fig. 1, which illustrates the detection of objects 
in step by step starting from process of Classification, Localization and object Detection. 
Object recognition:   Object recognition is a significant skill essential for most computer and robot vision 
classifications. It is an important visual perception task used in image and video processing using computer vision.  
 

Deep Neural Networks (DNNs) 
In this paper, Deep Neural Networks (DNNs) methodology is used to train our model to recognize the items 
according to their labels. DNNs are very powerful and important machine learning model. The basic working model 
of DNNs is as shown in Fig. 2.  
 
With the help of DNN, we not only classify the items but also train it to estimate the precise location of the detected 
item. To achieve that, first we formulate a DNN-regression. In second, provide a multi-scale box inference and after 
that a refinement step to produce precise detections.  DNN-regression gives a binary mask of the object bounding 
box. After that, extract detections from the masks by using a bounding box to as shown in Fig. 3. The next step is to 
increase the localization precision, which applies a DNN mask generation in a multi-scale fashion on a small number 
of large image crops as well as on full image, succeeded by a refinement step as shown in Fig. 4.  Therefore, this 
paper can apply a DNN to predict a low-resolution mask, limited by the output layer size, to pixel-wise precision 
with small effort – the network shall apply on a few dozen times per input image [19]. The authors of [19] have 
presented a method which is quite simple for object detection using DNN-regression. The simplicity of the model 
provides a benefit of easy applicability to a varied of categories. Thus, in detection, DNN has an overall better 
performance.  
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Yolo Algorithm 
Joseph Redmon first proposed the YOLO algorithm along with his team. He published his paper on YOLO in 2015 
which was titled “You Only Look Once: Unified, Real-Time Object Detection” and immediately was a huge success. 
YOLO is a Convolutional Neural Network (CNN). The algorithm "looks once" at the picture in the context that 
making predictions involves just one forward propagation that passes through the neural network. YOLO model is 
faster efficiently than any other method of detection of objects. YOLO's greatest advantage is their speed. This takes 
45 frames per second. The model is built in such a succinct way as to familiarize its network with abstract description 
of items [11].  The flowchart i.e. working procedure of YOLO algorithm for real time object recognition is illustrated 
in a flowchart as shown in Fig. 5.  The recent studies on implementing object recognition into the real world has been 
proved to be quite beneficial and efficacious. For recognizing the instances of an object or images, which belongs to 
an object class, is done by object detection methodologies. These methodologies frequently apply extracted features 
and learning algorithms for recognition process.     
 
The main target of object detection is to localize a particular or more objects from videos or digital images. On the 
contrary, Object class recognition acts on categorization of objects into a specific category or a class. All objects has its 
own characteristics, which helps to recognize the similar objects in other videos or images. Also makes them 
differentiate from other classes [18]. Object detection, detects and define objects, for instance, persons, animals, 
things, vehicles and so on. In order to achieve object recognition, we have to combine You Only Look Once (YOLO) 
architecture algorithm and Common Objects in Context (COCO) dataset that achieves a fast and efficient deep 
learning method. 
 
Proposed Architecture 

Our proposed system contains a camera, computer and headphones. The lens of the camera captures frame by frame 
through real time video processing, then the algorithm detects objects using Darknet module, the program identifies 
them from the given You Only Look Once (YOLO) trained dataset named COCO and the output is given by the 
speakers or headphones, whichever is convenient and is available to the user at that moment. Here, completely we 
apply a deep learning-based methodology to lessen the issue of vision using object detection with a speech output in 
an end-to-end fashion as shown in Fig. 6.  
 
YOLO is designed for complete picture processing and improves the efficiency of object detection in an unswerving 
way.  Here, the frame detection is taken as a regression problem. The networked is focused on fresh photographs 
and YOLO uses the whole background during training and testing periods such that it encodes specific knowledge 
regarding groups and their appearances subtly. It uses features from the whole picture to simultaneously predict all 
bounding boxes across all groups for an image. The method splits the input picture into a pattern of S x S. when the 
center of an item falls into a grid cell, the grid cell can detect the point and determine the confidence scores for those 
boxes. When there is no item in that cell, then the confidence scores will be 0. These bounding boxes are calculated 
according to the estimated probabilities [11]. Fast YOLO uses a neural network with less convolution layers, that is to 
say 9 out of 24 layers, and less filters in those layers. YOLO forecasts several bounding boxes per cell on the grid. 
After non-max suppression where each item is identified once, it then generates known items together with the 
bounding boxes. The algorithm outperforms other top detection algorithms [12]. 
 
In Paper [13], Redmon and Farhadi carried out further work, "YOLO900: Better, Faster, Stronger." They made a range 
of enhancements to the YOLO detection system including the identification of over 9000 types of items by jointly 
improving detection and classification. More recently, in paper [20], the same researchers published another paper 
on their development with YOLO advancing much further, "YOLOv3: An Incremental Improvement". This is the 
version we have used for our paper. 
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Speech Output using gTTS API 

The speech output module, that uses the speakers or headphone or a Bluetooth ear piece, has been added specifically 
to alert or simply let the user know about the surrounding objects around or in front of them. In addition to that, 
Speech Output would be more beneficial and faster at navigation especially when the user is walking in the streets. 
Hence, visually impaired individuals will take required preventive steps or stop for a short while till the objects 
ahead of them move out. This module works by using Google’s Text-To-Speech (gTTS) API, which is widely used in 
android smartphones. It is a screen reader program that Google has built for Android operating system. With the 
help of several languages such as German, French, Tamil, Hindi, English and many more, gTTS powers functions to 
read out loud the text on the screen. All these languages support in gTTS API. It was released on 6 November 2013. 
The speech is delivered in either fast audio speed or slow speed. Nevertheless, as of the most recent update, the voice 
of the created audio cannot be altered.  
 
The python module gTTS that we use in our system basically creates an audio file from spoken text via the gTTS API. 
The length of the spoken text is unlimited by tokenizing long sentences where, naturally, the speech would pause. 
This API has the best advantage of sounding very natural [14]. 
 

RESULTS AND DISCUSSION 
Dataset  

The experimental result uses COCO dataset, which is a large-scale object detection, segmentation, and captioning 
dataset. The dataset of Microsoft Common Objects in Context (MS COCO) includes 91 common categories of objects, 
82 of which have more than 5,000 named instances. In total, there are 2,500,000 instances labeled in 328,000 pictures. 
Unlike the common ImageNet dataset, COCO has less categories but more instances per category. This can help to 
learn complex object models capable of accurate 2D location. The dataset is also considerably bigger than the 
PASCAL VOC and SUN datasets according to the number of instances per category [15]. 
 
In [15] utilized a joint training on both the datasets i.e. ImageNet as well as COCO dataset to train YOLO9000. The 
outcome is a YOLO model, named as YOLO9000, which will predict the detected object categories without a labeled 
data [15]. The COCO dataset consists of 91 labels such as: 
Kitchen and dining objects including spoons, knives, forks, cups, wine glasses, [16] etc. 
Animals including sheep, cows, horses, birds, dogs, cats, etc. 
Stop signs and fire hydrants  
Cars and trucks 
Airplanes 
Bicycles 
People 
The items in the dataset are classified using per instance segmentations to assist in accurate localization of items. 
There are presently two versions of COCO datasets for classified and segmented pictures. The photos in the dataset 
were collected from everyday scenes offering relevant information. In everyday scenario, many objects or things may 
be located within the same frame and every item ought to be recognized as a different object and segmented 
correctly. The COCO dataset contains the naming and segmentation of the items present within the photos. We took 
this dataset and created our object detection and recognition system for visually impaired people [17]. 
 

RESULTS 

 
With OpenCV, we develop our deep learning-based real-time object detector that needs efficient access to our 
webcam / video stream and application of object detection to each frame.  Initially, we have a tendency to 
capture a frame from the stream and resizing the frame. After that, with the help of DNN module, the frame is 
converted to a blob. For heavy lifting: set the blob into our Neural Network model as the input and feed the input 
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through the network that gives us our detections. We've  identified  objects  in  the  input  frame  at this point. At that 
point, we see confidence values and decide if we ought to draw a box and label around the thing.  We begin with 
iteration over our detections, considering that it is possible to identify multiple objects in one image. Always apply a 
check to the confidence associated with each detection. This confidence value is referred to as probability. When the 
confidence is high (i.e. above the threshold), the prediction will be displayed in the terminal; a colored bounding box 
as well as the prediction will be outlined on the image with text.  
 
The model runs smoothly in 4 GB and above RAM operating system. A the end, the model will generate the outputs 
in various ways such as display in command prompt, in audio mp3 format and in a bounding box with label. At 
first, the model will generate the output in command prompt which displays the output class label name with 
location as shown in Fig. 7.  The series of output displayed in both frame as well as in command prompt. The frame 
output is represented in bounding box with class label as shown in Fig. 8. For Fig. 7 and 8, we took screenshots 
randomly while running the program. Fig. 7 was taken at the beginning of the webcam, Fig. 8 was taken after the 
camera started adjusting, and finally, Fig. 9 is the correct output. The speech module respectively reads the names of 
the objects with their position displayed in the command prompt aloud.  The speech output is faster with fast 
internet connection. The voice could be clearly heard with normal speakers as well as the headphones. The accuracy 
of the object detection module is 90%. Depends on the speed of computer, the final output may process around 6-8 
Frames Per second (FPS) and the final output is a deep learning-based object detector.  
 

CONCLUSION 
 
In a wide range of industries, the future of object detection has enormous opportunities. Video processing and object 
recognition algorithms are proposed based on available resources and dedicated to visually challenged users. People 
with visual impairments face major challenges when walking around and avoiding obstacles in their daily life. In 
day-to-day tasks, this program can support visually impaired and blind users. It will lessen the issue of movement 
and object recognition with a compact solution without the need to bring any additional devices dedicated to it.  
 
Future Scope 
Our future work will focus on extending our object detection method to handle more accurate detection technique, 
HD quality video, projection, scale, angle. We present a platform which utilizes portable cameras, fast HD video link 
and powerful server to generate 3D sounds. By using advanced new algorithm, the solution could perform accurate 
real time objective detection with live stream. We will focus on enhancing the object recognition system so that it can 
better detect and identify objects in extreme and challenging conditions. We will also study the interferences like 
auditory output and spatial updating of object location.  
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Fig. 3 A schematic diagram of DNN-based regression 

for object detection [19] 
Fig. 4 Object box extraction refined [19] 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Flowchart of Real Time Object Recognition using YOLO algorithm 

Fig. 6 Proposed Architecture of object detection, object 

recognition and class prediction with location 
 

Fig. 7 Snippet of an output generated by our model on 

first detection 
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Fig. 8 Output series shown on both Frame and 

Command Prompt 

Fig. 9 Estimated Output with the given Input 
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Human civilization evolved through industrialization and urbanization as time passed on. This endeavor 
brought comfort and easiness to the lifestyle of human being. However, this endeavor produces tons of 
waste materials along with required valuable products. The waste materials contain many chemicals and 
heavy metals are also part of the byproducts which cannot stopped or avoided. These heavy metal ions 
due to it’s inherent toxicity and non-biodegradable nature accumulate on the living being tissues. This 
metal ion accumulation causes several diseases among human being and in aquatic animals as well apart 
from environmental pollution. There are many attempts were made during the last few decades to 
remove the heavy metal ions and to make the water bodies safe for usage. Here in this manuscript, we 
have analyzed the range of techniques such as adsorption, phase separation, filtration, etc, that have been 
employed by various researchers to remove the toxic heavy metal ions. The factors such as pH, adsorbent 
concentration, adsorbate concentration, temperature, contact time, membrane pore size etc. were also 
discussed to find out the optimum condition for heavy metal ion removal. Scientists suggested that, 
adsorption, electronic interaction are playing a major role in metal ion sorption. The experimental results 
were also compared with theoretical models to have a firsthand knowledge about the type of interactions 
and the forces responsible for the extraction of heavy metal ions. This work would provide an insight 
how heavy metal ions could be removed effectively and what are the guiding factors to develop a robust 
adsorbent for waste water purification. 
 

Keywords: Adsorption, Heavy metal ion, Biomass, membrane filtration, cyclodextrin 

 

ABSTRACT 

 RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in
mailto:pratap.chhotaray@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25736 

 

   

 

 

INTRODUCTION 

 
Heavy metal ions are the metal ions those are having relatively high density and are considered as toxic to human 
being and environment. The generally considered heavy metal ions include Copper (Cu), Lead (Pb), Zinc (Zn), 
Cadmium (Cd), Chromium (Cr), Cobalt (Co), Nickel (Ni), and Iron (Fe)(Atta et al., 2012; Ma et al., 2014; M. Zhang et 
al., 2019). All of these metal ions are necessary for metabolism, however, upon exceeding the tolerance limit it 
becomes toxic. One of the major factors associated with these metal ions is, they neither degrade nor excrete easily 
and accumulate in different parts of the human body leading to toxicity. HMs can generate free radicals leading to 
oxidative stress and damage to several biological molecules that may result to carcinogenesis and neuro 
toxicity(Kaewsarn and Yu, 2001; Khalid et al., 2017; Prigione et al., 2009). The HMs could cause both acute and 
chronic illness to human being depending upon several factors such as the type of HMs, dosage, point of 
accumulation etc. HMs could affect pulmonary, nervous system, skin, renal etc. causing several diseases such as 
Neuropathies, Nervous disorder, Skin and respiratory cancer, Pneumoconiosis etc(Ge et al., 2012; Huang et al., 2012; 
Maan et al., 2016). The HMs also possess serious challenges to aquatic animals for their survival. 
 
There are many sources for the heavy metal ion production such as industry, soil erosion, fertilizer, vehicular 
emission, paints, and so on. The major concern for heavy metal ion (HM) pollution is the contamination of water 
bodies such as river, pond, lake etc. by industrial effluents. Although the industrial effluents undergo preliminary 
treatments for HM ion removal, many times the HM concentration level above the permissible limits were 
discharged to water bodies. Due to the environmental and Eco toxicity effect of HMs, many researchers have 
investigated an array of possible solution for the HMs removal from the waste water(Bao et al., 2016; Mahajan and 
Sud, 2013; Yu et al., 2018). Among the several methodologies, adsorption is the most popular due to the cost effective 
and efficiency of HMs removal. Here, in this manuscript, other techniques such as membrane filtration, biological 
methods, usage of deep eutectic solvents, cyclodextrin, hydrogels are also have been discussed for the HMs removal.  
 

RESULTS AND DISCUSSION 

 
Many techniques have been explored by several researchers around the globe to remove HMs from the waste water. 
Following sections discuss briefly each of the techniques along with the efficiency of techniques.  

Using Waste Biomass 
Waste biomass is the material derived either from plant origin or animal origin. There are million tons of waste 
biomass produced worldwide from various sources. The plant biomass includes wood, rice straw, sugar cane 
bagasse and so on, while the animal waste biomass includes the hard shell of shrimp, crab etc. These waste biomass 
consists of many chemical components and with progress of time many researchers have explored various 
applications. Herein, we analyze the application of waste biomass for heavy metal ion adsorption.  
 
(Ngah and Hanafiah, 2008) extensively reviewed the adsorption of heavy metal ions by using different plant waste 
biomass. They have analyzed the chemical modifications of plant biomass such as rice husk, spent grain, sugarcane 
bagasse, sawdust, wheat bran, fruit/vegetable waste, weeds, cassava waste, plant fibers, azolla, alfalfa biomass, 
cottonseed and soybean hulls for heavy metal ion adsorption. Authors have concluded that upon chemical 
modification using acid and alkali, the adsorption efficiency of waste plant biomass have increased due to increase in 
active binding site and development of new functional groups. The authors analyzed the adsorption of various 
heavy metal ions including Cd, Cu, Pb, Zn, Ni and Cr(VI) ions. (Chemistry et al., 2003) investigated the ability of 
cassava waste biomass (untreated and acid treated) to remove heavy metals (Cu2+ and Zn2+) from simulated 
wastewater. The authors have found that single ion solution shows better ion uptake as compared to double ion 
solution due to the competitiveness between the ions. While Cu ion uptake was improved upon acid treatment of 
cassava biomass, there was no appreciable improvement for Zn ion uptake.  
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(Sekhar et al., 2003) use plant biomass Indian Sarsaparilla for the removal of heavy metal ions. Among the studied 
metal ions, Pb2+ shows highest adsorption as compared to Zn and Cr. Furthermore, Zn, Cr adsorption depends upon 
the acidic medium of the test solution whereas, Pb metal ion adsorption is independent of pH of the medium. Pb2+ 
ion adsorption is independent of presence of other ions however, Zn2+ and Cr2+ metal ions adsorption is decreased. 
Biosorption of heavy metals was investigated by (Chen and Wang, 2008) using waste biomass of brewery. The 
experimental adsorption data for Pb2+, Ag+, Sr2+ and Cs+ were fitted well with the Langmuir adsorption isotherm with 
highest adsorption for lead metal ion. (Singha and Guleria, 2014) have investigated the bioremediation using 
succinylated waste biomass by varying pH, contact time, temperature and metal ion concentration. Pb2+ ion shows 
highest adsorption as compared to Cd2+ followed by Cu2+ and Zn2+. The kinetic study reveals that the adsorption is 
following pseudo-second-order kinetic model whereas, thermodynamic study shows that the adsorption is an 
exothermic process. (Kaewsarn and Yu, 2001) examined the pre-treated marine biomass of the Padina sp. For the 
removal of Cd2+. At pH 5, the maximum uptake capacity of 0.53 mmol.g-1 was observed.  

Using Composite Material 
A composite material is something that is made up of two or more individual components and when they are 
combine, results an enhanced property. There are several ways how a composite could be made and also there are 
several ways how composite could be used for different applications. There are many literatures that found good 
results for the application of composite in heavy metal ion removal. (Ravikumar and Udayakumar, 2020) proposed 
the composite formation from bentonite clay and Moringa oleifera seed. The intercalated nanocomposite was able to 
extract more than 99 % of Cd2+, Cr2+, and Pb2+ ion at pH range of 7-8, 2-3, and 6-7, respectively. (Sheet et al., 2014) 
prepared nanostructured Graphite Oxide-Silica composite for the removal of heavy metal. They found that although 
graphite oxide is capable of removing more than 90% of toxic metal ions, the composite made up of Graphite Oxide-
Silica in a 3:2 ratios is a better adsorbent for the waste water purification. 
 
(Karnib et al., 2014) prepared activated carbon, silica and silica-activated carbon composite for the removal of heavy 
metal ion from the simulated water. It has been observed that Ni was most efficiently adsorbed as compared to other 
investigated heavy metals such as Cd, Pb, and Zn. The adsorption data has been fitted well with the Freundlich 
isotherm model as suggested from correlation coefficient value. The ion exchange capability of hydroxyapatite was 
explored by (Choi and Jeong, 2008) in making composite with cellulose. The result shows that the convenient use of 
hydroxyapatite in the form of composite was able to remove Pb2+ heavy metal more efficiently as compared to other 
heavy metal ions. (Y. Zhang et al., 2019) prepared polypyrrole-chitosan composite electrode for the removal of heavy 
metal ions from wastewater. The composite was made by chemical polymerization and showed efficient heavy metal 
ion removal for Cu2+ (99.67 mg/g) as compared to other studied metal ions. (Kovin et al., 2016) prepared recycled 
polymer-natural clay composite for the removal of lead ion from the aqueous solution. The amount of Pb2+ ion 
adsorbed is thrice when the polystyrene is combined with 5 % clay. The absorption capacity increases in the presence 
of prolonged sunlight. 
 
(Yusuff, 2017) prepared a porous composite based on anthill-chicken eggshell to remove Cu2+ and Zn2+ ions from 
aqueous solution by 97.89 % and 99.34 % respectively. The active functional group present on the composite surface 
is responsible for efficient adsorption. (Fakhre and Ibrahim, 2018) prepared novel supramolecular polysaccharide 
composite from cellulose and dibenzo-18- crown 6 for heavy meatal ion removal. The composite shows better 
adsorption towards different ions such as Cd2+, Zn2+, Ni2+, Pb2+ and Cu2+ as compared to their starting material 
presumable due to synergistic effect and stable binding as proposed by authors. 

Using Nanotechnology 
(Dendrimers, 2016) mini review investigated the efficiency of nanomaterials for the removal of toxic metal ions from 
various literatures and discuss the advantages as well as limitations of these nanomaterials. The advantage with 
nanomaterial is it’s nano size that gives more surface area and active site for adsorption. Dendrimer, silica and 
chitosan based nano materials were extensively discussed for heavy metal removal. (Kumar and Chawla, 2013) 
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reviewed the research articles based on nano-metal oxides for the removal of cadmium ion from waste water. This 
review concludes that zinc oxide, titanium oxide, iron oxide based functionalized nano materials are promising 
materials for heavy metal ion removal. (Nguyen et al., 2019) studied the adsorption of heavy metal ions such as Pb2+, 
Ni2+ and Cr4+ from pharmacy waste water. pH 8 was found to be the optimal condition for the removal of all the 
studied ions. A new magnetic nanocomposite for the elimination of Hg2+ and Pb2+ ions from wastewater was 
synthesized by (Bao et al., 2016). Mercaptoamine-functionalised silica-coated magnetic nanoparticles shows 
spontaneous as well as endothermic adsorption within studied temperature range.  
 
Magnetic nano porous material was developed by (Vojoudi et al., 2017) for the removal of toxic Hg2+, Pd2+, and Pb2+ 
ions. The material was prepared by using cetyltrimethylammonium bromide (CTAB) surfactant and mesoporous 
silica through sol-gel technique. Different parameters that could affect the removal efficiency such as pH of the 
medium, amount of nanomaterial, pollutant concentration, contact time, and so on were investigated and found that 
under optimal conditions more than 95% of all the heavy metals were extracted. The adsorption-desorption 
experiment confirms that the nano adsorbent could be used five times without the loss of removal efficiency. 
Electroplating waste water was investigated for toxic metal ion adsorption by (Hu et al., 2006). The synthesized 
maghemite nanoparticles were effective for the removal of Cr6+, Cu2+, and Ni2+ from wastewater due to electrostatic 
attraction. The selective metal ion adsorption was highly pH dependent as suggested by authors and the successive 
adsorption-desorption were carried out successfully.  

Using Cyclodextrin 
Cyclodextrin (CD) consist of glucose subunits is well studied due to its potential applications in various fields. The 
hydrophobic interior and hydrophilic exterior makes this molecule suitable as a carrier for several other molecules. 
Cyclodextrin is used as a drug carrier, complexing agent and so on. The hydroxyl group present in the CD is also 
explored for adsorption of heavy metal ions by complexing with it. (Badruddoza et al., 2011) impregnated Fe3O4 in 
carboxymethyl-β-cyclodextrin (CM- β-CD) to adsorb Cu2+. The exothermic adsorption attained equilibrium in half an 
hour of time and the amount is approximately 47.2 mg/g. The desorption of Cu2+ was carried out using citric acid and 
was found to be 96.2 %. The same authors (Zayed et al., 2013) in 2013 investigated adsorption of Pb2+, Cd2+, and Ni2+ 

using the same adsorbent. The multiple COO- and OH group is responsible for non-competitive removal of toxic 
metals that follows the order of Pb2+ ˃  ˃  Cd2+ ˃  Ni2+. The experimental adsorption data obey the Langmuir model 
and pseudo second order kinetics. β-CD combined with graphene oxide to make composite by (Chem et al., 2012) for 
the removal of Cr6+. The prepared nanocomposite shows excellent removal efficiency of removing 120 mg/g of Cr6+ 
from waste water within one hour. 
 
Nanozerovalent iron nanoparticles were trapped within chitosan-carboxymethyl-β-cyclodextrin complex to make 
adsorbent beads by (Sikder et al., 2014). The Cr6+ and Cu2+ heavy metals were extracted by endothermic and 
exothermic procedure, respectively using the beads. The waste water remediation takes place in two different 
pathways; one is due to adsorption of heavy metals and the other is due to the reduction of Cr6+ to Cr3+ and Cu2+ to 
Cu (0) by the oxidation of nanozero iron. The metal ion reduction was established by X-ray photoelectron 
spectroscopy. (Huang et al., 2015) modified walnut shell biochar using β-cyclodextrin-chitosan composite to prepare 
a robust adsorbent for Cr6+ removal. At pH 2.0, the optimum heavy metal ion removal of 206 mg/g took place 
endothermically in a spontaneous manner. The modified biochar was found to be more effective ( 93%) in heavy 
metal ion removal as compared to virgin biochar ( 27%). The authors found that the amino and carboxyl groups 
were responsible for the reduction and complexation of heavy metal ions during removal process. 

Using Polymer 
(Liu et al., 2010) synthesized a zwitterionic hybrid polymers using pyromellitic acid dianhydride and 
phenylaminomethyl trimethoxysilane for heavy metal removal. The hybrid material has more than 12 times removal 
efficiency for Pb2+ as compared to Cu2+. The adsorbent can be reused after desorption in HNO3 solution. (Abdel-halim 
and Al-deyab, 2011) found that upon modifying sodium alginate with alcoholic HCl, the modified polymer becomes 
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a robust adsorbent to remove Zn2+ from waste water. Different adsorption parameters were investigated by authors 
and found that at pH 6 maximum adsorption occurs. (Camarillo et al., 2012) prepared polymer surfactant aggregate 
by using poly diallyldimethylammonium chloride or poly ethylenimine as a support where anionic surfactant is 
added for complexation and aggregation. The material is used to remove Cr3+, Zn2+, and Cd2+ by intermolecular 
association effectively at a range of pH from 6 to 9. It has also been found that, the aggregate is able to remove heavy 
metal ions below the critical micelle concentration of surfactants (Shen et al., 2015). This study revealed that 
polybenzoxazine aerogel was investigated for heavy metal ions removal as a chelating polymer. The authors, 
(Chaisuwan et al., 2010) found the adsorption capacity in a decreasing order of Sn2+ >Cu2+ >Fe2+ >Pb2+ >Ni2+ >Cd2+ > 
Cr2+. Furthermore, the experimental data were fitted to Langmuir adsorption model and single ion solution gives 
better adsorption capability as compared to multi-ion solution adsorption.  The metal ion removal efficiency of 
amidoximated poly (N,N-dipropionitrile acrylamide) powder and amidoximated nonwoven fabric was explored by 
(Gu, 2004).  The result shows the removal trend as follows UO2 2+ > Pb2+ > Co2+ > Cu2+ for amidoximated poly (N,N-
dipropionitrile acrylamide) and Pb2+ > UO2 2+ > Co2+ > Cu2+ for amidoximated nonwoven fabric. 

Using Hydrogel 
(Wu and Li, 2013) prepared 2-hydroxyethyl acrylate and 2-acrylamido-2-methylpropane sulfonic acid-based 
hydrogels using gamma radiation for the removal of heavy metal ions. The adsorption efficiency for multi ion 
solution is Cr3+>Fe3+>Cu2+>Cd2+>Pb2+ under optimum pH of 6 and optimum temperature 15 ℃. (Akdemir et al., 2007) 
synthesize a novel N-vinylpyrrolidone/acrylic acid/2-acrylamido-2-methylpropane sulfonic acid hydrogels by UV-
curing technique. The addition of 2-acrylamido-2-methylpropane sulfonic acid decreases thermal stability, however 
it increases swelling ratio. The synthesized hydrogels were used to adsorb heavy metal ions with a preferential order 
of Cd2+ > Cu2+ > Fe3+. (Wu and Li, 2013) prepared poly(Hydroxyethyl methacrylate/Maleamic acid)  hydrogel by using 
gamma radiation. The hydrogels were found to form chelation using -NH2 group and ion exchange using -COOH 
group with toxic metal ions. The selectivity order for extraction was found to be in the order of Pb2+ > Cu2+ > Ni2+ > 
Cd2+. (Atta et al., 2012) synthesize poly-2-acrylamido-2-methylpropanesulfonic acid hydrogels by free radical 
polymerization. The attraction between metal ion and ionic part of hydrogel is responsible for the heavy metal ions 
removal with a preferential order of Cd2+ > Cu2+ > Fe3+. Carboxymethyl cellulose and polyacrylamide based hydrogel 
was prepared by (Godiya et al., 2018) for the heavy metal ion extraction. The hydrogels were used for the removal of 
Cu2+, Pb2+, and Cd2+ and in case of Cu2+ ion, the adsorbed ions were reduced in situ to form nanocomposite hydrogel 
and subsequently used as catalyst (Ju et al., 2009) studied the removal of Pb2+ ions from aqueous solutions using the 
benzo-18-crown-6-acrylamide and poly(N-isopropylacrylamide) hydrogels. The prepared hydrogels adsorb heavy 
metal ions below lower critical solution temperature (LCST) and desorb the ion above LCST. 

Using Deep Eutectic Solvents 
(Chen et al., 2018) prepared a novel magnetic deep eutectic solvents (DES) by combining graphene oxide and DES 
that composed of choline chloride/itaconic acid/3-mercaptopropionic acid (molar ratio 2:1:1). The prepared sample 
was used for solid phase extraction in the extraction of heavy metal ion Hg2+. Under optimum condition, 99.9% of 
heavy metal ion was removed. Further, even after seven cycle of adsorption-desorption, the removal efficiency of 
adsorbent was above 90%. (Akib et al., 2017) prepared novel adsorbent by combining tetra-n-butyl ammonium 
bromide and glycerol to make DES that is functionalized with carbon nanotubes. The adsorbent was able to remove 
the Hg2+ ion with an efficiency of 177.76 mg/g and obey Langmuir and Freundlich isotherms models. (Khalid et al., 
2016) developed a novel adsorbent for the removal of Pb2+ ion by using choline chloride based DESs those were 
functionalized with carbon nanotubes. At pH 5, 288.4 mg/g of Pb2+ were removed obeying Langmuir and Freundlich 
isotherms models. (Fiyadh et al., n.d.) used artificial neural network to describe removal of Hg2+ from waste water by 
functionalizing DES using multi-walled carbon nanotubes. Various parameters such as adsorbent concentration, 
adsorbate concentration, contact time and pH were investigated for optimum adsorption using different network 
techniques. The models performance was assessed by different error indicators and correlation coefficient. The 
nonlinear autoregressive exogenous model was found to be the best model to describe the adsorption performance 
than the other investigated models. 
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Using Surfactant and Micelle 
(Huang et al., 2010) explored extraction of Cd2+ and Zn2+ ions from the waste water using sodium dodecyl sulfate 
surfactant. The heavy metal ions were adsorbed under micellar condition and then the metal ion loaded micelle has 
undergone ultra-filtration to complete the process. The optimum condition for this process was found to be metal ion 
concentration of 50 mg/L, surfactant concentration of 2.15 g/L that follow second order kinetics. (Zeftawy and 
Mulligan, 2011) applied the rhamnolipid biosurfactant for the extraction of Cu2+, Zn2+, Ni2+, Pb2+, and Pb2+ from the 
metal refining industries. The micellar enhance ultrafiltration (MEUF) technique was successfully applied at pH near 
about 7 and at room temperature. The surfactant to metal ratio was found to be 2:1 for the better heavy metal ion 
removal. (Ferella et al., 2007) studied municipal waste water remediation of Pb2+ and AsO4- by MEUF technique. The 
dodecylbenzenesulfonic acid as anionic surfactant and dodecylamine as cationic surfactant were used for the study 
with a concentration of 10-5 M and 10-6 M, respectively. Both the surfactants were used below critical micelle 
concentration and found to give more than 99% removal of lead and around 19% arsenic from wastewater. (Kim et 
al., 2008) investigated the removal characteristics of Cd2+, Cu2+, Co2+, and Zn2+ ions using sodium dodecyl sulfate 
(SDS) as an anionic surfactant. Both single metal ion and mixed metal ion removal was explored utilizing MEUF 
technique. The optimum condition for >95% removal was found to be when surfactant to metal ion ratio was greater 
than 10. Furthermore, it has been observed that the removal efficiency for single ion extraction was found to be same, 
however, when multi ions were involved the order of heavy metal ion removal was Cd2+ > Cu2+ > Co2+   Zn2+. 

Using Membrane Filtration 
(Bessbousse, 2012) fabricated a membrane by combining polyvinyl alcohol and polyethyleneimine for the removal of 
heavy metals. The membrane was quite stable in water and the removal tendency was Hg2+ ˃  Cu2+ ˃  Pb2+ ˃  Cd2+. The 
experimental metal ion removal capacity was less than theoretical calculation as many internal sites were not 
exposed to solution phase. (Barakat and Schmidt, 2010) used carboxymethyl cellulose as adsorbent and separated the 
heavy metal ion- cellulose complex by ultra-filtration. The metal ion removal ability was more in neutral and basic 
medium as compared to acidic medium and the order of extraction was Cu2+ ˃  Cr2+ ˃  Ni2+. (Ates and Uzal, 2018) 
studied the aluminum removal from the industrial waste water using membrane filtration. Different types of 
membrane filtration techniques such as ultrafiltration (UF), nanofiltration (NF), and reverse osmosis (RO) were 
utilized for Al3+ ion removal. It has been found that, both NF and RO shows almost equal removal efficiency with RO 
technique was having little better efficiency. UF technique being not so efficient in metal ion removal, could be used 
in pretreatment to improve the life span of NF membrane. (Almasian et al., 2018) prepared polyacrylonitrile 
/polyaniline -nylon core-shell nanofiber membrane for the removal of Pb2+ and Cd2+. The membrane surface was 
modified by diethylenetriamine and the removal efficiency was found to be 960 and 911 mg/g for Pb2+ and Cd2+ ions, 
respectively. 

Using Biological Methods 
(Alothman et al., 2019) utilized Penicillium chrysogenum and Aspergillus ustus fungi for the bio sorption of Cd2+, 
Cu2+, and Pb2+. The authors found that the heavy metal ions were extracted by complex combined factors of physical 
adsorption, ion exchange, complexation, and precipitation methods. (Singh and Gaur, 2007) studied five dried algae 
for the biosrption of Pb2+ and Cu2+. The experimental result shows that Langmuir adsorption model fits better as 
compared to Freundlich model for the investigated biosorption. Multi metal ion investigation was carried out and 
found that the extraction efficiency was low if the metal ion concentration increases. (Kapoor and Viraraghavan, 
2016) observed that A. niger when immobilized on polysulfone, was able to remove 38% Cu2+, 58% Pb2+, and 16% Zn2+ 
ion from waste water by using packed bed column technique. The less removal efficiency of the adsorbent was 
attributed to the possible deposition of organic materials over the adsorbent eventually leading to less availability of 
binding site. (Prigione et al., 2009) explored the removal of Cr3+ ion from tanning effluent using fungal biomass. C. 

elegans biomass was able to remove up to 40 % of Cr3+ heavy metal ion by bio sorption technique. Further it was 
found that pretreated biomass with NaOH alkali increases the adsorption efficiency. (Akar et al., 2009) found that 
Trametes versicolor and montmorillonite type clay was a good adsorbent for the removal of Cu2+ ion. The biosorption 
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of 62.8 mg/g was obtained at pH 5 and at room temperature. The extraction was confirmed by several experimental 
techniques and found that both Langmuir and Freundlich model explain the experimental behavior.  

 

CONCLUSION 
 
Here in this manuscript, we have analyzed the range of techniques such as adsorption, phase separation, filtration, 
biological methods, hydrogels, polymers, deep eutectic solvents etc, that have been employed by various researchers 
to remove the toxic heavy metal ions. The factors such as pH, adsorbent concentration, adsorbate concentration, 
temperature, contact time, membrane pore size etc. were also discussed to find out the optimum condition for heavy 
metal ion removal. Most of the studies suggests that pH is playing a major role in HMs removal. Scientists suggested 
that, adsorption, electronic interaction are playing a major role in metal ion sorption. The experimental results were 
also compared with theoretical models to have a firsthand knowledge about the type of interactions and the forces 
responsible for the extraction of heavy metal ions. Further, single ion and multi ion extraction of HMs were also 
discussed and found that sometimes multi ion adsorption is less effective as compared to single ion extraction. This 
work would provide an insight how heavy metal ions could be removed effectively and what are the guiding factors 
to develop a robust adsorbent for waste water purification. 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

C[C@@H].1OS(=O)OC1(c2ccccc2)c3ccccc3 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M.  
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RESULTS AND DISCUSSION 

 
Table 1 shows that curcumin can block6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value C[C@@H].1OS(=O)OC1(c2ccccc2)c3ccccc3. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[C@@H].1OS(=O)OC1(c2ccccc2)c3ccccc3.  
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Table 1. Results of CDocki  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[C@@H].1OS(=O)OC1(c2ccccc2)c3ccccc3 2.9590000000000001 18.722000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(=O)OCCc1scnc1C (SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION 
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 

 

RESULTS AND DISCUSSION 

 
Table 1 shows that quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)OCCc1scnc1C. 
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CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES 

valueCC(=O)OCCc1scnc1C.  
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Table 1. Results of CDocki 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)OCCc1scnc1C 14.673999999999999 14.110900000000001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sanjib  Naik 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25749 

 

   

 

 

 

Deactivation of 6M3M Enzyme of Corona by CC(C)c1cc(SC#N)c(C)cc1O 
 

LopamudraSahu and Debashish tripathy* 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 21 Mar 2020                                       Revised: 23 Apr 2020                              Accepted: 26 May 2020 

 

*Address for Correspondence 

Tikina Mishra  

Centurion University of Technology and Management, 

Odisha, India 

E.mail: debashish.tripathy@cutm.ac.in                   

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(C)c1cc(SC#N)c(C)cc1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(C)c1cc(SC#N)c(C)cc1O. 

 

CONCLUSIONS 

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC(C)c1cc(SC#N)c(C)cc1O.  
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Table 1. Results of CDocki 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)c1cc(SC#N)c(C)cc1O 17.626000000000001 19.891999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCOC(CN(C(C)C)C(C)C)OCC 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(CN(C(C)C)C(C)C)OCC. 

 

CONCLUSIONS 

   
The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCCOC(CN(C(C)C)C(C)C)OCC.  
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(CN(C(C)C)C(C)C)OCC 10.117000000000001 23.271000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCOC(=N)C1CCC(O)CC1 

(SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 

 

RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(=N)C1CCC(O)CC1. 
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CONCLUSIONS  
 

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(=N)C1CCC(O)CC1.  
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(=N)c1ccc(O)cc1 11.2568 12.8376 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC(=O)NC1CCC(CC1)S(=O)(=O)NC2(CCCCC2)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

CC(=O)NC1CCC(CC1)S(=O)(=O)NC2(CCCCC2)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC(=O)NC1CCC(CC1)S(=O)(=O)NC2(CCCCC2)C(=O)O. 
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(=O)Nc1ccc(cc1)S(=O)(=O)NC2(CC

CCC2)C(=O)O 
17.454000000000001 25.277000000000001 
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 “Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was NN1C=CC2CCCCC2C1=N 

(SMILES). 

 

Keywords: Corona, Virus, Docking, Biovia  

 

INTRODUCTION 
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NN1C=CC2CCCCC2C1=N. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueNN1C=CC2CCCCC2C1=N.  
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore NN1C=Cc2ccccc2C1=N 10.086 13.558 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

C[C@H].(SCS[C@H].(C)C(=O)O)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value C[C@H].(SCS[C@H].(C)C(=O)O)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueC[C@H].(SCS[C@H].(C)C(=O)O)C(=O)O. 
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[C@H].(SCS[C@H].(C)C(=O)O)C(=O)O 21.058 23.495999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCOC(=O)C(N(C)C)C(=O)OCC 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(=O)C(N(C)C)C(=O)OCC. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCCOC(=O)C(N(C)C)C(=O)OCC. 
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)C(N(C)C)C(=O)OCC 20.774000000000001 24.876999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was OC(=O)CCC1NCCCN1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)CCC1NCCCN1. 

 

CONCLUSIONS  

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueOC(=O)CCC1NCCCN1.  
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC(=O)CCc1ncccn1 20.605 14.33 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC1CC(C)C(CC(=O)O)C(C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1CC(C)C(CC(=O)O)C(C)C1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1CC(C)C(CC(=O)O)C(C)C1.  
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Table 1. Results of CDocki 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cc1cc(C)c(CC(=O)O)c(C)c1 20.253 18.794 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was NC1CC(CCC(=O)O)CCC1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia  

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NC1CC(CCC(=O)O)CCC1O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueNC1CC(CCC(=O)O)CCC1O.  
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Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Nc1cc(CCC(=O)O)ccc1O 19.776 17.202999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

NS(=O)(=O)C1CC(C(=O)O)C(NCC2CCCCC2)CC1CL (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NS(=O)(=O)C1CC(C(=O)O)C(NCC2CCCCC2)CC1CL. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

NS(=O)(=O)C1CC(C(=O)O)C(NCC2CCCCC2)CC1CL.  

 

REFERENCES 
 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

 

Table 1. Results of CDocki 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTIO

N ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore NS(=O)(=O)c1cc(C(=O)O)c(NCc2ccccc2)cc1Cl 19.751000000000001 27.66 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was COC(=O)CS[C@H].(C)CC(=O)OC 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.   

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC(=O)CS[C@H].(C)CC(=O)OC. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC(=O)CS[C@H].(C)CC(=O)OC. 
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Table 1. Results of CDocki 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COC(=O)CS[C@H].(C)CC(=O)OC 19.192 19.239000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

NC1CCC2CC3CCC(N)CC3S(=O)(=O)C2C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NC1CCC2CC3CCC(N)CC3S(=O)(=O)C2C1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueNC1CCC2CC3CCC(N)CC3S(=O)(=O)C2C1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Nc1ccc2Cc3ccc(N)cc3S(=O)(=O)c2c1 19.055 27.216000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was COC(=O)C1=CC=COC1=O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC(=O)C1=CC=COC1=O. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC(=O)C1=CC=COC1=O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore COC(=O)C1=CC=COC1=O 2.3778800000000002 16.9894 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O (SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O 17.314 19.731999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was O=C1N[C@H].(CO1)C2CCCCC2 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value O=C1N[C@H].(CO1)C2CCCCC2. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueO=C1N[C@H].(CO1)C2CCCCC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore O=C1N[C@H].(CO1)c2ccccc2 9.9640000000000004 14.061999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCOC(=O)CNC(C)(C)C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(=O)CNC(C)(C)C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)CNC(C)(C)C. 

 

REFERENCES 

 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

 

Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)CNC(C)(C)C 17.001000000000001 17.120999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCOC(=N)C1CCC(O)CC1 

(SMILES).  
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INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(=N)C1CCC(O)CC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=N)C1CCC(O)CC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=N)c1ccc(O)cc1 18.952000000000002 20.533000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CN1CCCN2CCCN=C12 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CN1CCCN2CCCN=C12. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES 

valueCN1CCCN2CCCN=C12.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CN1CCCN2CCCN=C12 10.460599999999999 14.2866 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was COC1CC2C[NH2+]. 

[C@@H].(CC2CC1OC)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC1CC2C[NH2+]. [C@@H].(CC2CC1OC)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CC2C[NH2+]. [C@@H].(CC2CC1OC)C(=O)O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
COc1cc2C[NH2+]. 

[C@@H].(Cc2cc1OC)C(=O)O 
9.7390000000000008 20.699999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(=O)NC1=NC(=O)NC=C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)NC1=NC(=O)NC=C1. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=O)NC1=NC(=O)NC=C1.  

 

REFERENCES 

 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)NC1=NC(=O)NC=C1 13.408300000000001 16.388400000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC1(C)OC(=O)C[C@H].1C(=O)O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)OC(=O)C[C@H].1C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1(C)OC(=O)C[C@H].1C(=O)O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)OC(=O)C[C@H].1C(=O)O 16.539999999999999 18.872 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was ONS(=O)(=O)C1CCCCC1 

(SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value ONS(=O)(=O)C1CCCCC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

ONS(=O)(=O)C1CCCCC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore ONS(=O)(=O)c1ccccc1 9.375 12.887 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O 15.547000000000001 18.376000000000001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parag Meher et al. 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25797 

 

   

 

 

 

Deactivation of 6M3M Enzyme of Corona by CC(=O)C1=C([O-].)C=C 

(C)OC1=O 
 

Jasmin Sahu, Mousumeetandi, Poojitasoren, Soumyan Swaroopa Satpathy and Jyotismita satpathy* 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 22 Mar 2020                                       Revised: 23 Apr 2020                              Accepted: 26 May 2020 

 

*Address for Correspondence 

Jyotismitasatpathy  

Centurion University of Technology and Management, 

Odisha, India 

E.mail: omshiba2016@gmail.com                  

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(=O)C1=C([O-

].)C=C(C)OC1=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION  

  
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)C1=C([O-].)C=C(C)OC1=O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)C1=C([O-].)C=C(C)OC1=O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(=O)C1=C([O-

].)C=C(C)OC1=O 
15.308 24.129000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCN(CC)CC1CC(N)CCC1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCN(CC)CC1CC(N)CCC1O. 

 

CONCLUSIONS   

 
The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCN(CC)CC1CC(N)CCC1O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCN(CC)Cc1cc(N)ccc1O 15.132999999999999 18.428999999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC[C@@H].(O)COC1CCC(CC2CCC(OC[C@H].(O)CO)CC2)CC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

OC[C@@H].(O)COC1CCC(CC2CCC(OC[C@H].(O)CO)CC2)CC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC[C@@H].(O)COC1CCC(CC2CCC(OC[C@H].(O)CO)CC2)CC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
OC[C@@H].(O)COc1ccc(Cc2ccc(OC[C@H].(O

)CO)cc2)cc1 
15.026 35.726999999999997 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1=CC(=O)OC2CC(OC(=O)C3CCC(NC(=N)N)CC3)CCC12 (SMILES).  

 

Keywords : Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

CC1=CC(=O)OC2CC(OC(=O)C3CCC(NC(=N)N)CC3)CCC12. 

 

CONCLUSIONS   

 
The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1=CC(=O)OC2CC(OC(=O)C3CCC(NC(=N)N)CC3)CCC12.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC1=CC(=O)Oc2cc(OC(=O)c3ccc(NC(=

N)N)cc3)ccc12 
14.723000000000001 29.385999999999999 
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 “Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC(C)[C@@H].1CC[C@@H].(C)C[C@H].1OC(=O)C(O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

CC(C)[C@@H].1CC[C@@H].(C)C[C@H].1OC(=O)C(O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC(C)[C@@H].1CC[C@@H].(C)C[C@H].1OC(=O)C(O)O.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(C)[C@@H].1CC[C@@H].(C)C[

C@H].1OC(=O)C(O)O 
14.462999999999999 22.033999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CCOC(=O)[C@@H].1C[NH2+].CCC1=O (SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(=O)[C@@H].1C[NH2+].CCC1=O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)[C@@H].1C[NH2+].CCC1=O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)[C@@H].1C[NH2+].CCC1=O 14.327999999999999 18.943999999999999 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shubhra M. Mahapatra et al. 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25809 

 

   

 

 

 

Deactivation of 6M3M Enzyme of Corona by CC(=O)C1CC2CCC 

CC2C(O)C1O 
 

Shibani Pradhan, Lokesh Kumar Meher, Niyat Dipankar Panda and Priyanka Patra* 
 

 Centurion University of Technology and Management, Odisha, India 

 

Received: 22 Mar 2020                                       Revised: 23 Apr 2020                              Accepted: 26 May 2020 

 

*Address for Correspondence 

Priyanka Patra  

Centurion University of Technology and Management, 

Odisha, India 

E.mail: priyankapatra78883@gmail.com                    

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(=O)C1CC2CCCCC2C(O)C1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)C1CC2CCCCC2C(O)C1O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)C1CC2CCCCC2C(O)C1O.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=O)c1cc2CCCCc2c(O)c1O 14.315 19.010999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was COC1CC(CC(OC)C1O)C(=O)C 

(SMILES). 

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC1CC(CC(OC)C1O)C(=O)C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CC(CC(OC)C1O)C(=O)C. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COc1cc(cc(OC)c1O)C(=O)C 14.038 21.173999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC(=O)[C@@H].1CS[C@@H].(N1)C2CCC(CC2)[C@@H].3N[C@@H].(CS3)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

OC(=O)[C@@H].1CS[C@@H].(N1)C2CCC(CC2)[C@@H].3N[C@@H].(CS3)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC(=O)[C@@H].1CS[C@@H].(N1)C2CCC(CC2)[C@@H].3N[C@@H].(CS3)C(=O)O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 
Phytochemi

cal 
Curcumin 11.1966 13.2172 

2 
Pharmacop

hore 

OC(=O)[C@@H].1CS[C@@H].(N1)c2ccc(cc2)[C@@

H].3N[C@@H].(CS3)C(=O)O 

14.03400000000

0001 

28.11799999999999
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC(=O)CCC(=O)N(NC1CCCCC1)C2CCCCC2 (SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)CCC(=O)N(NC1CCCCC1)C2CCCCC2. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC(=O)CCC(=O)N(NC1CCCCC1)C2CCCCC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC(=O)CCC(=O)N(Nc1ccccc1)c2ccccc2 16.283999999999999 24.07 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was N[C@H].(CO)CC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..    The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value N[C@H].(CO)CC1CCCCC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

N[C@H].(CO)CC1CCCCC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore N[C@H].(CO)CC1CCCCC1 9.343 18.741 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

COC(=O)N1CCC[C@H].1C(O)(C2CCCCC2)C3CCCCC3 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

COC(=O)N1CCC[C@H].1C(O)(C2CCCCC2)C3CCCCC3. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC(=O)N1CCC[C@H].1C(O)(C2CCCCC2)C3CCCCC3.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
COC(=O)N1CCC[C@H].1C(O)(c2cc

ccc2)c3ccccc3 
16.039999999999999 32.274000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was NC1=CC(=O)NC(=O)N1CC=C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NC1=CC(=O)NC(=O)N1CC=C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueNC1=CC(=O)NC(=O)N1CC=C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore NC1=CC(=O)NC(=O)N1CC=C 9.1750000000000007 15.512 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(=O)OCCC1SCNC1C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].. A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)OCCC1SCNC1C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)OCCC1SCNC1C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=O)OCCc1scnc1C 15.965 18.802 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CCOC(=O)C(=O)N1CCC(CC1)NC(=O)C2CCCCC2 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC(=O)C(=O)N1CCC(CC1)NC(=O)C2CCCCC2. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)C(=O)N1CCC(CC1)NC(=O)C2CCCCC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CCOC(=O)C(=O)N1CCC(CC1)N

C(=O)C2CCCCC2 
8.9960000000000004 28.184999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was OC1CC([O-].)NC2CCCCC12 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1CC([O-].)NC2CCCCC12. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1CC([O-].)NC2CCCCC12.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1cc([O-].)nc2ccccc12 15.962999999999999 26.213000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1(C)CC(CC(C)(C)N1O)C(=O)O (SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)CC(CC(C)(C)N1O)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1(C)CC(CC(C)(C)N1O)C(=O)O. 
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)CC(CC(C)(C)N1O)C(=O)O 8.9879999999999995 20.959 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CN(C)CCS[C@H].(CO)C1CCCCC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CN(C)CCS[C@H].(CO)C1CCCCC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCN(C)CCS[C@H].(CO)C1CCCCC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CN(C)CCS[C@H].(CO)c1ccccc1 15.882 22.370000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1(C)N(O)[C@H].(NC1=S)C2CCCCC2 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)N(O)[C@H].(NC1=S)C2CCCCC2. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1(C)N(O)[C@H].(NC1=S)C2CCCCC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)N(O)[C@H].(NC1=S)c2ccccc2 8.9819999999999993 17.181999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC(=O)OC(OC(=O)C)C(=C)C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)OC(OC(=O)C)C(=C)C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC(=O)OC(OC(=O)C)C(=C)C. 

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=O)OC(OC(=O)C)C(=C)C 7.0940000000000003 14.596 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CN1C(=O)N=C(N)N=C1C(C)(C)C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CN1C(=O)N=C(N)N=C1C(C)(C)C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CN1C(=O)N=C(N)N=C1C(C)(C)C. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CN1C(=O)N=C(N)N=C1C(C)(C)C 7.0579999999999998 18.617000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was NC1CCC2CCCC(O)C2N1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NC1CCC2CCCC(O)C2N1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

NC1CCC2CCCC(O)C2N1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Nc1ccc2cccc(O)c2n1 7.0069999999999997 16.733000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was OC1CCCCC1C(=C)N2CCNC2 

(SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1CCCCC1C(=C)N2CCNC2. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1CCCCC1C(=C)N2CCNC2.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucunapruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1ccccc1C(=C)n2ccnc2 6.8399999999999999 19.158999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1=NCCC2C1[NH].C3CC(O)CCC23 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1=NCCC2C1[NH].C3CC(O)CCC23. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1=NCCC2C1[NH].C3CC(O)CCC23.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1=NCCc2c1[nH].c3cc(O)ccc23 6.7519999999999998 18.012 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was OC1CCC2NC(O)CCC2C1 

(SMILES).  
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INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1CCC2NC(O)CCC2C1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1CCC2NC(O)CCC2C1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1ccc2nc(O)ccc2c1 6.7290000000000001 14.923 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was NNC(=O)C(=O)NC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NNC(=O)C(=O)NC1CCCCC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

NNC(=O)C(=O)NC1CCCCC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore NNC(=O)C(=O)NC1CCCCC1 6.5119999999999996 16.248999999999999 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ipsita Satpathy et al. 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25849 

 

   

 

 

 

Deactivation of 6M3M Enzyme of Corona by C1CCN2CCCN=C2CC1 

 
Saumyasmita Purohit, Manasi sahu and Sapnarani Tripathy* 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 22 Mar 2020                                       Revised: 23 Apr 2020                              Accepted: 26 May 2020 

 

*Address for Correspondence 

Sapnarani Tripathy 

Centurion University of Technology and Management, 

Odisha, India 

E.mail: sapnatripathy15297@gmail.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was C1CCN2CCCN=C2CC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value C1CCN2CCCN=C2CC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C1CCN2CCCN=C2CC1.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C1CCN2CCCN=C2CC1 5.8890000000000002 15.06 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1=CC(=O)O[C@@H].(O1)C(C)(C)C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1=CC(=O)O[C@@H].(O1)C(C)(C)C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1=CC(=O)O[C@@H].(O1)C(C)(C)C. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1=CC(=O)O[C@@H].(O1)C(C)(C)C 5.7779999999999996 15.345000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC1C2C(=O)CCC(=O)C2C(O)C3CCCCC13 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1C2C(=O)CCC(=O)C2C(O)C3CCCCC13. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1C2C(=O)CCC(=O)C2C(O)C3CCCCC13.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1c2C(=O)CCC(=O)c2c(O)c3ccccc13 5.6520000000000001 20.498000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC1CCC(NC2CCC3CCCCC3C2)CC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1]. A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1CCC(NC2CCC3CCCCC3C2)CC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1CCC(NC2CCC3CCCCC3C2)CC1. 
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1ccc(Nc2ccc3ccccc3c2)cc1 5.6420000000000003 24.687000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CCC1=C(O)C2CCCCC2N(C1=O)C3CCCCC3 (SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCC1=C(O)C2CCCCC2N(C1=O)C3CCCCC3. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCCC1=C(O)C2CCCCC2N(C1=O)C3CCCCC3.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCC1=C(O)c2ccccc2N(C1=O)c3ccccc3 5.617 27.391999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1=NN[C@H].(C1)C2CCC(O)CC2 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:Soumyasmitapurohit107@gmail.com


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25860 

 

   

 

 

RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1=NN[C@H].(C1)C2CCC(O)CC2. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC1=NN[C@H].(C1)C2CCC(O)CC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1=NN[C@H].(C1)c2ccc(O)cc2 5.3739999999999997 15.843 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

O=C1CCCCCN1SSN2CCCCCC2=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value O=C1CCCCCN1SSN2CCCCCC2=O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueO=C1CCCCCN1SSN2CCCCCC2=O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore O=C1CCCCCN1SSN2CCCCCC2=O 5.3520000000000003 18.841999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCOC1CCC(\C=C\C)CC1O 

(SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCOC1CCC(\C=C\C)CC1O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC1CCC(\C=C\C)CC1O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOc1ccc(\C=C\C)cc1O 4.6050000000000004 19.077999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1CCC2C(CL)CC(CL)C(O)C2N1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1CCC2C(CL)CC(CL)C(O)C2N1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1CCC2C(CL)CC(CL)C(O)C2N1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cc1ccc2c(Cl)cc(Cl)c(O)c2n1 3.948 16.968 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CCN(CC)CN1C=CC=C(C)C1=O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCN(CC)CN1C=CC=C(C)C1=O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCN(CC)CN1C=CC=C(C)C1=O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCN(CC)CN1C=CC=C(C)C1=O 3.9340000000000002 19.524999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O 3.8460000000000001 19.109000000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

COC1CCC2[NH].C(NC2C1)S(=O)CC3NCC(C)C(OC)C3C (SMILES). 

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value 

COC1CCC2[NH].C(NC2C1)S(=O)CC3NCC(C)C(OC)C3C. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CCC2[NH].C(NC2C1)S(=O)CC3NCC(C)C(OC)C3C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“-C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COc1ccc2[nH].c(nc2c1)S(=O)Cc3ncc(C)c(OC)c3C 3.694 23.893000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC1OC(C[N+].(C)(C)C)CC1 

(SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1OC(C[N+].(C)(C)C)CC1. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1OC(C[N+].(C)(C)C)CC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cc1oc(C[N+].(C)(C)C)cc1 3.6549999999999998 5.9020000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CCC1(C)[C@H].(C#N)C(=O)NC(=O)[C@H].1C#N (SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CCC1(C)[C@H].(C#N)C(=O)NC(=O)[C@H].1C#N. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueCCC1(C)[C@H].(C#N)C(=O)NC(=O)[C@H].1C#N.  
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Table 1. Results of CDock 

 

SL NO Type Compound 
“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTIO

N ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CCC1(C)[C@H].(C#N)C(=O)NC(=O)[C@

H].1C#N 
3.3029999999999999 17.648 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC1(C)CC(O)CC(C)(C)N1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)CC(O)CC(C)(C)N1O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1(C)CC(O)CC(C)(C)N1O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)CC(O)CC(C)(C)N1O 3.2509999999999999 17.391999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC(=O)C[C@@].12C[C@H].3C[C@@H].(C1)C[C@].(C3)(C2)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)C[C@@].12C[C@H].3C[C@@H]. 

(C1)C[C@].(C3)(C2)C(=O)O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES 

valueOC(=O)C[C@@].12C[C@H].3C[C@@H].(C1)C[C@].(C3)(C2)C(=O)O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
OC(=O)C[C@@].12C[C@H].3C[C@@H].(C1

)C[C@].(C3)(C2)C(=O)O 
3.1440000000000001 28.532 

 

 

 

 

 

 

 

 

 

 

 

Milan Pradhan et al. 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25881 

 

   

 

 

 

Deactivation of 6M3M Enzyme of Corona by C[C@H].1C[C@H].(CC 

(C)(C)C1)OC=O 

 
Abhishek Mahapatra* and Deepak Kumar Tada 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 19 Mar 2020                                 Revised: 21 Apr 2020                            Accepted: 23 May 2020 

 

*Address for Correspondence 

Abhishek Mahapatra  

Centurion University of Technology and Management, Odisha, India 

E.mail: mhptrabhishek@gmail.com 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

C[C@H].1C[C@H].(CC(C)(C)C1)OC=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value C[C@H].1C[C@H].(CC(C)(C)C1)OC=O. 

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[C@H].1C[C@H].(CC(C)(C)C1)OC=O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[C@H].1C[C@H].(CC(C)(C)C1)OC=O 8.7360000000000007 16.960000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was OC1CCC2NC(O)CCC2C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1CCC2NC(O)CCC2C1. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC1CCC2NC(O)CCC2C1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Oc1ccc2nc(O)ccc2c1 2.4030200000000002 10.498100000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was N[C@H].(CO)CC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value N[C@H].(CO)CC1CCCCC1. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

N[C@H].(CO)CC1CCCCC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore N[C@H].(CO)CC1CCCCC1 1.62968 12.8874 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

OC1C2C(=O)CCC(=O)C2C(O)C3CCCCC13 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:sanjib.naik@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25888 

 

   

 

 

RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1C2C(=O)CCC(=O)C2C(O)C3CCCCC13. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC1C2C(=O)CCC(=O)C2C(O)C3CCCCC13.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Oc1c2C(=O)CCC(=O)c2c(O)c3ccccc13 1.21922 16.3188 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]..   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O. 

 

CONCLUSIONS   

 
The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)O[C@@H].1CS[C@H].(O1)C(=O)O 11.7799 13.8301 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was CC1(C)COC(OC1)C2CCNCC2 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)COC(OC1)C2CCNCC2. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1(C)COC(OC1)C2CCNCC2.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1(C)COC(OC1)C2CCNCC2 1.0941099999999999 17.245799999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was NN1C=CC2CCCCC2C1=N 

(SMILES).  

 

Keywords:Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 

 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:asharani.dalei@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25894 

 

   

 

 

RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NN1C=CC2CCCCC2C1=N. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight againstcorona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES 

valueNN1C=CC2CCCCC2C1=N.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore NN1C=Cc2ccccc2C1=N 11.6211 14.459 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing“Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1].A new species of 

corona named as “COVID-19”caused this attack. The issue is that there is no drug discovered [2].The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O. 

 

CONCLUSIONS   

The results suggested that Quercetin can fight againstcorona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES 

valueCC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O. 
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1(C)SC(C)(C)N(C=O)[C@H].1C(=O)O 12.0906 16.035699999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CCC(O)C(C1)C(=O)NO 

(SMILES). 

  

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1CCC(O)C(C1)C(=O)NO.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1CCC(O)C(C1)C(=O)NO.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Cc1ccc(O)c(c1)C(=O)NO 12.738099999999999 16.428000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN1C(=O)N=C(N)N=C1C(C)(C)C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1C(=O)N=C(N)N=C1C(C)(C)C.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CN1C(=O)N=C(N)N=C1C(C)(C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CN1C(=O)N=C(N)N=C1C(C)(C)C 3.4236200000000001 15.213699999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC(=O)CSCC1CCCC2CCCCC12 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION 

   
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC(=O)CSCC1CCCC2CCCCC12.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC(=O)CSCC1CCCC2CCCCC12.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore OC(=O)CSCc1cccc2ccccc12 1.6797200000000001 16.034199999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)CC1C(C)[NH].C2CCC(CC12)C(C)C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)CC1C(C)[NH].C2CCC(CC12)C(C)C.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(=O)CC1C(C)[NH].C2CCC(CC12)C(C)C.  
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Table 1. Results of CDock  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)Cc1c(C)[nH].c2ccc(cc12)C(C)C 25.144600000000001 22.204899999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

O=C1CCCCCN1SSN2CCCCCC2=O (SMILES). 

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  O=C1CCCCCN1SSN2CCCCCC2=O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

O=C1CCCCCN1SSN2CCCCCC2=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore O=C1CCCCCN1SSN2CCCCCC2=O 13.309900000000001 23.0151 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CSC[C@H].(O)CN1N=C(O)C(=C(CL)C1=O)CL (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CSC[C@H].(O)CN1N=C(O)C(=C(CL)C1=O)CL.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CSC[C@H].(O)CN1N=C(O)C(=C(CL)C1=O)CL.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CSC[C@H].(O)CN1N=C(O)C(=C(Cl)C1=O)Cl 8.0209799999999998 17.4892 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCOC1CCC(\C=C\C)CC1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC1CCC(\C=C\C)CC1O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC1CCC(\C=C\C)CC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOc1ccc(\C=C\C)cc1O 5.0757000000000003 17.1967 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)(C)C1CC2C(=O)CC(C)(C)OC2C(O)C1O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)(C)C1CC2C(=O)CC(C)(C)OC2C(O)C1O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)(C)C1CC2C(=O)CC(C)(C)OC2C(O)C1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)c1cc2C(=O)CC(C)(C)Oc2c(O)c1O 11.0702 14.448499999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@@H].1CN=C(NC2CCCCC2)S1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@@H].1CN=C(NC2CCCCC2)S1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[C@@H].1CN=C(NC2CCCCC2)S1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[C@@H].1CN=C(NC2CCCCC2)S1 2.7069999999999999 16.603000000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=O)O[C@@H].1C=CC[C@H].2[C@@H].1C(=O)C3C(O)CCCC3C2=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION  

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  

CC(=O)O[C@@H].1C=CC[C@H].2[C@@H].1C(=O)C3C(O)CCCC3C2=O.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)O[C@@H].1C=CC[C@H].2[C@@H].1C(=O)C3C(O)CCCC3C2=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTIO

N ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(=O)O[C@@H].1C=CC[C@H].2[C@@H].1C(=

O)c3c(O)cccc3C2=O 
2.5289999999999999 23.66 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C\C=C\[C@H].(OC(=O)C1CCCCC1C(=O)O)C#C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C\C=C\[C@H].(OC(=O)C1CCCCC1C(=O)O)C#C.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C\C=C\[C@H].(OC(=O)C1CCCCC1C(=O)O)C#C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
C\C=C\[C@H].(OC(=O)c1ccccc1C(=

O)O)C#C 
2.4049999999999998 20.024000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1(C)COC(OC1)C2CCNCC2 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)COC(OC1)C2CCNCC2.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1(C)COC(OC1)C2CCNCC2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)COC(OC1)C2CCNCC2 2.8639999999999999 16.739999999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)[C@H].1CC[N@@H+].(CC2CCCCC2)CC1=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  

CCOC(=O)[C@H].1CC[N@@H+].(CC2CCCCC2)CC1=O.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)[C@H].1CC[N@@H+].(CC2CCCCC2)CC1=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CCOC(=O)[C@H].1CC[N@@H+].(Cc2cccc

c2)CC1=O 
2.5219999999999998 11.685 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CC(N)C2NCCCC2C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CC(N)C2NCCCC2C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CC(N)C2NCCCC2C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COc1cc(N)c2ncccc2c1 2.7400000000000002 14.835000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CON1[C@@H].2CCCC[C@@H].2N(OC)C(=O)C1=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CON1[C@@H].2CCCC[C@@H].2N(OC)C(=O)C1=O.  

 

CONCLUSIONS   

 
The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CON1[C@@H].2CCCC[C@@H].2N(OC)C(=O)C1=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CON1[C@@H].2CCCC[C@@H].2N(OC)

C(=O)C1=O 
2.907 20.318999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC1C(CN2CCCCC2)CCC3CCCCC13 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1C(CN2CCCCC2)CCC3CCCCC13.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1C(CN2CCCCC2)CCC3CCCCC13.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1c(CN2CCCCC2)ccc3ccccc13 2.6349999999999998 21.465 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)C1CC(SC#N)C(C)CC1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)C1CC(SC#N)C(C)CC1O.  

 

CONCLUSIONS 

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)C1CC(SC#N)C(C)CC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(C)c1cc(SC#N)c(C)cc1O 13.756399999999999 16.954699999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CC(C)C(CC(=O)O)C(C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CC(C)C(CC(=O)O)C(C)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1CC(C)C(CC(=O)O)C(C)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Cc1cc(C)c(CC(=O)O)c(C)c1 16.407900000000001 16.5974 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CCCCC1C(=C)N2CCNC2 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CCCCC1C(=C)N2CCNC2.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC1CCCCC1C(=C)N2CCNC2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Oc1ccccc1C(=C)n2ccnc2 4.1032700000000002 12.510899999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CN1CNC(C(=O)O)C1C(=O)O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1CNC(C(=O)O)C1C(=O)O.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CN1CNC(C(=O)O)C1C(=O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Cn1cnc(C(=O)O)c1C(=O)O 13.568300000000001 16.052600000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)[C@@H].1C[NH2+].CCC1=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1]. A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2]. The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)[C@@H].1C[NH2+].CCC1=O.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(=O)[C@@H].1C[NH2+].CCC1=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)[C@@H].1C[NH2+].CCC1=O 19.779800000000002 22.554500000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[NH2+]CC(=O)C1CCC(O)C(O)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[NH2+]CC(=O)C1CCC(O)C(O)C1.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

C[NH2+]CC(=O)C1CCC(O)C(O)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore C[NH2+]CC(=O)c1ccc(O)c(O)c1 27.058499999999999 26.2057 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CCC2[NH]C(CL)NC2C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CCC2[NH]C(CL)NC2C1.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC1CCC2[NH]C(CL)NC2C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore COc1ccc2[nH]c(Cl)nc2c1 6.4662800000000002 14.406599999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C1CCN2CCCN=C2CC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 

 

 

 

    RESEARCH ARTICLE 

 

ABSTRACT 

http://www.tnsroindia.org.in
mailto:monalisha.joshi@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25944 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C1CCN2CCCN=C2CC1.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

C1CCN2CCCN=C2CC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore C1CCN2CCCN=C2CC1 7.4638499999999999 13.446899999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC(=S)NC1CCCCC1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC(=S)NC1CCCCC1O.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

NC(=S)NC1CCCCC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore NC(=S)Nc1ccccc1O 12.044499999999999 14.3904 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CC([O-])NC2CCCCC12 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CC([O-])NC2CCCCC12.  

 

CONCLUSIONS  

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC1CC([O-])NC2CCCCC12.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Oc1cc([O-])nc2ccccc12 13.318899999999999 24.162299999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=O)CCC1C(C)C(OC(=O)C)C(C)C(C)C1OC(=O)C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)CCC1C(C)C(OC(=O)C)C(C)C(C)C1OC(=O)C.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)CCC1C(C)C(OC(=O)C)C(C)C(C)C1OC(=O)C.  
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Table 1. Results of CDock  

 

SL NO Type Compound 
“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(=O)CCc1c(C)c(OC(=O)C)c(C)c(C)

c1OC(=O)C 
36.651000000000003 32.573999999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CC (CL)CCC1O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CC (CL)CCC1O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC1CC (CL)CCC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore COc1cc(Cl)ccc1O 7.4210000000000003 11.0421 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore 
COC(=O)[C@@H]1[C@H](C)C

C(=CC1=O)O 
8.1698900000000005 19.488199999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC(=O)C[NH2+]CC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC(=O)C[NH2+]CC1CCCCC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC(=O)C[NH2+]CC1CCCCC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore OC(=O)C[NH2+]Cc1ccccc1 22.277699999999999 19.150200000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)(C)[C@H](NC=O)C(=O)O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 
 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:prativa.satpthy@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25958 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(C)(C)[C@H](NC=O)C(=O)O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)(C)[C@H](NC=O)C(=O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)[C@H](NC=O)C(=O)O 12.976800000000001 13.882400000000001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abhishek Jena and Prativa Satpathy 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25959 

 

   

 

 

 

Deactivation Deactivation of 6M03 Enzyme of Corona by C1CCN2CCC 

[NH+]=C2CC1 
 

Jharana Nanda and Prativa Satpathy* 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 21 Mar 2020                                        Revised: 23 Apr 2020                             Accepted: 26 May 2020 

 

*Address for Correspondence 

Prativa Satpathy  

Centurion University of Technology and Management, 

Odisha, India 

Email: prativa.satpathy@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C1CCN2CCC [NH+]=C2CC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C1CCN2CCC [NH+]=C2CC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

C1CCN2CCC [NH+]=C2CC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore C1CCN2CCC[NH+]=C2CC1 5.3287000000000004 14.9916 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)[C@@H]1CC[C@@H](C)C[C@H]1OC(=O)C(O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)[C@@H]1CC[C@@H](C)C[C@H]1OC(=O)C(O)O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)[C@@H]1CC[C@@H](C)C[C@H]1OC(=O)C(O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore 
CC(C)[C@@H]1CC[C@@H](C)C[

C@H]1OC(=O)C(O)O 
9.5355000000000008 24.401800000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CC (CN2CNNN2)CCC1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CC (CN2CNNN2)CCC1O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC1CC (CN2CNNN2)CCC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore COc1cc(Cn2cnnn2)ccc1O 3.4635600000000002 18.704799999999999 
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‘Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=O)NC(NC(=O)C)C(=O)C1CCCCC1 (SMILES).  

Keywords: Corona, Virus, Docking, Biovia 

 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona 
 
METHODOLOGY 
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)NC(NC(=O)C)C(=O)C1CCCCC1.  

 
CONCLUSIONS 
 

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=O)NC(NC(=O)C)C(=O)C1CCCCC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)NC(NC(=O)C)C(=O)c1ccccc1 15.784000000000001 12.9069 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC(=O)CCC(=O)N(NC1CCCCC1)C2CCCCC2 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:prativa.satpathy@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25968 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC(=O)CCC(=O)N(NC1CCCCC1)C2CCCCC2.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC(=O)CCC(=O)N(NC1CCCCC1)C2CCCCC2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore OC(=O)CCC(=O)N(Nc1ccccc1)c2ccccc2 14.3324 23.0579 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1OC(C[N+](C)(C)C)CC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1OC(C[N+](C)(C)C)CC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1OC(C[N+](C)(C)C)CC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Cc1oc(C[N+](C)(C)C)cc1 10.638199999999999 13.2706 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCC1(C)[C@H](C#N)C(=O)NC(=O)[C@H]1C#N (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCC1(C)[C@H](C#N)C(=O)NC(=O)[C@H]1C#N.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCC1(C)[C@H](C#N)C(=O)NC(=O)[C@H]1C#N.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore 
CCC1(C)[C@H](C#N)C(=O)NC

(=O)[C@H]1C#N 
3.3948100000000001 17.149999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(=O)C1CC2CCCCC2C(O)C1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)C1CC2CCCCC2C(O)C1O.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=O)C1CC2CCCCC2C(O)C1O.  
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Table 1. Results of CDock 

  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)c1cc2CCCCc2c(O)c1O 9.5921500000000002 17.167000000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN(C)C[C@H](O)COCC1OCCC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN(C)C[C@H](O)COCC1OCCC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CN(C)C[C@H](O)COCC1OCCC1.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CN(C)C[C@H](O)COCc1occc1 11.34 20.551600000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@H]1C[C@H](CC(C)(C)C1)OC=O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@H]1C[C@H](CC(C)(C)C1)OC=O1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

C[C@H]1C[C@H](CC(C)(C)C1)OC=O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Quercetin 11.1966 13.2172 

2 Pharmacophore C[C@H]1C[C@H](CC(C)(C)C1)OC=O 9.3759700000000006 15.673 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@@H]1CC(C)(C)N(CCO)C2CC(C)CCC121 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@@H]1CC(C)(C)N(CCO)C2CC(C)CCC121.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

C[C@@H]1CC(C)(C)N(CCO)C2CC(C)CCC121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore C[C@@H]1CC(C)(C)N(CCO)c2cc(C)ccc12 11.993499999999999 18.635999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NNC(=O)C(=O)NC1CCCCC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NNC(=O)C(=O)NC1CCCCC11.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

NNC(=O)C(=O)NC1CCCCC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore NNC(=O)C(=O)NC1CCCCC1 8.4795800000000003 21.247800000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C=CCN1CCS(=O)(=O)CC11 

(SMILES).  
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INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value C=CCN1CCS(=O)(=O)CC11.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

C=CCN1CCS(=O)(=O)CC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore C=CCN1CCS(=O)(=O)CC1 2.7299799999999999 13.427899999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCOC(=O)CNC(C)(C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)CNC(C)(C)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(=O)CNC(C)(C)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)CNC(C)(C)C 11.790900000000001 15.088699999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)CS[C@H](C)CC(=O)OC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC(=O)CS[C@H](C)CC(=O)OC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC(=O)CS[C@H](C)CC(=O)OC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Quercetin 11.1966 13.2172 

2 Pharmacophore COC(=O)CS[C@H](C)CC(=O)OC 21.859500000000001 22.578800000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC1.  
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Table 1. Results of CDock  

 

SL NO Type Compound 
“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore 
COC(=O)[C@H]1SCC(=O)[C@H

]1C(=O)OC 
12.704700000000001 13.642300000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was OC1CC2CCN=CC2CC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 

 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:sujata.acharya@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25992 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC1CC2CCN=CC2CC1O1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

OC1CC2CCN=CC2CC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Oc1cc2CCN=Cc2cc1O 4.50509 7.2308899999999996 

 

 

 

 

 

 

 

 

 

 

 

 

 

S. Acharya 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

25993 

 

   

 

 

 

Deactivation of 6M03 Enzyme of Corona by CLC1NC(CL)NC(N1) 

N2CCCC3CCCCC231 
 

S. Acharya* 

 

Centurion University of Technology and Management, Odisha, India 

     

Received: 21 Mar 2020                                        Revised: 22 Apr 2020                             Accepted: 26 May 2020 

 

*Address for Correspondence 

S. Acharya 

Centurion University of Technology and Management,  

Odisha, India 

Email: sujata.acharya@cutm.ac.in                   

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CLC1NC(CL)NC(N1)N2CCCC3CCCCC231 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CLC1NC(CL)NC(N1)N2CCCC3CCCCC231.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CLC1NC(CL)NC(N1)N2CCCC3CCCCC231.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Quercetin 11.1966 13.2172 

2 Pharmacophore Clc1nc(Cl)nc(n1)N2CCCc3ccccc23 27.039999999999999 19.360099999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1(C)O[C@@H](CC(=O)O)C(=O)O11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)O[C@@H](CC(=O)O)C(=O)O11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1(C)O[C@@H](CC(=O)O)C(=O)O11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)O[C@@H](CC(=O)O)C(=O)O1 22.975000000000001 22.257999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)[C@](C)(OC(=O)C)C(=O)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)[C@](C)(OC(=O)C)C(=O)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)[C@](C)(OC(=O)C)C(=O)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)[C@](C)(OC(=O)C)C(=O)C 22.692 21.198 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)C(=O)OC[C@H](C)C1CCCCC11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:Email:soldierkumbhar@gmail.com


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26000 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)C(=O)OC[C@H](C)C1CCCCC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)C(=O)OC[C@H](C)C1CCCCC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)C(=O)OC[C@H](C)c1ccccc1 22.518000000000001 20.922000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)[C@](C)(N)CC1CCC(O)CC11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)[C@](C)(N)CC1CCC(O)CC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC(=O)[C@](C)(N)CC1CCC(O)CC11.  

 

REFERENCES 
 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COC(=O)[C@](C)(N)Cc1ccc(O)cc1 22.047999999999998 20.030999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)(C)\C(=C/C(=O)C(C)(C)C)\[O-]1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(C)(C)\C(=C/C(=O)C(C)(C)C)\[O-]1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)(C)\C(=C/C(=O)C(C)(C)C)\[O-]1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)\C(=C/C(=O)C(C)(C)C)\[O-] 21.518999999999998 28.184999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC[C@H](CC1CCCC(O)C1)[C@H](CO)CC2CCCC(O)C21 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  

OC[C@H](CC1CCCC(O)C1)[C@H](CO)CC2CCCC(O)C21.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC[C@H](CC1CCCC(O)C1)[C@H](CO)CC2CCCC(O)C21.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
OC[C@H](Cc1cccc(O)c1)[C@H](CO)

Cc2cccc(O)c2 
21.065000000000001 34.018999999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)(C)C1CC2C(=O)CC(C)(C)OC2C(O)C1O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)(C)C1CC2C(=O)CC(C)(C)OC2C(O)C1O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)(C)C1CC2C(=O)CC(C)(C)OC2C(O)C1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)c1cc2C(=O)CC(C)(C)Oc2c(O)c1O 23.129000000000001 24.876999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)CC1C(C)[NH]C2CCC(CC12)C(C)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)CC1C(C)[NH]C2CCC(CC12)C(C)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)CC1C(C)[NH]C2CCC(CC12)C(C)C1.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)Cc1c(C)[nH]c2ccc(cc12)C(C)C 31.315999999999999 29.204000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CLC1NC(CL)NC(N1)N2CCCC3CCCCC231 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CLC1NC(CL)NC(N1)N2CCCC3CCCCC231.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CLC1NC(CL)NC(N1)N2CCCC3CCCCC231.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Clc1nc(Cl)nc(n1)N2CCCc3ccccc23 30.369 23.620999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=O)NC(NC(=O)C)C(=O)C1CCCCC11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)NC(NC(=O)C)C(=O)C1CCCCC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)NC(NC(=O)C)C(=O)C1CCCCC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=O)NC(NC(=O)C)C(=O)c1ccccc1 28.353999999999999 25.876999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COC(=O)[C@H]1SCC(=O)[C@H]1C(=O)OC 24.933 25.489000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)COC(=O)OCC(C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)COC(=O)OCC(C)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)COC(=O)OCC(C)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)COC(=O)OCC(C)C 23.989999999999998 19.713000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC(=O)CCCC1CCC(CC1)C(=O)C2CCCCC2C(=O)O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:namita.panda@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26020 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)CCCC1CCC(CC1)C(=O)C2CCCCC2C(=O)O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC(=O)CCCC1CCC(CC1)C(=O)C2CCCCC2C(=O)O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC(=O)CCCc1ccc(cc1)C(=O)c2ccccc2C(=O)O 23.727 28.427 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCC1C(C(=O)OC)C2CC(O)CCC2N1CC3CCCCC31 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCC1C(C(=O)OC)C2CC(O)CCC2N1CC3CCCCC31.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCC1C(C(=O)OC)C2CC(O)CCC2N1CC3CCCCC31.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCc1c(C(=O)OC)c2cc(O)ccc2n1Cc3ccccc3 23.338000000000001 29.628 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CCC2[NH]C(CL)NC2C11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CCC2[NH]C(CL)NC2C11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CCC2[NH]C(CL)NC2C11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COc1ccc2[nH]c(Cl)nc2c1 8.6140000000000008 15.127000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC1CCC(C[C@@H]2NC[C@@H](O)[C@@H]2OC(=O)C)CC11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  

COC1CCC(C[C@@H]2NC[C@@H](O)[C@@H]2OC(=O)C)CC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CCC(C[C@@H]2NC[C@@H](O)[C@@H]2OC(=O)C)CC11.  
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Table 1. Results of CDock  

 

SL NO Type Compound 
“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
COc1ccc(C[C@@H]2NC[C@@H](O)[C@@H]2

OC(=O)C)cc1 

8.58300000000000

02 

26.9669999999999
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CCC(CC1)S(=O)(=O)[N-]CL1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CCC(CC1)S(=O)(=O)[N-]CL1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1CCC(CC1)S(=O)(=O)[N-]CL1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cc1ccc(cc1)S(=O)(=O)[N-]Cl 8.5500000000000007 13.784000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C=CCN1CCS(=O)(=O)CC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C=CCN1CCS(=O)(=O)CC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C=CCN1CCS(=O)(=O)CC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C=CCN1CCS(=O)(=O)CC1 8.5009999999999994 16.172000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CC(CL)CCC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CC(CL)CCC1O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CC(CL)CCC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COc1cc(Cl)ccc1O 8.4760000000000009 11.837 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1CCC(NC2CCCCC2)CC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC1CCC(NC2CCCCC2)CC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

NC1CCC(NC2CCCCC2)CC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Nc1ccc(Nc2ccccc2)cc1 7.9269999999999996 14.083 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1=CC(=O)NC2CC(N)CCC121 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1=CC(=O)NC2CC(N)CCC121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1=CC(=O)NC2CC(N)CCC121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1=CC(=O)Nc2cc(N)ccc12 7.8739999999999997 16.178000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[NH2+]CC(=O)C1CCC(O)C(O)C11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[NH2+]CC(=O)C1CCC(O)C(O)C11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[NH2+]CC(=O)C1CCC(O)C(O)C11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[NH2+]CC(=O)c1ccc(O)c(O)c1 7.8159999999999998 6.6989999999999998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)N(CC[C@](C(=O)N)(C1CCCCC1)C2CCCCN2)C(C)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  

CC(C)N(CC[C@](C(=O)N)(C1CCCCC1)C2CCCCN2)C(C)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)N(CC[C@](C(=O)N)(C1CCCCC1)C2CCCCN2)C(C)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(C)N(CC[C@](C(=O)N)(c1ccccc1)

c2ccccn2)C(C)C 
7.718 33.409999999999997 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)C[C@H]1S[C@H](C)C(=N1)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)C[C@H]1S[C@H](C)C(=N1)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)C[C@H]1S[C@H](C)C(=N1)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)C[C@H]1S[C@H](C)C(=N1)C 7.4169999999999998 13.949 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@H](O)C\C=N\C1CCCC2CCCCC121 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@H](O)C\C=N\C1CCCC2CCCCC121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[C@H](O)C\C=N\C1CCCC2CCCCC121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[C@H](O)C\C=N\c1cccc2ccccc12 7.1280000000000001 22.734999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O 11.698 23.192 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(=O)NC1=NC(=O)NC=C11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)NC1=NC(=O)NC=C11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(=O)NC1=NC(=O)NC=C11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(=O)NC1=NC(=O)NC=C1 11.646000000000001 14.634 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CN1CNC(C(=O)O)C1C(=O)O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY 

  
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1CNC(C(=O)O)C1C(=O)O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CN1CNC(C(=O)O)C1C(=O)O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cn1cnc(C(=O)O)c1C(=O)O 11.603999999999999 14.143000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CN1CCCN2CCCN=C121 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1CCCN2CCCN=C121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CN1CCCN2CCCN=C121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CN1CCCN2CCCN=C12 11.43 14.731999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1(C)CC(CC(C)(C)N1O)OC(=O)C2CCCCC21 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)CC(CC(C)(C)N1O)OC(=O)C2CCCCC21.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1(C)CC(CC(C)(C)N1O)OC(=O)C2CCCCC21.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC1(C)CC(CC(C)(C)N1O)OC(=O)c2ccccc2 11.416 23.914999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCC(=O)OC1SC(NCCC2CCCCC2)[N+](C)C1C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCC(=O)OC1SC(NCCC2CCCCC2)[N+](C)C1C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCC(=O)OC1SC(NCCC2CCCCC2)[N+](C)C1C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CCC(=O)Oc1sc(NCCc2ccccc2)[n+]

(C)c1C 
10.957000000000001 15.875999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC(=O)C[NH2+]CC1CCCCC11 

(SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)C[NH2+]CC1CCCCC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC(=O)C[NH2+]CC1CCCCC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC(=O)C[NH2+]Cc1ccccc1 10.923 9.3770000000000007 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC(=S)NC1CCCCC1O1 

(SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC(=S)NC1CCCCC1O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

NC(=S)NC1CCCCC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore NC(=S)Nc1ccccc1O 10.816000000000001 15.718 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was 

CCOC(=O)C(=C(C1CCCCC1)C2CCCCC2)CC(=O)O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)C(=C(C1CCCCC1)C2CCCCC2)CC(=O)O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCOC(=O)C(=C(C1CCCCC1)C2CCCCC2)CC(=O)O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)C(=C(c1ccccc1)c2ccccc2)CC(=O)O 10.779999999999999 30.25 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CSC[C@H](O)CN1N=C(O)C(=C(CL)C1=O)CL1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CSC[C@H](O)CN1N=C(O)C(=C(CL)C1=O)CL1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CSC[C@H](O)CN1N=C(O)C(=C(CL)C1=O)CL1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CSC[C@H](O)CN1N=C(O)C(=C(Cl)

C1=O)Cl 
10.694000000000001 19.138000000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)C1=CC(=O)OC2C3CCCN4CCCC(CC12)C341 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)C1=CC(=O)OC2C3CCCN4CCCC(CC12)C341.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)C1=CC(=O)OC2C3CCCN4CCCC(CC12)C341.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore 
CC(C)C1=CC(=O)Oc2c3CCCN4CCC

c(cc12)c34 
10.265000000000001 24.181999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CCC(C)N1CC2CCNCC21 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CCC(C)N1CC2CCNCC21.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1CCC(C)N1CC2CCNCC21.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cc1ccc(C)n1CC2CCNCC2 13.709 20.202000000000002 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC(=O)C1[NH]C(C(=O)O)C2OCCOC121 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)C1[NH]C(C(=O)O)C2OCCOC121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC(=O)C1[NH]C(C(=O)O)C2OCCOC121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC(=O)c1[nH]c(C(=O)O)c2OCCOc12 13.535 15.541 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)(C)[C@H](NC=O)C(=O)O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)(C)[C@H](NC=O)C(=O)O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)(C)[C@H](NC=O)C(=O)O1.  

 

REFERENCES 
 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

 

Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)[C@H](NC=O)C(=O)O 13.384 14.337 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CC2CCN=CC2CC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CC2CCN=CC2CC1O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1CC2CCN=CC2CC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Oc1cc2CCN=Cc2cc1O 13.212999999999999 15.93 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN1C(=O)O[C@H](C1=O)C2CCCCC21 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:atasipradhan999@gmail.com


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26076 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1C(=O)O[C@H](C1=O)C2CCCCC21.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CN1C(=O)O[C@H](C1=O)C2CCCCC21.  
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Table 1. Results of CDock 

  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CN1C(=O)O[C@H](C1=O)c2ccccc2 12.978999999999999 20.039000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)(C)[C@H](O)C(=O)C(C)(C)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)(C)[C@H](O)C(=O)C(C)(C)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC(C)(C)[C@H](O)C(=O)C(C)(C)C1.  

 

REFERENCES 
 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)[C@H](O)C(=O)C(C)(C)C 12.548 18.145 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@@H]1CC(C)(C)N(CCO)C2CC(C)CCC121 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@@H]1CC(C)(C)N(CCO)C2CC(C)CCC121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[C@@H]1CC(C)(C)N(CCO)C2CC(C)CCC121.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[C@@H]1CC(C)(C)N(CCO)c2cc(C)ccc12 11.801 19.998999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CCC(O)C(C1)C(=O)NO1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CCC(O)C(C1)C(=O)NO1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CC1CCC(O)C(C1)C(=O)NO1.  
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Table 1. Results of CDock 

  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Cc1ccc(O)c(c1)C(=O)NO 11.728999999999999 15.228999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCNC(=S)SCCC(=O)O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCNC(=S)SCCC(=O)O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CCNC(=S)SCCC(=O)O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CCNC(=S)SCCC(=O)O 11.699 12.781000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1=NCCC2C1[NH]C3CC(O)CCC231 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1=NCCC2C1[NH]C3CC(O)CCC231.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CC1=NCCC2C1[NH]C3CC(O)CCC231.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CC1=NCCc2c1[nH]c3cc(O)ccc23 11.7323 23.155 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1CC(CCC(=O)O)CCC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC1CC(CCC(=O)O)CCC1O1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value NC1CC(CCC(=O)O)CCC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore Nc1cc(CCC(=O)O)ccc1O 25.8897 23.212 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CC2CCN=CC2CC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CC2CCN=CC2CC1O1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value OC1CC2CCN=CC2CC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore Oc1cc2CCN=Cc2cc1O 12.9391 16.874 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NN1C=CC2CCCCC2C1=N1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NN1C=CC2CCCCC2C1=N1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value NN1C=CC2CCCCC2C1=N1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore NN1C=Cc2ccccc2C1=N 14.0847 16.7985 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)COC1=CC(=O)CCC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(C)COC1=CC(=O)CCC11.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CC(C)COC1=CC(=O)CCC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CC(C)COC1=CC(=O)CCC1 1.21282 18.1888 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCOC1CCC(\C=C\C)CC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC1CCC(\C=C\C)CC1O1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CCOC1CCC(\C=C\C)CC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CCOc1ccc(\C=C\C)cc1O 4.11943 15.8966 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)C1CC(SC#N)C(C)CC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)C1CC(SC#N)C(C)CC1O1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CC(C)C1CC(SC#N)C(C)CC1O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CC(C)c1cc(SC#N)c(C)cc1O 9.70993 13.832 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCC1=C(C(=O)OC)C(=O)[C@H](C)O11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCC1=C(C(=O)OC)C(=O)[C@H](C)O11.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CCC1=C(C(=O)OC)C(=O)[C@H](C)O11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CCC1=C(C(=O)OC)C(=O)[C@H](C)O1 1.17559 22.4979 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CNC(=O)OC1CCCC2CCCCC121 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CNC(=O)OC1CCCC2CCCCC121.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CNC(=O)OC1CCCC2CCCCC121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CNC(=O)Oc1cccc2ccccc12 11.5178 22.4121 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CCCCC1C(=C)N2CCNC21 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CCCCC1C(=C)N2CCNC21.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value OC1CCCCC1C(=C)N2CCNC21.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore Oc1ccccc1C(=C)n2ccnc2 12.0738 21.9081 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN1C(=O)O[C@H](C1=O)C2CCCCC21 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj plant. 

The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1C(=O)O[C@H](C1=O)C2CCCCC21.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CN1C(=O)O[C@H](C1=O)C2CCCCC21.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore CN1C(=O)O[C@H](C1=O)c2ccccc2 13.9753 20.628 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1=NN(CC1)C2CCCCC21 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC1=NN(CC1)C2CCCCC21.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value NC1=NN(CC1)C2CCCCC21.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore NC1=NN(CC1)c2ccccc2 4.73274 4.73274 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CN1CNC(C(=O)O)C1C(=O)O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1CNC(C(=O)O)C1C(=O)O1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value CN1CNC(C(=O)O)C1C(=O)O1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore Cn1cnc(C(=O)O)c1C(=O)O 18.2363 23.1072 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[NH2+]CC(=O)C1CCC(O)C(O)C11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[NH2+]CC(=O)C1CCC(O)C(O)C11.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value C[NH2+]CC(=O)C1CCC(O)C(O)C11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore C[NH2+]CC(=O)c1ccc(O)c(O)c1 1.67687 6.49116 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CCC2[NH]C(CL)NC2C11 

(SMILES). 

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CCC2[NH]C(CL)NC2C11.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value COC1CCC2[NH]C(CL)NC2C11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore COc1ccc2[nH]c(Cl)nc2c1 9.31786 16.1563 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C1CCN2CCCN=C2CC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C1CCN2CCCN=C2CC11.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value C1CCN2CCCN=C2CC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore C1CCN2CCCN=C2CC1 1.71532 20.3998 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC(=S)NC1CCCCC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC(=S)NC1CCCCC1O1.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value NC(=S)NC1CCCCC1O1.  

 

REFERENCES 
 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore NC(=S)Nc1ccccc1O 12.7359 17.1563 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CC([O-])NC2CCCCC121 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj plant. 

The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 

 
Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CC([O-])NC2CCCCC121.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value OC1CC([O-])NC2CCCCC121.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore Oc1cc([O-])nc2ccccc12 12.2063 22.3502 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6W4B enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC(=O)C[NH2+]CC1CCCCC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Heptadecane of Bhringaraj 

plant. The important enzyme of corona virus chosen was 6W4B. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Heptadecane can block 6W4B enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC(=O)C[NH2+]CC1CCCCC11.  

 

CONCLUSIONS   

The results suggested that Heptadecane can fight against corona virus. “Discovery Studio pharmacophore and 

Cdock module of Biovia software” suggested that the compound capable of deactivating 6W4B enzyme had SMILES 

value OC(=O)C[NH2+]CC1CCCCC11.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Heptadecane 36.4839 37.6824 

2 Pharmacophore OC(=O)C[NH2+]Cc1ccccc1 12.9571 15.5016 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CC(CN2CNNN2)CCC1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CC(CN2CNNN2)CCC1O1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

COC1CC(CN2CNNN2)CCC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore COc1cc(Cn2cnnn2)ccc1O 2.2829999999999999 17.143000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[NH+]1CCN(CC2CCCCC2)CC11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. The 

important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[NH+]1CCN(CC2CCCCC2)CC11.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C[NH+]1CCN(Cc2ccccc2)CC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C[NH+]1CCN(Cc2ccccc2)CC1 2.1499999999999999 13.220000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

O=C1CC[C@H](O1)C2CCC3CCCCC3C21 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. The 

important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  O=C1CC[C@H](O1)C2CCC3CCCCC3C21.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

O=C1CC[C@H](O1)c2ccc3ccccc3c2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore O=C1CC[C@H](O1)c2ccc3ccccc3c2 2.073 18.797000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC1=C(CC2CCCCC2)C(=O)C3C(O)CCC4CCCC1C341 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. The 

important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  

OC1=C(CC2CCCCC2)C(=O)C3C(O)CCC4CCCC1C341.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC1=C(Cc2ccccc2)C(=O)c3c(O)ccc4cccc1c34. 
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31(4), 19-24. 

Table 1. Results of CDock 

  

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC1=C(Cc2ccccc2)C(=O)c3c(O)ccc4cccc1c34 1.919 29.312000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

O[C@@H]1CNC2C(C1)CCC3CCCCC231 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. The 

important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value O[C@@H]1CNC2C(C1)CCC3CCCCC231.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

O[C@@H]1CNc2c(C1)ccc3ccccc23.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore O[C@@H]1CNc2c(C1)ccc3ccccc23 1.5700000000000001 16.613 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CNC(=O)OC1CCCC2CCCCC121 

(SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CNC(=O)OC1CCCC2CCCCC121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CNC(=O)Oc1cccc2ccccc12.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CNC(=O)Oc1cccc2ccccc12 1.5760000000000001 14.944000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

OC(=O)CSCC1CCCC2CCCCC121 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value OC(=O)CSCC1CCCC2CCCCC121.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

OC(=O)CSCc1cccc2ccccc12.  
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Table 1. Results of CDock 

  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore OC(=O)CSCc1cccc2ccccc12 1.452 16.347000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN(C)C(=O)N1CCN(CC1)C(=O)N(C)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. The 

important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN(C)C(=O)N1CCN(CC1)C(=O)N(C)C1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CN(C)C(=O)N1CCN(CC1)C(=O)N(C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore CN(C)C(=O)N1CCN(CC1)C(=O)N(C)C 1.395 22.709 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CLC1NCN(C2=CC(=O)CCC2)C1CL1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. 

The important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CLC1NCN(C2=CC(=O)CCC2)C1CL1.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

CLC1NCN(C2=CC(=O)CCC2)C1CL.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore Clc1ncn(C2=CC(=O)CCC2)c1Cl 1.1399999999999999 17.175000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M3M enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C1CN(CCO1)SSN2CCOCC21 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].The pharmacophore that was identified had similarity in structure with Curcumin of Turmeric plant. The 

important enzyme of corona virus chosen was 6M3M. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Curcumin can block 6M3M enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C1CN(CCO1)SSN2CCOCC21.  

 

CONCLUSIONS   

The results suggested that Curcumin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M3M enzyme had SMILES value 

C1CN(CCO1)SSN2CCOCC2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Curcumin 11.1966 13.2172 

2 Pharmacophore C1CN(CCO1)SSN2CCOCC2 1.0860000000000001 20.786000000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCOC(CN(C(C)C)C(C)C)OCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(CN(C(C)C)C(C)C)OCC1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(CN(C(C)C)C(C)C)OCC.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(CN(C(C)C)C(C)C)OCC 9.6649100000000008 19.2988 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN(C)CCS[C@H](CO)C1CCCCC11 (SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN(C)CCS[C@H](CO)C1CCCCC11.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CN(C)CCS[C@H](CO)C1CCCCC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CN(C)CCS[C@H](CO)c1ccccc1 2.3749500000000001 16.950299999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1=CC(=O)NC(=O)N1CC=C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC1=CC(=O)NC(=O)N1CC=C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

NC1=CC(=O)NC(=O)N1CC=C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore NC1=CC(=O)NC(=O)N1CC=C 7.8355800000000002 13.7918 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1(C)OC(=O)C[C@H]1C(=O)O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   

 
“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)OC(=O)C[C@H]1C(=O)O1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1(C)OC(=O)C[C@H]1C(=O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1(C)OC(=O)C[C@H]1C(=O)O 13.172000000000001 15.2887 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(C)COC(=O)OCC(C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)COC(=O)OCC(C)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)COC(=O)OCC(C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(C)COC(=O)OCC(C)C 6.55741 7.4478900000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1=NN[C@H](C1)C2CCC(O)CC21 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1=NN[C@H](C1)C2CCC(O)CC21.  

 

CONCLUSIONS   

 
The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1=NN[C@H](C1)C2CCC(O)CC2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1=NN[C@H](C1)c2ccc(O)cc2 1.58504 12.274800000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)(C)[C@H](O)C(=O)C(C)(C)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking,Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)(C)[C@H](O)C(=O)C(C)(C)C1.  

 

CONCLUSIONS 

   
The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)(C)[C@H](O)C(=O)C(C)(C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(C)(C)[C@H](O)C(=O)C(C)(C)C 10.407400000000001 15.667899999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)[C@](C)(N)CC1CCC(O)CC11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value COC(=O)[C@](C)(N)CC1CCC(O)CC11.  

 

CONCLUSIONS   

 
The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC(=O)[C@](C)(N)CC1CCC(O)CC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore COC(=O)[C@](C)(N)Cc1ccc(O)cc1 18.756399999999999 17.009499999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(=O)OC(OC(=O)C)C(=C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC(=O)OC(OC(=O)C)C(=C)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=O)OC(OC(=O)C)C(=C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)OC(OC(=O)C)C(=C)C 9.1529500000000006 17.259599999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1(C)CC(O)CC(C)(C)N1O1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)CC(O)CC(C)(C)N1O1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1(C)CC(O)CC(C)(C)N1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1(C)CC(O)CC(C)(C)N1O 3.3019599999999998 17.6676 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)[C@](C)(OC(=O)C)C(=O)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)[C@](C)(OC(=O)C)C(=O)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(=O)[C@](C)(OC(=O)C)C(=O)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(=O)[C@](C)(OC(=O)C)C(=O)C 24.626200000000001 23.225999999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(C)C1=CC(=O)OC2C3CCCN4CCCC(CC12)C341 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(C)C1=CC(=O)OC2C3CCCN4CCCC(CC12)C341.  

 

CONCLUSIONS   
 

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(C)C1=CC(=O)OC2C3CCCN4CCCC(CC12)C34.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTIO

N ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(C)C1=CC(=O)Oc2c3CCCN4CCCc(cc12)c34 5.2497600000000002 17.7346 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=O)OC1CCC2CCC[N+](C)C2C11 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)OC1CCC2CCC[N+](C)C2C11.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=O)OC1CCC2CCC[N+](C)C2C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=O)Oc1ccc2ccc[n+](C)c2c1 4.5164900000000001 19.939299999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1CCC2CCCC(O)C2N11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value NC1CCC2CCCC(O)C2N11.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

NC1CCC2CCCC(O)C2N1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Nc1ccc2cccc(O)c2n1 4.5528399999999998 11.658300000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O1 (SMILES).  
 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O1.   

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC(=C1C(=O)CC(C)(CC1=O)C(=O)O)O 3.5807799999999999 19.804300000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1=CC(=O)O[C@@H](O1)C(C)(C)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CC1=CC(=O)O[C@@H](O1)C(C)(C)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1=CC(=O)O[C@@H](O1)C(C)(C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1=CC(=O)O[C@@H](O1)C(C)(C)C 5.27928 14.191800000000001 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1(C)CC(CC(C)(C)N1O)C(=O)O1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].    The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)CC(CC(C)(C)N1O)C(=O)O1.  

 

CONCLUSIONS   

 
The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1(C)CC(CC(C)(C)N1O)C(=O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CC1(C)CC(CC(C)(C)N1O)C(=O)O 2.3862100000000002 14.725099999999999 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CCC(CC1)S(=O)(=O)[N-]CL1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CCC(CC1)S(=O)(=O)[N-]CL1.  

 

CONCLUSIONS   

 
The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CC1CCC(CC1)S(=O)(=O)[N-]CL.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore Cc1ccc(cc1)S(=O)(=O)[N-]Cl 8.92136 14.3566 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCOC(OCC)N1CCNC11 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. 

The important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(OCC)N1CCNC11.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

CCOC(OCC)N1CCNC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore CCOC(OCC)n1ccnc1 9.5726600000000008 13.7852 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6M03 enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC1CC(CC(OC)C1O)C(=O)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  
Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Quercetin of Champa plant. The 

important enzyme of corona virus chosen was 6M03. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Quercetin can block 6M03 enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC1CC(CC(OC)C1O)C(=O)C1.  

 

CONCLUSIONS   

The results suggested that Quercetin can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6M03 enzyme had SMILES value 

COC1CC(CC(OC)C1O)C(=O)C.  
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Table 1. Results of CDock  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical quercetin 11.1966 13.2172 

2 Pharmacophore COc1cc(cc(OC)c1O)C(=O)C 11.2567 18.2989 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(=O)C1CC2CCCCC2C(O)C1O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)C1CC2CCCCC2C(O)C1O.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CC(=O)c1cc2CCCCc2c(O)c1O.  
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Table 1. Results of CDock  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)c1cc2CCCCc2c(O)c1O 6.50099 7.54261 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Satyabrata Sadangi 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26185 

 

   

 

 

 

Deactivation of 6LVN Enzyme of Corona by C[C@H]1C[C@H](CC(C) 

(C)C1)OC=O 
 

Satyabrata Sadangi* 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 21 Mar 2020                                        Revised: 23 Apr 2020                             Accepted: 26 May 2020 

 

*Address for Correspondence 

Satyabrata Sadangi 

Centurion University of Technology and Management, 

Odisha, India 

Email: satyabratashadangi@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@H]1C[C@H](CC(C)(C)C1)OC=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].  The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@H]1C[C@H](CC(C)(C)C1)OC=O.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

C[C@H]1C[C@H](CC(C)(C)C1)OC=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore C[C@H]1C[C@H](CC(C)(C)C1)OC=O 1.19201 9.58498 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC1(C)N(O)[C@H](NC1=S)C2CCCCC2 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1(C)N(O)[C@H](NC1=S)C2CCCCC2.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CC1(C)N(O)[C@H](NC1=S)C2CCCCC2.  
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Table 1. Results of CDock  

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC1(C)N(O)[C@H](NC1=S)c2ccccc2 2.34666 10.3105 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NNC(=O)C(=O)NC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

  

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].    The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NNC(=O)C(=O)NC1CCCCC1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

NNC(=O)C(=O)NC1CCCCC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore NNC(=O)C(=O)NC1CCCCC1 3.99068 11.1248 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CCOC(=O)CNC(C)(C)C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)CNC(C)(C)C.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CCOC(=O)CNC(C)(C)C.  

 

REFERENCES 
 

1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

 

Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CCOC(=O)CNC(C)(C)C 12.8945 13.4036 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC(=O)CS[C@H](C)CC(=O)OC 

(SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)CS[C@H](C)CC(=O)OC.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

COC(=O)CS[C@H](C)CC(=O)OC.  
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Table 1. Results of CDock  
 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COC(=O)CS[C@H](C)CC(=O)OC 15.6469 16.2845 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC1CC2CCN=CC2CC1O 

(SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC1CC2CCN=CC2CC1O.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

OC1CC2CCN=CC2CC1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Oc1cc2CCN=Cc2cc1O 8.81156 11.838 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NN1C=CC2CCCCC2C1=N 

(SMILES).  
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INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NN1C=CC2CCCCC2C1=N.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

NN1C=CC2CCCCC2C1=N.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore NN1C=Cc2ccccc2C1=N 9.30693 11.9744 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CCC(O)C(C1)C(=O)NO 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 

 

 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:satyabratashadangi@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26200 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CCC(O)C(C1)C(=O)NO.  

 

CONCLUSIONS   

 
The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CC1CCC(O)C(C1)C(=O)NO.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Cc1ccc(O)c(c1)C(=O)NO 10.7078 14.6491 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN1C(=O)N=C(N)N=C1C(C)(C)C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value CN1C(=O)N=C(N)N=C1C(C)(C)C.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CN1C(=O)N=C(N)N=C1C(C)(C)C.  
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Table 1. Results of CDock  
 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CN1C(=O)N=C(N)N=C1C(C)(C)C 1.64402 13.0573 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Ashutosh Hota and Lokanath Meher 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26203 

 

   

 

 

 

Deactivation of 6LVN Enzyme of Corona by CC1CC(C)C(CC(=O) 

O)C(C)C1 
 

Ashutosh Hota and Lokanath Meher* 

 

Centurion University of Technology and Management, Odisha, India 

 

Received: 23 Mar 2020                                        Revised: 24 Apr 2020                             Accepted: 26 May 2020 

 

*Address for Correspondence 

Lokanath Meher  

Centurion University of Technology and Management, 

Odisha, India 

Email: loknathmeher@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 

original work is properly cited. All rights reserved. 
 

 

“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC1CC(C)C(CC(=O)O)C(C)C1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC1CC(C)C(CC(=O)O)C(C)C1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CC1CC(C)C(CC(=O)O)C(C)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Cc1cc(C)c(CC(=O)O)c(C)c1 14.6588 13.6477 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CNC(=O)OC1CCCC2CCCCC12 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CNC(=O)OC1CCCC2CCCCC12.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CNC(=O)OC1CCCC2CCCCC12.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CNC(=O)Oc1cccc2ccccc12 1.61211 15.0121 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CN1C(=O)O[C@H](C1=O)C2CCCCC2 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [5].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CN1C(=O)O[C@H](C1=O)C2CCCCC2.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CN1C(=O)O[C@H](C1=O)C2CCCCC2.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CN1C(=O)O[C@H](C1=O)c2ccccc2 4.20096 11.4814 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CN1CNC(C(=O)O)C1C(=O)O 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized.  

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   
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RESULTS AND DISCUSSION 
 

The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The important 

enzyme of corona virus chosen was 6LVN. Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A 

compound was found to be capable of curing the disease by blocking the enzyme had SMILES value  

CN1CNC(C(=O)O)C1C(=O)O.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CN1CNC(C(=O)O)C1C(=O)O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Cn1cnc(C(=O)O)c1C(=O)O 5.68902 8.14259 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CCOC(=O)[C@@H]1C[NH2+]CCC1=O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CCOC(=O)[C@@H]1C[NH2+]CCC1=O.  

 

CONCLUSIONS   

 
The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CCOC(=O)[C@@H]1C[NH2+]CCC1=O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CCOC(=O)[C@@H]1C[NH2+]CCC1=O 5.75201 8.72095 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[NH2+]CC(=O)C1CCC(O)C(O)C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[NH2+]CC(=O)C1CCC(O)C(O)C1.  

 

CONCLUSIONS  

  
The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of  Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

C[NH2+]CC(=O)C1CCC(O)C(O)C1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore C[NH2+]CC(=O)c1ccc(O)c(O)c1 20.418 21.1036 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1CCC(NC2CCCCC2)CC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC1CCC(NC2CCCCC2)CC1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

NC1CCC(NC2CCCCC2)CC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Nc1ccc(Nc2ccccc2)cc1 1.50754 7.46945 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  [O-]C(=O)C(=O)CC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  [O-]C(=O)C(=O)CC1CCCCC1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

[O-]C(=O)C(=O)CC1CCCCC1.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore [O-]C(=O)C(=O)Cc1ccccc1 8.91938 15.6178 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

C[C@@H]([C@H](O)c1ccccc1)[NH+](C)C (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C[C@@H]([C@H](O)c1ccccc1)[NH+](C)C.  

 

CONCLUSIONS   

 
The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

C[C@@H]([C@H](O)c1ccccc1)[NH+](C)C.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore C[C@@H]([C@H](O)c1ccccc1)[NH+](C)C 2.27602 11.9259 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC(=S)Nc1ccccc1O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC(=S)Nc1ccccc1O.  
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CONCLUSIONS   

 
The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

NC(=S)Nc1ccccc1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore NC(=S)Nc1ccccc1O 6.76447 10.8148 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COc1cc(Cl)ccc1O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COc1cc(Cl)ccc1O.  
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CONCLUSIONS   

 
The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

COc1cc(Cl)ccc1O.  
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Table 1. Results of CDock  

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COc1cc(Cl)ccc1O 7.52672 12.0647 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COC(=O)[C@@H]1[C@H](C)CC(=CC1=O)O 2.78031 14.4581 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC(=O)C[NH2+]CC1CCCCC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 

 

 

ABSTRACT 

    RESEARCH ARTICLE 

 

http://www.tnsroindia.org.in
mailto:pranabdattaswain@gmail.com


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26228 

 

   

 

 

RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC(=O)C[NH2+]CC1CCCCC1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

OC(=O)C[NH2+]CC1CCCCC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore OC(=O)C[NH2+]Cc1ccccc1 10.417 7.99655 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  C1CCN2CCC[NH+]=C2CC1 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  C1CCN2CCC[NH+]=C2CC1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

C1CCN2CCC[NH+]=C2CC1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore C1CCN2CCC[NH+]=C2CC1 8.48402 17.2953 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  COC(=O)[C@H](CC(=O)O)C(C)C 

(SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

 “Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  COC(=O)[C@H](CC(=O)O)C(C)C.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

COC(=O)[C@H](CC(=O)O)C(C)C.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore COC(=O)[C@H](CC(=O)O)C(C)C 19.6093 16.1839 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  

CC(=O)NC1CCC(CC1)S(=O)(=O)NC2(CCCCC2)C(=O)O (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)NC1CCC(CC1)S(=O) (=O)NC2 

(CCCCC2)C(=O)O.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CC(=O)NC1CCC(CC1)S(=O)(=O)NC2(CCCCC2)C(=O)O.  
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Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)Nc1ccc(cc1)S(=O)(=O)NC2(CCCCC2)C(=O)O 7.17935 13.6327 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  NC1CCC2CC3CCC(N) 

CC3S(=O)(=O)C2C1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].   The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. 

The important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  NC1CCC2CC3CCC(N)CC3S(=O)(=O)C2C1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

NC1CCC2CC3CCC(N)CC3S(=O)(=O)C2C1.  
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Table 1. Results of CDock 

 

SL 

NO 
Type Compound 

“- C 

DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore Nc1ccc2Cc3ccc(N)cc3S(=O)(=O)c2c1 3.441 11.1739 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  OC(=O)CCC1NCCCN1 

(SMILES).  
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INTRODUCTION   
 

“Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  
 

“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3].The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  OC(=O)CCC1NCCCN1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

OC(=O)CCC1NCCCN1.  
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Table 1. Results of Cdock 

 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER INTERACTION 

ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore OC(=O)CCc1ncccn1 13.1763 7.71736 
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“Coronavirus disease 2019 (COVID-19)” causes “severe acute respiratory syndrome”. Pharmacophore 

analysis followed by molecular docking utilizing “Biovia Discovery studio” were done and the chemical 

that can deactivate 6LVN enzyme of corona virus was identified. Based on positive values of “-CDocker 

energy as well as -CDocker interaction energy” the drug identified was  CC(=O)NC(NC(=O)C) 

C(=O)C1CCCCC1 (SMILES).  

 

Keywords: Corona, Virus, Docking, Biovia 

 

INTRODUCTION   
 

 “Corona virus disease 2019 (COVID-19)” has shaken the whole world by killing many people. [1] A new species of 

corona named as “COVID-19” caused this attack. The issue is that there is no drug discovered. [2] The mankind is 

doing research to develop new medicines. The objective of the present work is to identify a medicine against corona. 

 

METHODOLOGY  

 
“Biovia Discovery studio CDOCK and Pharmacophore” menu (“Dassault Systemes, France”) were utilized. 

Pharmacophore menu was used to identify a molecule similar to a ligand. Then CDOCK operation was done 

between an enzyme of the virus and the ligand. The CDOCK menu used Charmm protocol for docking and gave the 

“-CDOCK Energy and -CDOCK interaction energy”. A positive value indicated blocking of active site of viral 

enzyme [3]. The pharmacophore that was identified had similarity in structure with Gallic acid of Champa plant. The 

important enzyme of corona virus chosen was 6LVN. 
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RESULTS AND DISCUSSION 
 

Table 1 shows that Gallic acid can block 6LVN enzyme of corona virus. A compound was found to be capable of 

curing the disease by blocking the enzyme had SMILES value  CC(=O)NC(NC(=O)C)C(=O)C1CCCCC1.  

 

CONCLUSIONS   

The results suggested that Gallic acid can fight against corona virus. “Discovery Studio pharmacophore and Cdock 

module of Biovia software” suggested that the compound capable of deactivating 6LVN enzyme had SMILES value 

CC(=O)NC(NC(=O)C)C(=O)C1CCCCC1.  

 

REFERENCES 

 
1. Statement on the second meeting of the International Health Regulations (2005) Emergency Committee 

regarding the outbreak of novel coronavirus (2019-nCoV)". World Health Organization (WHO). (2020). 

2. H. Iqbal, U. Ria, U. Rooh, K. Muhammad, U. Naseem, A. Basee, K. Farhat, K. Muhammad, Z. Muhammad, J. 

Khan, N. Khan. Phytochemical analysis of selected medicinal plant. African Journal of Biotechnology. (2011)10, 

pp. 7487-7492.  

3. D. Das, S. Das, M. Pandey, D. Bhattacharyay. "In silico Analysis of Phytochemicals from Mucuna pruriens (L.) 

DC against Mycobacterium tuberculosis Causing Tuberculosis", European Journal of Medicinal Plants (2020) 

31(4), 19-24. 

 

Table 1. Results of CDock 

SL 

NO 
Type Compound 

“- C DOCKER 

ENERGY” 

“- C DOCKER 

INTERACTION ENERGY” 

1 Phytochemical Gallic acid 21.9761 18.3891 

2 Pharmacophore CC(=O)NC(NC(=O)C)C(=O)c1ccccc1 15.6596 17.4343 
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The present invention proposes an automatic control system for water sprinkling and ventilation. The 
system comprises a circuit board that mechanically supports and electrically connects the components 
using conductive tracks and there of. The system uses an arduino based ATmega microcontroller that is 
specifically programmed to compute the input signals. The signals are received from the various sensors 
that sense moisture content of beds, humidity and ambient temperature and thereof. This is achieved by 
using a detecting unit with plurality of detectors arrangement for an effective system. Once the controller 
receives this signal, it begins the process of computation in order to carry out the necessary action for 
comparing the precise parameters that are pre fed and displayed in a visual means, which makes it very 
much informative. The system reduces human intervention and takes care of proper maintenance of 
growth parameters and minimizing wastage of resources in the mushroom cultivation chamber. 
 
Keywords: system, parameters, humidity, temperature, signals, sensors. 
 

INTRODUCTION 

 
The present invention relates to a mushroom cultivation equipment and in particularan environmental condition that 
can be adjusted to control a mushroom house automationand control systems. 
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Background of the invention 
Diversification in any farming system imparts sustainability. Mushrooms are onesuch component that imparts 
diversification. One of the major areas that can configuretowards the goal of conservation of natural resources as 
well as increased productivity isrecycling of agro-wastes including agro-industrial waste. Utilizing these wastes for 
growingmushrooms can enhance income and impart higher level of sustainability. Large quantities of mushroom 
production is generally in the greenhouse cultivation,since there are stringent requirements, like very less sun light, 
temperature and humidity asbeyond a certain range will shadow their growth, thus affecting the production 
ofmushrooms, the taste and the like. The current control method cannot be practised byartificially resorted 
temperature and humidity conditions. The production is not maintainedin a relatively stable range if the weather 
affect is relatively high, so stability of themushroom growing is poor and it is not easy to control the temperature, 
humidity and otherfactors which effect the production of mushroom growing. 
 
For mushroom cultivation, the environment must be oxygen-free. Existence ofpeople in the salon may cause 
pollution of the compost and the environment changes thetemperature. On the other hand, working in an oxygen-
free environment can harm workers. However, the current control cannot be done by artificially resorted 
temperature andhumidity conditions; that are affected by the weather which is relatively large, less stable,not easy to 
control and the like factors. Existence of people in the salon may cause pollutionof the compost and environment and 
thus change the temperature. Working in an oxygen-free environment can harm workers. Hence, there is a necessity 
to provide artificiallyresorted temperature and humidity conditions and should be maintained in a relativelystable 
range. There is a necessity to provide easy operation to control the variablecharacteristics such as moisture, soil type, 
humidity, carbon dioxide (CO2), temperature,electric conductivity and thereof. There is a necessity to provide 
automatic operation of thevariable apparatus such as sprinklers, ventilators and thereof at the mushroom 
cultivationchamber. 
 
Objectives of the invention 
1. The primary objective of the invention is to provide automatic sprinkler system forthe mushroom cultivation 

chamber. 
2. The other objective of the invention is to provide automatic air ventilation systemfor the mushroom cultivation 

chamber. 
3. The other objective of the invention is to provide disinfection to the cultivationchamber. 
4. The other objective of the invention is to provide stable maintenance of the soilmoisture, humidity and 

temperature. 
5. Further objective of the invention is to provide control unit to control the apparatusas required for attaining 

certain parameters. 
 

Summary of the Invention 
The invention proposes an automatic control system for water sprinkling andventilation. The following presents a 
simplified summary in order to provide a basicunderstanding of some aspects of the claimed subject matter. This 
summary is not anextensive overview. It is not intended to identify key/critical elements or to delineate thescope of 
the claimed subject matter. Its’ sole purpose is to present some concepts in asimplified form as a prelude to the more 
detailed description that is presented later. The automatic control system for water sprinkling and ventilation 
comprises acontroller to control the apparatus as required to attain the parameters. The controller maybe a 
microcontroller of Arduino Uno, 8051, ATmega328, AVR, PIC and the like controllers.The controller controls the 
operation of the variable apparatus by means array of relays.The variable apparatus may be a spray device, a 
ventilation system, pressurized boosterpump and the like. A detecting unit is provided to detect variable 
characteristics such asmoisture, soil type, humidity, carbon dioxide (CO2), temperature, electric conductivity andthe 
like of the mushroom cultivation chamber. The detecting unit includes soil moisturedetector, humidity detector, 
temperature detector/meter and carbon dioxide (CO2) detector and there of. According to an aspect of the invention, 
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the system further comprises a spray deviceto maintain the humidity level. The spray devices may be humidifying 
sprinklers, foggers,water jets, nozzles and thereof to maintain humidity level at the mushroom cultivationchamber. 
A ventilation system is provided to the cultivation chamber for proper ventilation.The ventilation system is for 
continuous air supplying means and withdrawing means forcontinuous air supplying by means of fans, blowers and 
thereof which are to communicatewith ventilation ducts in the said chamber. According to an aspect of the 
invention, the system further comprises a display todemonstrate real-time data of variable characteristics. The 
display unit may be a liquidcrystal display (LCD), a light-emitting diode (LED), a vacuum fluorescent display and 
the like. 
 

Description of Drawings 

The accompanying drawings, which are incorporated in and constitute a part of thespecification, illustrate an 
embodiment of the invention, and, together with the description,serve to explain the principles of the invention. 
 

Detailed description of Drawings 
An exemplary embodiment of the present invention will be described in reference tothe accompanying drawings. 
Wherever possible, same or similar reference numerals areused in the drawings and the description to refer to the 
same or like parts or steps. FIG. 1 illustrates an automatic sprinkler and ventilation 100 for mushroom 
cultivationaccording to an embodiment of the invention. The automatic sprinkler and ventilationsystem 101 for 
mechanically supporting and electrically connecting the electroniccomponents using conductive tracks, pads and 
other features etched from copper sheetslaminated onto a non-conductive substrate. The system 101 comprises a 
transformer (3A,12V), 102 may be a step down transformer, an AC-DC adapter 103 for different outputvoltages, a 
controller 104 to control apparatus, a relay board 105, a water pump 106, an airventilation system 107, a detecting 
unit 108 and a visual means 109 for demonstrating real-time data of variable characteristics. According to an 
embodiment of the invention, the AC power supply for providingpower to thesystem, where the transformer 102 
steps down the power to 3A and 12V. Theoutput of the transformer 102 i.e., step down power (3A, 12V) is for 
supplying to the AC toDC adapter 103 for different output voltages i.e., 5V, 9V and 12V and thereof. 
 
The output of the AC to DC adapter 103 i.e., 5V supply is connected to the controller104 and 12V supply is connected 
to the relay board 105 by means of a cable or any otherlike means. The controller 104 may be a microcontroller of 
Arduino Uno, 8051, ATmega328,AVR, PIC and the like controllers. For an exemplary embodiment, the system uses 
ArduinoUno board based on the ATmega328. Most Arduino boards consist of an Atmel 8-bit AVRmicrocontroller 
(ATmega8, ATmega168, ATmega328, ATmega1280, ATmega2560) withvarying amounts of flash memory, pins, and 
features. It has 14 digital input/output pins (ofwhich, 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz 
crystal oscillator, a USBconnection, a power jack, an ICSP header, and a reset button. It is simply connected to 
acomputer with a USB cable or power supply with an AC/DC adapter or a battery to start. 
 
The output of the AC to DC adapter 103 i.e., 12V supply is connected to the relayboard 105. Relays are used to 
control the circuit by a low-power signal with completeelectrical isolation between the control and the controlled 
circuits or where several circuitsmust be controlled by one signal. The pressurized water pump 106and air 
ventilation 107 isconnected through the relay board 105. The relay board 105 operates the pressurized waterpump 
106 and air ventilation 107 based on the variable characteristics such as moisture,humidity, temperature and the like 
detected by the system. According to an embodiment of the invention, the detecting unit 108 is connected tothe 
controller 104. The detecting unit 108 includes soil moisture detector, humidity andtemperature detector (DHT11) 
and carbon dioxide (CO2) detector and thereof. Thecontroller 104 controls the apparatus as it is required to attain 
variable characteristics suchas moisture, humidity, temperature and the like at the mushroom cultivation chamber. 
 
The soil moisture sensor measures the volumetric water content indirectly by usingsome other properties of the soil, 
such as electrical resistance, dielectric constant orinteraction with neutrons, as a proxy for the moisture content. The 
humidity andtemperature detector i.e., DHT11 is a basic, ultra low-cost digital temperature and humiditysensor. It 
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uses a capacitive humidity sensor and a thermistor to measure the surroundingair, and spits out a digital signal on 
the data pin (no analog input pins needed). It is fairlysimple to use, but requires careful timing to grab the data. The 
system further comprises a visual means 109 to demonstrate real-time data ofvariable characteristics. The visual 
means 109 may be a liquid-crystal display (LCD), a light-emitting diode (LED), a vacuum fluorescent display and the 
like. For an exemplaryembodiment of the invention, the system uses a flat liquid-crystal display (LCD), a 
paneldisplay electronic visual display or video display that uses the light modulating properties ofthe liquid crystals. 
The system uses a monochromatic 20 X 4 alphanumeric LCD. 20 X 4means that 20 characters can be displayed in 
each of the 4 rows of the 20 X 4 LCD, thus atotal of 80 characters can be displayed at any instance of time. 
 
Fig. 2 illustrates a soil moisture detector 200 according to an embodiment of theinvention. The soil moisture sensor 
measures the volumetric water content indirectly byusing some other properties of the soil, such as electrical 
resistance, dielectric constant orinteraction with neutrons, as a proxy for the moisture content. The relation between 
themeasured property and soil moisture must be calibrated and may vary depending onenvironmental factors such 
as soil moisture, temperature, or electric conductivity. Reflectedmicrowave radiation is affected by the soil moisture 
and is used for remote sensing inhydrology and agriculture. By plugging the power cord in the board 101 is to 
supply 230V AC. The circuit board101 automatically converts into the required DC voltage by means of AC to DC 
adapter103.The detecting unit with several detectors are connected to the controller 104 and thereby activated. The 
detecting unit detects the variable characteristics such as moisture,humidity, temperature and carbon dioxide (CO2) 
and the like of the mushroom cultivationchamber. 
 
The collected values are compared with the programmed values and activate thespray devices accordingly. The 
pressurized water pump 106 and air ventilation 107 areconnected through a relay board 105 in the circuit board 101 
and gets activated based onthe input of the detecting unit, after the comparison of the variable 
characteristicsaccording to the requirement. After satisfying the variable characteristics of the detectedvalues to that 
of the predetermined values, the spray devices and air ventilation system ofthe mushroom cultivation chamber may 
be turned off. The spray devices may be sprinklers, foggers, water jets, nozzles and thereof tomaintain humidity 
level at the mushroom cultivation chamber. The ventilation system isprovided in the cultivation chamber for 
continual withdrawal and supply of air by means offans, blowers and thereof and communicating with ventilation 
ducts in the said cultivationchamber. 
 
The sprinkler devices and air ventilation are activated or deactivated automaticallybased on the detected variable 
characteristics by means of detecting unit so that theinterior of the cultivation chamber is maintained at a level of 
suitable moisture content,humidity and temperature in the mushroom growth. This system can reduce pollution and 
increase safety. For mushroom cultivation, theenvironment must be oxygen-free. Existence of people in the salon 
may cause change in thetemperature, pollution of the compost and environment. On the other hand, working in 
anoxygen-free environment can harm the workers. This system reduces the people’s entry andpollution of the 
compost and provides an accurate cultivation with a high efficiency and highamount of crop. 
 
The system provides artificially resorted temperature and humidity conditions andmaintains in a relatively stable 
range. The system provides an easy control for variablecharacteristics such as moisture, soil type, humidity, carbon 
dioxide (CO2), temperature,electric conductivity and thereof. The system provides an automatic operation of 
thevariable apparatus such as sprinklers, air ventilation and pressurized booster pump andthereof at the mushroom 
cultivation chamber. The system reduces human intervention andtakes care of proper maintenance of the growth 
parameters and minimization of wastage ofresources. The cost of this system is low and easy for operations. 
 
It will readily be apparent that numerous modifications and alterations can be madeto the processes described in the 
foregoing examples without departing from the principlesunderlying the invention, and all such modifications and 
alterations are intended to beembraced by this application. 
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Claims 
We Claim: 
1. Automatic control system for water sprinkling and ventilation comprising of: 

a controller to control variable apparatus as required to attain parameters; 
a detecting unit to detect variable characteristics of mushroom cultivation chamber; 
a spray device to maintain humidity levelof mushroom cultivation chamber; 
a ventilation system to maintain proper ventilation in the mushroom cultivationchamber; 
a pressurized booster pump to supply water to the mushroom cultivation chamber; 
and 
a visual means to demonstrate real-time data of variable characteristics. 

2. Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said controller may 
be a microcontroller of Arduino Uno, 8051, ATmega328,AVR, PIC and the like controllers. 

3. Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said controller 
controls operation of the spray device, ventilation system,pressurized booster pump and the like based on inputs 
from the detecting unit. 

4. 4.Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said controller 
controls operation of the variable apparatus such as fans,sprinklers, detecting unit and thereof using array of 
relays. 

5. Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said detecting unit 
may comprise a soil moisture detector, a humiditydetector, a temperature detector and a carbon dioxide (CO2) 
detector andthereof,wherein said variable characteristics may be soil moisture, humidity, carbondioxide (CO2), 
temperature, electric conductivity and thereof. 

6. Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said spray device 
may be humidifying sprinklers, foggers, water jets, nozzlesand thereof to maintain humidity level at mushroom 
cultivation chamber. 

7. Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said ventilation 
system may comprise an air supplying means and an airwithdrawing means for continual withdrawal and 
supply of air by means of fans,blowers and thereof communicating with ventilation ducts in said chamber. 

8. Automatic control system for water sprinkling and ventilation as claimed in claim 1,wherein said visual means 
may be a liquid crystal display (LCD), a light-emittingdiode (LED), vacuum fluorescent display and the like. 

 
 

CONCLUSION 
To increase efficiency and speed, accuracy and to decrease cost, the recent approaches in developing decision 
support systems for agriculture, and more generally for environmental problems management, tend to adopt a 
“systemic” approach. So, we have tried to figure out an optimized way in mushroom cultivation. For this purpose, 
we have introduced a system which can controls the room temperature, humidity and moisture level, interact with 
each other and decide automatically. The result of implementation shows this methodology provides a considerable 
speedup in the control mechanism of mushroom cultivation process. The presented methodology provides an 
infrastructure to increase the speedup of cultivation control process and can be applied to most of agriculture 
products. Also, in mushroom cultivation, pollution is an important factor that has more effects in the growth of the 
mushrooms. With using sensors, reduce people entrance and automatic monitoring, we could decrease pollution and 
increase the amounts of the crops. 
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Fig 1. illustrates a block diagram of automatic sprinkler and ventilation system formushroom cultivation 

according to an embodiment of the invention. 
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FIG. 2 illustrates a soil moisture sensor according to an embodiment of the invention. 
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Big Data is term for datasets that are so large or complex that the traditional data processing application 
software is inadequate. The use of Big Data has widely spread during the recent times. All the 
multimillion companies has started implementing methods to make the best use of it. Big Data has its 
own share of challenges to be dealt with. As the data is really large the retrieving of useful information 
and classifying the data is a huge challenge.The software experts strived hard in developing the 
algorithms for classifying and retrieving the data required. The retrieving is dependent on queries 
produced by the user. In our project we implement a classification algorithm called KNN (K Nearest 
Neighbors) that classifies the data and gives a map of the nearest neighbors. 
 

Keywords: Big Data, Data sets, Classification, Queries. 
 

INTRODUCTION 
 

Aim: The aim of our project is the software experts strived hard in developing the algorithms for classifying and 
retrieving the data required. The retrieving is dependent on queries produced by the user. In our project we 
implement a classification algorithm called KNN (K Nearest Neighbors) that classifies the data and gives a map of 
the nearest neighbors. 
 

History: Big data is a term for data sets that are so large or complex that traditional data processing application 
software is inadequate to deal with them. Challenge includes capture, storage, analysis, data curation, and search, 
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sharing, transfer, visualization, querying, updating and information privacy. The term “Big Data” often refers simply 
to the use of predictive analysis, user behaviour analytics, or certain other advanced data analytical methods that 
extract value from data, and seldom to a particular size of the data set. There is little doubt that the quantities of data 
now available are indeed large, but that’s not the most relevant characteristic of this new data ecosystem. Analysis of 
data sets can find new correlations to “spot business trends, prevent diseases, and combat crime. Scientists, business 
executives, practitioners of medicines, advertising and governments alike regularly meet difficulties with large data 
sets in areas including internet search, finance, urban informatics and business informatics. 
 

Description:  Data sets grow rapidly – in part because they are increasingly gathered by information-sensing mobile 
devices, aeriel (remote sensing), software logs, cameras, microphones, Radio Frequency Indentification (RFID) 
readers and wireless sensor networks. The world's technological per-capita capacity to store information has roughly 
doubled every 40 months since the 1980s; as of 2012, every day 2.5 extrabytes (2.5×1018) of data are generated. One 
question for large enterprises is determining who should own big-data initiatives that affect the entire organization. 
Relational database management systems and desktop statistics- and visualization-packages often have difficulty 
handling big data. The work may require "massively parallel software running on tens, hundreds, or even thousands 
of servers". What counts as "big data" varies depending on the capabilities of the users and their tools, and 
expanding capabilities make big data a moving target. "For some organizations, facing hundreds of gigabytes of data 
for the first time may trigger a need to reconsider data management options. For others, it may take tens or hundreds 
of terabytes before data size becomes a significant consideration." 
 

Motivation: The computing revolution that began more than two decades ago has led to large amounts of digital 
data being amassed by corporations. Advances in digital sensors; proliferation of communication systems, especially 
mobile platforms and devices; massive scale logging of system events; and rapid movement toward paperless 
organizations have led to a massive collection of data resources within organizations. And the increasing 
dependence of businesses on technology ensures that the data will continue to grow at an even faster rate. 
 

Purpose : The concept of Big Data has been around for more than a decade – but while it is potential to transform the 
effectiveness, efficiency, and profitability of virtually any enterprise has been well documented, the means to 
effectively leverage Big Data and realize its promised benefits still eludes some organizations. Ultimately, there are 
two main hurdles to tackle when it comes to realizing these benefits. The first is realizing that the real purpose of 
leveraging Big Data is to take action – to make more accurate decisions and to do so quickly. We call this situational 
awareness. Regardless of industry or environment, situational awareness means having an understanding of what 
you need to know, what you have control of, and conducting analysis in real-time to identify anomalies in normal 
patterns or behaviors that can affect the outcome of a business or process. If you have these things, making the right 
decision within the right amount of time in any context becomes much easier. 
 

Scope: A team of statisticians, data scientists and software engineers experienced in handling big data platforms 
such as Hadoop, MongoDB etc. Inclusion of data from social media and other publicly available sources for better 
insights and decision making. Integration of Sentiment Analysis engine with Big Data platform to process large 
volumes of data from internal as well as publicly available sources. 
 

LITERATURE SURVEY 
The aim of this section is to provide a review of the research efforts related to effective temperature monitoring 
systems. 
 

Big Data:  The term has been in use since the 1990s, with some giving credit to John Mashey for coining or at least 
making it popular. Big data usually includes data sets with sizes beyond the ability of commonly used software tools 
to capture, curate, manage, and process data within a tolerable elapsed time. Big data "size" is a constantly moving 
target, as of 2012 ranging from a few dozen terabytes to many petabytes of data. Big data requires a set of techniques 
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and technologies with new forms of integration to reveal insights from datasets that are diverse, complex, and of a 
massive scale. In a 2001 research report and related lectures, META Group (now Gartner) defined data growth 
challenges and opportunities as being three-dimensional, i.e. increasing volume (amount of data), velocity (speed of 
data in and out), and variety (range of data types and sources). Gartner, and now much of the industry, continue to 
use this "3Vs" model for describing big data. In 2012, Gartner updated its definition as follows: "Big data is high 
volume, high velocity, and/or high variety information assets that require new forms of processing to enable 
enhanced decision making, insight discovery and process optimization." Gartner's definition of the 3Vs is still widely 
used, and in agreement with a consensual definition that states that "Big Data represents the Information assets 
characterized by such a High Volume, Velocity and Variety to require specific Technology and Analytical Methods 
for its transformation into Value". Additionally, a new V "Veracity" is added by some organizations to describe it, 
revisionism challenged by some industry authorities. The 3Vs have been expanded to other complementary 
characteristics of big data. 
 
Volume: big data doesn't sample; it just observes and tracks what happens Velocity: big data is often available in 
real-time 
 
Variety: big data draws from text, images, audio, video; plus it completes missing pieces through data fusion 
 
Machine learning:big data often doesn't ask why and simply detects patterns 
 
Digital footprint: big data is often a cost-free byproduct of digital interaction. The growing maturity of the concept 
more starkly delineates the difference between big data and businessintelligence. Business Intelligence uses 
descriptive statistics with data with high information density to measure things, detect trends, etc. Big data uses 
inductive statistics and concepts from nonlinear system identification to infer laws (regressions, nonlinear 
relationships, and causal effects) from large sets of data with low information density to reveal relationships and 
dependencies, or to perform predictions of outcomes and behaviors. 
 

Advantages: 

 

 Big Data is Timely –60% of each workday, knowledge workers spend attempting to find andmanage data. 
 Big Data is Accessible –Half of senior executives report that accessing the right data is 
 difficult. 
 Big Data is Holistic –Information is currently kept in silos within the organization.Marketing data, for 

example, might be found in web analytics, mobile analytics, social analytics, CRMs, A/B Testing tools, email 
marketing systems, and more each with focus on its silo. 

 Big Data is Trustworthy –29% of companies measure the monetary cost of poor dataquality. Things as simple 
as monitoring multiple systems for customer contact informationupdates can save millions of dollars. 

 Big Data is Relevant –43% of companies are dissatisfied with their tools ability to filter outirrelevant data. 
Something as simple as filtering customers from your web analytics can provide a ton of insight into your 
acquisition efforts. 

 Big Data is Secure –The average data security breach costs $214 per customer. The secureinfrastructures being 
built by big data hosting and technology partners can save the averagecompany 1.6% of annual revenues. 

 Big Data is Authoritative –80% of organizations struggle with multiple versions of the truthdepending on the 
source of their data. By combining multiple, vetted sources, more companies can produce highly accurate 
intelligence sources. 

 Big Data is Actionable –Outdated or bad data results in 46% of companies making baddecisions that can cost 
billions. 
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Applications 
 Health Care 
 Education 
 Media 
 Manufacturing 
 Internet of Things(IOT) 
 Retail 
 

Description:  Big Data is a phrase used to mean a massive volume of both structured and unstructured data that is so 
large that it is difficult to process using traditional database and software techniques. In most enterprise scenarios the 
volume of data is too large or too fast as it exceeds current processing capacity. Big Data has the potential to help 
companies improve operations and make faster, more intelligent decisions. This data, when captured, formatted, 
manipulated, stored and analysed can help a company to gain useful insight to increase revenues, get or retain 
customers and improve operations. Big data is the term that may seem to reference volume of data. But in case of 
vendors, it may refer to technology that an organization required to handle the amounts of data and storage. The 
technology consists of tools and processes. 
 
Volume: Organizations collect data from a variety of sources, including business transactions, social media and 
information from sensor or machine-to-machine data. In the past, storing it would have been a problem – but new 
technologies (such as hadoop) have eased the burden. 
 
Velocity: Data streams in at an unprecedented speed and must be dealt with in a timely manner. RFID tags, sensors 
and smart metering are driving the need to deal with torrents of data in near-real time. 
 
Variety: Data comes in all type of formats from structured, numeric data in traditional databases to unstructured text 
documents, email, video, audio, stock ticker data and financial transactions. 
 
Variability: In addition to the increasing velocities and varieties of data, data flows can be highly inconsistent with 
periodic peaks. Is something trending in social media? Daily, seasonal and event-triggered peak data loads can be 
challenging to manage. 
 
Complexity: Data comes from multiple sources, which makes it difficult to link, match, cleanse and transform data 
across systems. However, its necessary to connect and correlate relationships, hierarchies and multiple links or your 
data can quickly spiral out of control. 
 
Potential: As the data keeps growing day by day the need for big data keeps raising. The data on global level is 
almost inconceivable and it keeps growing. It is estimated that all the information the world has acquired till 2013 is 
equal to the amount that we got in the next two years. The big data has the potential to store, search and retrieve all 
this information to us. It is probably the only source in the world right now that can help us the growing data. It can 
be embedded with the latest technologies like IOT, Neural Networks to get the better results. The data we receive has 
already been revolutionized during the recent times by developing the means of social networking and it can only 
get better with big data. 
 

Review on Big Data 
In the current scenario, Web and its associated entity, Internet, a shadow has been cast on the same with the data 
explosion that has taken place in the last couple of years considering the interaction that has been taking place 
between people and systems associated at multiple touch points. This huge entity which is taking place at every 
touch point as mentioned above in its wholesome behaviour is known as Big Data. Some decades earlier, Kilobytes 
and Megabytes used to be entities, which used to combine the entire definition of data existing on the planet, and 
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due to continuous interactions between people and systems that have been taking place which has lead to 
exponential growth of data due to which new terms such as Gigabytes, Terabytes, Petabytes,Exabyte’s & Zettabytes 
have graced the steps of the computing world. Theorists and Researchers have propagated this that as Moore’s law 
was to growth of transistors inside the circuits, Data inInternet would exceed the entire brain capacity of the living 
species. Technological advances have been taking place continuously across all the domains and the major reasons 
for it are advances in digital sensors, computation, communications and storage that have created humongous 
collection of data. As explained above, data is generated through various sources which will be used by multiple 
organizations to run and understand the various business scenarios which help them understand and run their 
business. All the above data when analysed through various sources and methods of data analysis help 
organizations in studying customer behaviour, interpreting market trends and taking strategic and financial 
decisions. 
 
When we speak about Big Data, as we have done above, we often identify it as a jargon, catch phrase which means a 
exponential volume of unstructured and structured data that contains so many huge datasets which cannot be 
processed by traditional database management techniques and associated software techniques. With the size of the 
big data and simply the capacity of the data that it encompasses, it carries in itself the potential that will help 
companies, in making far better, intelligent and data driven decisions and help in improving operations. For most of 
the organizational scenarios, it can be easily identified either the data is in excess of the current storage and 
processing capacity, or the volume of the data is too big or it moves too fast. To give insights using the same data, 
that we have spoken about earlier, it has to help us in giving insights which would help us in gain competitive 
advantage, increasing revenues and customer retention and for that we need to capture the data, clean the data, 
format, manipulate, store and analyze the same. 
 

Data Forms 
Structured 
When we talk about structured data, we often conclusively identify that, as soon as we placed our current data ware 
house in the relational database management system, the structure of the relational database management system 
was enforced on the current data ware house system, which is inclusive to understand the meaning associated with 
it. So we know, which columns are placed where, whom are they associated with and how the columns are 
associated in between tables and table spaces. The format of the data can be in text or numerical, but it is common 
understanding that for every person there is a unique identifier in terms of Age. 
The entire data is organized in terms of Entities (Semantic Chunks). 
Relations or Classes (Similar entities are grouped together). 
Attributes (Same descriptions for entities existing in the Same groups) 
Schema (All Entities in the group have a description associated with it. 
 

Semi Structured 
As we move on from structured data to semi structured data, there is little to demarcate and often the differentiating 
lines goes blurry. The data format that we are describing here does not conform to an explicit and fixed schema, 
however the tags associated with the data, if found associated with organizational structure, then the same data 
would be easier to analyze and organize. The same concept described here would predate the idea of XML but not 
HTML.  Data is available in many formats, in the current scenario, electronically 
 Database Systems 
 File Systems e.g., Bibliographic data, Web data 
 Data Exchange Formats, e.g. EDI, Scientific data 
 Data that is not completely structured, but partially as spoken earlier 
 Grouping of Similar Entities and semantically organized 
 Entities may not have same attributes in the group 
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Unstructured 
We have already discussed about the Structured and Semi Structured formats. Moving on to the unstructured 
format, this type would consists of formats that cannot be easily indexed. When we talk about indexing, it is with 
reference of relational tables and for the purpose of querying or analysis. This would include the file types that are 
associated with audio, video and image files. 
 

Importance of Big Data 
Importance would be defined in terms of how effective this concept has been for organizations, in improving their 
most important KPI’s, also not with the quantity of data the organization has, but with the insights that it has helped 
to generate. Data is taken from multiple source and integrated across various environments which when analyzed 
can help us give answers to following: 
 
 Time & Cost reductions. 
 Customized & Optimized Market Offerings & New Product Development. 
 Strategy Development & Smart Decision Making. 

 
In a Business environment, there are a lot of decisions that are to be taken on the basis of Data & associated analytics 
and in simple terms, we could define it as Big Data when combined with powered analytics, lot of business related 
tasks can be accomplished such as: 
 
 Root Cause Analysis can be conducted in real time for associated defects, failures and issues. 
 POS based generated coupons based on Consumer Behaviour. 
 Risk Portfolio – Quick Calculations/Re-Calculations can be conducted in minutes. 
 Conducting Fraud Detection & use of Fraud analytics before hitting organization. 
 

Big Data Characteristics: As mentioned before, big data is a concept and the same can be defined through a 
model and in our case, it can be defined through 3V model, whose definition was casted by Laney, “high-volume, 
high-velocity and high-variety information assets that demand cost-effective, innovative forms of information 
processing for enhanced insight and decision making”. Recently in 2012, Gartner processed the definition of Big Data 
as “Big data is high volume, high velocity, and/or high variety information assets that require new forms of 
processing to enable enhanced decision making, insight discovery and process optimization”. 
 
By definitions, both aforementioned incorporate three main features: Volume, Variety, and Velocity. When the 
concept is spread across organizations and different business models & big data practitioners, the 3V model can be 
extended to 4V (V for Value added) or 5V (V for Veracity) could be another factors dependent on the organization, 
which model they want to adapt. Getting a summary of the same, we can easily state that these models, provide a 
straightforward and all accepted definitions related to what all is incorporated in a big data based application, 
solution, problem and framework. 
 
Volume: This would refer to the data from multiple sources, data being in huge capacity. It caninclude all and any 
kind of data, including the data that is created from all the connected devices, IoT & mobile data and all the data that 
is being resulted from this communication. In the current scenario, it can be easily stated that, data that is being 
generated is being approached in computer memory sizes, that were being heard of exabytes, petabytes & zettabytes. 
It will be coined to reach terms, that are still undefined and new names would have to be though for the same. 
However, since the data is being generated at the capacity, that we are unable to comprehend, and organizations are 
still trying to keep up with that pace. Consequences, that are being resulted from these actions, it has become 
anormalcy for the companies, to store enormous and varied amounts of data : financial, biochemistry, electronics, 
computer records, genetic, social networks & healthcare. The benefits that are being generated from incorporating 
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this data, are companies at their disposal have a lot of data, which is a challenges in itself, however, valuable 
information can be obtained from the same regarding people & companies. 
 
Velocity: When we talk about transferring a movie, than we really do not worry about velocity, forthat movie will be 
approximately 1 Gigabyte in size and would take a minute to complete. But when we talk about the big data, we can 
easily state that, for the data that is of the size of exabytes & petabytes, the same data, would take a lot of time to 
transfer and hence the velocity becomes a very important factor as it affects performance also. When we speak about 
the data, the contents are constantly changing, via introduction of previous or legacy collections & absorption of 
complementary data collections and will involve data streamed through multiple sources. Velocity not only involves, 
the speed at which the data is transferred, but will also involve, data streams, creation of structured records, access to 
data & delivery. The issues does not only lie with the velocity of incoming data but also to stream outgoing data for 
batch processing. 
 
Variety: This refers to varied data types and the same can be accumulated from various sources,sources being: social 
networks, Smartphone, sensors in the forms of videos, images, audio, logs etc. This data can be highly structured 
(data fetched from the traditional database systems), semi-structured (feeds – social, rss, raw; web logs) or 
unstructured (clicks, audio, images, videos). 
 
Value: It refers to the critical & valuable information that is being extracted from big datasets thatare associated with 
the concept of Big Data and this concept in its entirety is called as Big Data Analytics. When we speak about the 4V 
model, V that stands for Value becomes the most critical factors for any Tanvi, Dr. Radha Krishna Page 26 
application based on Big Data & this for the sole reason that it allows to generate useful business information. Till 
recent times, large volumes of data were recorded as part of regulations but never analysed or exploited. 
Considering that fact, Value is highly subjective in nature. Big Data as a concept brings with itself the technologies, 
that enables people & organizations to help exploit the data, the way it was never done before. 
 
Veracity: This term would refer to the accuracy & correctness of the data on which the analysis is tobe conducted. A 
lot of uncertainties can be caused for the most simple of reasons such as : Data inconsistency, Data Ambiguity, Data 
Duplications, incompleteness, deception, fraud, duplication, Approximated models, spam & latency. It is not 
necessary, that the analysis on top of big data, would give a perfect conclusive result. However, everything can be 
assigned a probability. 
 

Analysis on Big Data 
Data Acquisition and Recording: After discussing so much on Big Data, we can safely assume that,Big Data does 
not simply appear out of thin air. There are multiple sources from which data is recorded. Since we are accumulating 
so much data, it will be obvious, that part of the data will be of no use & speaking in that way, filtering & 
compression techniques can be used to sort the matter out. When speaking out about filtering & compressing, we 
have to take care to define them in such a way, that they should not leave out important information. The other 
challenge that we would be speaking about is the generation of right metadata to describe the recording of the data 
and measurement of the same. Also, at the same point of time, we can easily state that, recording the information 
about the data at the start/birth is not useful since in the pipeline it will keep on changing and interpreted in different 
ways while being carried through the data analysis stages. 
 
Information Extraction and Cleaning: Simply collecting the information would not help ingenerating analysis or 
will not be in a state to generate analysis and insights. Data simply in this collected form, will not be in a format 
which can be analysed. To do this correctly, we need a process which will help us in extracting information, that will 
help us in pulling out the required information and will be presented in a structured analysis, which will help us in 
generating insights from the same. Doing the aforementioned process again and again, and that too in a continual 
manner with correctness being the top priority is a technical challenges that is continuous in nature. Data cleaning is 
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one of the primary focus areas, that assumes constraints that are well documented and well recognized on valid data 
or error models that have a deep understanding with reference to the data. For most of the areas, where Big Data 
emergence is new, these models do not exist. 
 
Data Integration, Aggregation, and Representation: When we speak on the current topic, wewould be talking about 
Data analysis. Data Analysis is not as simple as the meaning it connotates, for it includes challenges than simple 
location, identification, understanding & citing data. When we speak about the analysis that is constituted on a large 
scale, it would be happening in a purely automated fashion. In the current scenario, when we speak about Database 
Design, it is an art as opposed to science. When we speak about the aforementioned top heroic as science, it has to be 
developed in a context, whether it being in the Enterprise or Cloud context. Domain Scientists has emerged as a new 
context, where in they are highly paid professionals along with enabling other professions in the same domain as 
well, to develop effective database designs. These can be achieved via various ways: design process will be assisted 
by devising tools, revamping the designing process,development of new techniques and all of them will be used for 
effective creation of intelligible database design. 
 
Query Processing, Data Modeling, and Analysis: Big data is traditionally different from traditionaldatabase 
management systems and hence the methods for querying & mining in Big Data are different from traditional 
statistical techniques which will be different on Big & small samples. When we talk about Big Data, we often 
associate it with being dynamic, inter-relationships, untrustworthy & noisy as opposed to the process of mining, 
which will require clean, trustworthy, integrated, efficient, accessible data which can be accessed via mining 
interfaces using declarative queries, scalable mining algorithms and computing environments for big data. When we 
are speaking of the aforementioned topics, we can easily state that the data mining itself can be used to help with 
trust quotient of data as well improving quality of the same, understanding the associated semantics of the data & 
provide insightful & intelligible querying functions. One of the major problem that Big Data faces is that there is no 
coordination between the database packages which host the big datasets that are part of the Big Data. Part of the 
Database systems host the data, part deal with SQL Querying and other ones host the data mining and statistical 
analysis. 
 
Interpretation: We should understand that analysis is of limited value, if user cannot understand thesame with 
reference to Big Data. Even if analysis is done all the reports and graphs are generated, one still has to sit and 
interpret the same. The interpretation cannot happen, while sitting alone in a cubicle or vacuum as the person 
analysing the reports and graphs has to take care of the assumptions that were used while generating the analysis 
and retracing the steps. 
 
Big Data Ecosystem: While speaking about the Big Data, we can sense that and would like to statethat, it is a 
problem, not only related to database or Hadoop, but would constitute technologies at its core and components for 
data processing on large scale and data analytics. The entire structure of components to analyze by storing, 
processing, visualizing and delivering results to applications which were the target incorporating Big Data as “fuel” 
for all the processes which are data related and associated source, target and outcome. All the associations between 
the components and the intertwined relationships can be incorporated into the BDE or Big Data Ecosystem that will 
incorporate in itself all the data, supporting infrastructure, models during entire Big Data Lifecycle. 
 
Techniques and Technologies: In the current paper, we will not be giving an in depth overview on the tools and 
techniques, however, we will be giving an overview of the tools and techniques associated with Big Data. This will 
help the reader get a association with the tools used for Big Data analytics. 
 

Techniques: There are a lot of techniques that could be used when going to start with a project. Some of the tools 
which have frequent usage are summarized here. 
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Association rule learning: A set of techniques for discovering interesting relationships, i.e.,“association rules,” 
among variables in large databases. 
 
Data mining: One of the most important terms related to data-driven decision making and describesit as “searching 
or ‘digging into’ a data file for information to understand better a particular phenomenon.” 
 
Cluster analysis: Cluster analysis is a type of data mining that divides a large group into smallergroups of similar 
objects “whose characteristics of similarity are not known in advance.” 
 
Crowd sourcing: Crowd sourcing collects data from a large group of people through an open call,usually via a 
Web2.0 tool. This tool is used more for collecting data than for analyzing it. 
 
Machine learning: Traditionally computers only know what we tell them, but in machine learning, asubspecialty of 
computer science, we try to craft “algorithms that allow computers to evolve based on empirical data. 
 
Text analytics: A large portion of generated data is in text form. Text Analytics is the process ofconverting 
unstructured text data into meaningful data. 
 
Technology: As with the analytical techniques, there are several software products and availabletechnologies to 
facilitate big data analytics. Some of the most common will be discussed here. 
 
EDWs: Enterprise data warehouses are databases used in data analysis. 
 
Visualization products: One of the difficulties with big data analytics is finding ways to visuallyrepresent results. 
Many new visualization products aim to fill this need, devising methods for representing data points numbering up 
into the millions. Beyond simple representation visualization can also help in the information search. 
 
MapReduce: MapReduce is a processing technique and a program model for distributed computingbased on java. 
The MapReduce algorithm contains two important tasks, namely Map and Reduce. Map takes a set of data and 
converts it into another set of data, where individual elements are broken down into tuples (key/value pairs). 
Secondly, reduce task, which takes the output from a map as an input and combines those data tuples into a smaller 
set of tuples. 
 
Hadoop: It is an open-source framework that allows to store and process big data in a distributedenvironment across 
clusters of computers using simple programming models. Hadoop is an Apache managed software framework 
derived from MapReduce and Big Table. 
 
NoSQL databases: NoSQL database, also called Not Only SQL, is an approach to data managementand database 
design that's useful for very large sets of distributed data. NoSQL is especially useful when an enterprise needs to 
access and analyze massive amounts of unstructured data or data that's stored remotely on multiple virtual servers 
in the cloud. The most popular NoSQL database is Apache Cassandra. Other NoSQL implementations include 
SimpleDB, Google BigTable, Apache Hadoop, MapReduce, MemcacheDB, and Voldemort. 
 

Usage Areas of Big Data 
Big data is used efficiently in numerous fields. Some of them are listed below: 
 Automotive industry 
 High technology and industry 
 Oil and gas 
 Telecommunication sector 
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 Medical field 
 Retail industry 
 Packaged consumer products 
 Media and show business 
 Travel and transport sector 
 Financial services 
 Social media and online services 
 Public services 
 Education and research 
 Health services 
 Law enforcement and defense industry 
 

CONCLUSION 

 
After writing this report/paper, we have developed better understanding of this concept called as Big Data after we 
have been able to put words to it. We have been able to define models, ecosystems and categorize elements on the 
basis of it. We also have been able to identify the tools and techniques that have been associated with Big Data 
Analytics on a frequent basis. On the basis of the analysis conducted, we identified the areas with maximum usage of 
Big Data Analytics. 
 

SUMMARY 
 
Big Data is the latest technology that stores, searches and retrieves the data for the end user. The tools and software 
for using this technology are being developed in the recent times by most of the multi-million companies. Our 
project is an effort that we did in this field using the K-means methods which is an algorithm that is being used in 
Big Data. 
 

Related work 
Requirements 
System Requirements 
Language : R 
Operating system : Windows XP, 7, 8 
Technologies :  R, RStudio 
 

Hardware Requirements 
The  following  are  thebasic  hardware  requirements  that  are  essential  for  properexecution of the project. 
Processor      : Dual-core with 1.4GHZ or above 
RAM Capacity   : >4 GB 
Hard Disk   : >50 GB 
 

CSV FILES 
A CSV is a comma separated values file which allows data to be saved in a table structured format. CSVs look like a 
garden-variety spreadsheet but with a .csvextension (Traditionally they take the form of a text file containing 
information separated by commas, hence the name).The term "CSV" also denotes some closely related delimiter-
separatedformats that use different field delimiters. These include tab-separated values and space-separated values. 
A delimiter that is not present in the field data (such as tab) keeps the format parsing simple. 
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The alternate delimiter-separated files are often even given a .csv extension despite the use of a non-comma field 
separator. This loose terminology can cause problems in dataexchange. Many applications that accept CSV files have 
options to select the delimiter character and the quotation character. CSV is a common data exchange format that is 
widely supported by consumer, business, and scientific applications. Among its most common uses is moving 
tabular data between programs that natively operate on incompatible (often proprietary and/or undocumented) 
formats. This works despite lack of adherence to RFC 4180 (or any other standard), because so many programs 
support variations on the CSV format for data import. For example, a user may need to transfer information from a 
database program that stores data in a proprietary format, to a spreadsheet that uses a completely different format. 
The database program most likely can export its data as "CSV"; the exported CSV file can then be imported by the 
spreadsheet program. 
 
R 
R is an open source programming language and software environment for statisticalcomputing and graphics that is 
supported by the R Foundation for Statistical Computing.[5]The R language is widely used among statisticians and 
data miners for developing statisticalsoftware and data analysis. R is a GNU package.[9]The source code for the R 
software environment is written primarily in C, Fortran, and R. R is freely available under the GNUGeneral Public 
License, and pre-compiled binary versions are provided for various operatingsystems. While R has a command line 
interface, there are several graphical front-ends available. 
 

HISTORY 
R is an implementation of the S programming language combined with lexicalscoping semantics inspired by 
Scheme.[12]S was created by John Chambers while at Bell Labs. There are some important differences, but much of the 
code written for S runs unaltered. R was created by Ross Ihaka and Robert Gentleman[14]at the University of 
Auckland, New Zealand, and is currently developed by the R Development Core Team, of which Chambers is a 
member. R is named partly after the first names of the first two R authors and partly as a play on the name of S. The 
project was conceived in 1992, with an initial version released in 1995 and a stable beta version in 2000. 
 

HANDLING CSV FILES 
In R, we can read data from files stored outside the R environment. We can also write data into files which will be 
stored and accessed by the operating system. R can read and write into various file formats like csv, excel, xml etc. 
Read data from a csv file and then write data into a csv file. The file should be present in current working directory 
so that R can read it. Of course we can also set our own directory and read files from there. 
 Getting and Setting the Working Directory Input a CSV File 
 Reading a CSV File 
 Analyzing the CSV File 
 

LINE GRAPH 
A line chart is a graph that connects a series of points by drawing line segments between them. These points are 
ordered in one of their coordinate (usually the x-coordinate) value. Line charts are usually used in identifying the 
trends in data. The plot() function in R is used to create the line graph. 
The basic syntax to create a line chart in R is − 
plot(v,type,col,xlab,ylab) 
Following is the description of the parameters used − 
v is a vector containing the numeric values. 
type takes the value "p" to draw only the points, "l" to draw only the lines and "o" todraw both points and lines. 
xlab is the label for x axis. 
ylab is the label for y axis. 
main is the Title of the chart. 
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col is used to give colors to both the points and lines. A dataset is taken as an input in the form of CSV file and using 
the R commands, a line graph is generated which gives a clear representation of the temperature variations. 
 

R STUDIO 
RStudio is a free and open-source integrated development environment (IDE) for R,  a programming language for 
statistical computing and graphics. RStudio was founded by JJ Allaire, creator of the programming language 
ColdFusion. Hadley   Wickham is the Chief Scientist at RStudio. R Studio is available in two editions: RStudio 
Desktop, where the program is run locally as a regular desktop application; and RStudio Server, which allows 
accessing RStudio using a web browser while it is running on a remote Linux server. Prepackaged distributions of 
RStudio Desktop are available for Windows, macOS, and Linux. RStudio is available in open source and commercial 
editions and runs on the desktop (Windows, macOS, and Linux) or in a browser connected to RStudio Server 
RStudio is an awesome tool that can help you do your work better and faster. In technical terms, RStudio is a cross-
platform integrated development environment for the R statistical language. 
 

Cluster analysis : Cluster analysis or clustering[12] is the task of grouping a set of objects in such a way that objects 
in the same group (called a cluster) are more similar (in some sense or another) to each other than to those in other 
groups (clusters). It is a main task of exploratory data mining, and a common technique for statistical data analysis. It 
can be achieved by various algorithms that differ significantly in their notion of what constitutes a cluster and how to 
efficiently find them. Popular notions of clusters include groups with small distances among the cluster members, 
dense areas of the data space, intervals or particular statistical distributions. Clustering can therefore be formulated 
as a multi-objectiveoptimization problem. The appropriate clustering algorithm and parameter settings 
(includingvalues such as the distance function to use, a density threshold or the number of expected clusters) depend 
on the individual data set and intended use of the results. 
 

Clustering in machine learning:  Clustering: is the assignment of a set of observations into subsets (called clusters) 
so that observations in the same cluster are similar in some sense. Clustering is a method of unsupervised learning, 
and a common technique for statistical data analysis used in many fields. 
 

Supervised and unsupervised learning in data mining 
 

Supervised Learning[10] is the Data mining task of inferring a function from labelledtraining data. The training data 
consist of a set of training examples. In supervised learning, each example is a pair consisting of an input object 
(typically a vector) and a desired output value (also called the supervisory signal).  
 
Unsupervised Learning[10] is a type of machine learning algorithm used to drawinferences from datasets consisting 
of input data without labelled responses. The most common unsupervised learning method is cluster analysis, which 
is used for exploratory data analysis to find hidden patterns or grouping in data. 
 

Cluster in data mining: Cluster is a group of objects that belongs to the same class.In other words, similar objects are 
grouped in one cluster and dissimilar objects are grouped in another cluster. 
 

K means clustering algorithm: K-means clustering [12] aims to partition n observations into k clusters in which each 
observation belongs to the cluster with the nearest mean, serving as a prototype of the cluster. This results in a 
partitioning of the data space into voronoi cells. 
 

Working of k-means clustering algorithm : The input to K-Means is a set of points (observations), and an integer K. 
The goal is to partition the input points into K distinct sets (clusters). The first step is to initialize the algorithm by 
choosing K initial cluster centroid locations. ... These steps are repeated until the algorithm "converges". 
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Description : Given a set of observations (x1, x2, …, xn), where each observation is a d-dimensional real vector, k-
means clustering aims to partition the n observations into k (≤ n) sets S = {S1, S2, …, Sk} so as to minimize the within-
cluster sum of squares (WCSS) (sum of distance functions of each point in the cluster to the K center). 
 

INITIALIZATION METHODS 
 
Commonly used initialization methods are Forgy and Random Partition.[7]The Forgy method randomly chooses k 
observations from the data set and uses these as the initial means. The Random Partition method first randomly 
assigns a cluster to each observation and then proceeds to the update step, thus computing the initial mean to be the 
centroid of the cluster's randomly assigned points. The Forgy method tends to spread the initial means out, while 
random Partition places all of them close to the center of the data set. According to Hamerly et al the Random 
Partition method is generally preferable for algorithms such as the k-harmonic means and fuzzy k-means. For 
expectation maximization and standard k-means algorithms, the Forgy method of initialization is preferable. A 
comprehensive study by Celebi et al.however, found that popular initialization methods such as Forgy, Random 
Partition, and Maximin often perform poorly, whereas the approach by Bradley and Fayyad performs "consistenty" 
in "the best group". 
 

Demonstration of the standard algorithm 

   

1. k initial "means" (in this case 

k=3) are randomly generated 

within the data domain (shown in 

color). 

2. k clusters are created by associating 

every observation with the nearest 

mean. The partitions here represent the 

Voronoi diagram generated by the 

means. 

3. The centroid of each of the k 

clusters becomes the new 

mean. 

 

 
4. Steps 2 and 3 are repeated until 

convergence has been reached. 
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Value: k-means returns an object of class "k-means" which has a print and a fitted method. It is a list with at least the 

following components: 

Cluster: A  vector  of  integers  (from 1:k)  indicating  the  cluster  to  which  each  point  is 

allocated. 

Centers: A matrix of cluster centres. 

Totss: The total sum of squares. 

Withinss: Vector of within-cluster sum of squares, one component per cluster. 

tot.withinss Total within-cluster sum of squares, i.e. sum (withinss). 

Betweens: The between-cluster sum of squares, i.e. totss-tot.withinss. 

Size: The number of points in each cluster. 

Iter: The number of (outer) iterations. 

Ifault: indicator of a possible algorithm problem – for experts. 

 

SUMMARY 

 

Requirements are R Language, Windows XP,7 , 8 Operating system, R, Rstudio, coolterm Technologies. Cool Term is 

a simple port terminal application that is geared towards hobbyists and professionals with a need to exchange data 

with hardware connected to serial ports such as servo controllers, GPS receivers, micro-controllers. A CSV is a 

comma separated values file which allows data to be saved in a table structured format. CSV look like a garden-

variety spreadsheet but with a .csv extension. R is an implementation of the S programming language combined 

with lexicalscoping semantics inspired by Scheme. S was created by John Chambers while at Bell Labs. There are 

some important differences, but much of the code written for S runs unaltered. 

 

In R, we can read data from files stored outside the R environment. We can also write data into files which will be 

stored and accessed by the operating system. R can read and write into various file formats like csv, excel, xml etc. 

A line chart is a graph that connects a series of points by drawing line segments between them. The plot() function in 

R is used to create the line graph. Basic syntax plot(v, type, col, xlab, ylab). RStudio is a free and open-source 

integrated development environment (IDE) for R, a programming language for statistical computing and graphics. 

RStudio was founded by JJAllaire, creator of the programming language ColdFusion. Hadley Wickham is the Chief 

Scientist at RStudio. Cluster analysis or clustering is the task of grouping a set of objects in such a way that objects in 

the same group (called a cluster) are more similar (in some sense or another) to each other than to those in other 

groups. Supervisedlearning isthe Datamining taskofinferringa functionfrom labeled training data.The training data 

consist of a set of training examples. Unsupervised learning is a type of machine learning algorithm used to draw 

inferences from datasets consisting of input data without labelled responses. k-means clustering aims to partition n 

observations into k clusters in which each observation belongs to the cluster with the nearest mean, serving as a 

prototype of the cluster. This results in a partitioning of the data space into Voronoi cells. 
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RESULTS AND DISCUSSIONS 

 
Fig 1: Data Set 

 
Fig 2: Reading the value 

 
Fig 3: Normalizing function 
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Fig 4: Training models 

 

 
Fig 5: Output form 

 

CONCLUSION AND FUTURE WORK 
 

Big Data is used in predictive analysis and decision making in companies with wide number of services. The ever 

growing information has started growing exponentially recently and Big Data is the only technology that can help us 

in making the best use of this data. The companies are investing and working hard on developing the algorithms for 

better usage of this technology. It can be embedded with various technologies like IOT, decision making, clustering. 

The decision making process is totally revolutionized by the implementation of Big Data. Various companies are 

already using the analysis techniques of Big Data to research the information and make the decisions for long future. 

It can be said that Big Data is the only scope for using the resources of information in near future. It is no 

exaggeration to say that this is the only technology that prevails as long as the use of information stays. 

 

Future Scope: Big Data is making its mark in the fields that use information as the powerful resource. It is estimated 

that Big Data is going to accommodate 1,90,000 data scientists and 1.5 Million managers by 2018. Big Data analytics is 

a top priority by lot of organizations. It provides 45% more accurate predictions and business insights. 
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Big Data analytics provides an edge over competition, the rate of implementation of the analytics tools has increased 

exponentially. The apache Hadoop framework is one of the most used big data frameworks. It fulfills the 

requirement of commercial and open source frameworks to choose from organizations and make appropriate choice. 

Data analytics is a key factor in decision making for future. 96% of the organizations feel that analytics is the key 

source to make decision in the future of their organization for the next three years.  
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In the simplest terms, the Internet of Things (IoT) is how we describe the digitally connected universe of 
everyday physical devices. These devices are embedded with internet connectivity, sensors and other 
hardware that allow communication and control via the web. IoT makes once "dumb" devices "smarter" 
by giving them the ability to send data over the internet, allowing the device to communicate with 
people and other IoT-enabled things It’s difficult to imagine the world without advancement in 
technology implementation. Now IOT is taking up the industry.Industrial Automation field is now in the 
era of fastdeveloping industry. It is now well known as IIOT by adding IoT to the industrial automation. 
Now the latest development is IIoT 4.0. 
 
Keywords: Internet of Thing (IoT), Programmable Logic Controller (PLC), Supervisory Control And Data 
Acquisition (SCADA). 
 

INTRODUCTION 
 
IIoT is a concept where industrial automation is combined with IoT in process control. The industrial internet of 
things (IIoT) is the use of smart sensors and actuators to enhance manufacturing and industrial processes. Also 
known as the industrial internet or Industry 4.0, IIoT leverages the power of smart machines and real-time analytics 
to take advantage of the data that dumb machines have produced in industrial settings for years. Although 
the internet of things and the industrial internet of things have many technologies in common, including cloud 
platforms, sensors, connectivity, machine-to-machine communications and data analytics, they are used for different 
purposes. IoT applications connect devices across multiple verticals, including agriculture, healthcare, enterprise, 
consumer and utilities, as well as government and cities. IoT devices include smart appliances, fitness bands and 
other applications that generally don't create emergency situations if something goes amiss. 
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IIoT applications, on the other hand, connect machines and devices in such industries as oil and gas, utilities and 
manufacturing. System failures and downtime in IIoT deployments can result in high-risk situations or even life-
threatening situations. IIoT applications are also more concerned with improving efficiency and improving health or 
safety, versus the user-centric nature of IoT applications. The driving philosophy behind IIoT is that smart machines 
are not only better than humans at capturing and analysing data in real time, they are better at communicating 
important information that can be used to drive business decisions faster and more accurately. 

 
IOT BASED INDUSTRIAL AUTOMATION CONTROL 
 
In this we have tried a process control using IIoT, PLC and SCADA. The process was to purify and destalinization of 
milk in three containers. The process was controlled by PLC and the visualization was made on SCADA for 
monitoring and control. Some of the PLC controls are controlled by the help of IoT.  One of the IoT (work as 
switching device) kept at Cuttack, city in Odisha and the second IoT is kept at Centurion University of Technology & 
Management, Jatni, Khurda, in Odisha itself, both the places are 50 Km apart from each other. Both IoT’s are on 
different network worked fine for switching and controlling the PLC. The IoT at Cuttack was programmed to trigger 
the PLC process and some other variable controls and the same time the second IoT at Jatni receives the signal and 
feed to Arduino. Arduino process the signal and that processed signal is feed to PLC for controlling the Process. 
Architecture, standards and data processing. Figure 1 : Testing setup of the Process. This application can be utilized 
in different applications as shown in the figure 2. 

 

RESULT AND ANALYSIS 
 
The setup made as per the above diagram and a test has been activated. The principle of the test is to activate the 
process. So a signal from the IoT one is generated and then the signal is received at second IoT which is connected to 
an Arduino. The output of Arduino is feed to PLC. Then the ladder logic of PLC activates the process and a SCADA 
displays the total process on the computer screen. The test run was satisfactory and the operation of the process 
started and executed as per the parameters. 
 

CONCLUSION 
 
This paper provides an in-depth literature review of basic IIoT application which is carried out with a test done with 
the help of IoT, PLC and SCADA. We had tried to control a milk process system with IoT. The future aspects are 
flourishing now a days and the future industries will IIoT based and known as Industry 4.0. 
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Figure 1 : Testing setup of the Process 

 
Figure 2: Different application IIoT 

 

 
Figure 3 : Future scope of IIoT 

 

 
 

 

 

 

 

 

 

 

 

Gautam Modak and Debasis Sahu 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26268 

 

   

 

 

 

Python Based Data Presentation of Industrial Automation 
 
Gautam Modak and Debasis Sahu* 

 
Electrical and Electronics Engineering Department, Centurion University of Technology and 
Management, Odisha, India 
 
Received: 24 Mar 2020                                 Revised:25 Apr 2020                                     Accepted: 27 May 2020 
 
*Address for Correspondence 
Debasis Sahu  

Electrical and Electronics Engineering Department, 
Centurion University of Technology and Management, 
Odisha, India. 
Email:debasis.sahu@cutm.ac.in 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
A set of predefined jobs executed sequentially and systematically by the help of hardware and software 
is the concept of industrial automation. Industrial automation helps in Increasing Productivity, 
Increasing Quality, Reducing Cost, Increasing Safety in working conditions. Industrial automation is 
basically consisting of Hardware control, Software control and Field instruments. Hardware control is 
consisting of microcontrollers, PID controllers, PLC controllers and DCS controllers. Software controller 
is SCADA and field instruments is consists of sensors and output devices. Python is an interpreted, 
object-oriented, high-level programming language with dynamic semantics. Python's simple, easy to 
learn syntax emphasizes readability and therefore reduces the cost of program maintenance. 
 Python supports modules and packages, which encourages program modularity and code reuse. 
 

Keywords: Programmable Logic Controller (PLC), Supervisory Control and Data Acquisition (SCADA). 
 

INTRODUCTION 
 
Python turns out to be surprisingly versatile in this setting, whether for prototyping a single conveyor belt or taming 
a building full of robots. This talk explains how to use Python for interfacing with two common industrial 
automation devices: a barcode scanner and a Programmable Logic Controller (PLC). The only thing we have used 
Python for recently was to take a PLC database and translate it into a bunch of EXCEL files. It is better in my opinion 
to work on something other than the working database to get those translations right or sensible. One advantage that 
we did realize a bit afterwards is that we can store additional data in these files such as data on field devices, 
calibration info and set points. As such,kind of wish that we had used python to port the comma separated database 
to some sort of relational database. It is actually a good example of the power of Python and the associated libraries. 
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Python based data presentation of Industrial Automation 
 

Basic principle:  Here we have tried get a temp sensor parameter dipped in a fluid in side a container. The container 
is then heated with a help of a heater. The sensor is connected to the PLC input card and heater is connected to the 
PLC output card. In the PLC we have written a ladder diagram to get the temperature sensor data ant to control the 
heater. A SCADA design and program is written inside the SCADA software, which will display the temperature 
data on the screen. Then this data is feed to a EXCEl file by using DAT BASE CONNECTIVITY property inside the 
SCADA. So the change in temperature will be displayed in PLC, SCADA and EXCEL simultaneously. The 
temperature data will be then fetched from EXCEL file to PYTHON software. Python software will display the data 
in a graphical representation format. The program of Python is shown below for reference 
 
Python program 
 
import xlrd 
import matplotlib.pyplot as plt 
sheet=xlrd.open_workbook ("E:/python/Test/demand1.xlsx").sheet_by_index(0) 
times=[] 
temps=[] 
for row in range(0,5): 
time = sheet.cell_value((row+1),0) 
temp = sheet.cell_value((row+1),1) 
times.append(time) 
temps.append(temp) 
 
plt.plot(times,temps) 
plt.title(" Time Vs Temperature ") 
plt.xlabel(" times ") 
plt.ylabel(" temps ") 
#plt.xlim(20,60) 
plt.show() 
 
Figure 1: Program of Python 

 
Architecture, standards and data processing 

 
 
 
 
  
 
 
 
 
 
 
 
 
                                                      Figure 2: Signal flow Block Diagram 
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Application Python based data presentation of Industrial Automation 

 
 Python can be use with Industrial Automation for display the data in 3D or 4D graph pattern 
 It can be used for predictions of faults. 
 It can be used for huge data storage. 
 It can be used for the process control and estimation and costing of the product, time, quality, etc. 

 

RESULT AND ANALYSIS 
 

 

Figure 3: PLC Program 
 

Figure 4: SCADA Visualization 

 
Figure 3: Python Program output 

 

CONCLUSION 
 
We presented this paper to introduced the concept of a system in which smart sensors were applied to monitor and 
control the various industrial parameters. The temperature sensor output is scaled inside the PLC which is calculated 
and then SCADA gets the datafor presentation as well as the data is feed to excel and we get the desired value in the 
EXCEL. Then the Data is processed as per requirement of Python and the output is presented in the format of graph. 
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Electrical power systems are a technical wonder. Electricity and its accessibility are the greatest 
engineering achievements of the 20th century. A modern society cannot exist without electricity. 
Generating stations, transmission lines and distribution systems are the main components of power 
system. Smaller power systems (called regional grids) are interconnected to form a larger network called 
national grid, in which power is exchanged between different areas depending upon surplus and 
deficiency. This requires a knowledge of load flows, which is impossible without meticulous planning 
and monitoring. Also, the system needs to operate in such a way that the losses and in turn the cost of 
production are minimum. The major factors that influence the operation of a power system are the 
changes in load and stability. As is easily understood from the different load curves and load duration 
curve, the connected load, load varies widely throughout the day. These changes have an impact on the 
stability of power system. As a severe change in a short span can even lead to loss of synchronism. 
Stability is also affected by the occurrence of faults. Faults need to be intercepted at an easily stage and 
corrective measures like isolating the faulty line must be taken.  As the power consumption increases 
globally, unprecedented challenges are being faced, which require modern, sophisticated methods to 
counter them. This calls for the use of automation in the power system. The Supervisory Control and 
Data Acquisition (SCADA) and Programmable Logic Controllers (PLC) are an answer to this. SCADA 
refers to a system that enables on electricity utility to remotely monitor, co-ordinate, control and operate 
transmission and distribution components, equipment and real-time mode from a remote location with 
acquisition at date for analysis and planning from one control location. PLC on the other hand is like the 
brain of the system with the joint operation of the SCADA and the PLC, it is possible to control and 
operate the power system remotely. Task like opening of circuit breakers, changing transformer taps and 
managing the load demand can be carried out efficiently. This type of an automatic network can manage 
load, maintain quality, detect theft of electricity and tempering of meters. It gives the operator an overall 
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view of the entire network. Also, flow of power can be closely scrutinized and Pilferage points can be 
located. Human errors leading to tripping can be eliminated. This directly increases the reliability and 
lowers the operating cost. 
 
Keywords: Current transformer (CT), Potential transformer (PT), Programmable Logic Controller (PLC), 
Supervisory Control and Data Acquisition (SCADA), Zero Crossing Detection (ZCD). 
 

INTRODUCTION 

 
The digital substation is a term applied to electrical substations where operation is managed between distributed 
intelligent electronic devices (IEDs) interconnected by communications network. Due to overloading conductors are 
brakes at any time in the substation which is very harmful for substation and their worker’s security. SCADA is used 
for monitoring the voltage, current, power &. frequency in a substation and to protect the system from the rise in 
mentioned parameter on real time basis, in order to enhance the controlling during fault condition, efficiency of 
substation, all equipment’s are converted into modern technology i.e. SCADA technology. All old equipment’s are 
controlled and monitored by using SCADA. The system is accomplished by using PLC ladder diagram and SCADA 
software. In this project a step-down distributed substation is well monitored and controlled by PLC and SCADA as 
a prelude to substation automation. PLC plays crucial role in automation acting as a controller while SCADA act as a 
interfacing medium. 
 
Electrical Dashboard Technology 

Basic Principle 
Substations are a critical component for maintaining electrical supply and load control in low voltage, medium 
voltage and high voltage electrical distribution networks. In order to ensure the proper functioning of substations 
and related equipment such as line-mounted switches and capacitors.  The basic components for this system are CT, 
PT works as an input to PLC. These inputs give raw data to PLC which are scaled into the required range. Then a 
ladder logic program is written and a graphical presentation is made by the help of SCADA. Both the software (PLC 
& SCADA) work simultaneously to visualize and control the substation. 
 

Current Transformer (CT) 
A current transformer has a primary winding, a core and a secondary winding, although some transformers, 
including current transformers, use an air core. While the physical principles are the same, the details of a "current" 
transformer compared with a "voltage" transformer will differ owing to different requirements of the application. A 
current transformer is designed to maintain an accurate ratio between the currents in its primary and secondary 
circuits over a defined range. Split-core current transformers either have a two-part core or a core with a removable 
section. This allows the transformer to be placed around a conductor without having to disconnect it first. Split-core 
current transformers are typically used in low current measuring instruments, often portable, battery-operated, and 
hand-held. 
 
Potential Transformer (PT) 
The potential transformer may be defined as an instrument transformer used for the transformation of voltage from a 
higher value to the lower value. This transformer step down the voltage to a safe limit value which can be easily 
measured by the ordinary low voltage instrument like a voltmeter, wattmeter and watt-hour meters, etc. A zero-
crossing detector or ZCD is one type of voltage comparator, used to detect a sine waveform transition from positive 
and negative, that coincides when the i/p crosses the zero-voltage condition. The applications of the Zero Crossing 
Detector are phase meter and time marker generator. 
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PLC & SCADA 

Programmable Logic Controller is an electronic controller. Which is capable of handling analog signal (0volt to 10 
volt and 4 milli ampere to 20 milli ampere) and digital signal (24 volt dc). It is programmed with different 
programming styles in which ladder logic is in common. Supervisory Control And Data Acquisition (SCADA) is a 
software controller which takes sensor parameters from the field, factory and industries through PLC to the central 
computer from monitoring and control. It is a software controller but not a 100% controller. 
 
Architecture, standards and data processing 

Circuit architecture 
What we have tried is taking the signals from the substation through the CT, PT and ZCD to the PLC for different 
processing and calculation. These data’s are then send to SCADA for visualization and control. By using ladder 
program and SCADA software we can monitor the different parameters of the substation. By getting these 
parameters we can activate alarms for different operations like over voltage, over current, over frequency, 
unbalanced load distribution, earth failure etc. By the help of these data even we can control the above faulty 
operations. 
 
Measurement layer 

Measurement layer consists of current transformers (CTs), potential transformers (PTs), zero crossing detection, PLC 
and SCADA. The process data by the help of PLC & SCADA are used to monitor and control the substation. 
 
Application of the smart substation with dashboard. 

It can be used to any substation. It can be implemented wherever there is a substation or power house or distribution 
centre is in operation by simple and small modification. 
 
 Hydro power station. 
 Thermal power station 
 Solar power station 
 Micro grid 
 Substations  
 

RESULT AND ANALYSIS 
 
By the above description of circuit and working principal we have come to the final output. Which was satisfactory 
and tested ok. The output result is described above with a circuit and its operation. Here the frequency data was 
gathered by the help of zero detection circuit which has to be calibrated as per the circuit requirement. This device 
can be implemented by any service provider to trace fault before any shutdown due to error. It can activate alarms 
before any burn-out of any device. Now we are adding PLCC technology to it for better and a bit less cost 
effectiveness. 
 

CONCLUSION 
 

This paper provides an in-depth literature review of Smart substation with dash board its architecture, placement 
techniques and applications in distribution systems. The review also presents potential research areas techniques and 
Smart substation with dash applications in distribution systems. PLC and SCADA are deployed in large number in 
distribution networks but with the addition of more Smart substation with dash board resources, they are will 
become popular in the distribution system. Most of the applications presented in this paper are currently in testing 
mode to be useful in the electric power industry. These applications use data analytics and machine learning 
algorithms for power systems fault and detection. With Smart substation with dash board, the benefits gained in 
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terms of reliability, resiliency and operational efficiency of the grid justifies its instalment. It is expected that with 
further proliferation of data resources Smart substation with dash boardcan perform many of the aforementioned 
tasks with more accuracy and reliability. 
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Figure 1 : Functional block Diagram 

 
Figure 2 : Current transformer 

 
Figure 3 : Potential transformer 
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The current society has the advanced technology with them. If the machines are working or performing a 
task, means there is always something that drives or guides them. With the advent of various PLCs, 
SCADA, HMI and Drives, the operation of motors have become smooth and more efficient. The power 
system comprises of generating stations, transmission lines and distribution systems. From the 
distribution sytems, the various industries gets electrical energy. The industries like manufacturing, 
packaging, shipping, agriculture, healthcare etc use the modern sophisticated machines and tools for 
increasing the accuracy, productivity and efficiency of the system. Also, the system needs to operate in 
such a way that the losses and in turn the cost of production are minimum. The major factors that 
influence the operation of an industry are the changes in load and stability. As is easily understood from 
the different load curves and load duration curve, the connected load, load varies widely throughout the 
day. As a result requirement of power is also for different times. Then comes the various kinds of faults 
in an industry. But one thing is important that the faults need to be intercepted at an early stage and 
corrective measures like isolating the faulty line must be taken.  As the requirement of power increases 
across the globe, unprecedented challenges are being faced, which require modern, sophisticated 
methods to counter them. Here is the part where automation comes into picture. The Supervisory 
Control and Data Acquisition (SCADA) and Programmable Logic Controllers (PLC) are the befitting 
answer to these challenges. SCADA refers to a system that enables on electricity utility to remotely 
monitor, co-ordinate, control and operate transmission and distribution components, equipment and 
real-time mode from a remote location with acquisition at date for analysis and planning from one 
control location. PLC on the other hand is like the brain of the system with the joint operation of the 
SCADA and the PLC, it is possible to control and operate the power system remotely. Task like opening 
of circuit breakers, changing transformer taps and managing the load demand can be carried out 
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efficiently. This type of an automatic network can manage load, maintain quality, detect theft of 
electricity and tempering of meters. It gives the operator an overall view of the entire network. Human 
errors leading to tripping can be eliminated. This minimizes the operating cost there by increasing the 
productivity. 
 
Keywords: Proximity sensors, Normally Open(NO type), Normally Closed (NC type), Programmable 
Logic Controller (PLC), Supervisory Control And Data Acquisition (SCADA),Miniature Circuit 
Breaker(MCB). 
 

INTRODUCTION 

 
Automation is the way of generating and using technology to look into and channelize processes that can develop 
and generates products and services. This method uses the three basic principles of measurement, control, and 
action. When it comes to design, monitor and develop, skilled operators and engineers follow the path of 
automation, it means the problems are attended and the solutions are provided aptly. Skilled persons have to learn 
all the stages of an automated process and all such processes need both knowledge and applicability skill, across all 
the engineering branches. As automation leverage the industrial plants output more efficiently, so there is a need of 
updating the automation systems and process the maintenance periodically by skilful labours. Previously 
maintenance could only happen when a service person was physically present, but with the advent of technology 
and different skill development programs the technicians are allowed to learn and practice their skills towards 
success in these periodically maintained schedules. Today the availability of efficient and much reliable network 
systems have enabled the technology to reach the remote areas and also have enabled quality service in those areas. 
The problems are solved using latest and sophisticated technology. In this report it has been explained the 
maintenance problem in industry and the adequate steps taken to counter them. Many a problems arise and the 
necessary and timely steps are taken to take care of them. 
 
ABOUT AUTOMATION MAINTENANCE ISSUES 
Previously the manual data collection was time consuming and in turn was taking the maintenance time. 
Additionally, a skilled set of people is necessary to operate and so the maintenance issues. They should possess the 
fundamentals of controlling knowledge, knowledge of electrical and process equipment, and detailed process 
understanding. Howsoever large the automation system is, but they need human assistance to get themselves out of 
the critical problems. Human intervention is required. Automation systems comprises of hard drives, controllers, 
monitors, jumpers, firmware, software, and hardware. For example if a simple fan is ignored, a controller can 
overheat and result in a portion of a plant being shut down. In many organizations there are fewer trained personnel 
to perform maintenance. I had recently visited an industry Prasad Seeds Private Limited, Medchal, Telengana, which 
was concerned of their automation systems maintenance and were providing the expected levels maintenance so that 
the automation system can run smoothly for longer days to come. Below mentioned are some of the problems 
observed and the necessary solutions given to the automation system in the industry. 
 

Problem 
When the Nichrome Machine Horizontal Jaw doesn’t work systematically: 
 Proximity sensor’s faulty operations. 
 Proximity sensor doesn’t turn ON/OFF. 
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Solutions 
PNP and NPN sensors are both supplied with positive and negative power leads, then they produce a signal to 
indicate an ‘ON’ state. PNP sensor produces a positive output to industrial controls input, while NPN sensor 
produces a negative signal during an “ON” state.  There are two types of sensors like PNP NO type and NPN NC 
type used near the NICHROME machine. If the NICHROME jaw is operated, then two numbers of PNP NO give the 
positive signal whereas NPN NO gives the negative signal during an ON state. But in the industry only one PNP NO 
and one NPN NO was used. As a result the sensor wasn’t turning ON & OFF sequentially and no signal was found 
across the Nichrome horizontal jaw. So, in this condition the horizontal jaw fails to work. By applying two numbers 
of PNP NO and NPN NO, it started functioning normally. 

 
 
Problem 
When DANFOSS VLT 2800 Drive gives error signal like: - 
 Sending warning signal and alarm message. 

 Showing two numbers in message that is 4 & 8. 
 

Solutions 

While the technician checks the drive, if it shows two messages with warning signal that is 4 & 8 numeric number. 
Then it’s concluded that these are the error signal. That guide(manual) shows- number 4 indicates that there is no 
phase on mains supply side and number 8 shows the intermediate voltage is lower than the voltage set. So first the 
driver input voltage is checked using multi-meter which shows that a single-phase supply is not coming out of the 
three phase supply. Then the mains of MCB that is the 63 amps rating is checked, and found that the MCB was not 
properly working. There was no link between from input side to output side of the MCB. So, a new MCB of 63 amps 
was connected. After connecting MCB, the mains were made ON. But the system again was showing the number 45 
error signal. This number indicates that the internal fault in Danfoss driver. So the driver unit was replaced and 
connection done as shown in the diagram. 

 

Debasis Sahu 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26279 

 

   

 

 

Problem 
Dryer – 2 Unit Fails To Start: - 
 Two 300 HP motor don’t start. 
 Four blowers don’t get start. 

 Contactor fails to start 
 
SOLUTIONS 

At starting the technician couldn’t get any solution after searching all parameter in control panel, motor panel, bus -
bar unit etc. The incoming and outgoing voltages in busbar panel were checked, but it also showed everything was 
ok. Then measurement panel was checked where current transformer is connected to busbar that showed how much 
current was flowing inside the busbar. It was showing the rated current flowing through it. At last when the 
electrical contactor was checked, it was found that the fault was inside the contactor. The contactor had failed to 
start, because the contactor was directly connected with 300 HP motor which takes 800 amps current. When the 
contactor was operated or made ON/OFF, the contactor choked and failed to carry current. So, the contactor unit was 
replaced and the motor stated and hence dryer unit started operating normally. 

 
 
Problem 
PMDC Motor Drive Fault 

 PMDC Motor driver short circuits/becomes direct. 
 After shorting the PMDC drive, the fuse blows out.  
 After fusing the fuse element of the driver, the motor continuously runs, and it could not be stopped. 
 
Solutions 
 The PMDC motor drive was replaced. 
 Fuse was also replaced. 
 After replacing PMDC, its value was set 24 volt and finally the dc motor started running normally. 
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Problem 
Phase Sequencer & Relay Fault: - 

Motor doesn’t start. 
Relay’s NC doesn’t work. 
 
Solutions 
When it was found that a motor was not starting, first using multi-meter it was checked how much current & voltage 
was present in each phase of the main MCB. It showed the required values on each single phase. When the phase 
sequencer was checked, it was found that all phase voltages were not as per requirement because one of the  phases 
was short circuited, so different voltages were showing in each phase. This problem was resolved by changing the 
phase sequence indicator and the motor started running smoothly. After the starting of the motor it was found that 
even if the fault or over load current flows still the relay’s NC switch was not operating or tripping. Finally the relay 
was changed and the motor operated normally 

 
 

RESULT AND ANALYSIS 
 
By the above description of different faults in an automated industry and implementing different methods of trouble 
shooting, it was tested ok. The different trouble shooting methods were monitored after the restoration work. The 
characteristics of the present functioning of  different equipments were exactly the similar like the desired way 
previously. 
  

CONCLUSION 
 

This paper provides an in-depth literature review of Maintenance Problem in Automation and It’s Related Solution 
to Them in Industry. The review also presents potential research areas techniques and Maintenance Problem in 
Automation and It’s Related Solution to Them in Industry applications in different automated systems. PLC and 
SCADA are deployed in large number in automated and various distribution networks but it is necessary to have 
regular maintenance and checking to prevent unnecessary brakedown of the field instruments resulting in the 
stopping of the industrial works. Most of the applications presented in this paper are currently being implemented to 
be useful in the electric power industry. It is expected that with further problems in the industries the paper can be 
upgraded so that many of the aforementioned problems and the future problems can be dealt  with more accuracy 
and reliability. 
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The aim of the present paper is to study the “fractional Hankel transformation” (FrHT) and the 
“continuous fractional Bessel wavelet transformation” (CFrBWT) on some H type spaces. The continuity 

of the CFrBWT on some H type spaces is shown.  

 
Keywords: Bessel wavelet transformation, functions, parameter 
 

INTRODUCTION 

 
The continuous and discrete Bessel wavelet transforms are introduced by Pathak and Dixit [9] and investigated their 
properties by exploiting Hankel convolution of Haimo [2] and Hirschman [3]. Prasad et al. [13] investigated the 
“continuous fractional Bessel wavelet transformation” and studied some of their basic properties. Upadhyay et al. 
[14] introduced the continuous Bessel wavelet transformation associated with the Hankel-Hausdorff operator. In a 
recent article, motivated by the work of Prasad et al. [13], and develop a theory of the “continuous fractional Bessel 
wavelet transformation” on space of type H corresponding to [10] and [11]. We now set the following fractional 

differential operators which are very useful in our present study 
2 2cot cot1 1

2 2 2 2
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The “Hankel transformation” h  of a conventional function      1
, 0,L       is usually defined by 

Zemanian [15, p.127, equs.(1) and (2)]: 
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and its inversion formula is      
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where J  denote the first kind of Bessel function having order  . 

The “fractional Hankel transformation” is a generalization of the conventional “Hankel transformation” which 

depends on 
1

2
    and the angle , has many applications in several areas like optics, signal processing, 

seismology etc. Various forms of fractional Hankel transformations have been considered in [4, 6, 13, 16] as: 
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Proposition 1.1. Let us consider the kernel  ,K x y

 of the “fractional Hankel transformation”. Then  
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 which is known as the operator of  fractional 

Bessel’s having parameter  . 

 
Proof: See [12]. 

From [13], A “fractional Bessel wavelet” is a function  2
0,L    which satisfies the admissibility condition 
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where  h is the fractional Hankel transformation of  . The fractional Bessel wavelets ,b a
  are generated from 

one single function  2
0,L   by dilation and translation with parameters 0a  and 0b  respectively, which is 

given by 
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Lemma 1.1. If  2, 0, .L     Then the “continuous fractional Bessel wavelet transformation” B
  is defined on   by 
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Proof: See [13] 

 

2. THE SPACES , ,MH   AND ,
H
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The functions    andM x y  are continuous, non-decreasing and convex with (0) 0, ( ) forM M x x    and 

(0) 0, ( ) fory y     . We have the following fundamental convex inequalities, 

 

1 2 1 2 1 2 1 2( ) ( ) ( ), ( ) ( ) ( )M x M x M x x y y y y        .     (9) 

 

If the functions ( ) and ( )    are mutually inverse, that is,      ,         then the corresponding 

functions    andM x y will be said to be dual in the Young sense. In this situation, the Young's inequality  
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holds for 0, 0x y  . 

From Gel'fand and Shilov [1], Lee [5] and Pathak and Sahoo [7], we studied the some spaces of type H , that is, 

, ,MH  and ,
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 are defined as follows: 
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Definition 2.1 The space , ,MH  consists of all complex valued infinitely differentiable functions  ( ),x x      

which for any 0  satisfy the inequality 
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As in [8, p. 247], and log( ) z z   for 0z  and 0 , we can estimate the above expression as follows: 
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Now, using the inequality
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Now, using the Definition 2.2, the last expression can be estimated by 
 

 

 

1
2

,sin ,

0 0

,

0

1
exp ( )

exp (( ) )

q
q y

j u

j u

u

v

C e b C y
u

C y
v




  






  


  




 




  
      

  
      

  

 


 

Ashutosh Mahato et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26288 

 

   

 

 

 
1

,sin , ,

0 0 0

1

  

         
    

  
q

j u u

j u v

C b C C
u v

 

   

 
 

 

  exp (( ) 2  y q y     for     

 

  , ,sin

0

exp (( ) ) 2 .


  
q

u

j

j

C b y q y               (13) 

 

Let us now choose the sign of y in such a way that the equality 2 2q y q y   be satisfied and the absolute 

value of y, so that the inequality of Young’s with |y| replaced by   y   and    replaced by 

 2 q


 

yields the equality 

 

   2 ( ) .
 

     
q y M y


   

 
 

 
Then the exponent in (13) yields 
 

    
2

 
       

y q y M


   
 

 

 

Hence,    
1/2

, , , ,sin

0

( ) exp .
 



  
       


q

q u

j

j

S C b M


     


  

 
 

 

In the above expression, we set 
 

1 1
, 




  
where  arbitrary small is; we obtain the above expression 

which can be bounded by 
 

 1/ 2

, , , , ,sin

1
( ) exp .q m

qS C M
         


 

   
     

    
 

 

Theorem 2.2. Let M(x) and ( )y  be a pair of functions which are dual in Young sense. The fractional Hankel 

transformation which is given in (3) with 
2 cos /2

, ,( ) ( ).  ¡ix t

Me x H
   Then the operator of fractional Hankel 

,1/

, ,: ( ) ( )¡ £Mh H H  
     is continuous and 

,(1/ )

, ,

%
MH H   

    for , 0.   That is the fractional Hankel-

dual of , ,MH   is included in  
 , 1/

H
  



space. 

Ashutosh Mahato et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26289 

 

   

 

 

Proof: Let   i    and   being the parameter, using the technique of [1, pp. 20-21], we have 
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Since , , , log MH x x   and from [8, p. 310], the last expression can be estimated by 
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We modified the definition of Pathak and Pandey [10] and Prasad and Mahato [11] for the following similar test 

function space, known as H - type space which will be applied in the study of the “continuous fractional Bessel 

wavelet transformation”. 
 

Definition 2.3. The space 
, , , , a

H
 


  

, where 0  , is defined to be the set of all entire analytic 

functions      ,a a C    
     with respect to b i   which for any , ' 0   satisfy the  inequality  

    , , ,

1
( , ) exp ( ) ' , 0,1, 2...  t

a tS a C a a t
a

                    
   (16)   

,where  0 is a constant depending on the function.tC    

THE CONTINUOUS FRACTIONAL BESSEL WAVELET TRANSFORMATION 

In this section, we study the “continuous fractional Bessel wavelet transformation” defined by (6) on the spaces 

, ,MH  and ,
H



 . 

Theorem 3.1. Let ( )M x and ( )y  be the functions which are dual in the sense of Young.  Let , ,MH  and 

, ,MH  , then the “continuous fractional Bessel wavelet transformation”  

    , , ,1/ ,1/
, ,

a
B a H b i

 
    
  

   , that is, the “continuous fractional Bessel wavelet transformation” 

  ,B a
   is a continuous linear map from ,1/H 


 into 

, , ,1/ ,1/ a
H

 

  

. 

Proof: The “continuous fractional Bessel wavelet transformation” of a function   with respect to the wavelet  defined by (6) 

is 

     2 2
1

/ 2( 1) cot 1/ 2
2

0

( , ) sin cos cos ( ) ( ) .i a xB b a a c e x bx ec J bx ec x ax dx    
     


       

 

Ashutosh Mahato et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26291 
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Now, applying fundamental convex inequality (9) and the inequality of Young’s (10), the exponent in the above 
integral can be transformed as: 
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A review study is conducted based on the available literature in Nano-fluids and their enhanced thermal 
conductivity. The cooling of devices generally involves the flow of a highly conductive fluid within the 
channels or over plane sheets of the apparatus involved. Nano-fluids are known, basically, due to their 
enhanced thermal conductivity. The thermal conductivity increases with the increase in the density of 
nano-particles in the critical range. Several parameters (size, shape, clustering, collision, porous layer, 
melting point of nanoparticles) affect the thermal conductivity of nano-fluids. Nano-fluids are the 
advanced heat transfer fluids for the present as well as next generation. 
 

Keywords: Nano-fluids, heat transfer and thermal conductivity. 
 

INTRODUCTION 

 
Nano-fluid is a fluid composed of nanometer-sized particles, called nanoparticles. These fluids are colloidal 
suspensions of nanoparticles in the base-liquid. Nanoparticles used in nano-liquids are usually made of metals, oxide 
carbides, or carbon nanotubes. Water, ethylene glycol and oil are common base fluids.Nano-fluids are known for 
their improved thermal conductivity, basically. 
 

SYNTHESIS OF NANO-FLUID: 

Nano-fluids are generally produced using one of the following two ways: 
i. One step method 
ii. Two step method 
In the 1st method, there is simultaneous production of nanoparticles and dispersion of the nanoparticles in a base 
fluid. Using this method we can’t synthesize nano-fluids in large scale. Also cost of the nano-fluid produced is very 
high. This is the major drawback of this method. 
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In the 2nd method, the nanoparticles are first produced as dry-powder by various mechanical, physical and chemical 
pathways such as milling, grinding and sol-gel and vapor phase methods then dispersed into the host fluid with the 
help of ultrasonic vibrator, high shear mixing device, intensive magnetic forceagitation etc. This is the most 
economical way to produce nano-fluid on a large scale. 
 

NEEDS OF NANO-FLUID 

Now-a-days a great impetus could be observed for the development of sustainable sources of energy owing to the 
depletion of convectional energy sources. Hence there has been a rapid innovation in several domains of science and 
technology. Heating and cooling of electronic devices, gadgets and metallic baths in metallurgy is one such domain. 
The cooling of devices generally involves the flow of a highly conductive fluid within the channels or over plane 
sheets of the apparatus involved. Hence scientists are in a process to improve the heat transfer capacity of the fluid 
so that heat exchange takes place in a faster manner. Most fluids have limited capacity to heat-up and low thermal 
conductivity which ultimately reduces its performance in heat exchange. To overcome the problems of low 
conductivity, researchers are forced to develop fluids with enhanced thermal conductivities. 
 

APPLICATIONS OF NANO-FLUID 
Nano-fluids are frequently being used in heating and cooling of electronic devices, gadgets and metallic baths in 
metallurgy etc. Few important applications (but not limited) are as follows: 
 pharmaceutical processes 
 heat transfer processes 
 heat exchanger 
 engine cooling 
 chiller 
 vehicle thermal management 
 domestic refrigerators 
 high power microwave tube 
 

LITERATURE SURVEY  

In the present century (i.e. the age of technology invention), there is a high demand of fluids with high thermal 
conductivity. To overcome the problems of low conductivity, researchers are forced to develop fluids with enhanced 
thermal conductivities. Choi and Eastman [1] initiated research in this direction and coined the term “nano-fluid” to 
refer fluids with suspended nanoparticles. These fluids have peculiar and improved thermo-physical properties. 
Choi et al. [2] encountered that thermal conductivity of the base fluids (conventional fluids) could be enhanced 
(around 40% to 150%) significantly by mixing a small amount (<1% volume fraction) of nanometre-sized-particles in 
the base fluid. To have a clear understanding about the latest advancements in the field of nano-fluid flow, a brief 
literature review has been done considering the investigations during the present decade. Some important research 
works have been mentioned below: 
 
Khan and Pop [3] studied “boundary-layer flow of a nano-fluid past a stretching sheet”. The investigation carried 
out to describe the development of boundary layer flow in steady conditions. They considered Brownian motion and 
thermophoresis effects in their problem. They found that theNusselt number was a decreasing function and that the 
Shrewood number was an increasing function of the Brownian diffusion, thermophoretic diffusion, Prandtl number, 
Lewis number. Ho et al [4]. Performed a study on “an investigation of forced convective cooling performance of a 

microchannel heat with 2 3Al O /water nanofluid”. Here the experimental results are discussed regarding the 

performances of a copper microchannel heat sink cooled by alumina-water nano-fluid of 1 and 2 volume %. It is 
observed that for the maximal flow rate for the nano-fluid of 1 volume %.They noticed that there is an increment in 
the coefficient of average heat transfer by 70% compared with that of water. At the same time, the thermal resistance 
and the maximum wall temperature of the heat sink can be reduced by 25%. The results obtained from the 
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experiment are far beyond the concept of distances and variations of materials such as nanoparticle volume fraction, 
geometry of heat transfer etc. Hamad [5] examined “an analytical solution for the natural flow of nano-fluid flow 
over a high-pressure space where magnetic fields are high”. It can be seen that the magnitude of the boundary layer 
thickness decreases, with the increase in the statistical curve, and when the magnitude of the thermal boundary layer 

increases. When the nanoparticle volume fraction increases, the heat transfer rates decrease. For a given value of , 

the heat transfer rates decrease with the increase of the value of M . The skin friction increases when M  increases 

for a given value of f and when M  is very small, the skin friction increases as   increases, whereas for large values 

of M  the skin friction decreases when  increases. 

 
Hady et al [6] studied “Radiation effect on viscous flow of a nano-fluidand heat transfer over a nonlinearly 
stretchingsheet”. They have extended the work of Cortell [7] by considering steady thermal boundary-layer flow 
through nonlinear stretching surface in a nano-fluid. It was observed that, skin friction increases with increase in 

solid volume fraction ( )  and non-linear stretching parameter ( )n . Stretching parameter ( )n  and radiation 

parameter  RN  are the cause for the increment in rate of heat transfer. 2TiO nanoparticles found to have highest 

cooling performance in comparison to other nanoparticles (
2 3

andCu Al O ). 

 
Motsumi and Makinde [8] studied “Effects of thermal radiation and viscous dissipation on boundary layer flow of 
nanofluids over a permeable moving flat plate”. They analyzed the problem of boundary layer nano-fluid flow 
through a moving permeable flat surfaceconsidering the effects ofthermal radiation, viscous dissipation and wall 
suction into account. Following are their findings: 
 
 “Alumina exhibits a velocity boundary thicker than water-Cu nano-fluid. The magnitude of the velocity 

boundary decreases with the  increase in the suction at the plate”. 
 “Alumina exhibits a thermal boundary layer more than Cu nano-fluid. The thickness of the thermal boundary 

layer increases with increasing values of Brr ,, , and decreases by increasing the values of wfN ,  ”. 

 “Skin-friction increases with increase in volumefraction  ; water-Cu nano-fluid exhibits higher skin-friction than 

alumina ”. 

 “The heat transfer rate at the plate surface decreases with increasing the amount of Brinkmann ( Br ), 

radiation( N ) and velocity ratio parameter ( r ), and it increases with the suction rate fw and nanoparticle 

solidfraction ( )”. 

 
Singh et al [9] studied experimentally and numerically the hydrodynamics of nano-fluids in microchannels.  Three 
microchannels of hydraulic diameters of 130, 211 and 300 lm were made using a photolithographic and aqueous 
system using silicon wafers. Alumina nano-fluid with concentrations of 0.25 vol %, 0.5 vol% and 1.0 vol% with 
particle sizes of 45 nm and 150 nm. The friction behavior of nano-fluids in microchannel is the main objective of the 
study. It can be seen that the cross linking properties of nano-fluids in the microchannel depend on the channel size, 
particle interaction and material appearance and are evident in the turbulent regime. Kalteh et al [10] carried out a 
research on“Experimental and numerical investigation of nano-fluid flow and heat transfer inside a microchannel 
heat exchangers”. It was conducted both experimentally and numerically. Microchannel made of silicon wafer with 
glass layers used in experimental studies and the two-phase Eulerian-method utilizing a finite-volume method 
adopted in the numerical study. Uddin et al [11] investigated “Scaling Group Transformation for MHD Boundary 
Layer Slip Flow of Nanofluid over a Stretching Sheet with Heat Generation”. The work being done is emphasized in 
the MHD movement in presence of heat generation/absorption. It is found that for the hydrodynamic boundary layer 
there is no -slip boundary conditions.  
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Makinde et al [12] investigated “Buoyancy effects on MHD stagnation point flow and heat transfer of a nanofluid 
past a convectively heated stretching/shrinking sheet”. Here the combined effects of buoyancy force and convective 
heating are discussed. It is observed that the maximum speed increases with the simple velocity. Declines in 
temperature with increasing effects of magnetic and buoyancy. Skin friction decreases with the increase in Prandtl 
number. Akbar et al [13] studied “Radiation effects on MHD stagnation point flow of nanofluid towards a stretching 
surface with convective boundary condition”. They performed their study by 

taking into account the consequences of radiation and convective boundary conditions.Velocity  f    is found to 

decrease with the increase of the magnetic parameter ( M ) and temperature     and nanoparticle fraction 

    increase with increase in the value of M .The rate of heat transfer and the coefficient of skin friction 

decreased with the increase in Nb , Nt and Pr . 
 
Khan and Pop [14] investigated “Boundary Layer Flow Past a Wedge Moving in a Nanofluid”. At the stretching 
surface temperature and nanoparticle fraction was taken constant. It is observed that the velocity upward increased 
or decreased with stretching/shrinking of the sheet. Both thermophoresis and Brownian diffusion are the cause for an 
increment in temperature. Das et al [15] investigated "numerical simulation of nanofluid flow in the form of 
convective parameters". The model incorporates Brownian flow and thermophoresis in the presence of thermal 
radiation, chemical reactions and magnetic fields. Governing equations are solved using Lie group transformations. 
The thermal boundary layer increases with the increase of the convection parameter, the thermal radiation 
parameter, the Brownian mobility parameter and the thermophoretic parameter. Nanofluid accumulation is a 
growing function of thermophoresis and convection. The mass transfer rate in the wall decreases with an increase in 
the convection parameter and thermophoreticparameter. 
 
Hasan et al [16] investigated MHD radiative heat and mass transfer flow of nano-fluid in a rotating device, through a 
horizontal stretching wall. Radiative  heat and  mass  transfer  flowing  through  a  horizontal  stretch  sheet  in  a  
rotating device was explored in detail in the presence of a strong magnetic field. Result shows that temperature 
increases with increase in the Brownian and Thermophoresis parameter but concentration decreases for increasing 
the Brownian parameter. As the Radiation parameter increases then the temperature gradually increases and the 
concentration decreases. Krishnamurthy et al [17] investigated effect of chemical reaction of Williamson nanofluid in 
porous medium on the MHD boundary layer flow with melting heat transfer. The main emphasis in the research is 
to discuss the nanoparticles analysis of the Williamson fluid model. It is observed that the temperature profile 

increases with increasing values of Nt , Nb , and the Prandtl number. The increase in skin elasticity and the Nusselt 
number of localized Williamson fluid nanoparticles is larger than the absence. The local Nusselt number is rising 

with the increase in Nb  and Nt  on the melting and non-melting surfaces. With Nb and Nt , in the case of melting 
surfaces, the heat transfer shows very little improvement. 
 
Makinde and Animasaun [18] investigated Bioconvection in MHD nano-fluid flow with nonlinear radiation and 
chemical quartic autocatalysis reaction through a pioneering paraboloid's upper surface. Quartic autocatalysis of a 
homogeneous-heterogeneous chemical reaction was explored in this model, where the catalyst concentration on the 
surface is more significant. Local skin friction is optimum for thickness parameter and magnetic parameter at smaller 
values. For larger values of the Prandtl number and smaller temperature values, local heat transfer rate is maximum. 
Pandey and Kumar [19] studied “Effect of viscous dissipation and suction/injection on MHD nanofluid flow over a 
wedge with porous medium and slip”. Results obtained in the investigation show that, with an increase in the value 

of Eckert number, porosity parameter and slip parameter the velocity profiles of Cu -water nano-fluid increase. The 
nanoparticle temperature decreases with an increase in the suction parameter as it works contrary to the injection 
parameter. The coefficient of skin friction increases with an increase in the Eckert number. The heat transfer rate 
increases with the slip parameter values increasing. 
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Kishan et al [20] investigated “MHD Boundary Layer Flow of a Nanofluid over an Exponentially Permeable 
Stretching Sheet with radiation and heat Source/Sink”. The main aim of the study is to predict effects of Brownian 
motion, thermophoresis, and radiation on the heat and mass distribution along the nano-fluid flow boundaries. The 
findings obtained show that the velocity, temperature and volume fraction of the nanoparticles decrease with the 
increase of the magnetic field. The fraction of the volume of nanoparticles decreases with an increase of the number 
of Prandtl and Lewis, and the temperature decreases with the amount of Prandtl & Lewis numbers. Radiation 
parameter improves speed, temperature and reduces the volume fraction of nanoparticles. Sandeep and Kumar [21] 
examined the flow of nano-fluid through astretchable inclined wallwith a nanoparticles and dust fraction of volume 

considering heat and mass transfer. Here Cu -water nanofluid was embedded with conducting dust particles. It is 
found that, by increasing the volume fraction of nano particles, heat and mass transfer, thermal transport of the 
dusty nanofluid is improved. The chemical reaction parameter slows down the concentration profiles and increases 
the dusty nanofluid's mass transfer efficiency. Wall friction reduction is used in oil refining and lowering of 
temperature profiles for cooling control and in manufacturing industries for improved heat transfer levels. 
 
Abel and Shambajee [22]investigated “Effects of velocity, thermal and solutal slip boundary conditions on the flow 
and heat transfer of nanofluids past a linear stretching sheet with prescribed constant wall temperature”. Here the 
effects of velocity, thermal and solutal slip boundary conditions on thenano-fluid flow and heat transfer with 

constant wall temperature are studied. Derived equations revels that, on increasing the velocity slip parameter ( A ) 
temperature, concentration increase whereas the skin friction coefficient decreases. As the thermal slip parameter 

( B ) increases the temperature decreases. On increasing the velocity slip parameter ( A ) both Nusselt number and 
Sherwood number decrease whereas the concentration decreases with increase of Lewis number and temperature 
decreases with increase of Prandtl number. Ramanaiah et al [23] investigated the Sisko-nano-fluid convective heat 
and mass transfer flow through a nonlinear stretching plate with thermal radiation. Results obtained showed that, 
with the increase of thermophoresis parameter, Brownian motion parameter, thermal Biot number, Biot number 
concentration and thermal radiation parameter, the fluid temperature increases. Increased amount of Prandtlnumber 
reduces the temperature and concentration of the fluid. The concentration of fluids decreases with the parameter of 
Brownian motion increasing. With the increase of the thermal Biot number the local Nusselt number increases and 
decreases with the increase of the Biot number concentration. Similarly, the amount of Local Sherwood increases 
with an increase in Biot concentration, and decreases with an increase in the number of thermal Biot.  
 
Ali et al [24] investigated the similarity solution of unsteady MHD boundary layer flow and heat transfer using the 
Buongiorno model through a wedge (which is moving) in a nano-fluid. The Falkner- Skan boundary-layer problem 
for a moving wedge immersed in a nano-fluid in presence of magnetic field was studied here. Results obtained 
revels that increase in velocity increases the magnetic field and pressure gradient. Heat transfer rate increases with 
an increase in the parameter of thermophoresis, Prandtlnumber andratio of velocity but decreases for Brownian 
diffusion. The concentration decreases with an increase in the parameter of thermophoresis, Lewisnumber and 

velocity-ratio but in case of Brownian diffusion the concentration of nanoparticles decreases upto 1   and then 

increases. Jafarimoghaddam et al [25] performed systematic surveys on the wedge flow of magneto-nano-fluids. For 
test the efficacy of nano-fluids against the pure base fluids, the new Eulerian model is adopted. Here the MHD 

wedge flow of Cu -Water nano-fluids was observed, subject to a more stringent physical field. The most practical 
finding of the investigation is that, under certain conditions (different magnetic field and different wedge 
geometries, cooling or heating applications, and different nanoparticles sizes), the efficacy of nano-fluids is highly 
conditional. 
 
Hayat et al [26] studied analytically the magneto-hydrodynamic (MHD) squeezing flow of couple stress 
nanomaterial within two parallel plates. In this investigation important characteristics of thermophoresis and 
Brownian motion are discussed. Result shows that on increasing the value of squeezing parameter velocity increases 
whereas temperature and concentration decrease. On increasing values of Prandtl number, temperature and 
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concentration show opposite behaviour. Concentration and temperature show opposite behaviour with the change 
of thermophoresis parameter. Samantara et al [27] have considered a problem of dusty fluid passing through plane 
wall jet. They have considered that the fluid is not electrified by outer source rather the dust particles are electrified 
due to collision among themselves as well as with the wall of the jet. The governing system of nonlinear partial 
differential equations is solved by using finite difference method of non-uniform grid. They concluded that the 
electrification of particles reduces the velocity and temperature gradient, leading to reduction of skin friction and 
heat transfer. Agbaje et al [28] studied a new numerical approach to the flow and heat transfer of MHD stagnation 
point to a stretch plate. A new approach called the Spectral Perturbation Approach (SPM) has been introduced to 
solve the governing equations and to find numerical solutions for skin friction coefficient, Nusselt number, heat 
transfer rate, and profiles of velocity and temperature. The study shows that when standard perturbation methods 
fail to solve complex expansions, SPM is useful as an alternative approach to achieve numerical solutions. It is also 
widely used also for difficult expansions that cannot be analytically solved after the first approximation. 
 
Madaki et al [29] studied the solutions of unsteady squeezing nanofluid flow between two parallel plates analytically 
and numerically. The factors like radiation, heat generation/absorption, and profiles of temperature were discussed 
in detail. Here the Runge-Kutta4th order method along with shooting method was adopted to test the accuracy. The 
results obtained both numerically and analytically agreed to the extent which is desired. All the related parameters 
were discussed and presented in tables and graphs. Sobamowo et al [30] investigated Magnetohydrodynamic 
squeezing of the nano-fluid flow analysis using parameter variation method under the influence of slip boundary 
conditions. Tests obtained showed that the velocity of the fluid increases under the influence of slip condition with 
the increase in magnetic field and decreases on increasing magnetic field parameter if there is no slip condition. Also, 
the fluid's velocity increases with the slip parameter and it decreases under the no-slip condition with an increase in 
the number of Reynolds. Sobamowo and Akinshilo [31] studied nano-fluid squeezing flow between two parallel 
plates under the influence of magnetic field. Analytical methods are used to investigate the nanofluid's squeezing 
phenomenon when the plates pass apart and when they come together. Parameter-like concentration of 
nanoparticles, Hartmann and Eckert parameter are discussed. The perturbation method (PM) has been discussed 
here to provide approximate analytical solution for nonlinear problems. The solutions obtained were used to 
investigate the effects of nanoparticles concentration, Eckert number, Hartmann number, temperature distribution 
and pressure gradient on the squeezing flow. The results obtained were compared with the results obtained through 
numerical techniques available in the existing literature and good agreements defined existing findings. 
 
Kho et al [32] examined the radiative effects on MHD Casson-nano-fluid flow over a stretchable wall with mass and 
heat transfer. The thickness of the boundary layer is seen to increase in the temperature and concentration profiles 
but the velocity decreases as the parameter of Casson-nano-fluid, the magneticparameter and the parameter of 
porosity increase. With the growth of thermophoresis, temperature and concentration increase. Coefficient of skin 

friction and local Nusselt number deceases with a value increase of M . Local Nusselt number is decreasing and 

Sherwood number is increasing as the Nb and Nt  increases. Mahatha et al [33] studied dissipative effects on MHD 
Nano-fluid stagnation point flow past a stretchy surface with melting. They concluded that heat transfer rate is 
induced by magnetic field, Brownian diffusion, thermophoretic diffusion, Lewis number and viscous dissipation 
while thermal diffusion and sheet melting reversely influence the heat transfer rate. 
 
Mahatha et al [34] investigated dissipative effects of a heat-absorbing nano-fluid on MHD stagnation point flow 
through a stretchable surface with melting. Their concluding remarks are as follows: 
 “Magnetic field and velocity ratio parameter are the reason for enhancement in skin friction while the other 

parameters are the cause for the decrease in skin friction”. 
 “Rate of heat transfer at the surface is getting enhanced by magnetic field, Brownian diffusion, thermophoretic 

diffusion, heat absorption, viscous dissipation, velocity ratio parameter, and Levis number while it is getting 
reduced by melting parameter, and thermal diffusion”. 
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Mahato et al [35] carried out a research study on Melting heat transfer on magnetohydrodynamic (MHD) Nano-fluid 
heat radiation and chemical reaction flow through a stretchable surface. They find that heat transfer coefficient is a 
growing function of the parameter of velocity ratio, magnetic field, Brownian motion and thermophoresis diffusion, 
although it is a decreasing function of thermal diffusion, thermal radiation, sheet melting and chemical reaction. 
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In past two decades, the globe has faced many infectious disease outbreaks. 2019 Novel Corona-virus 
(2019-nCoV) or the severe acute respiratory syndrome Corona-virus 2 (SARS-CoV-2) emerged as a global 
risk and put the entire globe into unrest. Unavailability of specific drug against the virus is more 
imperative. This demanding situation requires development of biomolecules for competent treatment 
against the SARS-CoV-2. The crystal structure of SARS-CoV-2 main protease (Mpro) may be used for fast 
in silico docking and novel pharmacophores can be discovered. This may result into identification of 
active bio-molecules largely phytochemicals. In silico Molecular Docking revealed that the 
phytochemical, Gallic acid effectively binds to the active pocket of the SARS-CoV-2 main protease.   
 

Keywords: 2019-nCoV, SARS-CoV-2, SARS-CoV-2 main protease, docking, phytochemicals, gallic acid.  
 

INTRODUCTION 

 
The pandemic situation caused due to the 2019-nCoV represents a severe public health calamity across the globe. The 
city of Wuhan was the epicentre where the outbreak of this human pathogen emerged, and resulted to human 
ailment, termed as COVID-19 [1,2]. SARS-CoV-2 belongs to the Beta corona-virus genus, closely related to the 
previously identified severe acute respiratory syndrome corona-virus (SARS-CoV) [3,4]. Public Health Emergency of 
International Concern (PHEIC) was declared by the World Health Organization (WHO) owing to its fast rate of 
transmission within the humans [1,5,6]. The virus is very contagious and infectious occurs through droplets from 
coughing and sneezing and touching infected surface. Its genome comprises of nearly 30,000 nucleotides and 
encoded by 4 structural proteins. Those are Nucleocapsid protein, Membrane protein, Envelope protein, and Spike 
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protein.  The virus possesses a positive single stranded RNA. It attacks human cells and converted them into 
factories of viruses. The capsid protein helps in its replication and transcription. Crystal structure of the SARS-CoV-2 
main protease (Mpro) proves to be an exceptional ground for screening specific ligands [7]. SARS-CoV-2 main 
protease can be beleaguered for developing antibodies, diagnostics and vaccines. Reportedly, Mpro and other known 
viral proteins are defining features paving the path of virus from entry to infection in the host cell [8,9,10]. Moreover, 
Mpro can also be an effectual target to diminish the viral replications within the host cells since it facilitates the 
synthesis of functional viral proteins. The effectiveness of traditional medications on the restriction of COVID-19 
growth does not have any scientific back up as of now, since the underlying molecular mechanisms are unclear. The 
phytochemicals are fundamentally bioactive compounds and has the potential to amend cellular physiology. Here, 
we report that Gallic acid, a phytochemical, mostly enriched in some selected plants binds into the active site of the 
SARS-CoV-2 main protease as revealed by the in silico molecular docking and thus further studies may reveal the 
effectiveness of Gallic acid to be  used as COVID-19 therapeutics.  
 

METHODS 
 
Viral Protein Structure and Phytochemical dataset collection 

The 3D structure of Mpro was accessed from Protein Data Bank accession 6M03 (Fig. 1). The SDF accession 
CHEBI:30778 corresponding to the Gallic acid (Fig. 2) was obtained and consequently both the protein and the 
ligands were used for in silico analysis.   
 
Molecular docking 

For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [11] was used for molecular docking. 
The catalytic pocket of the Mpro protein was specified and targeted for binding of the ligand. -CDOCKER Energy and 
-CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors. Basically, high positive 
values of the CDOCKER Energy, CDOCKER Interaction Energy and a diminutive difference between the -
CDOCKER Energy and -CDOCKER Interaction Energy are considered to be the most favourable [12].  
 

RESULTS AND DISCUSSION 

 
Through the process of molecular docking i.e. in silico molecular docking, some phytochemicals have shown their 
effectiveness against the particular disease. As the crystal structure of SARS-CoV-2 has been solved i.e. main 
protease (Mpro), it can be considered as the root way for the screening of inhibitory ligands to detect bioactive 
molecules. Through in silico molecular docking, Gallic acid has remarkably shown the effectiveness against COVID-
19 by binding to the active sites of SARS-CoV-2 main protease (Mpro). It was found that Gallic acid, a common 
phytochemical, specifically binds to the active pocket of the SARS-CoV-2 Mpro (Fig. 3), as apparent from higher -
CDOCKER energy and -CDOCKER interaction energy. Since, simple active biomolecule like Gallic acid effectively 
binds into the active pocket of the Mpro under in silico conditions it is quite possible to design pharmacophore 
molecules based on the structural and functional identity of Gallic acid and eventually can be used in the 
pharmaceutical sectors. Chemical synthesis of Gallic acid can be cost effective as compared to the isolation process 
from specific plants. 
 

CONCLUSION AND FUTURE PERSPECTIVES 

 
As the coronavirus outbreak became the nightmare for the whole human society and the devastation caused by it is 
unpredictable and beyond imagination, the world has not left with enough time to discover a new drug or vaccine 
for it due to the requirement of sufficient time. Due to its highly contagious nature, it is considered as global 
pandemic within no time by taking many lives of people. But future studies on Gallic acid may become the building 
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block for the medication and treatment against the SARS-CoV-2. The current in silico molecular docking based study 
reveals that Gallic acid can target the reported SARS-CoV-2 Mpro. It would be extremely noteworthy being confirmed 
in vivo. It is crucial to develop diagnostic tools, potential therapeutics and antibodies selectively for the COVID-19 
proteins. Phytochemicals like Gallic acid is commercially available and thus may be effectively prescribed to 
circumvent the current global scenario. Essentially, this study makes an attempt to reveal simple phytochemicals like 
Gallic acid which can be employed for designing novel therapeutics.    
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Table 1: -CDOCKER ENERGY and -CDOCKER INTERACTION ENERGY values generated for the 

interaction of Gallic acid with the active site of SARS-CoV-2 main protease (Mpro). 

SDF accession Phytochemical Protein PDB accession Docking Result

CDOCKER 

ENERGY 

CDOCKER 

INTERACTION 

ENERGY

COVID-19 Main 

Protease 6M03

CHEBI:30778 Gallic acid POSITIVE 18.34 17.58

Ligand Receptor Interaction Status

 
 

 
Fig. 1: 3-D Structure of the SARS-CoV-2 Mpro showing 

the active site of the protein. 

 
Fig. 2: Chemical structure of Gallic acid 

3a 3b

3c 3d

 
Fig. 3: The active site of the SARS-CoV-2 main 

protease (Mpro) interacts with Gallic acid.   3a: 

Phytochemical, Gallic acid. 3b: Free form of the 

Mpro. 3c: Mpro associated with the ligand, Gallic 

acid. 3d: Magnified image showing the 

association of the Gallic acid with the Mpro. (The 

white coloured arrow and the red coloured 

arrow indicate the active site of the Mpro and 

binding of Gallic acid respectively). 
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Fig. 4: Gallic acid may inhibit the activity of 

COVID-19 Mpro. 
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2019 Novel corona-virus (2019-nCoV) came up as a worldwide risk factor and put the entire human 
species into unrest. Till date, specific drug against the virus is not available. The current state of affair 
demands the development of anti-viral molecules against 2019-nCoV. The three dimensional structure of 
SARS-CoV-2 main protease (Mpro) can be used for high throughput screening of potential chemicals by in 

silico docking. This may result into identification of active biomolecules like phytochemicals. In silico 
Molecular Docking revealed that the phytochemical, Daidzein which belongs to isoflavone category 
effectively binds to the active pocket of the severe acute respiratory syndrome Corona-virus 2 (SARS-
CoV-2) or the 2019-nCoV main protease.   
 

Keywords: 2019-nCoV, SARS-CoV-2 main protease, SARS-CoV-2, in silico, molecular docking, 
phytochemicals. 
 

INTRODUCTION 

 
Owing to the spread of 2019-nCoV which resulted into the pandemic situation represents a severe public health 
crisis. Outbreak of this human pathogen emerged in the city of Wuhan, and resulted to human illness, termed as 
COVID-19 [1,2]. SARS-CoV-2 belongs to the Beta corona-virus genus, closely related to the previously identified 
severe acute respiratory syndrome corona-virus (SARS-CoV) [3,4]. Public Health Emergency of International 
Concern (PHEIC) was declared by the World Health Organization (WHO) owing to its fast rate of transmission 
within the humans [1,5,6]. Novel coronavirus induces respiratory disease and around 10-15% patients have acute 
respiratory distress syndrome, which is triggered primarily by cytokines. It has been reported that the neutrophilic 
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extracellular traps (NET) contributes to organ damage and mortality in COVID-19. NET is also linked to pulmonary 
diseases, thrombosis, mucous secretions and cytokine production. NETs may be well targeted to reduce the clinical 
severity of COVID-19. The severity of COVID-19 depends upon the pandemic spread and unprecedented pressure 
on health care system. Crystal structure of the SARS-CoV-2 main protease (Mpro) can be effectively used for screening 
specific ligands [7]. Mpro and other known viral proteins are defining features which allow the virus to enter and 
infect the host cell [8,9,10]. Mpro can be an effective target to diminish the viral replications within the host cells since 
it facilitates the synthesis of functional viral proteins. Effective curative measures against SARS-CoV-2 are lacking. 
Phytochemicals which are fundamentally bioactive compounds and has the potential to amend cellular physiology 
may be screened against the viral proteins. Here, we report that Daidzein, a phytochemical binds to the active site of 
the SARS-CoV-2 main protease as revealed by the in silico molecular docking and thus further studies may reveal the 
effectiveness of Daidzein to be used as COVID-19 therapeutics.  
 

METHODS 
 

Viral Protein Structure and Phytochemical dataset collection 
The 3D structure of Mpro was accessed from Protein Data Bank accession 6M03 (Fig. 1). The SDF accession 
CHEBI:28197 corresponding to the Daidzein (Fig. 2) was obtained and consequently both the protein and the ligands 
were used for in silico analysis.   
 

Molecular docking 
For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [11] was used for molecular docking. 
The catalytic pocket of the Mpro protein was specified and targeted for binding of the ligand. -CDOCKER Energy and 
-CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors. Basically, high positive 
values of the CDOCKER Energy, CDOCKER Interaction Energy and a diminutive difference between the -
CDOCKER Energy and -CDOCKER Interaction Energy are considered to be the most favourable [11,12].  
 

RESULTS AND DISCUSSION 

 
It was found that Daidzein specifically binds to the active pocket of the SARS-CoV-2 Mpro (Fig. 3), as apparent from 
higher -CDOCKER energy and -CDOCKER interaction energy (Table 1). Since, Daidzein effectively binds into the 
active pocket of the Mpro under in silico conditions it is quite possible to design pharmacophore molecules based on 
the structural and functional identity of Daidzein. Chemical synthesis of Daidzein can be cost effective as compared 
to the isolation process from specific plants.   
 

CONCLUSION AND FUTURE PERSPECTIVES 

 
The current in silico molecular docking based study reveals that Daidzein can target the reported SARS-CoV-2 Mpro 

(Fig. 4). It would be extremely noteworthy being confirmed in vivo. It is crucial to develop diagnostic tools, potential 
therapeutics and antibodies selectively for the COVID-19 proteins. Phytochemicals like Daidzein is commercially 
available and thus may be effectively prescribed to circumvent the current global scenario. Essentially, this study 
makes an attempt to reveal simple phytochemicals like Daidzein which can be employed for designing novel 
therapeutics.    
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Table 1: -CDOCKER ENERGY and -CDOCKER INTERACTION ENERGY values generated for the 

interaction of Daidzein with the active site of SARS-CoV-2 main protease (Mpro). 

SDF accession Phytochemical Protein PDB accession Docking Result

CDOCKER 

ENERGY 

CDOCKER 

INTERACTION 

ENERGY

COVID-19 Main 

Protease 6M03

CHEBI:28197 Daidzein POSITIVE 11.21 14.32

Ligand Receptor Interaction Status
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Fig. 1: 3-D Structure of the SARS-CoV-2 Mpro 

showing the active site of the protein. 
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Fig. 2: Chemical structure of Daidzein 
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Fig. 3: The active site of the SARS-CoV-2 main 

protease (Mpro) interacts with Daidzein.   3a: 

Phytochemical, Daidzein. 3b: Free form of the 

Mpro. 3c: Mpro associated with the ligand, 

Daidzein. 3d: Magnified image showing the 

association of the Daidzein with the Mpro. (The 

white coloured arrow and the red coloured arrow 

indicate the active site of the Mpro and binding of 

Daidzein respectively). 
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Fig. 4: Daidzen may act against the COVID-19 

Mpro. 
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The emerging 2019 Novel coronavirus (2019-nCoV) threatens public health. 2019-nCoV is also referred to 
as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Within no time 2019-nCoV emerged 
as a global risk and was declared as pandemic. Specific drug against the virus is yet to be discovered. 
Development of biomolecules for proficient treatment against severe acute SARS-CoV-2 is challenging. 
The solved crystal structure of SARS-CoV-2 main protease (Mpro) can be used as one of the primary target 
molecules and possible inhibitory ligands may be screened using in silico docking. Primarily 
phytochemicals can be screened to detect any potential bioactive molecules. In silico molecular docking 
revealed that the phytochemical, Kaempferol belonging to the flavanoid group of phytochemical may 
effectively binds to the active site of the SARS-CoV-2 main protease. 
 

Keywords: 2019-nCoV, SARS-CoV-2, SARS-CoV-2 main protease, in silico docking, phytochemicals.  
 

INTRODUCTION 

 
Corona viruses are the group of viruses, which are able to cause diseases in both animal and humans. One of the best 
examples of previously known coronavirus is severe acute respiratory syndrome (SARS) and the virus strain is 
known as SARS-CoV. Further new strains of Corona virus are identified, known as severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). This virus is responsible for causing coronavirus disease 19 (COVID-19). The 
new coronavirus has spread very rapidly in different parts of the world. The city of Wuhan was the epicentre where 
the outbreak of this human pathogen emerged, and resulted to human ailment, termed as COVID-19 [1, 2]. SARS-
CoV-2 belongs to the beta corona-virus genus [3,4]. On 11th March, 2020 the World Health Organization (WHO) 
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declared that COVID-19 as a pandemic. A pandemic occurs when, the disease that people are not immune to spread 
across the large region. Countries including United States of America, Italy had largest outbreak outside China with 
increased number of infected people leading to death of individuals [1,5,6]. The pandemic ratio changes very rapidly 
with fresh data collected on the basis of chemical and serological characteristics of affected case being reported every 
day. Crystal structure of the SARS-CoV-2 main protease (Mpro) proves to be an outstanding ground for screening 
specific ligands [7]. Reportedly, Mpro and other known viral proteins infect the respiratory tract [8,9,10]. Moreover, 
Mpro can also be an effectual target to diminish the viral replications within the host cells since it facilitates the 
synthesis of functional viral proteins. Here, we report that Kaempferol binds into the active site of the SARS-CoV-2 
main protease as revealed by the in silico molecular docking and thus further studies may reveal the effectiveness of 
Kaempferol to be used as COVID-19 therapeutics.  
 

METHODS 
 

Viral Protein Structure and Phytochemical dataset collection 
The 3D structure of Mpro was accessed from Protein Data Bank accession 6M03 (Fig. 1). The SDF accession 
CHEBI:28499 corresponding to the Kaempferol (Fig. 2) was obtained and consequently both the protein and the 
ligands were used for in silico analysis.   
 

Molecular docking 
For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [11] was used for molecular docking. 
The catalytic pocket of the Mpro protein was specified and targeted for binding of the ligand. -CDOCKER Energy and 
-CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors. Basically, high positive 
values of the -CDOCKER Energy, -CDOCKER Interaction Energy and a diminutive difference between the -
CDOCKER Energy and -CDOCKER Interaction Energy are considered to be the most favourable [11,12].  
 

RESULTS AND DISCUSSION 

 
It was found that Kaempferol specifically binds to the active pocket of the SARS-CoV-2 Mpro (Fig. 3), as apparent 
from higher -CDOCKER energy and -CDOCKER interaction energy (Table 1). Since, simple active biomolecule like 
Kaempferol effectively binds into the active pocket of the Mpro under in silico conditions it is quite possible to design 
pharmacophore molecules based on the structural and functional identity of Kaempferol and eventually can be used 
in the pharmaceutical sector. Chemical synthesis of Kaempferol can be cost effective as compared to the isolation 
process from specific plants.   
 

CONCLUSION AND FUTURE PERSPECTIVES 

 
Among the large family of corona viruses, about hundreds of these viruses circulate in animals. Among them only 
seven infect humans and cause symptoms of common cold. SARS coronavirus emerged in 2002 and was controlled 
by public health measures. But MERS which emerged in the year 2012, still exists in camels, it can also affect humans 
who come in contact with infected camels. The 2019-nCoV reported from the city of Wuhan, has now spread into 
more than 200 countries. The World Health Organization declared novel coronavirus outbreak “a public health 
emergency of international concern” on 30th January. On 11th March WHO declared COVID-19 epidemic a pandemic. 
The current in silico molecular docking based study reveals that Kaempferol can target the reported SARS-CoV-2 
Mpro (Fig. 4). It is crucial to develop diagnostic tools, potential therapeutics and antibodies selectively for the COVID-
19 proteins. Pharmacophores developed from Kaempferol can be synthesized and may be effective against SARS-
CoV-2 Mpro. Essentially, this study makes an attempt to reveal simple phytochemicals like Kaempferol which may be 
employed for designing novel therapeutics and hopefully blunt the spread of this deadly virus. 
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Fig. 1: 3-D Structure of the SARS-CoV-2 Mpro showing 

the active site of the protein. 

 
Fig. 2: Chemical structure of Kaempferol 

3a 3b

3c 3d
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Fig. 3: The active site of the SARS-CoV-2 main 

protease (Mpro) interacts with Kaempferol. 3a: 

Phytochemical, Kaempferol. 3b: Free form of the Mpro. 

3c: Mpro associated with the ligand, Kaempferol. 3d: 

Magnified image showing the association of the 

Kaempferol with the Mpro. (The white coloured arrow 

and the red coloured arrow indicate the active site of 

the Mpro and binding of Kaempferol respectively). 

Fig. 4: Kaempferol may inhibit the activity of COVID-

19 Mpro. 

 

 

 
 

 

 

 

 

 

 

 

 

 

Gagan Kumar Panigrahi et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26315 

 

   

 

 

 

Plant Organosulfides against 2019-nCoV Main Protease: A Molecular 

Docking Study 

 
Annapurna Sahoo1, Gagan Kumar Panigrahi2, Pradip Kumar Prusty2, Shraban Kumar Sahoo2, 
Chittaranjan Routray2 and Kunja Bihari Satapathy2* 
 

1Institute of Life Sciences, Bhubaneswar, Odisha, India 
2School of Applied Sciences, Centurion University of Technology and Management, Odisha, India 
 
Received: 23 Mar 2020                                 Revised:24 Apr 2020                                     Accepted: 27 May 2020 
 
*Address for Correspondence 
Kunja Bihari Satapathy  

School of Applied Sciences, 
Centurion University of Technology and Management, 
Odisha, India. 
Email: kbs_bot@rediffmail.com  

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
The emerging 2019 Novel coronavirus (2019-nCoV) threatens public health. 2019-nCoV is also referred to 
as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2). Within no time it emerged as a global 
risk and was declared as pandemic. Specific drug against the virus is yet to be discovered. Development 
of biomolecules for proficient treatment against severe acute SARS-CoV-2 is challenging. The solved 
crystal structure of SARS-CoV-2 main protease (Mpro) can be used as one of the primary target molecule 
and possible inhibitory ligands may be screened using in silico docking. Primarily phytochemicals can be 
screened to detect any potential bioactive molecules. In silico molecular docking revealed that the 
phytochemicals, benzyl isothiocyanate and phenyl isothiocyanate belonging to the organosulfide group 
of phytochemicals may effectively binds to the active site of the SARS-CoV-2 main protease.   
 

Keywords: 2019-nCoV, SARS-CoV-2, SARS-CoV-2 main protease, in silico docking, phytochemicals, 
organosulfides. . 
 

INTRODUCTION 
 
Numerous members of the family Coronaviridae continuously circulate in the human population and usually cause 
mild respiratory disease [1]. Whereas, the severe acute respiratory syndrome Coronavirus (SARS-CoV) and the 
Middle East Respiratory Syndrome Coronavirus (MERS-CoV) are transmitted from animals to humans resulting into 
SARS and MERS, respectively [2]. Natural reservoir hosts for SARS-CoV were Chinese horseshoe bats [3,4]. 
Intermediate hosts like civet cats and raccoon dogs, which are habitually sold as food sources in Chinese wet markets 
mediated the human transmission [5]. At present, no precise antivirals or approved vaccines are available to combat 
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the current pandemic situation. Presently, conventional control measures, including travel restrictions and self-
quarantine are practiced. The pandemic situation caused due to the 2019-nCoV represents a severe public health 
calamity across the globe. This pathogen emerged from the city of Wuhan and resulted into this scariest situation, 
COVID-19 [6]. SARS-CoV-2 belongs to the beta corona-virus genus, closely related to the previously identified severe 
acute respiratory syndrome corona-virus (SARS-CoV) [7,8]. Public Health Emergency of International Concern 
(PHEIC) was declared by the World Health Organization (WHO) owing to its fast rate of transmission within the 
humans [9,10,11]. Crystal structure of the SARS-CoV-2 main protease (Mpro) proves to be an exceptional ground for 
screening specific ligands [12]. SARS-CoV-2 main protease can be beleaguered for developing antibodies, diagnostics 
and vaccines. Reportedly, Mpro and other known viral proteins are defining features paving the path of virus from 
entry to infection in the host cell [13,14,15]. Moreover, Mpro can also be an effectual target to diminish the viral 
replications within the host cells since it facilitates the synthesis of functional viral proteins. The effectiveness of 
traditional medications on the restriction of COVID-19 growth does not have any scientific back up as of now, since 
the underlying molecular mechanisms are unclear. The phytochemicals are fundamentally bioactive compounds and 
has the potential to amend cellular physiology. Here, we report that benzyl isothiocyanate and phenyl 
isothiocyanate, a mostly enriched in some selected plants bind into the active site of the SARS-CoV-2 main protease 
as revealed by the in silico molecular docking and thus further studies may reveal the effectiveness of benzyl 
isothiocyanate and phenyl isothiocyanate to be  used as COVID-19 therapeutics.  
 

METHODS 

 
Viral Protein Structure and Phytochemical dataset collection 
The 3D structure of Mpro was accessed from Protein Data Bank accession 6M03 (Fig. 1). The SDF accession 
CHEBI:17484 corresponding to the benzyl isothiocyanate and CHEBI:85103 corresponding to the phenyl 
isothiocyanate (Fig. 2) was obtained and consequently both the protein and the ligands were used for in silico 

analysis.   
 

Molecular docking 

For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [16] was used for molecular docking. 
The catalytic pocket of the Mpro protein was specified and targeted for binding of the ligand. -CDOCKER Energy and 
-CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors. Basically, high positive 
values of the CDOCKER Energy, CDOCKER Interaction Energy and a diminutive difference between the -
CDOCKER Energy and -CDOCKER Interaction Energy are considered to be the most favourable [17].  
 

RESULTS AND DISCUSSION 
 
It was found that phenyl isothiocyanate and benzyl isothiocyanate binds effectively to the active pocket of the SARS-
CoV-2 Mpro (Fig. 3 and Fig. 4), as apparent from higher -CDOCKER energy and -CDOCKER interaction energy. Since, 
simple active biomolecule like benzyl isothiocyanate and phenyl isothiocyanate effectively binds into the active 
pocket of the Mpro under in silico conditions it is quite possible to design pharmacophore molecules based on the 
structural and functional identity of benzyl isothiocyanate and phenyl isothiocyanate and eventually can be used in 
the pharmaceutical sector. Chemical synthesis of benzyl isothiocyanate and phenyl isothiocyanate like molecules can 
be cost effective as compared to the isolation process from specific plants.   
 

CONCLUSION AND FUTURE PERSPECTIVES 
 

The current in silico molecular docking based study reveals that benzyl isothiocyanate and phenyl isothiocyanate can 
effectively target the SARS-CoV-2 Mpro (Fig. 5). It would be exceedingly notable being confirmed in vivo. It is crucial 
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to develop diagnostic tools, potential therapeutics and antibodies selectively for the COVID-19 proteins. 
Phytochemicals like benzyl isothiocyanate and phenyl isothiocyanate may be effectively prescribed to circumvent the 
current global scenario. Essentially, this study makes an attempt to reveal simple phytochemicals like benzyl 
isothiocyanate and phenyl isothiocyanate which can be employed for designing novel therapeutics.    
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Table 1: -CDOCKER ENERGY and -CDOCKER INTERACTION ENERGY values generated for the interaction of 

Plant organosulfides (Benzyl isothiocyanate and Phenyl isothiocyanate) with the active site of SARS-CoV-2 main 

protease (Mpro). 

SDF accession

Phytochemical 

(Organosulfides) Protein PDB accession Docking Result

CDOCKER 

ENERGY 

CDOCKER 

INTERACTION 

ENERGY

COVID-19 Main 

Protease (M
pro

) 6M03

CHEBI:17484 Benzylisothiocyanate POSITIVE 11.54 13.34

CHEBI:85103 Phenyl isothiocyanate POSITIVE 13.76 16.31

Ligand Receptor Interaction Status

 
 

 
Fig. 1: 3-D Structure of the SARS-CoV-2 Mpro showing 

the active site of the protein. 

 
Fig. 2: Chemical structure of (a): benzyl isothiocyante 

and (b): phenyl isothiocyanate 

3a 3b

3c 3d

 
Fig. 3: The active site of the SARS-CoV-2 main protease (Mpro) interacts with Phenyl isothiocyanate. 3a: 

Phytochemical, Phenyl isothiocyanate. 3b: Free form of the Mpro. 3c: Mpro associated with the ligand, Phenyl 

isothiocyanate. 3d: Magnified image showing the association of the Phenyl isothiocyanate with the Mpro. (The 

white coloured arrow and the red coloured arrow indicate the active site of the Mpro and binding of Phenyl 

isothiocyanate respectively). 
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4a 4b

4c 4d

 
Fig. 4 : The active site of the SARS-CoV-2 main protease (Mpro) interacts with Benzyl isothiocyanate. 4a: 

Phytochemical, Benzyl isothiocyanate. 4b: Free form of the Mpro. 4c: Mpro associated with the ligand, Benzyl 

isothiocyanate. 4d: Magnified image showing the association of the Benzyl isothiocyanate with the Mpro. (The 

white coloured arrow and the red coloured arrow indicate the active site of the Mpro and binding of Benzyl 

isothiocyanate respectively). 
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Fig. 5: Plant organosulfides may act against the COVID-19 Mpro. 
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The deadly infectious 2019 Novel corona-virus (2019-nCoV) also referred to as severe acute respiratory 
syndrome Corona-virus 2 (SARS-CoV-2) that took stem in Wuhan, China has spread all over the globe 
within no time. It is the cause of the increasing death rate of people. This challenging situation requires 
development of pharmacophore for efficient treatment against severe acute SARS-CoV-2. The available 
crystal structure of SARS-CoV-2 main protease (Mpro) can be used effectively for fast in silico docking. 
This may result into identification of active biomolecules including phytochemicals. In silico Molecular 
Docking revealed that the phytochemical, Alliin effectively binds to the active pocket of the SARS-CoV-2 
main protease.   
 

Keywords: 2019-nCoV, SARS-CoV-2, SARS-CoV-2 main protease, docking, phytochemicals, Alliin. 
 

INTRODUCTION 

 
The pandemic situation caused due to the 2019-nCoV represents a severe public health calamity across the globe. The 
city of Wuhan was the epicentre where the outbreak of this human pathogen emerged, and resulted to human 
ailment, termed as COVID-19 [1,2]. Coronavirus belongs to the family of Coronaviridae including 4 genera i.e. Alpha 
coronavirus, Beta coronavirus, Delta coronavirus, Gamma coronavirus. Among these, Beta coronavirus are severe 
acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome corona virus (MERS-
Cove), which have engulfed more than 10,000 people around the globe in past two decades. SARS-CoV-2 belongs to 
Beta corona virus comprising of a positive single stranded RNA genome having 29,903 base pairs [3, 4]. These also 
show the characteristics of having genes encoding 3C-like proteins, RNA dependant RNA polymerase, 2  ́-O-ribose 
methyltransferase, spike protein, envelope protein, nucleocapsid phosphor protein and several unknown proteins. 
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Public Health Emergency of International Concern (PHEIC) was declared by the World Health Organization (WHO) 
owing to its fast rate of transmission within the humans [1,5,6]. The virus shows the symptoms such as fever, dry 
cough and difficulty in breathing. However, the treatment cannot be achieved by developing drugs against at this 
current time as it will take many years. Thus a strategy of rapid application of drug is necessary at this very moment. 
Crystal structure of the SARS-CoV-2 main protease (Mpro) proves to be an exceptional ground for screening specific 
ligands [7]. SARS-CoV-2 main protease can be beleaguered for developing antibodies, diagnostics and vaccines. 
Reportedly, Mpro and other known viral proteins are defining features paving the path of virus from entry to 
infection in the host cell [8,9,10]. Moreover, Mpro can also be an effectual target to diminish the viral replications 
within the host cells since it facilitates the synthesis of functional viral proteins. The effectiveness of traditional 
medications on the restriction of COVID-19 growth does not have any scientific back up as of now, since the 
underlying molecular mechanisms are unclear. The phytochemicals are fundamentally bioactive compounds and has 
the potential to amend cellular physiology. Here, we report that Alliin, a phytochemical mostly enriched in some 
selected plants binds into the active site of the SARS-CoV-2 main protease as revealed by the in silico molecular 
docking and thus further studies may reveal the effectiveness of Alliin to be used as COVID-19 therapeutics.  
 

METHODS 

 
Viral Protein Structure and Phytochemical dataset collection 
The 3D structure of Mpro was accessed from Protein Data Bank accession 6M03 (Fig. 1). The SDF accession 
CHEBI:2596 corresponding to the Alliin (Fig. 2) was obtained and consequently both the protein and the ligands 
were used for in silico analysis.   
 

Molecular docking 
For the in silico molecular docking, BIOVIA’s Discovery Studio docking method [11] was used for molecular docking. 
The catalytic pocket of the Mpro protein was specified and targeted for binding of the ligand. -CDOCKER Energy and 
-CDOCKER Interaction Energy signify the affinity of the ligands with the protein receptors. Basically, high positive 
values of the CDOCKER Energy, CDOCKER Interaction Energy and a diminutive difference between the -
CDOCKER Energy and -CDOCKER Interaction Energy are considered to be the most favourable [12].  
 

RESULTS AND DISCUSSION 

 
It was found that Alliin specifically binds to the active pocket of the SARS-CoV-2 Mpro (Fig. 3), as apparent from 
higher -CDOCKER energy and -CDOCKER interaction energy. Since, simple active biomolecule like Alliin effectively 
binds into the active pocket of the Mpro under in silico conditions it is quite possible to design pharmacophore 
molecules based on the structural and functional identity of Alliin and eventually can be used in the pharmaceutical 
sector. Chemical synthesis of Alliin can be cost effective as compared to the isolation process from specific plants.   
 

CONCLUSION AND FUTURE PERSPECTIVES 
 
The emerging coronavirus has become a nightmare throughout the globe. Though many attempts were made to 
defeat the virus, we are incapable of targeting the stem of it. This study has focused on the use of phytochemicals for 
treatment. The solved crystal structure of SARS-CoV-2 i.e. main protease (Mpro) can be considered as the root 
molecule and inhibitory ligands may be screened for detection of bioactive molecules. In silico molecular docking 
revealed the effectiveness of Alliin to bind to the active site of SARS-CoV-2 main protease. The current in silico 
molecular docking based study reveals that Alliin can target the reported SARS-CoV-2 Mpro. It would be extremely 
noteworthy being confirmed in vivo. It is crucial to develop diagnostic tools, potential therapeutics and antibodies 
selectively for the COVID-19 proteins. Phytochemical like Alliin is commercially available and thus may be 
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effectively prescribed to circumvent the current global scenario. Essentially, this study makes an attempt to reveal 
simple phytochemical like Alliin which can be employed for designing novel therapeutics.    
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Table 1: -CDOCKER ENERGY and -CDOCKER INTERACTION ENERGY values generated for the interaction of 

Alliin with the active site of SARS-CoV-2 main protease (Mpro). 

SDF accession Phytochemical Protein PDB accession Docking Result

CDOCKER 

ENERGY 

CDOCKER 

INTERACTION 

ENERGY

COVID-19 Main 

Protease 6M03

CHEBI:2596 Alliin POSITIVE 9.36 12.78

Ligand Receptor Interaction Status

 
 

 
Fig. 1: 3-D Structure of the SARS-CoV-2 Mpro showing 

the active site of the protein. 

 
Fig. 2: Chemical structure of Alliin 

 

3a 3b

3c 3d

 
Fig. 3: The active site of the SARS-CoV-2 main protease (Mpro) interacts with Alliin.   3a: Phytochemical, Alliin. 

3b: Free form of the Mpro. 3c: Mpro associated with the ligand, Alliin. 3d: Magnified image showing the 

association of the Alliin with the Mpro. (The white coloured arrow and the red coloured arrow indicate the active 

site of the Mpro and binding of Alliin respectively). 
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Biodiversity, short for biological diversity is a term coined to emphasize the many complex kinds of 
variations that exist within the organisms and different level of organism. Biodiversity being the most 
precious gift of the nature is the life supporting system of the individuals. Plants are really important for 
the planets and all living things. We, the living beings need plants to live. We eat them and live in them. 
Among all the religions, Hinduism is the most widely professed faith in India and world’sthird largest 
religions. Different festivals like Dola Purnima, Raja, Sabitri, Saraswati Puja, Kali Puja and many more 
are of great significance in Hindu custom. Being a student of an educational institution, Saraswati puja is 
observed devoutness and whole heartedness across Odisha. Traditional, Hindu people use a large no. of 
flora species and flora parts for worshiping the almighty. It has been observed that a large no. of plants 
and plant parts are being used for worshiping goddess Saraswati. The information about the importance 
of flora, uses of flora and flora parts in Saraswati puja occasion were collected through the interaction 
with priests and some knowledgeable senior people who are engaged in such occasion. The different 
plant species with their botanical name, local name, family, habitat, plant parts usage and form of uses 
are note down. In this paper the total number of 48 species under 47 genera and 30 families were 
recorded during the study. 
 

Keywords: Biodiversity, Hinduism, Religions, Saraswati, Worshiping. 
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INTRODUCTION 

 
Hinduism is one of the world’s oldest religions its plethora of forms and beliefs reflex the tremendous diversity of 
India, it is a culture, away of life and a code of behaviour and Indians use the term “Sanatana Dharma” to describe 
the Hindu religions (1). The importance of plants for worshiping almighty has been explained in different Vedas. 
Traditionally, in Hindu religion people use a large number of plant species and plant parts for worshiping different 
Gods and Goddesses. Many plants are associated with religious function, rituals and also in celebration of various 
festivals. As the plants are present all over the world this has been given an importance place in our great Hindu 
culture (2). 
 
Saraswati is Hindu goddess of knowledge, music, art, wisdom and learning. Saraswati Puja also known as Basant 
Panchami or Shree Panchami, is one of the most popular occasion of Hindu festivals celebrated on the fifth day of the 
bright half of the Hindu lunisolar calendar month of Magha, which typically falls in late January or early February. 
Basant in Hindu means, ‘Spring’ and Panchami means the ‘5th day’, hence named Basant Panchami. Basant Panchami 
marks the beginning of spring and start of preparation for other measure Hindu festivals like Holi and conclusion of 
winter. It is celebrated throughoutIndia, especially in eastern state such as west Bengal, Odisha including north east 
states like Tripura and Assam (3, 4). Thus, the paper present with the main intention to emphasize on the use of 
plants and plant parts in Saraswati puja for worshiping of the goddess Saraswati in Odisha, India. 
 

MATERIALS AND METHODS 

 
Study on the documentation of plants and plant parts that are used in Basant Panchami for worshiping goddess 
Saraswati among Hindu community. The information was collected and the data were recorded about the priority of 
various plants, use of plants and plant parts, for worshiping goddess Saraswati. Information were collected through 
discussion and communication with some well-known specialised person like priests who perform ritual works in 
temples and different pandals and some knowledgeable senior persons who are involved in such occasion activity 
(Fig.1). The botanical names of the plants are documented and identified with the help of “The Flora of Odisha and 
Hennies floras” (5,6). Finally, the collected specimen is submitted in the herbarium unit of Department of Botany, 
Centurion University of Technology and Management, Odisha, India. 
 

RESULTS AND DISCUSSION 
 

The present study could document 47 plant species from 30 families which are associated with the socio- culture and 
religious believers and are used in different areas during the time of Saraswati puja. The information regarding the 
utility of different plants and plant parts were collected by interacting with elderly persons and religious headmen. 
Data was collected by questionnaire, interviews and discussion among local headman in their local language. Most 
of the species used were trees 64%, followed by herbs 11%, shrubs11%, grasses 7% and climbers 7% (Fig.2). The main 
plant used is Musa sapientum L.  Different types of leaves are used for decoration, flowers for garlands, fruits, seeds 
for preparing prasad and plant species for worshiping. The plant species of the present study are arranged 
alphabetically with their botanical name, local name, family, habitat, parts used and form of use are given in Table1.   
 

CONCLUSION 
 

The study based on religious plants and plant parts used in Saraswati puja for worshiping, shows the importance of 
plants in human life. This study makes us understand how community people are contributing in conserving plants 
and forest of their own interest to check their inherent socio-culture and religious activities. These activities of 
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conserving and using of plant species in the name of socio-culture and religion has significant in todays crisis of 
biodiversity conservation 
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Table 1. List of the plants and plants parts used in Basanta panchami for worshiping Goddess 

Saraswati 

 

FLOWERS 

Sl. 

no 
Botanical name Local name Family Habitat 

Parts 

used 
Form of use 

1. Cascabela thevetia (L.) Lppold Kaniara Apocyanaceae Shrub Flower 
Worshiping, 
garlanding 

2. Clitoria ternatea L. Aparajeta Fabaceae Climber Flower 
Worshiping, 
garlanding 

3. Hibiscus rosa-sinensis L. Mandara Malvaceae Shrub Flower 
Worshiping, 
garlanding 

4. Impatiens balsamina L. Haraguara Balsaminaceae Herb Flower 
Worshiping, 
garlanding 

5. 
Jasminum multiflorum (Burm.f.) 
Andrews 

Bana mali Oleaceae Shrub Flower 
Worshiping, 
garlanding 

6. Michelia champala L. 
Swarna 
Champa 

Magnoliaceae Tree Flower 
Worshiping, 
garlanding 

7. Nyctanthes arbour-tristis L. 
Gangaseoli/Si
nghara hara 

Oleaceae Tree Flower 
Worshiping, 
garlanding 

8. Nerium indicum Mill. Kaniar Apocyanaceae Tree Flower 
Worshiping, 
garlanding 
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9. 
Polianthes tuberose L. Rajanigandha Asparagaceae Tree Flower 

Worshiping, 
garlanding 

10. Nelumbo nucifera Gaertin. Padma Nelumbonaceae Herb Flower 
Worshiping, 
garlanding 

11. Nymphaea pubescens Willd. Dhalakain Nymphaeceae Herb Flower 
Worshiping, 
garlanding 

12. Nymphaea nouchali Burm.f. Nilakain Nymphaeceae Herb Flower 
Worshiping, 
garlanding 

13. Tagetes erecta L. Gendu Asteraceae Herb Flower 
Worshiping, 
garlanding 

LEAVES 

1. Aegle marmelos (L.) Corr. Bela Rutaceae Tree Leaves Worshiping 
2. Cynodon dactylon (L.) Pers. Duba Poaceae Grass Leaves Worshiping 

3. 
Desmostachya bipinnata (L.) 
stapf 

Kusa Poaceae Grass Leaves Worshiping 

4. Mangifera indica L. Amba Anacardiaceae Tree Leaves Worshiping 
5. Mimusops elengi L. Baula Sapotaceae Tree Leaves Worshiping 
6. Musa sapientum L. Kadali Musaceae Tree Leaves Decoration 
7. Osimum sanctum L. Tulsi Lamiaceae Herb Leaves Worshiping 
8. Phoenix  Sylvestris (L.) Roxb. Khajuri Arecaceae Tree Leaves Decoration 
9. Piper betel L. Pana Piperaceae Climber Leaves Worshiping 

10. 
Polyalthia longifolia (Sonn.) 
Thw. 

Debadaru Annonaceae Tree Leaves Decoration 

11. Shorea robusta Gaertn.f. Sala Dipterocarpaceae Tree Leaves Decoration 
12. Ziziphus mauritiana Lam. Barakoli Rhamnaceae Tree Leaves Worshipping 
FRUITS 

1. Anacardium occidentale L. Kaju Anacardiaceae Tree Fruits Used in prasad 
2. Ananas comosus (L.). Merr. Sapuri Bromeliaceae Shrub Fruits Used in prasad 
3. Annona squamosa L. Ata Annonaceae Tree Fruits Used in prasad 
4. Citrus reticulata Blanco Kamala Rutaceae Tree Fruits Used in prasad 
5. Cocos nucifera L. Ndia Arecaceae Tree Fruits Used in prasad 
6. Cucumis sativus L. Kakudi Cucurbitaceae Climber Fruits Used in prasad 
7. Musa sapintum L. Kadali Musaceae Tree Fruits Used in prasad 
8. Phoenix Sylvestris L. Khajuri Arecaceae Tree Fruits Used in prasad 
9. Psidium guajava L. Pijuli Myrtaceae Tree Fruits Used in prasad 
10. Punica granatum L. Dalimba Punicaceae Tree Fruits Used in prasad 
11. Pyrus communis L. Naspati Rosaceae Tree Fruits Used in prasad 
12. Pyrus malus L. Seu Rosaceae Tree Fruits Used in prasad 
13. Terminalia chebula Retz. Harida Combretaceae Tree Fruits Used in prasad 

14. 
Terminalia bellirica (Gaertn.) 
Roxb. 

Bahada Combretaceae Tree Fruits Used in prasad 

15. Vitis vinifera L. Angura Vitaceae Climber Fruit Used in prasad 
SEEDS 

1. Areca catechu L. Gua Arecaceae Tree Seeds Worshiping 
2. Brassica napus L. Sorisha Brassicaceae Shrub Seeds Worshiping 
3. Elettaria cardamomum L. Gujarati Zingiberaceae Tree Seeds Used in prasad 
4. Oryza sativa L. Dhana Poaceae Grass Seeds Worshiping 
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5. Piper nigrum L. Golamaricha Piperaceae Shrub Seeds Used in prasad 

6. 
Syzygium aromaticum (L.) 
Merrill & Perry 

Labanga Myrtaceae Tree Seeds Used in prasad 

7. Vigna radiate (L.) R. Wilczek Muga Fabaceae Herb Seeds Used in prasad 
WOODS 

1. Mangifera indica L. Amba Anacardiaceae Tree Wood Worshiping 

2. Santalum album L. 
Shweta 

Chandana 
Santalaceae Tree Wood Worshiping 

3. Shora robusta Gaertn.f. Sala 
Dipterocarpacea

e 
Tree Wood Worshiping 

OTHERS 

1. Cocos nucifera L. Nadia Arecaceae Tree Fibre Worshiping 
2. Saccarum officinarum L. Akhu Poaceae Grass Stem Worshiping 

3. Shora  robusta Gaertn.f. Sala 
Dipterocarpacea

e 
Tree 

Wax 
(Jhuna) 

Worshiping 

 

 
Fig.1. Data collected through the survey and interaction with the priests 
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Fig. 2. Habit wise distribution of the plant species 
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Seed is the fundamental and essential contribution for effective yield generation, which holds the way to 
the ranch efficiency and benefit. Oils obtained are either used for edible purposes or are found to be used 
as medicinal uses and cooking purposes. Recently oil yielding plants attract more attention due to an 
increasing demand for their vegetable oils, live stock feeds, pharmaceutical biofuels and other chemical 
industries. Based on extensive and intensive explorations and observations the diversity and 
performance studies of native oil yielding important plants were studied in four blocks of Nabarangpur 
such as Papadahandi, Dabugaon, Umerkote and Raighar respectively. A total of 24 oil yielding natively 
growing plant species belonging to 17 families were documented. These oil yielding plants were used by 
the different local people and tribals of Nabarangpur. Among them, Brassica species (Mustard) and 
Sesamum indicum L. (Rasi) is the major oil seed crop which covers the area of about 233 hectares in four 
blocks of Nabarangpur. The oil seed cultivation practices along with the climatic conditions prevailed in 
these particular area has its impact on yield of oil seeds. Good cultivation practices are needed to 
preserve and for getting maximum yield which can be used as alternatives for their livelihood. 
 

Keywords: Biofuels; Cultivation; Nabarangpur; Oils; Pharmaceutical. 
 

INTRODUCTION 

 
India has been recognized as one of the world with mega diversity. Man has depended on plants ever since life 
began. Human wellbeing relies upon the nature of the earth in which individuals live (1). The interrelationships 
among society and nature, and the significance of environment to human health rely upon biodiversity which have 
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direct effect on human-prosperity too. Regardless of the essential dependence of horticultural social orders on 
domesticated plants and animals for sustenance, the convention of consuming wild plants has not been totally 
eradicated. A large number of individuals, especially tribals and rural communities in many nations still gather and 
consumed a wide assortment of wild plant and plant products to meet their nourishment necessities (2, 3). 
 
Oilseeds are among the significant cash crops of India. For plants, they are imperative as reserves of energy to 
maintain the germination of the seed; for human these are considered as proficient food sources of energy. The 
synthetic compositions of seeds of cultivated and wild species are more thoroughly known since these comprise a 
large share of the food supply and industrial raw materials. Information on the seeds of wild species is relatively 
scanty. However, the search for new sources as industrial raw materials is gradually providing more and more 
information about seeds of wild plants. Seed chemistry is an interesting subject for scientific study with the result 
that much information about both cultivated and wild species is being accumulated (4). The present study was 
aimed to document the availability, consumption and management of oil yield plants and their uses by the tribals of 
Nabarangpure district of Odisha. 
 

MATERIALS AND METHODS 

 
Study area 
Nabarangpur District, also known as Nabarangapur District and Nawarangpur District, is a district of Odisha, India. 
The study was conducted in the Nawarangpur district of the Odisha state of India during the year 2018-2019. The 
city of Nabarangpur is the district headquarters. Most of its population is tribal, and most of the land is forested. 
Situated in the southwest corner of Odisha, it borders Koraput District. Nabarangpur district is situated at 19.14’ 
latitude and 82.32’ longitude at an average elevation of 1,876 feet (572 m) (Fig. 1). 
 

Field Survey 
Various tribal rich forest pockets of the district were identified and field trips were conducted at regular intervals in 
differed seasons. Tribal uses of plants and oil seeds were studied in situ by establishing close intimacy with the 
tribals. Care was taken to prioritize vulnerable areas for immediate attention especially forest pockets which are 
under intensive mining activity. Folklore claims were documented along with voucher specimens (5). 
 

Plant and oil seed Collection and Herbarium Studies 
The supportive plants and oil seeds were collected, processed, critically studied, identified and preserved in the 
Herbarium and seeds were deposited in Department of Botany, School of Applied Sciences, Centurion University of 
Technology and Management, Odisha. Voucher specimens were identified by referring standard local floras (6). 
 

Local Names 
Vernacular names in vogue in the different tribal languages and Odia were given. 
 

RESULT AND DISCUSSION 
 

The results of the oil yielding plants survey are presented in table 1. A total of 24 plants species belonging to 17 
families were documented.  For each species the following information was provided: Botanical name, family, local 
name, habit/habitation/ domestication, parts used, rank of uses and abundance. Among family Fabaceae were more 
dominate followed by Anacardiceae, Brassicaceae and Euphorbiaceae (Fig. 2). Habit wise analysis of available 
species indicated that 13 (54%) were trees followed by 6 (25%) herb, 4 (17%) shrub and 1 (4%) climber (Fig. 3). 
Comparison of the plant parts used as an oil yielding source indicates that the seeds predominate followed by stem, 
leaf and flower (fig. 4). 
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CONCLUSION 
 

The oil yielding crops have been the foundation of farming economy in perspective on its commercial as well as 
utilization esteem. Oil yielding plants have been used as cooking oil, other food supplements and other uses.  The 
finding of this study provided that, most of the plants used by the community of study area oil yield substances in 
seed, stem, flower and leaf parts of surveyed plants. Studies have also shown that oils from unconventional native 
sources will not only fill the gap between demand and supply, it could be a source of earning of the foreign 
exchange. It is believed that the oil bearing plant resource of the Nabarangpure area provides a checklist of the 
floristic diversity which will serve as a prepared reference for scientific research. 
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Table 1. List of oil yielding plant species in Nabarangpur district of Odisha, India 
 

Sl. 

No. 
Botanical Name Family Local name 

Habit/ Habitat/ 

Domestication 
Parts used 

Rank of 

use 
Abundance 

1 
Anacardium 

occidentale L. 
 

Anacardiaceae Kajubadam 
Tree , 

Cultivated 
Seed + Common 

2 
Arachis 

hypogaea L. 
Fabaceae Chinabadam 

Herb , 
Cultivated 

Seed + Occasional 

3 
Azadirachta 

indica A. Juss. 
Meliaceae 

Neemba, 
Limb 

Tree , 
Wild 

Seed , 
Leaf , 
Stem 

++ Common 

4 
Brassica 

nigra (L.) W.D.J. 
Koch 

Brassicaceae Kala sorisa 
Herb 

Cultivated 
Seed +++ Common 

5 
Brassica juncia 

(L.) Czern. 
Brassicaceae Dhala sorisa Herb, cultivated Seed +++ Common 

6 Cocos nucifera  L. Arecaceae Nadia 
Tree 

Caudex 
Cultivated 

Seed , 
Leaf 

++ Common 

7 
Eucalyptus 

globulus Labill. 
Myrtaceae Nilagiri 

Tree, 
Wild 

Seed, 
Stem 

+ Rare 

8 
Glycine max 

(L.) Merr. 
Fabaceae Soyabean 

Climbers , 
Cultivated 

Seed ++ Rare 

9 
Gossypium 

arboretum L. 
Malvaceae Tula Herb, cultivated Seed + Common 

10 
Helianthus 

annuus L. 
Asteraceae Suryamukhi 

Shrub , 
Cultivated 

Seed ++ Common 

11 
Jatropha 

curcas L. 
Euphorbiaceae 

Dumajoda, 
Bhendra 

Shrub , 
Cultivated 

Seed + Rare 

12 
Linum 

usitatissimum L. 
Linaceae Pesi 

Herb 
Cultivated 

Seed +++ Occasional 

13 
Madhuca 

longifolia 

(Roxb.) A. Chev. 
Sapotaceae 

Mahula, 
Tolgachh 

Tree , 
Wild 

Seed, 
Stem, 

Flower 

+++ Common 

14 
Martynia annua 

L. 
Martyniaceae Baghanauhi 

Shrub , 
Wild 

Seed ++ Rare 

15 
Millettia 

pinnata 

(L.) Panigrahi 
Fabaceae Karanja 

Tree , 
Wild 

Seed , 
Stem 

+++ Common 

16 
Phyllanthus 

emblica L. 
Phyllanthaceae Aonla 

Tree , 
Wild 

Seed, 
Stem 

+ Occasional 
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17 Ricinus 

communis L. 
Euphorbiaceae Joda 

Shrub 
Cultivated/ Wild 

Seed ++ Common 

18 
Schleichera 

oleosa 

(Lour.) Oken 
Sapindaciae Kusuma 

Tree , 
Wild 

Seed, 
Stem 

+++ Common 

19 
Sesamum indicum 

L. 
Pedaliaceae Rasi 

Herb , 
Cultivated 

Seed +++ Common 

20 
Semecarpus 

anacardium L.f. 
Anacardiaceae Bhaliya Tree, Wild Seed ++ Occasional 

21 
Senna 

Tora (L.) Roxb. 
Fabaceae Chakunda 

Tree , 
Wild 

Seed + Rare 

22 
Shorea 

robusta Gaertn. 
Dipterocarpace

ae 
Sal, Sarjam, 

Saragi 
Tree , 
Wild 

Seed , 
Stem 

++ Occasional 

23 
Strychnos nux- 

vomica L. 
Loganiaceae Kochila Tree, Wild Seed ++ Occasional 

24 
Syzygium 

aromaticum (L.) 
Merrill & Perry 

Myrtaceae Lobonga 
Tree, 

Cultivated 

Flower 
bud, 
Stem 

++ Rare 

 

 

 
Fig.1. Map of the study area 

 
Fig. 2. Family wise distribution of plant species 

 
Fig. 3. Habit-wise distribution of plant species (%) 

 

 
Fig.4. Different plant parts used for oil extraction 
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Decades back, agrochemicals were presented going for improving harvest yields and at protecting crops 
from pests. Nowadays  agrochemical has  come to be  crucial  to  modern-day  agriculture  to  feed  the  
growing  population.  Heavy metals such as lead, chromium, arsenic, zinc, cadmium, copper and nickel 
are accumulated in the plants. Heavy metal contamination in soils and in the plants is a major 
environmental concern that affects large areas worldwide as well as human health. The present research 
is comparison between accumulation of heavy metals in Solanum melangena L. by use of different organic 
and chemical fertilizer used in Dharmasala area of Jajpur district of Odisha and to know the adverse 
effect agrochemicals on the plants. Preliminarily plantation of Solanum melongena was done on two fields 
using organic and chemical fertilizer respectively. The chemical fertilizer is NPK and pesticide is 
Chlorpyrifos and the organic fertilizer used was a mixer of cow dung, vegetable peels, dead plant organic 
matters and combination of organic and inorganic matters. Samples of fruits of Solanum melongena was 
collected two different fields. Heavy metal analysis was done using X-ray fluorescence spectroscopy. 

These agrochemicals cause accumulation of different heavy metals in the soil like zinc and copper, which 
can also accumulate in the plants out of which some are very much carcinogenic and cause health 
disorders. From this paper we conclude that chemical fertilizer increase yield but also harm the 
environment and the long-term uses can be catastrophic. So beside used of chemical product we can use 
biological products for good health and better environment 
 

Keywords: Agrochemical, Fertilizer, Heavy metals, Hormones, Solanum melongena 
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INTRODUCTION 

 
Organic and inorganic fertilizers are important for plant growth. Each fertilizer provides plants with the 
nutrients required for optimum performance. Organic fertilizers are used for several centuries whereas 
chemically synthesized inorganic fertilizers were only widely developed during the industrial revolution. 
Inorganic fertilizer has significantly supported global increase, it's been estimated that nearly half the people 
of the world are currently fed as a results of artificial nitrogen fertilizer use (1). Commercial and farming has 
been and remains relying on the utilization of inorganic fertilizers for growing crops, this is 
often because they are easy to use, quickly absorbed and utilized by crops (2). The effect of organic and 
NPK are studied on the nutritional quality of Amaranthus. Hussain et al., (2013) (3) reported that organic 
material alone or together with NPK significantly increased CP, ash and EE while CF was reduced. The NKP 
gave least values of CP, CF ash and EE compared with organic material.  
 
Organic material alone or integrated with NPK increased nutritive quality. Yoldas et al., (2011) (4) studied the 
effect of organic and inorganic fertilizers on yield and mineral content of onion and reported within the year, 
that treatments influenced K content, but didn't influence N, P, Ca, Na, Mg, Fe, Zn, Cu and Mn contents of the 
onion bulb. In the second year, the treatments influenced Na content, but failed to influence the others. 
Coolong et al., (2004) (5) reported that N, P, Mn, Fe and Zn content of bulb were increased by N treatments 
but the content of N was decreased by N doses. Potassium, Cu and Mo contents were not suffering from the 
treatments. Solanum melongena is commonly referred to as the Brinjal or Egg plant. Eggplant is a plant 
species belongd to family Solanaceae. Solanum melongena is grown international for its suitable for eating fruit. The 
present study evaluates the soil contamination and bioaccumulation of six heavy metals Rubidium (Rb), Tin (Sn), 
iron (Fe), copper (Cu), Silicon (Si), and potassium (K) as well as two types of fertilizers, organic and inorganic on Egg 
plant (6). 
 

MATERIALS AND METHODS 

 
Study area 
Jajpur is one among the main agriculture districts of the state. it is surrounded by hills, rivers and 
forest. It's constituted by two no’s of agricultural zone, three no’s of agriculture districts and 10 no’s of blocks 
out of 1,42,750 hector of cultivated land, 1,11,100 hector is paddy land during Kharif season. The fertile loamy 
soil of the district is help full for increase of the crop productivity. Within the district soils like Loamy, sandy, 
clayey and red also are seen. Rapid increase of industrialization within the state and also within the district is 
decreasing the fertile farmland. Brinjal is the main crop whereas Groundnut, Mung, Biri, Vegetable and 
Sugarcane are grown mainly in Rabi season. Jajpur district is known for brinjal cultivation within the state. 
Normaly Brinjal is cultivated in 30,000 to 35,000 hector within the district. Additionally the state is proud for 
cultivation of vegetables in Dharmasala, Rasulpur, Barachana and Jajpur blocks of the district (7)  
 

Fertilizer treatment 
Two type’s fertilizer treatments were applied: the first treatment is organic fertilizer (OF) and the second fertilizer is 
chemically synthesized NPK fertilizer (8).  
 

Soil preparation and planting  
First, the experimental area was tilled and then parcels were created. Then the fertilizers applied according to the 
experiment plan. After that, the drip irrigation system was established (Fig. 1). The egg plant seedlings were planted 
according to the experiment plan, the spacing between rows was 90 cm, the spacing within rows is 50 cm, each parcel 
contains 6 rows, in each row 20 plants and each plot contains 1400 plants (8).   
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XRF analysis 
The fruit sample were dried, homogenized and sieved at 250 µm partic les s izes. XRF analyzes were 
carried out Advanced Testing and Calibration laboratory in Centurion University Of Technology& 
Management using a handheld Epsilon 1 Pan analytical XRF spectrometer. By automatically adjusting 
for matrix effect, epsilon 1 Pan analytical XRF spectrometer analyzers are able to determine the 
content of soil sample typically in seconds, without any requirement for instrument user to input 
empirical,  sample specific calibrations (Fig.1). The sample name, spectrum& element composition are 
stored in a dedicated library (9).  
 

RESULTS AND DISCUSSION 
 

The present study observed that the application of five parameters i.e. T1, T2, T3 , T4 , T5 (Cow dung, Vegetable 
peels , dead plant matters, chemical fertilizer and mixture of  organic and inorganic ma tters) Solely or 
combined application had a great influence at all the stages of the bringal crop. Significant 
differences were observed in all parameters like number of branches, length of fruit, number of fruit, 
plant height and fruit weight.  Highest plant heights (95.34 cm) were observed in T 5 followed by T4 
(82.56 cm), T3 (72.7 cm), T2 (60.41cm), T1(58.2cm) (Table 1).  The highest number of branches per plant (21 nos.) was 
recorded in T5 followed by T3 (18 nos.), T4 (17 nos.), T2 (16nos.), T1 (14 nos.). If we compare length of fruits, 15.3 cm of 
length was measured in combination of organic and in inorganic fertilizer (T5) followed by 14.9 cm (T4), 12.7 cm(T3), 
10.4 cm (T2), 10.1 cm (T1). The data on  fruit weight 75 gm in T5  highest as influenced by the combination of organic 
and inorganic fertilizers at the all the stages.  In all the treatments the number of fruits were very less in T1 i.e 9 fruits/ 
plant, but highest number were recorded in T5 i.e. 14 fruits/ plant. 
 

Combination of organic and inorganic fertilizer)  
Comparable outcomes were accounted for by Naidu et al., (1999) (10) revealed that the morphological parameters 
were influenced altogether because of the utilization of various blend of organics, chemicals, biofertilizers. Satya 
Vani (2014) (11) portrayed that mycorrhizal spore populace in rhizosphere soil just as the level of mycorrhizal 
contamination in plant roots varied with the progressions in physico-chemical variables of the soils of brinjal. 
 

XRF analysis 
In XRF data analysis  it is found that chemical fertilizer has some heavy metal like Cu (0.231%) followed by Zn 
(0.193%). The range of Cu in fruits were (0.231%) and Zn (0.193%). In organic fertilizer K is highest 79.032% followed 
by Cl, P, S, Si, Eu, Sn, Rb and Fe i.e  7.420, 4.519, 2.912, 1.631, 1.527, 0.570, 0.218 and 0.046 (Table-1).  Similarly 
Islam and Hoque (2014) (12) also reported that the concentration of Cu in brinjal range from 13.57–19.90 mg/kg while 
Zhu et al. (2011) (13) reported that the concentrations of copper 0.214–0.875 (μg/g) in brinjal. In another observation 
of Islam and Hoque (2014) (12) also found that the concentration of Pb in brinjal range from 0.06–3.5 mg/kg while 
Alamgir and Chakarabarty (2000) (14) also showed the range of Pb 10.04 mg/kg for the vegetable cultivation in 
Bangladesh condition. 
 
CONCLUSION 

 

From the above result, it may be concluded that in Solanum melangena production application of organic fertilizer 
source of nutrients can be more productive and this will also sustain the fertility and productivity of soil. But the use 
of chemical fertilizer may harm soil micro-flora as well as human health. From this we concluded that agrochemicals 
increase yield, but also harm the environment and the long-term uses can be catastrophic. So beside used on 
chemical product we can use organic fertilizer products for good health and a better environment. 
 
 

Satyajit Mohanty et al. 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26338 

 

   

 

 

REFERENCES 
 

1. Erisman JW, Sutton MA, Galloway J, Klimont Z, Winiwarter W. How a century of ammonia synthesis changed 
the world. Nature Geoscience. 2008; 1(10): 636-639. 

2. Masarirambi MT, Hlawe MM, Oseni OT, Sibiya TE. Effects of organic fertilizers on growth, yield, quality and 
sensory evaluation of red lettuce (Lactuca sativa L.)'Veneza Roxa'. Agriculture and Biology Journal of North 
America. 2010; 1(6):1319-1324. 

3. Hussain A, Alamzeb S, Begum S. Accumulation of heavy metals in edible parts of vegetables irrigated with 
waste water and their daily intake to adults and children, District Mardan, Pakistan. Food chemistry. 2013; 
136(3-4):1515-1523. 

4. Yoldas F, Ceylan S, Mordogan N, Esetlili BC. Effect of organic and inorganic fertilizers on yield and mineral 
content of onion (Allium cepa L.). African Journal of Biotechnology. 2011; 10(55):114488-114482. 

5. Coolong TW, Kopsell DA, Kopsell DE, Randle WM. Nitrogen and sulfur influence nutrient usage and 
accumulation in onion. Journal of plant Nutrition. 2005;27(9):1667-1686. 

6. Youssef MA, El-Gawad AM. Accumulation and translocation of heavy metals in eggplant (Solanum melongena L.) 
grown in a contaminated soil. Journal of Energy, Environmental & Chemical Engineering. 2018; 3(1):9-18. 

7. Village and Panchayats- India. Jajpur District:Odisha. 20 March 2018. Retrieved 21 June 2019. 
8. Al Ali M, Gençoğlan C, Gençoğlan S. The Effects of Organic and Inorganic Fertilizer Applications on Yield and 

Plant Vegetative Growth of Eggplant (Solanum melongena L.). International Journal of Plant & Soil Science. 2019; 
1-9. 

9. Ene A, Bosneaga A, Georgescu L. Determination of heavy metals in soils using XRF technique. Romanian 
Journal of Physics. 2010; 55(7-8):815-820. 

10. Naidu AK, Kushwah SS, Diwivedi YC. Performance of organic manures, bio and chemical fertilizers and their 
combination on microbial population of soil and growth of okra. Jawaharlal Nehru Krishi Vishwa Vidhyalaya 
Research Journal. 1999; 33(1-2):34-38. 

11. Vani MS, Hindumathi A, Bhumi NR. Arbuscular mycorrhizal fungi associated with rhizosphere soils of brinjal 
cultivated in Andhra Pradesh, India. International Journal of Current Microbiology and Applied Sciences. 2014; 
3(5):519-529. 

12. Islam MS, Hoque MF. Concentrations of heavy metals in vegetables around the industrial area of Dhaka city, 
Bangladesh and health risk assessment. International Food Research Journal. 2014 ;21(6): 2121–2126. 

13. Zhu F, Fan W, Wang QL, Yao S. ( 2011). Health risk assessment of eight heavy metals in nine varieties of edible 
vegetable oils consumed in China. Food and Chemical Toxicology. 2011; 49:3081–3085. 

14. Alamgir M, Chakarabarty KL (2000). Cadmium and lead contents in edible vegetable of Bangladesh. Bangladesh 
Journal of Science and Technology. 2000; 2(1):75-86 

 

Table 1. Effect of organic and chemical fertilizer on growth and yield characters of Solanum melangena L. 
 

Treatment No. of Branches 
Length of fruit 

(Cm) 

No. of Fruits 

/plant 

Plant height 

(cm) 

Fruits weight 

(gm) 

T1 14 10.1 9 58.2 27 
T2 16 10.4 11 60.41 34 
T3 18 12.7 12 72.7 51 
T4 17 14.9 12 82.56 70 
T5 21 15.3 14 95.34 75 

*(T1- Cow dung, T2- Vegetable peels ,T3- Dead plant organic matters , T4- Chemical fertilizer , T5- 
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Table 2.  Concentration of different elements present in Solanum melangena L. fruit 

 

Organic fertilizer 
Elements Si P S Cl K Mn Fe Rb Sn Eu 
Conc. (%) 1.631 4.519 2.912 7.420 79.032 0.125 0.046 0.218 0.570 1.527 
Chemical Fertilizer 
Elements Si P S Cl K Fe Cu Zn Rb Sn Eu Re 
Conc. (%) 1 .221 4.209 3.195 7.126 79.348 2.412 0.231 0.193 0.230 0.621 1.175 0.039 

 

 
Fig.1. Map of study area 

 
Fig. 2. During Field and lab work 
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Fig.3 XRF data of Solanam melangena ( Fruit) 

A.Organic fertilizer B. Chemical fertilizer 
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Abstract- Medicinal plants are geared toward the development of new antibiotics and the use of 
medicinal plants in the treatment of typhoid fever. Typhoid fever is a bacterial infection caused by 
Salmonella species namely, Salmonella typhimurium. The threat to human health posed by multidrug-
resistant strains of Salmonella typhimurium is of growing concern. Generally, there has been increasing 
resistance and multidrug resistance to almost all classes of antibiotics. This has rendered treatment with 
antibiotics difficult and costly. The present study was undertaken to document how typhoid is naturally 
treated. The antibacterial potential of three medicinal plants viz. Nyctanthes arbour-tristis L., Phyllanthus 

amarus Schumach. & Thonn., and Cymbopogon citratus (Dc.) Stapf were evaluated on S. typhimurium. The 
crude leaf extracts prepared in ethanol were used to assess their antibacterial potential in terms of zone of 
inhibition of bacterial growth, which was tested by the agar well diffusion method. Ethanol extracts of 
plant parts have shown significant antibacterial activity against S. typhimurium. The highest zone of 
inhibition (25 mm) was obtained from N. arbour-tristis at concentrations 1.0 mg/ml. C. citratus showed a 
zone of inhibition 19 mm at a concentration of 1.0 mg/ml. P. amarus showed zone of inhibition 15 mm, 13 
mm at concentration 1.0 mg/ml, 0.5mg/ml respectively. The finding supported the use of these plants for 
the treatment of typhoid fever. 
 
Keywords: Antibacterial, Antibiotics, Ethanol, Medicinal, Salmonella typhimurium. 
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INTRODUCTION 

 
In prehistoric ages, the primitive man started learning many lessons from the nature in the art of healing by combine 
instinct with his dissolution. His dependence and observations on the nature coupled with providence use of plant 
products led to the initial knowledge about economic and curative properties of plants. He explored his natural 
surroundings and tried many plants found around him to treat his disorder. In recent years, traditional knowledge 
on medicine has drawn importance all over the world. Today, plants are not only used in health care, but for best 
hope of source for future medicines. Traditional plant medicine still play significant role in the drug industries due to 
minor side effects as well as the synergetic action of the combination of compounds (1). In the improvement of 
human culture therapeutic plants have assumed a fundamental job, for instance religions and various functions (2). 
Among the assortment of present day medications, a considerable lot of them are created by implication from 
therapeutic plants, similar to anti-inflammatory medicine. Restorative plants are wellspring of new medications and 
present day meds are created in a roundabout way from plants. Curative properties of the plant are due to the 
secondary metabolites or the bioactive compound which fight against the various type of disorder (3). 
 
Typhoid fever is the most precarious illness caused by the bacterium Salmonella typhimurium. It can be also caused by 
Salmonella paratyphi, a related bacterium which usually leads to a less severe illness. The bacteria enters in to human 
body through food and water and also deposited in water and food by a human carrier and are then infect other 
people in the area. In industrial countries it is a rare disease but in developing countries it is the most significant 
public health issue (4, 5). From literature and review it was found to be S. typhimurium is deadly sensitive to these 
three medicinal plants that are Nyctanthes arbour-tristis, Phyllanthus amarus and Cymbopogon citrates.  
 

MATERIALS AND METHODS 

 
Plant material collection 
Disease free fresh leaves of Nyctanthus arbour-tristis, Phyllanthus amarus and Cymbopogon citratus were collected from 
the district of Kendrapara, Odisha. The plants was identified and authenticated by following “Flora of Orissa” (6). 
 

Sample and extract preparation  
Freshly collected leaf samples were washed and air-dried under shade at room temperature for 7-10 days. After 
drying, the samples were chopped into small pieces, and the materials were grounded into powder form using 
mortar and pestle. Powdered samples were then stored in air tight containers for further use (7).  
 

Extraction of plant materials 
The crude extracts of collected plant samples were weighed. 15gm of Nyctanthus arbour-tristis, Phyllanthus amarus, 

and Cymbopogon citratus sample were taken. The three weighed plant samples were submerged in 130 ml of ethanol 
for 24 hrs at room temperature at dark condition. The mixtures were filtered by filter paper then collected and stored 
in three centrifuge tubes. 
 

Bacterial strain 
One bacterial strain was used in this study, which is Gram negative bacteria i.e Salmonella typhimurium (MTCC 
No.3224). The bacterial strains were collected from IMTECH Chandigarh.  The bacterial Strain was cultures in 
nutrient agar medium and incubated at 37°C for 24hrs . 
 

Antibacterial assay 
A standardized concentration of inoculum with fixed volume is spread evenly on the surface of gelled agar plate. A 
hole of about 6 mm in diameter is punched with a sterile cork borer aseptically in plates. A fixed volume of plant 
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extract was then introduced into the bored agar well and incubated at optimum temperature (bacteria - 37°C for 24 
hr) depending on the test microorganism (8). 
 

RESULTS  AND DISCUSSION 

 
The present study revealed that the tested medicinal plants Nyctanthus arbour-tristis, Phyllanthu samarus, and 

Cymbopogon citratus possess potent antibacterial activity against bacterial strain, which is gram negative (salmonella 

typhimurium). Ethanol extract of p. amarus showed activity at two tested concentration against bacterial strain (S. 

typhimurium) was 1.0mg/ml and 0.5mg/ml. The activity was observed at concentration 1.0mg/ml was 15mm, where 
as the activity was observed at concentration 0.5mg/ml was 13mm. Ethanolic extract of N. arbour-tristis showed 
potent activity at two tested concentration against S. typhimurium in 1.0mg/ml and 0.5mg/ml. It showed the activity 
at 1.0mg/ml was 25mm, while no activity showed at concentration 0.5mg/ml. Ethanol extract of C. citratus showed 
activity at two concentrations against S. typhimurium was 1.0 mg/ml and 0.5 mg/ml. The activity was observed at 
concentration of 1.0mg/ml was 19mm, while no activity showed at concentration 0.5 mg/ml (Fig.1). The result 
suggested that the ethanolic leaf extracts of N. arbor-tristis showed better result against S. typhimurium viz. 25 mm 
zones of inhibition as compared to P.amarus and C. citrates (Table 1). 
 
The movement of plants separates against microscopic organisms have been read for a considerable length of time, 
however in progressively heightened route during the most recent three decades. During this period, various 
antimicrobial screening assessments have been distributed dependent on the customary Chinese, African, and Asian 
employments of plant based medication (9). In the current examination, the consequences of antibacterial property of 
three plants extracts tried against Salmonella typhimurium varied depending on concentrations as previously reported 
by (10). All tested three plants samples showed inhibition diameter against S. typhi, it proves that active compounds 
present in sufficient quantities in the extract which shows the activity with dose levels employed (11). Lack of 
activity can be proven by using large dose (12).  
 
It was seen that N. arbor-tristis demonstrating the antibacterial action with the zone of hindrance of 25 mm against S. 

typhimurium. This could presumably have been because of the way that the pace of dynamic fixings or constituents in 
the plant material is higher contrasted with different plants utilized in this exploration (13).The thing that S. 

tyhimurium was more dispose to the extract of  Nyctanthus arbour-tristis indicated the potency of this plant against 
typhoid. 
 

CONCLUSION 
 
As our lifestyle is now getting techno-savvy, we are moving away from nature, which can create a serious threat to 
both environment and human life leading to various diseases like typhoid etc. So to fight against this situation the 
ultimate method without side effect is to accept the nature as God’s gift and adopting herbal medicine for curing 
diseases. As therapeutic plants are regular items they are liberated from reactions, they are nearly sheltered, eco-
accommodating and locally accessible. Generally there are heaps of herbs utilized for the aliments identified with 
various seasons. There is a need to elevate them to spare the human lives. However, the blind dependence on 
synthetic is over and people are returning to the naturals with hope of safety and security. It’s time to promote them 
globally. The result of present study offers a scientific basic for the use of the selected plants N.arbortristis. P.amarus 

and C.citratusin the treatment of typhoid fever. These plants species can be regarded as promising resources for anti-
typhoid drugs because they showed potent activity against tested bacteria Salmonella typhimurium. It can be 
represented as alternative drug of typhoid.   
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Table 1. Antibacterial activity of ethanol extract of N. arbour-tristis, C. citratus and P. amarus using agar well 

diffusion assay (ZOI) 

Plants Solvents Concentration (mg/ml) 

Diameter of zone of 

inhibition (mm) of     S. 

typhimurium 

N. arbour-tristis Ethanol 
1.0 25 
0.5 - 

P. amarus Ethanol 
1.0 15 
0.5 13 

C. citratus Ethanol 
1.0 19 
0.5 - 
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Fig.1. Antibacterial activity of ethanol extract of A. Nyctanthus arbour-tristis B. Cymbopogon citratus C. 

Phyllanthus amarus leaves using agar well diffusion method in two different concentration (a) 1.0 mg/ml (b) 0.5 

mg/ml  against Salmonella  typhimurium 
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Pollution is defined as contamination of the environment due to human activities such as addition 
unwanted substances of air, land, water etc. Now a day there has been a significant degradation in 
environment quality. Sum hospital is one of the important hospitals in Odisha and there has been a rapid 
increase in pollution level within 3-4 years. The increase in the pollution in the environment has resulted 
in increase in the amount of heavy metals in the our surroundings  that has in turn gets absorbed and 
accumulated in the plants and leads to various deleterious effect on all living organisms. 
 

Keywords: Environment, Plants, Pollution, Contamination, Heavy metals 
 

INTRODUCTION 

 
Biodiversity sustains human livelihoods and life itself. An anticipated 40 per cent of the global economy is based on 
biological products and processes. As the biodiversity harbors a great amount of diversity with esteem to species 
diversity, crop diversity, etc. which provides a rich amount of a well evolved system over time background support 
for rich resources. Nature is a key for the existence of human life. It is a store house of thousands of products 
essential for our survival. It provides the three most basic necessity i.e food, shelter & clothes. Hence it is necessary 
for the conservation of nature. But the increased human activities haslead to the increase in the environmental 
exploitation. Increase in the amount of pollution, increased urbanization, industralisation, commercialization etc, 
change in lifestyle, has contributed in the increase in the level of heavy metals in the environment that has given rise 
to serious problems like cancers & other chronic diseases in the humans and other living forms. It also has resulted in 
different changes in the plants (1). 
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Heavy metals refers to a group of metals that has the atomic mass density of 4g/cm3or greater and isfive times or 
more greater than of the important liquid for survival i.e water. The increasing amount of toxicity of the heavy 
metals is becoming a serious problem for ecology, nutrition and as well as for the environment. It has now become 
evident that, manufacturing, construction activities etc which involves the disposal of materials containing these 
metals into the environmenthave triggeredan epidemic environmental metal poisoning. These poisonous and toxic 
substances (metals) cannot be easily degraded using biological systems. These substanceshas a very long half-life 
period in the environment and biological organisms; thus, they posse an environmental threat. Plants can take up 
avariety and enormous amount of elements from soil, of which some do not contain any knownbiologically 
important functions and many are known to be toxic evenat very lower concentration. As the plants are known as 
building pillar of the ecological food chain; some concerns has been raised about the possibility of presence of certain 
toxic concentrations of  heavy metals being transported from the plants to higher level of the ecological food chain 
system. The plantscan uptake the toxic metal elements such as Arsenic (Ar), Cadmium (Cd), Chromium (Cr), 
Mercury (Hg), and Lead (Pb) and could possibly transfer them into the food chain have affected a wide array of 
living organisms. These elements are very well-established as being extremely toxic in the living body and their 
effects in human beings are well-known. The leaves are the most susceptible part of a plant to injury because of the 
presence of large number of stomata which helps in permittance and penetration of pollutants along with heavy 
metals into the cells and tissues of the leaves (2).  
 

According to Nabulo et al. (2009), the presence of boundary layer resistances acts as the first line barrier against 
gaseous air pollutants which varies with a number of factor including wind speed, size, shape and orientation of 
leaves. This pollutant enters the leaves in large number at high wind velocity because the boundary layer resistance 
gets declined. The presence of  waxy cuticle acts as the most potential barrier to most of these pollutants but the cells 
which are mostly exposed to air pollutants action are the cells of the epidermis. However, the cuticular waxes can get 
dissociated by acidic gases. These acidic gases could enter the leaves through penetrating the cuticular regions of the 
leaves. Similarly the heavy metal accumulating and migrating in the soil can enter the plants by the absorption 
mechanism of the roots and vascular system (3). The plants that grow on the roadside are exposed to high amount of 
heavy metal pollution due to heavy vehicular emission. It is rightly said by Wang et al., 2015 (4); that the heavy metal 
produced from vehicular emissions may get accumulated in plants growing in roadside from the soil. Similarly 
many researchers like Nabulo et al. 2009, Shahid et al. 2017 (3, 5) have told that the airborne heavy metals can be 
deposited and absorbed via leaves.  
 
According to Chen et al. 2010; Ugolini et al. 2013 (6, 7) heavy metals such as Cadmium (Cd), copper (Cu), and lead 
(Pb) could have been originated from engine oil consumption, tires,  brake wear, and road surface substances. The 
heavy metals coming out from traffic emissions has tendency to be accumulated in the soil before it gets absorbed by 
the roots of the plant.As the heavy metals are persistant as well as very resistant thus they can stay in the plant for a 
longer period of  time (8).These thus can get transferred into living human beings (Homo sapiens) through  the food 
chain occurring naturally in the ecosystem (6). The bioavailability of these heavy metals gets  mostly affected by the  
physical-chemical properties of the soil (9) and it  is also dependent upon the species of plant under consideration 
(10-12). In 2016, Chandrashekara and Thasini said that few roadsideplantsare edible while some others have 
medicinal uses (15). Plants such as Athyrium esculentum, Diplazium esculentum etc. are edible and plants like 
Chromolaena odorata (Tivragandha) is known for theirmedicinal values (13, 14). Recently researchers Nabulo et al. 
2006; Galal and Shehata 2015, are mostly concerned and  focused upon the significance of types of soil, theuptake of 
heavy metals and their accumulation  in natural as well in humanmade conditions. The interaction between different 
heavy elements has led to different harmful effects on the natural environment and its living components (3, 15). 
 
STUDY AT URBAN GUANGZHOU, CHINA 
The levels of copper (Cu), nickel (Ni), zinc (Zn), lead (Pb) and chromium (Cr) were measured from the soils and 
plants growing in urban regions of Guangzhou, China.  Here the plant and the soil samples that were collected from 
the roadside, parks and a university campus and were examined. The average concentrations of Cu, Ni, Zn, Pb and 
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Cr in the leaves of the plants were about 28.3, 7.7, 142.1, 23.4, and 195.1 mg/kg respectively. In a comparison of heavy 
metal concentrations in the leaves of the treesgrowing in roadside and park areas, lead ( Pb) concentrations was very 
much higher for roadside plants. However the concentrations of heavy metals was significantly lower for the  roots 
as compared to that of the leaves. This indicated that heavy metal pollution of trees is mostly occurs due to air 
pollution. Similarly for all top soil samples collected from different regions the average concentrations of Cu, Zn, Pb, 
Ni and Cr were 24.3, 121.5, 63.9,17.3 and 88.7 mg/kg, respectively (16).  Thus it is very evidient that the heavy metal 
concentrations of the roadside soilsand as well as their coefficient of variation was higher than those in urban parks. 
By comparing heavy metal concentrations in trees and soil between urban Guangzhou andof  Hainan Island, China, 
Cu, Ni, Zn, Pb and Cr levels in soils and plants in urban Guangzhou were mostly affected by the human impact (17). 
 

STUDY AT JENGKA, PAHANG, MALAYSIA 

The uptake and translocation of Cd, Cu, Fe and Pb in different parts of three roadside plants namely Athyrium 

esculentum, chromolaena odrata and lantana camara growing in semi urban of Jengka, Pahang, Malaysia was observed.  
Iron (Fe) showed the highest heavy metal concentration of < 850 mg/kg while cadmium (Cd) showed lowest 
concentration of <0.12 mg/kg. Similarly the heavy metal concentration in the roadside plants was higher than those 
of plants in the uncontaminated or less unpolluted regions. The PCA (Principal compound analysis) suggests that 
the sources of natural and manmade sources of heavy metals. The plant roots showed high concentration of Cd and 
Pb, while the leaves mostly absorbed and accumulated Cu and Fe. The translocation of these four metals suggested 
that absorption ofthese metals in the above plants have the rank of root >stem >leaves. The metals in the root zone 
transported weakly to the stem while they get strongly mobilised to the leaves when available in the stem (18). 
 

STUDY AT TOKAT, TURKEY 
The heavy metals concentration in the soil, plant and mushroom samples collected from the regions of Tokat, Turkey 
can be determined by flame and graphite furnace atomic absorption spectrometry after they have bee dry ashed, wet 
ashed and followed by microwave digestion. The sample preparation procedures showed that the microwave 
digestion was the best method.This was followed by calculation of Metal accumulation for both the mushroom as 
well as the plant samples. Higher the ratio of plants to soil cadmium, zinc and copper concentrations indicated that 
these elements are accumulated mostly by mushrooms samples (19). 
 

STUDY IN INDIA 
The issue of metal contamination is becoming a major problem in India. There are many cases of heavy metal toxicity 
documented in fields of agriculture, mining, power plants, etc. Major environmental heavy metal pollutants mostly 
in the areas of high human activity areas are cadmium, copper, lead, chromium, mercury etc. The accumulation of 
heavy metals in the soil is a major source of concern in the productivity of the agriculture as it has adverse effects on 
food safety and marketability, crop growth due to the effects of phytotoxicity and the health of the living organisms 
residing in the soil. Toxicity caused by heavy metals has a high impact on plants and consequently has effects on the 
ecosystem as plants acts as an integral part. The plants growing in highly metal polluted areas shows altered 
metabolic activities, reduction in the plant growth, low production of biomass as well as accumulation in the heavy 
metals. Investigation related to toxicity and tolerance of metal stressed plants has prompted by cumulative growth of 
heavy metal pollution in the environment. Some metals are highly important for the plant growth and metabolism 
and are present in them in small traces like  Cu, Mg, Co, Zn, Cr etc. So, toxicity only occurs if and only the above 
metals are present in bioavailable forms and at extreme levels (20).  
 
The better effects of nitrate as well as the ammonium ions on different levels of chromium toxicity in 5 year old 
Sonalika wheat seedlings were studied. Here the growth was measured using both fresh as well as dry weight ; also 
evaluation of concentration of different contents of chlorophyll, carotenoid, nitrate reductases, peroxidases, catalases 
etc. there is a decrease in the length of root length in seedling grown without nitrogen was observed. But increase in 
chromium by 0.001mM has increased the root growth (21). Similarly studies carried out to study the effect of zinc on 
the growth, accumulation of proline, production of the free radical in the shoots of Brassica juncea and Cajanus cajan. 
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Here the seedlings of the above plants was grown in modified B5 medium that was supplemented with zinc sulphate 
under controlled sterile conditions. A very small amount of zinc (up to 0.1 mM) is seen to enhance the growth of 
seedlings in both the plants. However, in contrast to production of free radicals that is measured in terms of 
malondialdehyde as well as the relative level of proline were low in the seedlings raised in the presence of these 
concentrations of zinc. But presence of zinc at relatively higher concentrations is proved to decrease the growth, but 
has resulted in increase in the generation of free radicals as well as the accumulation of proline in these plants (22). 
 

CONCLUSION 
 

Plant development and advancement can be unfavourably influenced by unnecessary measures of substantial metals 
take-up as apparent by research up until now. Contamination of natural habitat because of different anthropogenic 
exercises is a test for creating nations like India. This has straightforwardly or by implication prompted the 
expansion in the measure of substantial metals in the environment. The significant sources are vehicular outflow, 
modern emanation, development exercises, and so on. Because of these exercises the measure of destructive harmful 
metals like Hg, Pb, As, and so on are expanding in nature which contributes towards are the significant source of 
heavy metal pollution. Presently a day numerous logical explores are occurring so as to discover a reasonable answer 
for this issue. Researchers are currently a day's amassing in discovering choices and options so as to bring down the 
measure of heavy metal outflow into the environment. As a piece of such finding utilization of green and safe 
energize water and common gases as fuel in various anthropogenic activities that are required for improvement of 
our country have added to bring down the outflow of such substances in nature. 
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Pollution is the introduction of contaminants into the natural environment that causes adverse change. 
Pollution can take the form of chemical substances or energy, such as noise, heat or light. Pollutants, the 
components of pollution, can be either foreign substances/energies or naturally occurring contaminants. 
Air pollution occurs when harmful or excessive quantities of substances are introduced into Earth's 
atmosphere. Sources of air pollution include gases, particulates, and biological molecules. The effects of 
air pollution on plants are widely seen and damage all plants including our food crops and trees. In the 
lower atmosphere, ozone damages plants by preventing photosynthesis and obstructing stomata, 
restricting respiration and stunting plant growth. In the current studies concentration of heavy metal in 
different avenue plant sample collected from heavy traffic areas of Bhubaneswar. Four highly traffic area 
selected were Vani Vihar, Jaydev Vihar, Barmunda (Fir station), Delta square, each sample were 
collected. The collected leaves were dried and grinded into fine particle the heavy metals were analysed 
through XRF (X-ray fluorescence) spectroscopy. The result should the accumulation of different heavy 
metal such as iron, titanium, manganese, copper, zinc, chromium, nickel in the selected area determined. 
 
Keywords: environment, Pollution, photosynthesis, spectroscopy, stomata 

 

INTRODUCTION 

 
Developmental activities give birth the seeds of environmental harm with them, aided and abetted by both needs 
and greed of man. Activities like as manufacturing, processing, transportation and expenditure of natural resources 

ABSTRACT 

    RESEARCH ARTICLE 
 

http://www.tnsroindia.org.in
mailto:gyanranjan.mahalik@cutm.ac.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26352 

 

   

 

 

not only deplete the stock of natural resources but also add difficulty to the environmental by accumulation of 
wastes. The term pollution comes from the Latin word ‘pollutioneum’ which implies to defile or create dirty. 
According to National Environmental research Council, “Pollution is viewed as the unwariness of substances and 
energy as waste product of human activities that lead to harmful changes inside the natural environment (1). 
Growing industrialization and evolution activities is the primary source of pollutant emission into the surrounding 
and introduce catastrophic substances into the atmosphere (2). Vehicular emissions in developed countries have 
largely restrained by betterment of vehicle parts and fuel hydrocarbon emissions; nevertheless, it cannot be said for 
developing countries, where numerous old and poorly serviced vehicles ply the roads joined with the use of low 
quality fuel. Transportation with the combustion of diesel and gasoline in automobiles has been considered as high 
source of air pollution, both at regional and international levels. Motor vehicles release a capacious quantity of 
exhaust emission such as carbon monoxide (CO), sulphur dioxide (SO2), nitrogen oxide (NOx), volatile organic 
compounds (VOCs) and particulate matter that commute 60-70% of the air pollution found in a city area (3). 
 
Numerous industrial plants and burdensome traffic may create heavy metals and different poisonous  compounds 
into the air that may create harmful health effects  in man or animals; affect plant life  and effect  the worldwide 
surroundings by changing the air quality of the earth (2). There is no mechanical or chemical instrument, which can 
completely analyze the emission of pollutants at the source. Once the pollutants are free to the air, exclusively the 
plants are the only hope, which can mop up the pollutants by adsorbing and metabolizing them from the air. Hence 
the plants, role abatement are progressively acknowledged in recent period. Plants act as a sink or as living filters to 
decrease air pollutant by processing characteristic response and symptoms (4, 5). Moreover, roadside plant leaves are 
in direct contact with air pollutant, and can accumulate some amount heavy metals. The current study aims to find 
out the accumulation of heavy metals in road side plants of heavy traffic area of Bhubaneswar city of Odisha. 
 

MATERIALS AND METHODS 
 

Study area 

Bhubaneswar is a very old city in India’s eastern state of Odisha, formerly Orissa. The city is lying between 20° 15' N 
latitude and 85° 52' E longitude. Four heavy traffic areas were selected for the studies which were coded As Site-A, 
Site-B, Site-C and Site-D. Site-A: Barmunda, Fire Station area, located in  latitude 20.2790° N, and longitude   85.7993° 
E. Site-B: Delta Square, located in latitude 20.2755° N, and longitude   85.8039° E. Site-C: Vani Vihar, located in 
latitude 20.2930° N, and longitude 85.8533° E. Site-D: Jayadev Vihar, located in latitude 20.2997° N, and 85.8173° E. 
 

Plant sampling  

Twelve plant samples, three from each site were selected for this study, as they were common along roadside (6). 
The species are namely Senna tora, Neolamarckia cadamba, Bauhinia variegata, Ficus religiosa, Delonix regia, Nerium 

oleander, Mangifera indica, Polyalthia longifolia, Terminalia catappa, Ficus benghalensis. 
 

XRF Analysis  

The plant samples were dried, homogenized and sieved at 250 μm particle sizes. XRF analyzes were carried out at 
the Advanced Testing and Calibration laboratory in Centurion University Of Technology And Management using a 
handheld Epsilon 1Pananlytical XRF spectrometer. By automatically adjusting for matrix effects, Epsilon 1 Pan 
analytical XRF spectrometer analyzers are able to determine the content of soil samples typically in seconds, without 
any requirement for instrument users to input empirical, sample specific calibrations. The sample name, spectrum 
and elemental composition are stored in a dedicated library. Each soil sample was analyzed five times for 240 
s using two X-ray filters, one for elements from potassium to copper and also the second for elements from zinc to 
antimony (7). 
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RESULTS AND DISCUSSION 
 
The present study revealed a decrease in leaf area in all plant species, growing at sites with heavy vehicular traffic 
site like Barmunda, Delta square, Vani Vihar, Jaydev Vihar (Table 1). The use of automobiles is growing fast globally 
at large and with much greater pace in developing countries. At global level, there were about 53 million 
automobiles in the 1950s, which had exceeded to 500 million up to 2000. About 19 million vehicles are added each 
year to the global total (3). Vegetation offers a large surface area that acts as an important sink for the atmospheric 
pollutants. Plants can take-up atmospheric gases either without their active metabolism, or actively metabolizing 
them thus creating a concentration gradient that can facilitate their continuous absorption. While in most cases, the 
active metabolism of these pollutant gases results into the adverse effects on plants, it may also be beneficial in case 
of certain pollutants. 
 
From the above table it was found that in sample 1 to 12 have highest concentration of iron oxide (Fe2O3) is highest 
followed by Manganese Oxide (MnO), Titanium Dioxide (TiO2) Zinc Oxide (ZnO) Copper Oxide (CuO) and 
Chromium Oxide (Cr2O3) .Trace amount of  As, Ga, Re, Yb, Eu, Th, Nb, Zr, Y, Rb, V, Ti, Si, etc (Table 2 & Fig.2). Some 
these heavy metals play vital role in photosynthesis and other metabolic activities and the others are carcinogenic 
and may cause may cause plant ailments like curling of leaves and early ageing. Elements like Fe, Mn, Zn, Cu, etc. 
are essential for differ physiological activities of the plant where as elements like As, Cd, Hg are highly poisonous for 
plants and long term exposure can cause chlorosis (8). 
 

CONCLUSION 

 
The above study concluded that common road side plant species growing at Site A and Site B of Bhubaneswar city 
suffers maximum because of heavy pollution compared to Site D and Site C. Reduction and increase in various 
parameters of the plant species studied at selected sites can be considered as an adaption to protect plants against air 
pollution stress. The present study suggests that the morphological and biochemical traits of selected roadside plant 
species can serve as suitable bio indicators of particulate pollution and an excellent quantitative and qualitative index 
of pollution level by capturing significant amount of health- damaging particles from the atmosphere with the 
potential to perk up local air quality. 
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Table 1 showing different plant samples collected from Site-A, Site-B Site-C, Site-D 

 

Site-A (Barmunda, Fire 

Station area): 

SAMPLE-1, 2, 3 

Site-B  (Delta Square): 

SAMPLE-4, 5, 6 

Site-C (Vani Vihar): 

SAMPLE-7, 8, 9 

Site-D (Jayadev Vihar): 

10, 11, 12 

Nerium oleander L. Terminalia catappa L. Senna tora (L.)Roxb. Ficus religiosa L. 

Mangifera indica L. 
Polyalthia longifolia (Sonn.) 

Thwaites 
Neolamarckia cadamba 

(Roxb) Bosser 
Neolamarckia cadamba 

(Roxb) Bosser 
Polyalthia longifolia 

(Sonn.) Thwaites 
Ficus benghalensis L. Bauhinia variegate L. Delonix regia (Hook.) Raf. 

 
Table 2. Pollution index for different study sites during the study periods. 
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Fig.2. Concentration of different elements present in study area [Sites-A, B, C, D in percentage (%)] 
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This paper presents a review of various plants identified from different botanical surveys and folklore 
medicinal surveys with antimicrobial properties. In the developing country conventional medicinal 
plants are the main part of the initial health care setup. The ethnobotanical survey updating knowledge 
about herbal medicine to cure different infectious diseases. It mainly points of convergence on the 
relation between local inhabitants and indigenous plant. This review discusses medicinal plants, their 
habit, preparation of drugs, and mode of application with their botanical identification. The plant parts 
used in the form of paste, powder, decoction, juice, infusion and also in crude form, with other additional 
like curd, urine, cow milk, and honey to cure various disorders including backache, burn, fever, cough, 
diarrhea, headache, malaria, post-partum, sprain, stomachache, wound, joint pain, diabetes, vascular 
disorders, antibacterial, antifungal, etc.  
  

Keywords: Antimicrobial, Decoction, Ethnobotanical, folk, Medicinal, Infections  

 

INTRODUCTION 

 
Ethnobotany is defined as traditional use of medicinal plant and the study of the relationship between of plant and 
local people. It mainly points of convergence on the relation of local plant and local people. Herbal use in our 
country has long historical convention. This conventional awareness reported by teacher, physicians, student of 
university, naturalists, and professor during 19th and 20th centuries. This ethnobotanical studie give information 
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awareness about herbal medicine in Udala and kaptipada area of Mayurbhanj district. The most ethnobotanical 
studies report on the important plant families use as medicine and drugs (1).  
 
In the developing world traditional medicinal plant are important part of the primary health care system. The 
ethnobotanical survey to give different information for prepare of drugs to treat human and animal illness. Now a 
days various disease are treated for using the herbal remedy without any side effects. In many countries human 
beings are trust on conventional awareness and medication plants for their initial health care. Many people are 
depending on local plant resources for medicine. But this conventional awareness is decrease, so it is preserved in 
various forms for future generation.  This survey aimed to give detailed information of these plant and their 
medicinal properties (2). Ethnomedicinal studies are of the important cost to find simultaneous drugs from local 
medicinal plant resource. The information of conventional awareness of indigenous plant species has supply a 
number of medicines. The natural remedy value is very high to discover new contemporary drugs (3).  
 
Antimicrobial activity defined as the process of kill the infection cause microbes. Antimicrobial may be anti-fungal, 
anti-viral, anti-bacterial. All are different, they act to restrain the disease. As long as historicism, people has found 
antimicrobial activity of plant to treat contagious diseases and some of these herbal remedy as part of the require of 
different disease (4). Due to antibacterial and antioxidant activities of various medicinal plants has increase during 
last decagon. Ascertainment the antimicrobial activities of various medicinal plants is interest due to current global 
issue of high antibiotic power of microorganism. It is accepted that the drug hostility in microorganism is grow to 
use of trade antimicrobial drugs (5). 
 
Through pharmacological industries have make number of new antibiotics for recovery of different disease. Plant are 
the important sources of nature and it help both animal and human beings to cure various diseases. The plants 
extract and phytochemicals both with have antimicrobial properties, and it can use to treatment (6). 
 
Ethnobotany 
Ethnobotanical survey defined as the details on therapeutics use of medicinal plant by tribal area. The “therapeutics 
medicine” give better knowledge or information based on theory and trust local inhabitants that are use to 
improvement of health, to prevention of diagnosis and treated various diseases. In the world approximate all plant 
play a main role to prevention of different diseases. Ethnomedicinal or ethnobotany studies are providing 
information to identify new medicinal plant and their beneficial activity (7). 
 
Mostly indigenous people are used plants for food, fuel, to prepare drug for prevention of disease, agrochemicals, 
pharmaceuticals and various purposes. The plant part have been use in the form of juice, power, paste, decoct, curd 
form and infusion, with other addition like honey, urine cow milk and curd to relaxation of various disease like skin 
disease, urine infection, diabetes, inflammations, wounds, skin problem, pimples, fever, snake bites, cough, dental 
problems, hair fall, skin wrinkle, worm and other disease (2).  
 
The ethnobotanical survey was first focus on herbal remedy oral history make use by nomad people of a region, 
recognize new herbal plants and utilize them for prepare drug. This study to distributed different knowledge and 
various information about medicinal plant or herbal remedy in the indigenous community (8).  
 
Antimicrobial activity means to kill the microorganism and stop their growing. In advanced realm importantly in 
India poor people such as farmers, people of villages and local inhabitants use progenitor medicine for treatment of 
infection. The plant parts have been uses in the form of decoction, juice and teas to treated different infectious 
disease. More people trust healers and shamans cause of their experience to prepare herbal remedy for treatment of 
different infectious disease because the herbal remedy have antimicrobial activity (9). 
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Abroad  

 
Bulgaria 

In Bulgaria herbal remedies uses has a long conventional. This conventional awareness described during 19th and 20th 
country by university professors, lecture, teacher, naturalist, physicians and folklorists. The conventional awareness 
growing fast. The ethnobotanical survey to give detail information about medicine in Bulgaria (10).  
 
China  

The medicinal plants are uses to recover various disease in all over in world. In China people are use traditional drug 
to prevention of disease. For example, Tibetan medicine are popular to cure digestive problem,rheumatic problem 
and wounds etc. The Mongolians medicines are more effectual to prevention of brain shock and bone fracture. Yao 
medicine are use to cure cancers and skin problems. The Maonna people depends medicinal plant for self-
medication. Local inhabitants are using endemic species and they have developing their own conventional 
awareness. Oral history the Maonan people described their conventional awareness from generation to generation 
without written form (11).  
 
Bolivia 

The ethnobotanical survey of medicinal plants in Bolivia documented 31 tribal community and many mestizo 
communities living in different area of the country, as Altiplano, Yungas, Chaco or Lowlands. This paper reported 
about 129 species, belonging to 55 vascular plant families and 1 lichen family. The most major plants are Asteraceae 
22 species, Fabaceae 11 species and Solanaceae 8 species. More than 90 medicinal plants are use to cure different 
disease such as digestive system disorders (stomach ailments and liver problems), musculoskeletal body system 
(rheumatism and the complex of connotations, luxations, sprains, and swellings), gynecological disorders (12).  
 
Greece 

In thousand years old the medicinal plants are use to remedy for cure illness in Greece. The folk medicine are uses in 
Greek. An historical study the awareness of medicinal plants of Greece documented some information about most 
valuable plants use in folk medicine in Greece (13).  
 

India 
In India different people are live together of tropical regions, vegetation and climate. In ethnobotanical survey of 
India has old history. In India basically   two communities those live small cities or rural area or village and tribal 
people of India provide more information about botanical survey in India (14). Ethnobotany is the part of 
ethnobiology and the ethnobotanical survey are the main part for restore the conventional awareness about 85% of 
herbal medicine use for preliminary health care system. The India has more ethical awareness commonly 500 
indigenous cliques belong to 227 ethic group. In India the indigenous people are rely in herbal remedies for cure 
diseases. The ethnobotanical survey to collect data about medicine used in South India for respiratory disease. The 
present data documented the indigenous people of south India state like Andhra Pradesh, Karnataka, Maharashtra, 
Kerala and Tamil Nadu. 90 plant species to cure respiratory disorders. The most common reported species are 
Adhathoda vasicanees, Tylophora indica, Datura metal, Clerodendrum serratum, Terminalla chebula, Leucas aspera, Ocimum 

sanctum (15). 
 
Tamilnadu 
India has more then 427 indigenous groups and the present paper are gives information about traditional medicinal 
knowledge in Vellore district Tamilnadu. The world health organization (WHO) about 60 to 80% of people are trust 
in herbal drug and this data are found in old literature like Charak Samhita, Sushruta and Samhita, Atharveda etc. 
About 2500 medicinal plants 100 species are use common drugs and cure different illness like cardio vascular 
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disorders, hepatoprotective, antifungal disease, antibacterial disease, wound and diabetes etc. In globe 20,000 plants 
are use as drug; these data are given by WHO (16).  
 

Tripura  
Tripura is a state of India and a part of both Himalayan and Indo-Burma biodiversity region. In this state more 
medicinal plants are use to cure various disease, 19 tribal in Tripura are rely on Natural plant medicine. In this 
survey provided that 113 medicinal plant species from 56 families with their local name, botanical name, family, 
habit, application and medicinal properties etc. Out of 56 families, the important families are Euphorbiaceae (7 
species), Apocynaceae (6 species), Fabaceae and Rubuaceae (each 5 species), Liliaceae, Asteraceae, Verbenaceae and 
Caesalpiniaceaer (each 4 species), Labiate, Zingiberaceae , Combretacare ,Malvaccae and Rutaceae (3 speciaes each) 
(17). 
 
Andhra Pradesh 

The ethnobotanical survey of medicinal plants used by Kaya tribes of medaram and narlapura villages, of South of 
the Godavari river, Thadvaimandal, Warangal district, Andhra Pradesh, India. 34 plant species belonging to 24 
families, this data was collected by local people between age of 35-78. They have been using these plants to cure 
different diseases like inflammations, dental problem, skin infection, headache, indigestion, urinary infection, fever, 
snake bite and cough (2). 
 
Odisha 
Odisha is another state of India & the state has richest medicinal plant & Natural resources. More tribal community 
is live together. It has the 3rd highest tribal populations numbering over 8 million. The local inhabitants to know 
about indigenous plant to cure diseases (18). 
 
Koraput 

Koraput is the district of Odisha. This ethnobotanical survey was documented 50 species of plant that use in our 
daily needs and the most important family are Euphorbiaceae and Myrtaceae. Other documented plants are Curcuma 

montana, Cardiospermum helicacabum, Caryota urens, Sansiveria roxiburghina, Atylosia scarabaeoide, Argyreia speciose, 
Sesbania grandiflora, Stephania hernandifolia, Elephantopus scaber etc (19).  
 

Khordha 

Khordha is the district of Odisha. This ethnomedicine are documented folk medicinal uses of plant to cure different 
disease. Khordha district is situated in the southwest of the state and it touch the Chilika lake in the south. The 
district has village/town like Mangrajpur, Shaktihal, Pratap, BanpurJodamdosahi, Khariabandho, Dhuanali, 
Bhaliapoda, Kudubibadi, Bhaliapada, Kudubibadi, Bhenuambadi, Kumanipani, Dykechhak, Saliadam etc. Kumar et 
al., recorded some 54 folk recipes, 43 taxa of folk medicinal plant used by Kondh, Sabra, Tribes, Naik of the area for 
cure different diseases (18). 
 
Kandhamal 

Panigrahy et al., worked in Kandhamal district and found  mostly two tribal community i.e. dongria and desia are 
dominate. They speak Kui language. The ethnomedicinal information was documented in kui language. They know 
various plant and their particular uses for cure diseases. They recorded the 40 ethnomedicinal plant species, 37 
genera and 28 families with their botanical identification. These ethnomedicinal plants used in gastrointestinal 
disease, cold, dysuria, skin disease and cough etc (20). 
 
Sundargarh 

Sundargarh district are near in Ranchi district of Jharkhand state, Raigar district of Chattisgarh, Jharsuguda, 
Sambalpur in Odisha. This ethnobotanical paper gives better information for new drugs, food, natural product, 
chemicals, pesticides & other. In this area have vast forest, rocky area, river and hill. The important river is Ib and 
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Brahmani and the district have goldmine of natural medicine plants. Mostly 40 ethnic tribal communities are leaves 
in this area and they have full knowledge about herbal medicine. The most important tribals are Kharia, Kisan, 
Bhoiyan, Oraon, Munda and Gond. Documented 83 plant species with 78 genera in 42 families (21). 
 
Malkangiri 

Biswas et al., documented 35 plant species with their proper identification like local name, botanical name, habit, 
mode of methods, and application etc in Malkangiri (22). 
 
Nawarangpur 

The district is situated in Odisha state and the districts have rich diversity of ethnobotanical species and it given 
benefits from social and economic needs. The people of these districts are use plants to treated different disorders. 
Most of plant are destroyed or extinction in this area. According to the World Health Organization (WHO), 65% of 
the world’s populations well know the value of plants for initial health care system. Today 25% of medicine are 
prescribed are come from various plants. During study a total number of 69 plant species belonging to 43 families are 
reported (23). 
 

Coastal Districts 
Sahu et al. work on costal district like Balasore, Bhadrak, Jagatsinghpur, Jajpur, Kendrapara etc. In the coastal area 
most major river is the Budhabalanga, the Suvarnarekha, the Rushikulya, the Baitarani and the Mahanadi. The costal 
line is the gift of 6 river. During the work they documented 46 plant species belong to 44 genera and 32 families with 
their botanical identification and the plant majorly cure jaundice, diarrhea, piles, urinary trounles and skin disease 
(24) 
 

Mayurbhanj 
In the state of Odisha Mayurbhanj is the largest district and it explant over 10,418 sq. km and the forest area cover 
4392.13 sq. km in the district. The district is bounded Singhhum, Saraikela, Jharkhand, Madnapur and Keonjhor, 
Balasore etc. The Similipal Biosphere Reserve (SBR) are situated in the center of the district. The old men women and 
Vaidya Kaviraj have good knowledge about herbal medicine. They documented 380 plant species, 23 plants belongs 
to 22 genera and 18 families are used to cure of joint diseases (arthritis, rheumatism, lumbago and gout). 
Rheumatism, arthritis, lambago and gout disease are common in this area and if don’t treated instantly then the joint 
problem become chronic (25). 
The large numbers of plants were used by the tribes and local healer to cure various diseases. The details are given in 
table 1.  
 
Antimicrobial Activity  
Many plants and their parts are use as medicine for their antimicrobial properties to cure various infectious diseases. 
These studies aimed on survey of antimicrobial activities of plants and are use as different medicine. The result 
showed that 4 different plant extracts was concealed in opposed to 12 pathogenic microorganism and some plant like 
Methanolic extracts of Oxalis corniculate, Artemisia vulgaris, Cinnamomum tamala etc. expose to antimicrobial activity 
by agar. Ageratina Adenophora show antifungal activities in opposed to Rhizopus spp. Antimicrobial activity of plant 
reduce infectious disease in world. More medicinal plants are identified for the treatment of bacterial infection. 
According to the (WHO) plants are the important source to preparation of drugs (31). The Chatkal Biosphere Reserve 
of Uzbekistan the endophytic bacteria isolated from two medicinal plant i.e. Hypericum perforatum and Ziziphora 

capitate with antimicrobial activities. The plant extract of  H. perforatum have in opposed to bacterial and fungal 
pathogens but Z. capitate did not have antimicrobial property (32). Dabue et al., reported antimicrobial activity of 24 
plant of 77 extracts was concealed in opposed to 8 bacteria and 4 fungi using microbroth dilution. The water extracts 
of plants are better in opposed to the bacterial and fungal infection & this study aimed the antimicrobial activity of 
medicinal plant used in Ayurvedic medicine for fungal & microbial infection (33). During 1966 to 1994 the survey 
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found 115, in between 1995 to 2004 the survey documented 307 antimicrobial activity of plant species to use in folk 
medicine. The indigenous use plants to cure micro-bacterial, fungal infection like the use of bearberry and cranberry 
juice to cure urinary infection and lemon balm, garlic and tee tree are use to treat infectious other to treat, respiratory 
system, gastrointestinal and biliary system on skin infection etc (34). 
 
Salhi et al., In Northern Sahara of Algenia the study documented the antifungal activity of extracts from local plants. 
The fungal activities of these plants to control 2 fungal species belong to Fusarium in vitro assay. The fungal 
infections in cereals have more criteria like lowering of yield capacity, low their nutritive value etc. The most 
valuable fungi attack the yield of small grain in cereal and causing spoilage. Various remedy to use to control of 
fungal disease. Recently approximation 200 species of plant are chemical pesticides have different side effects (35). 
 

CONCLUSION 

 
This review of literature reveals that therapeutic plants utilized for the treatment of different diseases in Kaptipada 
and Udala block of Odisha are expected to report the indigenous practice and fill in as logical benchmark data for 
future studies. Sharing of such information is critical for keeping up choices for the utilization of traditional 
medicines, especially as utilization of elective medication is developing a result of low expenses and biomedical 
significance. The greater part of the therapeutic plants was reaped from the wild that the characteristic living spaces 
should be overseen appropriately to limit the dangers of restorative plants sooner rather than later. 
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Table.1. List of entobotanical plants and their uses (26-30, 19) 

Sl. 

No. 
Local name Botanical name Family Plant part use Cure diseases 

1 Bacha Acorus calamus L. Aracaceae Rhizome 
Promotion of 
memory power, 
worm infection 

2 Gheekumari Aloe vera L. Asphodelaceae Leaf pulp,root 

Madness, stomach 
disorder, mastitis, 
burnt skin and 
wound 

3 Odosomari Argemone mexicana L. Poppies 
Seed, bark, 
leaf 

Skin disease, 
syphilis, wound 
and rat bites 

4 Shatavari Asparagus racemosus Willd. Asparagaceae Whole plant 
Protects 
pregnancy 

5 Neema Azadirachta indica A. Juss. Meliaceae Leaf, bud 
Boils, small pox, 
leprosy, skin 
disease 

6 Arakha Calotropis gigantea L. Asclepiadaceae Root, latex 
Cat bite, headache 
and twoothache 

7 Bada chakuna Cassia occidentalis L. Fabaceae Seed, root 
Eczema,filarial 
and asthma 

8 Sadabihari 
Catharanthus roseus (L.) G. 
Don 

Apocynaceae Leaf, root 
Skin disease, 
insect stings, 
diabetes 

9 Thalakudi Centella asiatica (L.) Urb. Apiaceae Leaf 

Jaundice and for 
development of 
memory, I.Q and 
immunity 

10 Akanbindhi Cissampelos pareira L. Menispermaceae 
Root, stem, 
bark 

Leprosy, 
migraine, 
haemorrhoids and 
dysentery 

11 Hadabhanga Cissus quadrangularis L. Vitaceae Whole plant 
Bone fracture and 
constipation 

12 Aparajita Clitoria ternatea L. Fabaceae 
Leaf, flower, 
fruit, root 

Acne, boils and 
filarial 

13 Talamuli Curculigo orchioides Gaertn. Hypoxidaceae Root 

Promotion of 
colourcomplexion, 
sexual strength, 
dysuria and 
leucorrhoea 
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14 

Bana haladi Curcuma aromatic Salisb. Zingiberaceae Rhizome 

Blood dysentery, 
stomach disorder, 
indigestion, kill 
intestinal worms 

15 Haladi Curcuma longa L. Zingiberaceae Rhizome 

Boils, eczema, 
chicken pox, 
allergies and kill 
worms 

16 Dhanwantari 
Cymbopogon martini 

(Roxb.)W.Watson 
Poaceae Leaf, plant, oil 

Mosquito 
repellent, fever, 
constipation, cold, 
cough and 
headache 

17 Anla Emblica officinalis Gaertn. Phyllanthaceae Fruit 
Gout, dysuria, 
urticaria, hair loss 
and dandruff 

18 Khirakanchana Euphorbia fusiformis Buch. Euphorbiaceae Dry plant root 
Skin diseases and 
milk deficiency 

19 Khadisiju Euphorbia tirucalli L. Ephorbiaceae Latex, root 
Toothache and 
stomach-ache 

20 Bara Ficus benghalensis L. Moraceae Bark, leaf 
Mouth infection, 
skin disease and 
diarrhea 

21 Sugandi Hemidesmus indicus R.Br. Apocynaceae Root Syphilis and piles 

22 Mandara Hibiscus rosa-sinensis L. Malvaceae Flower, leaf 
Growth of air and 
skin diseases 

23 Manjuati Lawsonia inermis L. Lythraceae Root, leaf 
Jaundice and hair 
loss 

24 Mahula Madhuca indica J.F.Gmel. Sapotaceae Flower, root 
Impotency and 
snake bite 

25 Nageswara Mesua ferrae L. Calophyllaceae Flower 
Leucorrhoea, 
menorrhagia and 
haemorrhoids 

26 Lajakuli Mimosa pudica L. Mimosaceae Leaf, root 
Eczema, piles and 
toothache 

27 Mersinga Murraya koenigii L. Rutaceae Leaf 
Belching and hair 
loss 

28 Durlava Ocimum basilicum L. Lamiaceae Leaf, seed 
Dysuria, cough 
and cold 

29 Tulasi Ocimum sanctum L. Lamiaceae Leaf, seed 
Waist pain, blood 
dysentery and 
headache 
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30 

Posaruni Paederia foetida L. Rubiaceae Leaf 

Nyctalopia, 
stomach pain 
during menstrual 
cycle, cough and 
cold 

31 Gol maricha Piper nigrum L. Piperaceae Fruit 
Leucorrhoea and 
alati 

32 Badianla Phyllanthus niruri Hook. F. Phyllanthaceae Whole plant 

Diabetes, 
prevention of 
malaria and skin 
diseases 

33 Karanja Pongamia pinnata L. Papilionaceae Leaves 
Headache, 
diarrhea, burns 
and wounds 

34 
Rakta 
Chandan 

Pterocarpus santalinus L.f. Fabaceae Bark, shoot 

Fever, corneal 
capacity, high 
blood pressure 
and diabetes 

35 Patalagaruda 
Rauvolfia serpentine Benth.ex. 
Kurz 

Apocynaceae 
Whole plant, 
leaf, rhizome 

Irregular 
menstruation, 
gum bleeding, 
dysuria and 
calculus 

36 Asoka Saraca asoca (Roxb.)Wild. Fabaceae 
Bark, seed, 
flower 

Measles, relieve 
pain from 
fractured spot 

37 Sal Shorea robusta Gaerthn.f. Dipterocarpaceae Bark, leaves 
Spermatorrhea 
and acne 

38 Arjuna Terminalia arjuna Roxb. Combretaceae Whole plant Acne 

39 Bisalyakarani Tridax procumbens L. Asteraceae Leaf Cuts and wounds 

40 Ada Zingiber officinale L. Zingiberaceae rhizome 
Vomiting, nausea, 
cold and 
indigestion 

41 Basanga Justicia adhatoda L. Acanthaceae bark Stomach pain 

42 Pokasungha Ageratum conyzoides L. Compositae leaf Scabies 

43 Panasa Artocarpus heterophyllus Lam. Moraceae root 
Lactation in 
expectant mother 

44 Agara Argemone mexicana L. Papaveraceae latex 
Rheumatic pain, 
infection of eye 

45 Sorisa Brassica juncea (L.) Czern. Cruciferae seed Skin disease, cold 

46 Salapa Caryota urens L. Palmaceae root 
To get relieved 
from the effect 
caused due to 
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intake of salapa in 
case of pregnant 
women. 

47 Lembu Citrus medica L. Rutaceae fruit Boil, Vomiting 

48 Saru Colocasia esculenta (L.) Schott Araceae tuber Boil 

49 Kalachakunda Cassia occidentalis L. Caesalpiniaceae leaf wound 

50 Phutaphutika Cardiospermum halicacabum L. Sapindaceae tuber Joint pain 
51 Kapa Gossypium hirsutum L. Malvaceae Root and fruit Cough 
52 Banatulsi Ocimum canum L. Labiatae leaf Migraine 

53 Jada Ricinus communis L. Euphorbiaceae seed 
Pain in hands, 
legs and head 

54 Sapua 
Sansevieria roxburghiana Schult. 
& Schult.f. 

Liliaceae Juice Burns 

55 Bhejri 
Solanum xanthocarpum Schrad 
& Wendl 

Solanaceae fruit Toothache 

56 Tentuli Tamarindus indica L. Caesalpiniaceae 
Fruit, tender 
leaf 

Constipation, 
round worm 

57 Banaphula Mirabilis jalapa L. Nyctaginaceae Tuberous root 
Fever, stomach 
pain 

58 Karabira Nerium oleander L. Apocynaceae bark Blood in stool 
59 Katha champa Plumeria rubra L. Apocynaceae Bark, flower Cold and cough 
60 Dalimba Punicum granatum L. Onagraceae Tender fruit Dysentery 
61 Banakolatha Atylosia scarabaeoides (L.) Benth. Papilionaceae root Fids 
62 Brudhajarak Argyreai speciosa (Linn.f.) sweet Convolvulaceae root Weakness 

63 Banahaladi Curcuma aromatic Salisb. Zingiberaceae tuber 
Burning of 
stomach 

64 Kendriphala Chenopodium ambrosioides L. Chenopodiaceae stem 
To get rid of evil 
sprit 

65 Khadisiju 
 
Euphorbia tirucalli L. 

Euphorbiaceae leaf Waist pain 

66 Sajana Moringa oleifera Lam. Moringaceae leaf Cold 

67 Agasti Sesbania grandiflora (L.)Pers. Papilionaceae Fruit, leaf 
Fever, night 
blindness 

68 Akanabindi 
Stephania hernandifolia (Willd.) 
Walp. 

Menispermaceae root Fever, diahorrea 

69 Mayurschulia Elephantopus scaber L. Asteraceae Stem Fever 
70 Dhuanpatra Nicotiana tabacum L. Solanaceae leaf Snake bite 

71 Nilgiri Eucalyptus globules Labill. Myrtaceae leaf 
Constipation, bird 
lice 

72 Jamokoli Eugenia jambolana Lam. Myrtaceae bark Blood dysentery 

73 Pijuli Psidium guajava L. Myrtaceae Bark, fruit 
Dysentery, blood 
dysentery 

74 Lalkhada Amaranthus tricolor L. Amaranthaceae leaf anemia 

75 kalara Momordica charantia Cucurbitaceae leaf 
Earache, 
ringworm 

76 Amrutabhanda Carica papaya L. Passifloraceae fruit Lactation 
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77 
Dadura Datura stramonium L. Solanaceae 

Flower and 
leaves 

Asthma 

78 Manjuati Lawsonia inermis L. Lythraceae root Jaundice 

79 Aamba Mangifera indica L. Anacardiaceae Bark, Kernel 
Diarrhea, 
bleeding of nose 

80 Piaja Allium cepa L. Liliaceae bulb Cough and cold 
81 pedipedica Abutilon indicum (L.) Sweet Malvaceae root Jaundice, piles 

82 Apamaranga Achyranthes aspera L. Amaranthaceae bark 
Sprain, dysentery, 
constipation 

83 Chhatiana Alstonia scholaris (L.) R. Br. Apocyanceae leaf Lice 

84 Bhuinnimba 
Andrographis paniculata 

(Burm.f.) Wall. Ex Nees 
Acanthaceae 

Whole plant, 
leaf, root 

Skin disease, 
malaria, stomach 
pain, dysentery 

85 Iswarmula Aristolochia indica L. Aristolochiaceae leaf Snakebite 

86 Brahmi Bacopa monnieri (L.) Rennell Scrophulariaceae Whole plant 
Increase of 
memory power 

87 Daskerenta Barleria prionitis L. Acanthaceae Leaf 
Cuts, wounds, 
malaria 

88 Hemsagar Bryophyllumcalycinasalisb. Crassulaceae Leaf Burns, diarrhea 
89 Palasi Butea monosperma (Lam.) Taub. Fabaceae seed Diarrhea 
90 Dhanualanka Capsicum frutescens L. Solanaceae Fruit Waist pain 
91 Kumbhi Careya arborea Roxb. Barringtoniaceae Bark Diarrhea 
92 Agnijhal Clausena excavate Burm.f. Rutaceae Root Loss of appetite 

93 Kunduri Coccinia grandis Cucurbitaceae Fruit 
Stomach pain of 
children, filaria 
swelling 

94 Dahadahia Coculus hirsutus (L.) Diels Menispermaceae Leaf, root 
Spermatorrhea& 
leucorrhoea, 
stomach pain 

95 Nirmuli Cuscutare flexa Roxb. Convolvulacea Stem Fever, malaria 
96 Mansa siju Euphorbia antiquorum L. Euphorbiaceae Whole plant Cough & cold 
97 Dimiri Ficus racemose L. Moraceae Fruit Headache 

98 Kuduchi Holarrhena pubescens wall. Apocynaceae 
Bark, root, 
seed 

Blood dysentery, 
stomach pain 

99 Koilirekha 
Hygrophila auriculate 
(K.Schum.) Heine. 

Acanthaceae Leaf Cough 

100 Baula Mimusops elengi L. Sapotaceae fruit Loose teeth 
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In present uncertain environments, measuring the financial performance as well as financial position is 
most significant for corporate sector in the field of manufacturing. The study of financial performance 
replicates the financial position as well as profitability of the corporate sector is vital as there are neck 
and neck competitions in the same business. As the comprehensive data about the financial performance 
and position accessible for all therefore the manager, investors, and creditors can put on the different 
financial strategy by financial analysing their tactical thinking in the investment decisions. Accordingly, 
this research comprises the financial performance of two major firm sin consumer and non-durables 
manufacturing companies in India i.e. Hindustan Unilever Ltd. and Nestle India Ltd. To examine the 
financial performance of Hindustan Unilever Ltd. and Nestle India Ltd. data has been composed from 
the data published from different website for the ten years from 2009-10 to 2018-19. Different financial 
ratios and t test have been applied to study the financial performance of Hindustan Unilever Ltd. and 
Nestle India Ltd. 
 

Keywords: Financial Performance, Financial Ratios; Current Ratio, Inventory Turnover Ratio, Net Profit 
Margin and Return on Total Assets. 

 

INTRODUCTION 
Now a day’s all over the world companies are not only concern about their sales but also they want more 
productivity, management style, skilled manpower, increased quality of the products, good service quality and 
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marketing. Competition is very high in the global market, so all the corporates have to be ready to meet the 
challenges. So analyzing financial performance of the company is the measure task to follow. Financial performance 
of the company is the key issue in every company. Finance is the provision of money and resources at the time of 
requirement. Financial management is concerned about the arrangement and so also utilization of funds in a 
company. Finance managers have to plan and control the financial resources. They have to take number of decisions 
in a company by using different financial management techniques. The final results of the proper decisions will be 
found in profit and loss account and balance sheet of the corporates. Profit and loss account gives the profit and loss 
of a business for a particular period of time whereas balance sheet shows the financial position of business for a point 
of time.  Financial Performance analysis is mainly concerned with the analysis of profit and loss account and balance 
sheet of a company. Financial statement analysis, financial ratio analysis are the common techniques which are used 
to measure the financial performance of a company. Different financial ratios are used to know the financial health of 
a company. Short term liquidity position and also long term financial position can be analysed through the help of 
different financial ratios. Financial ratios are very much helpful to know how effectively the company is using its 
assets to get profit, how efficiently the organization is operating its business, how the company is managing its debt. 
It shows whether the company will be sustainable in long run or not. It explains whether the company is able to 
satisfy the stakeholders or not. It gives the overall financial performance of the company.  
 

LITERATURE REVIEW 
Deloof (2003) Investigated that big companies are investing huge amount of money in the working capital. So it is 
very important to manage the working capital of the company as it will affect the financial performance of the 
companies. He has used correlation and regression analysis for the study. He found that there is a negative 
correlation between gross operating income and bills receivable, bills payable and inventories of the companies. 
While Dheenadayalan and Deviananbrasi4 (2007) have found Z score of their sample companies. They have studied 
for a period of 1997 to 2007. They found that the company’s financial position was not good, they are also facing 
insolvency. On the other hand Boubacar (2011) have done their studies to find whether the foreign Bank subsidiaries 
financial performance is good or not. They found that the ownership is generally with the parent bank. Similarly 
Srinvas(2010) has studied the financial performance of different banks after and before merger in India. He has taken 
six banks for his study. He found that private banks financial performance is better than the public sector bank after 
merger. Whereas Bhatasna and Raiyani (2011) have investigated the financial position of Textile Industries in 
India.They have taken Z score method for their analysis. They found that some of the selected companies are 
financially good throughout the study period. But in some company Z score is lower. Additional Paul (2011) 
investigated to find the financial performance of NBFCs. He has done the comparative study of NBFCs. He found a 
sound financial health of the selected companies for the particular period. Similarly, Patjoshi (2016) in his study 
involves the financial performance of two major companies i.e. HINDALCO and NALCO aluminium manufacturing 
companies in India. To analyze financial performance of HINDALCO and NALCO data has been self-possessed 
from the data published from different website for the ten years from 2005-06 to 2014-15. Different financial ratios 
and t test have been employed to study the financial performance of HINDALCO and NALCO. 
 

Brief Profile of Nestle India Ltd. 
Nestle started its business in India in 1961, in Moga, Punjab. Now it is with four offices and eight production units in 
India. Nestle is very closely associated with India, and satisfying its stakeholder. The company is giving large 
number of employment opportunities to the Indian people. Nearly one million people are getting benefit from the 
employment. The quality of the company’s product is famous in both national and international market.  The famous 
brands of the compny are Nescafé, Maggi, Milkybar, Kit Kat, Bar-One, Milkmaid and Nestea.  
 
Brief Profile of Hindustan Unilever Ltd. 
Hindustan Unilever Ltd (HUL) started its business in 1993 in India. It is one of the biggest fast moving consumer 
goods (FMCG) corporations in India. HUL is earning very high amount of profit in the competitive market where 
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large numbers of competitors are entering to the market. They are achieving their target through innovations, 
marketing and efficient management. Their research and development is helping them to apply innovations in the 
product and marketing. The company is in the 12th position in the super 50 list of the world’s most innovative 
companies in the financial year 2012-13, by Forbes.  
 18 brands of the company are in the ‘100 Most Trusted Brands’ list by Brand Equity. HUL mostly files 250 to 350 
new patent applications in a year. The company has over 20,000 registered patents and patent applications all over 
the world. 
 
Objectives of the Study 
The following are the detailed objectives of the study. 
1. To analyze the financial performance as well as financial position of Hindustan Unilever and Nestle Indiafrom 

2009-10 to 2018-19. 
2. To study the comparative liquidity and profitability position ofHindustan Unilever and Nestle Indiafrom 2009-10 

to 2018-19. 
 
Hypothesis of the Study 
Keeping the objectives in view, the hypothesis framed for the study is  
Ho: There is no significant difference between different financial ratios of Hindustan Unilever and Nestle India. 
 

METHODOLOGY OF THE STUDY 

 
To analyze financial performance of Hindustan Unilever andNestle India data has been collected and poised from 
the data published different website for the ten years from 2009-10 to 2018-19. The collected data have been suitably 
re-arranged, classified and tabulated as per the requirements of the study. Different financial ratios and t test have 
been employed to study the financial performance of Hindustan Unilever and Nestle India. To study financial 
performance of Hindustan Unilever and Nestle India different financial ratios like Current Ratio (CR), Inventory 
Turnover Ratio (ITR), Net Profit Margin (NPM) and Return on Total Assets (ROTA) have been calculated. The t test 
has been employed for the testing of hypothesis. 

 

DATA ANALYSIS AND DISCUSSION 

 
Analysis of Major Financial Ratio 
The analysis of major financial ratios alike Current Ratio (CR), Inventory Turnover Ratio (ITR), Net Profit Margin 
(NPM) and Return on Total Assets (ROTA) of both the companies Hindustan Unilever &Nestle India have explained 
in Table 1.Current Ratio measures the liquidity position of an organisation. Current Ratio is the relationamong of 
current assets and current liabilities. It shows the competenceto meet the current obligation of an organisation. 
Anappraisal on the table-1 discloses that current ratio of both companies has exposed a substantial variation during 
the study period. The absolute figure of current ratio of Hindustan Unilever has an average of 0.86 and varies from 
0.74 to 1.43.On the other hand the current ratio ofNestle India has recorded an average of 0.59 and varies from 0.50 to 
0.68. The table indicates Hindustan Unilever recorded better liquidity position as compare to Nestle India. The 
standard current ratio should 2:1 for an organisation. Consequently both the companies have low liquidity and fail to 
maintain the standard of current ratio (liquidity positions)over the study period from 2009-10 to 2018-19. 
 
Inventory turnover ratio is the association among sales and inventory. Inventory turnover ratio displays how well 
the organisation manages its inventory and how many times inventory transformed into sales in anaccounting 
period. Inventory should uphold at a proper level, which stabilities production process and sales prerequisite. A 
higher inventory turnover ratio is a good sign and indicateslesser inventory holding period. From the above it found 
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that the inventory turnover ratios of Hindustan Unilever shows an increasing trend by recorded minimum of 7.34 
times and maximum 15.78 times. On the contrary the inventory turnover ratios of Nestle India show a decreasing 
trend by recorded minimum of 9.64 times and maximum 12.80 times. The averages inventory turnover ratios are 
11.82 times and 11.23 times for Hindustan Unileverand Nestle India respectively. As per Indian Manufacturing 
Companies the average inventory turnover ratio should 2.12 times. From the above both the companies have 
maintained higher inventory turnover ratios as compare to standard inventory turnover ratio during the study 
period. Accordingly, it presentedeffective management of inventory by both the companies during mentioned 
period.Hindustan Unilever can able to manage inventory better than Nestle India over the period of study. 
 
Net Profit Margin furnishes a relationship between Net Profit (Profit after Tax) & Sales and designates the 
completeproficiency of the management in manufacturing, selling, administrative and other activities of the firm. 
The table-1 reveals that net profit margin Hindustan Unilever has shown an increasing trend and fluctuated from 
11.68% to 15.79% during study period, whereas the net profit margin of Nestle India has fallen down from 13.07% in 
2009-10to 6.88% in 2014-15 and then increased to 15.89% in the year 2018-19. The average net profit margin of 
Hindustan Unileverand Nestle India are 13.71% and 12.22% respectively which proposes Hindustan Unilever has 
performed better thanNestle India for the study period. 
 
Return on total assets is mostsignificant ratio used for evaluating the overall efficiency of the firms, by way of the 
objective of firms is to make the most of its earnings. It can find from the table-1 that both the companies return on 
total assetshave shown an increasing trend for during the study period. The absolutepercentage of this ratio 
fluctuates between 11.84% and 35.27% for Hindustan Unilever. Correspondingly, return on total assets of Nestle 
India has fluctuates between 88.72% and 381.03%. But it can also perceive that in all the years of study there is a wide 
gap in returns on total assets between the Hindustan Unilever and Nestle India. The average returns on total assets 
are 21.21% and 248.84%, which proposesNestle India has performed better than Hindustan Unilever.As a result, the 
returns on total assets of the both the companies are satisfactory during the period under study. 
 

Analysist-Test: Paired Two Sample of Current Ratios 
Table 2 reviews the results of current ratios of Hindustan Unilever along withNestle Indiafrom 2009-10 to 2018-
19through the assistance of t-test. The t-test consequence for the current ratio indicates that mean current ratio of 
Hindustan Unileveris more as compared to that of the Nestle India; leading to the decision that liquidity position of 
Hindustan Unileveris better. In contrast, lower variance for Nestle India current ratio as compared to Hindustan 
Unilevercurrent ratio clearly designates that former is more consistent than the latter. Nevertheless, the correlation 
value is 0.17 represents positive correlation of current ratio among both the companies during study period. The p-
value of 0.00, which is less than 0.01, specifies a significant difference in the value of current ratio between Hindustan 
Unilever and Nestle Indiaat 1 percent level of significance. 
 

Analysist-Test: Paired Two Sample of Inventory Turnover Ratios 
The above table evidently displays that mean value of inventory turnover ratio is higher of Hindustan Unileveras 
compared to Nestle India over the period of study, describes the better inventory management applies of Hindustan 
Unilever. On the other hand the inventory turnover ratio of Hindustan Unileverhas shown more variation than that 
of Nestle India, as variance shows higher value of Hindustan Unileverthan that of Nestle India. The correlation value 
of inventory turnover ratios of both companies is -0.38 denotesnegative correlation between both the companies. The 
p-value of 0.30in case of inventory turnover ratio point towardno significant difference between the inventory 
turnover ratios of both the companies. 
 
Analysist-Test: Paired Two Sample of Net Profit Margin 

The mean of net profit margin is higher in case of Hindustan Unileveras compared to Nestle India. The variation of 
Hindustan Unilevernet profit margin is less than the Nestle Indianet profit margin as variance is found to be less in 
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Hindustan Unilever for the study period. As the correlation is 0.23 which indicates that there is a positive correlation 
present between net profit margin of Hindustan Unilever and Nestle India. At this juncture too there is no significant 
difference between Hindustan Unilever and Nestle India net profit margin as the p-value is 0.05.  
 

Analysist-Test: Paired Two Sample of Return on Total Assets 
From the table 5, it is demonstrated that return on total assets has not shown the similar trend like that of net profit 
margin. The mean value and the variance of return on total assets of Nestle India are found much higher than that of 
Hindustan Unilever. Consequently there is less consistency in case of Nestle India return on total assets. The 
correlation value of 0.58 suggests returns on total assets of both companies are highly positive correlatedpresent 
between return on total assets of Hindustan Unilever and Nestle India. The p value proves that there is a significant 
difference between Hindustan Unilever and Nestle India return on total assets among the two companies for the 
study period.  
 

CONCLUSION 
 
This research is associated to the comparative financial performance of Hindustan Unilever and Nestle India over ten 
years from 2009-10 to 2018-19. Interpretation to succeeding evaluation, it can be determined that during the study 
period the complete performance in relations to profitability and liquidity position have varied significantly for both 
the companies. Hindustan Unilever recorded better liquidity position as compare to Nestle India but both the 
companies have maintained low liquidity position and fail to maintain the standard of current ratio (liquidity 
positions) over the study period. In contrast both the companies presented effective management of inventory 
during mentioned period while Hindustan Unilever can able to manage inventory better than Nestle India over the 
period of study. In the case of net profit margin Hindustan Unilever has performed better thanNestle India for the 
study period. Nonetheless in the case of return on total assets Nestle India has performed far better than Hindustan 
Unilever.It can observe from the t test that there is significant difference between current ratio and return on total 
assets of Hindustan Unilever and Nestle India. Therefore the null hypothesis (there is no significant difference 
between different financial ratios of Hindustan Unilever and Nestle India) is rejected and alternative hypothesis is 
accepted in the case of current ratio and return on total assets. While the inventory turnover ratio and net profit 
margin has shown no significant difference.Consequently the null hypothesis (there is no significant difference 
between different financial ratios of Hindustan Unilever and Nestle India) is accepted and alternative hypothesis is 
rejected for inventory turnover ratio and net profit margin. 
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Table 1: Trend of Major Financial Ratio of Hindustan Unilever &Nestle India 

Year 

Current 

Ratio 

Inventory 

Turnover Ratio 

Net Profit 

Margin (%) 

Return on 

Total Assets (%) 

Hindustan 

Unilever 

Nestle 

India 

Hindustan 

Unilever 

Nestle 

India 

Hindustan 

Unilever 

Nestle 

India 

Hindustan 

Unilever 

Nestle 

India 

2009-10 0.84 0.62 8.99 12.33 12.39 13.07 11.84 88.72 

2010-11 0.86 0.55 7.34 10.49 11.68 12.79 12.31 132.13 

2011-12 0.83 0.54 9.21 11.55 12.16 12.81 16.25 186.53 

2012-13 0.76 0.65 10.80 12.80 14.70 12.27 12.36 245.68 

2013-14 0.74 0.53 10.76 12.06 13.80 12.02 15.15 294.27 

2014-15 0.75 0.50 12.57 10.33 14.00 6.88 17.21 292.26 

2015-16 1.03 0.57 13.25 10.13 13.31 10.04 29.02 312.57 

2016-17 0.82 0.68 14.60 11.29 14.07 12.24 29.99 354.78 

2017-18 0.94 0.67 14.93 11.70 15.16 14.23 32.69 381.03 

2018-19 1.00 0.58 15.78 9.64 15.79 15.89 35.27 200.40 

Average 0.86 0.59 11.82 11.23 13.71 12.22 21.21 248.84 

Minimum 0.74 0.50 7.34 9.64 11.68 6.88 11.84 88.72 

Maximum 1.03 0.68 15.78 12.80 15.79 15.89 35.27 381.03 

 
Table 2: t-Test: Paired Two Sample of Current Ratio 

Particulars Hindustan Unilever Nestle India 

Mean 0.86 0.59 

Variance 0.01 0.00 

Pearson Correlation 0.17 
 

t Stat 7.68 
 

P(T<=t) one-tail 0.00 
 

t Critical one-tail 1.83 
 

P(T<=t) two-tail 0.00 
 

t Critical two-tail 2.26 
 

 
Table 3: t-Test: Paired Two Sample of Inventory Turnover Ratio 

Particulars Hindustan Unilever Nestle India 

Mean 11.82 11.23 

Variance 8.08 1.09 

Pearson Correlation -0.38 
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t Stat 0.55 
 

P(T<=t) one-tail 0.30 
 

t Critical one-tail 1.83 
 

P(T<=t) two-tail 0.59 
 

t Critical two-tail 2.26 
 

 

Table 4: t-Test: Paired Two Sample of Net Profit Margin 

Particulars Hindustan Unilever Nestle India 

Mean 13.71 12.22 

Variance 1.78 5.80 

Pearson Correlation 0.23 
 

t Stat 1.90 
 

P(T<=t) one-tail 0.05 
 

t Critical one-tail 1.83 
 

P(T<=t) two-tail 0.09 
 

t Critical two-tail 2.26 
 

 
Table 5: t-Test: Paired Two Sample of Return on Total Assets 

Particulars Hindustan Unilever Nestle India 

Mean 21.21 248.84 

Variance 87.80 9134.09 

Pearson Correlation 0.58 
 

t Stat -7.96 
 

P(T<=t) one-tail 0.00 
 

t Critical one-tail 1.83 
 

P(T<=t) two-tail 0.00 
 

t Critical two-tail 2.26 
 

 

 

 
 

 

 
 

 
 

 

 

 

 

 

Pramod Kumar Patjoshi and Girija Nandini 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26375 

 

   

 

 

 

Interrelationship between Capital Structure and Financial Efficiency: 

Case Study of ACC 
 

Pramod Kumar Patjoshi1* and Girija Nandini2 
 

1Associate Professor, School of Management, Centurion University of Technology and Management, 
Odisha, India 
2Assistant Professor, School of Management, Centurion University of Technology and Management, 
Odisha, India 
 
Received: 24 Mar 2020                                Revised: 26 Apr 2020                                     Accepted: 28 May 2020 
 
*Address for Correspondence 
Pramod Kumar Patjoshi  

Associate Professor,  

School of Management, 

Centurion University of Technology and Management,  

Odisha, India. 

 
This is an Open Access Journal / article distributed under the terms of the Creative Commons Attribution License 

(CC BY-NC-ND 3.0) which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. All rights reserved. 
 
 
Capital structure is extreme notice able adjustment of organization’s processes. The relations between 
capital structure and profitability of an organization have been received substantial thought in the 
financial management. Capital structure is very important part in the financial decision, as it directly 
related to the risk and return of an organization. Whether the capital structure of an organization has 
impact on the financial performance is a matter of investigation for important decision making. 
Therefore, this study purposes is to find out the interrelationship between Capital Structure and 
Financial Efficiency of ACC for a period of ten years from 2005-06 to 2014-15. The collected data has 
examined through the correlation and regression analysis for finding out the interrelationship between 
capital structure and financial efficiency of ACC. Correlation analysis has used for finding out the 
connection between capital structure and financial efficiency. The study has considered the secondary 
data for the period. The different financial ratios (capital structure ratios and profitability ratios) have 
been used for the investigation. 
 

Keywords: Capital Structure, Financial Performance; Debt Equity Ratio and Profitability Ratios. 

 

INTRODUCTION 
Financial structure is the combination of all liabilities (both short term as well as long term) whereas Capital 
structure is the combination of only long-term liabilities an organization. Hence Capital structure is the combination 
of an organization’s common share capital, preferred share capital, long-term debt and retained earnings, which 
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have been used to finance its general practices and development. Capital structure is a genuine important financial 
decision as it directly associated to the risk and return of an organization. Any in appropriate combination of capital 
structure decision can be resulted in high cost of capital; thus the organization’s value will suffer though 
inappropriate capital structure decision Optimum capital structure is that capital structure which leads to the 
maximum value of the firm and minimize the organization’s cost of capital. More or less, different researchers have 
different view and use to defined capital structure in their personal manner. The capital structure has derived by 
Weston and Brigham (1979) as the permanent financing of a firm signified by long-term debt, preferred stock and 
shareholders’ funds. Van Horne and Wachowicz(1995), defined capital structure is the mix of a firm’s permanent 
long-term financing represented by debt, preferred stock, and common stock equity. Therefore, it can be imitative 
that capital structure syndicates mainly equity and long-term debt.  If an organization financed by means of debt or 
borrowed funds then it has to pay the interest to the money lender and if it financed by equity, it has to distribute 
some part of profits as dividends to the share holders. In the other hand organization keeps its undistributed profit 
as retained profit in reverses and surplus, which is a part of shareholders’ funds. The interrelationship between 
capital structure and profitability or financial efficiency of the organization is very important part that received 
substantial consideration in the financial management. An organization’s profitability use to measure by maximizing 
the shareholders’ funds is at the end of a period as compare to at the beginning the period.  The main objective of 
shareholders from the business is to increase wealth from the investments. Thus the dimension of financial 
performance of the organization must provide a sign in the way to maximize shareholder wealth which will 
consequence in the investment over a specific time. It is clear from the above conversation; one significant thing is 
understandable that the capital structure has great influence on organization’s profitability. Therefore, this study 
purposes is to find out the interrelationship between capital structure and financial efficiency of ACC from2005-06 to 
2014-15.  
 

Brief Profile of ACC 
ACC Limited is India's leading manufacturer of cement and ready mixed concrete with 17 contemporary cement 
factories, more than 50 ready mixed concrete plants, and a vast circulation network of over 9,000 dealers and a nation 
wide range of sales distributors. ACC has been an innovator and well-known brand in cement and concrete 
technology. ACC was established in 1936 and has an exceptional track record of advanced research, product 
expansion and expert consultancy services. ACC is identical with cement and appreciates a high level of equity in the 
Indian financial market. Therefore ACC is a principal brand from last eight decades having un appalled merge with 
a vision to attend customers, stakeholders and the nation with commitment. Today ACC represents not only a 
trademark in cement as well as in concrete but also a brand name which reposes on many potentials in high quality 
building materials, great place to work, reliable business associates and good corporate citizen. 
 

LITERATURE REVIEW 

 
Gleason, Lynette, and Ike (2000) found from their research that high debt in the capital structure would decrease the 
firm’s profitability. They experienced that firm’s capital structure has a statistically negative result onfirm’s 
profitability matrixes. Similarly observed by Fama and French(2002), they identified that extremely profitable 
companies with lesser risk of financial suffering are really less levered which challenges through the trade-off model. 
Manawaduge, Zoysa, Chowdhury, and Chandarakumara (2011) determined that most of the Sri Lankan companies’ 
use short-term debt as in contradiction of the long-term debt and firm profitability is negatively affected by the use of 
debt. Similar Khairul (2013) observed remarkable negative association amongst performance and leverage in 
Bangladeshi companies. Tianyu (2013) inspected the effect of capital structure on firm’s profitability in both 
industrialized and developing markets using OLS regression technique, he recognized that capital structure has a 
negative result on company’s profitability in China, Margaritis and Psillaki (2010) in their article observed an 
important positive relation among capital structure and companies financial performance. In the same way Samuel 
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(2013) examined the connotation amongst capital structure and, although they got a negative relation among capital 
structure and ROA. Though, they observed no important association among ROE and capital structure.  
 

Objectives of the Study 
The attention of this study is interrelationship between capital structure and financial efficiency of ACC 
1. To analyses the capital structure and profitability position of ACC 
2. To measure the interrelationship between capital structure and financial efficiency of ACC. 

 

METHODOLOGY OF THE STUDY 

 
For fulfilling the above stated research objectives, the data for this study has been collected from the financial 
statements of published annual report of ACC. The collected data has investigated through the correlation, 
regression analysis for finding out the interrelationship between capital structure and financial efficiency of ACC, 
Correlation analysis has used for finding out the connection between capital structure and financial performance. 
The study has considered the secondary data for a period of ten years from 2005-06 to 2014-15. The different financial 
ratios (capital structure and profitability ratios) have been used for the investigating as follows: 
 
A. Capital Structure Ratios: Total Debt to Equity Ratio (TDER) and Long Term Debt to Equity Ratio (LTDER) 
B. Profitability Ratios: Operating Profit Margin (OPM), Net Profit Margin (NPM), Return on Capital Employed 

(ROCE), Return on Assets (ROA) and Return on Equity (ROE).  
 

Data Analysis and Interpretation 

Analysis of different Capital Structure Ratios of ACC 
The table -1 shows the different capital structure ratios and the trend of these ratios of sample companies have 
elaborated below. The total debt to equity ratio (TDER) is the relationship between total debt and shareholder’s 
funds. It is the greatest straight-forward measure of an organization’s long term solvency. Normally a lower total 
debt to equity ratio is a sign of lower risk to the organization. On the contrary, a higher total debt to equity ratio 
designates higher risk to the organization or the long term solvency position of the organization is not good. Table I 
reveals that TDER fluctuated between 0.52 in the last year of study 2014-15 and 0.88 in the first year of study 2005-06. 
The average TDER of the ACC throughout the study period was 0.66, which was very low to the standard ratio of 
2:1. However the ratio demonstrates a decreasing trend throughout the study period, it found to be lesser than the 
standard ratio of 2:1 throughout the study period. Hence, TDER is unsatisfactory all the years of study period; the 
company's aptitude to encounter its long-term requirements was unsatisfactory.  Similarly, long term debt to equity 
ratio (LTDER) is also a measure of long term solvency of an organization. It is the relationship between long term 
debt and shareholder’s funds. From the table it can find out LTDER has also shown a decreasing trend during the 
study period and varied between 0.07 in the year 2014-15 to 0.39 in the year 2005-06. The average LTDER of the ACC 
throughout the study period was 0.16. A ratio of less than one in this category indicates a higherreliance on capital 
provided by owners than capital providedby outsiders of the company. Therefore LTDER of ACC was found to be 
very low as compare to the standard ratio. Henceforth, like TDER, LTDER is also unacceptable all the years of study 
period; the company's ability to meet its long-term requirements was disappointing all over the study period. 
 
Analysis of different Profitability Ratios of ACC 
The table-2 revel the different Profitability ratios and theirtrend of ACC have elaborated below.Operating Profit 
Maegan (OPM) demonstrates firm’s operating efficiency. It is the relationship between operating profit and sales. 
From the table it can observe that OPM shows a declining movement during the study period from 2005-06 to 2014-
15. It recorded a highest of 26.03% in 2005-06 and a lowest of 7.22% in 2014-15 with an average of 18.47%. In the case 
of Net Profit Margin (NPM) indicates the overall efficiency of a firm. By studying the ACC’s NPM, it can observe that 
NPM of ACC also have a decreasing trend and came down from 21.23% in the first year 2005-06 to 5.01% in the last 
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year 2014-15 with a mean of 14.11% for study period.Likewise OPM and NPM other profitability ratios (ROCE, ROA 
and ROE) of ACC have shown a diminishing trend. The ROCE, ROA and ROE of ACC have come down from 
34.49%, 20.86% and 39.19% respectively to 9.43%, 4.61% and 7.01% during the study period from 2005-06 to 2014-15. 
These ratios have recorded average of 23.15%, 12.46% and 21.05% correspondingly for ROCE, ROA and ROE of ACC 
throughout the study period. 
 

Analysis of Correlation 
Correlation analysis concludes the strength and direction of the linear association among different capital structure 
and profitability ratios elaborated at Table 3. The correlation results of different ratios have elaborated below. Total 
debt to equity ratio is positively related to all profitability ratios (OPM, NPM, ROCE, ROA and ROE). It is highly 
correlated to ROE (0.85) and poorly correlated to ROA (0.80). Similarly long term debt to equity ratio also positively 
correlated to all profitability ratios. The long term debt to equity ratio has extremely correlated to ROE (0.85) and 
lowest correlated to OPM (0.63). 
 
Regression Analysis Total Debt to Equity Ratio and Profitability Ratios 
The below table’s i.e, 4(a), (b) and (c) derived the regression analysis between TDER as dependent variable with the 
profitability ratios as independent variables. The goodness of fit consequences of standard linear multiple 
regressions through TDER as the dependent variable and numerous determinants as forecasters are described in 
Table 4(a), the model result has elaborated in Table 4(b). The model coefficients have revealed in Table 4(c)and the 
outcomes designate that no one of the indicators of TDER is significant (p>0.05) except ROA and ROE. This study 
indicates that, the association among TDER and profitability ratios by suggesting that statistically insignificant 
associations among TDER and on the profitability ratios except ROA and ROE. The adjusted R Square values of 0.95 
designate that around 95% of the variation in TDER is clarified by the independent variables included in the model. 
The complete significance of the model was measured by ANOVA. The result designate that the model is statistically 
significant relation as demonstrated in the F value of 38.45 and a P-value < 0.01. NPM, ROCE and ROE have positive 
coefficient and ROE have marks the maximum influence to the forecast of the TDER with a coefficient of 5.67.While 
the t statistic and the Sig-values of OPM, NPM and ROCE designate insignificant associations on TDER at 5% levels. 
Whereas ROA and ROE have designated significant associations on TDER at 5% levels. 
 
Regression Analysis Long Term Debt to Equity Ratio and Profitability Ratios 
The below table’s i.e, 5(a), (b) and (c) derived the regression analysis between TDER as dependent variable with the 
profitability ratios as independent variables. The goodness of fit consequences of standard linear multiple 
regressions through LTDER as the dependent variable and numerous determinants as forecasters are described in 
Table 5(a), the model result has elaborated in Table 5(b). The model coefficients have revealed in Table 5(c) and the 
outcomes designate that no one of the indicators of LTDER is significant (p>0.05) except ROE. This study indicates 
that, the association among LTDER and profitability ratios by suggesting that statistically insignificant associations 
among LTDER and on the profitability ratios except ROE. The adjusted R Square values of 0.97 designate that 
around 97% of the variation in LTDER is clarified by the independent variables included in the model. The complete 
significance of the model was measured by ANOVA. The result designate that the model is statistically significant 
relation as demonstrated in the F value of 25.16 and a P-value < 0.01. OPM and ROE have positive coefficient and 
ROE have marks the maximum influence to the forecast of the LTDER with a coefficient of 3.57.While the t statistic 
and the Sig-values of all profitability ratios designate insignificant associations on TDER at 5% levels except ROE. 
 

CONCLUSION 

 
This study is mainly related to interrelationship between capital structure and financial efficiency of ACC of ten 
years from 2005-06 to 2014-15. To find out the interrelationship the data has been investigated through the 
correlation, regression analysis. Correlation analysis has used for finding out the connection between capital 
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structure and financial performance whereas the relationship between the ACC’s financial performance is existence 
examined through the regression model measured with respect to capital structure. The different financial ratios like 
Capital Structure Ratios (Total Debt to Equity Ratio and Long Term Debt to Equity Ratio) in addition to Profitability 
Ratios (Operating Profit Margin, Net Profit Margin, Return on Capital Employed, Return on Assets and Return on 
Equity) have been considered for the investigation. Both the capital structure as well as profitability ratios have 
shown significantly decreased over the span of ten years from 2005-06 to 2014-15. A significant declining trend in the 
long-term debt paying competence of ACC was observed during the period under study. Furthermore, all the 
measures of profitability ratios of the ACC stepped down remarkably by means of the passage of time during the 
study period. All these negative characteristics had definitely an adversarial impact on the overall long term 
solvency position of ACC. Correlation analysis revealed that both the capital structure ratios are highly correlated 
with all the profitability ratios.  The regression analysis by taking total debt to equity ratio as dependent variable 
indicates that, there are statistically insignificant associations among total debt to equity ratioand the profitability 
ratios except ROA and ROE. On the other hand, the regression analysis by takinglong term debt to equity ratioas 
dependent variable reveals that, there are statistically insignificant associations among long term debt to equity 
ratioand the profitability ratios except ROE 
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Table-1 Capital Structure Ratios 

Year TDER LTDER 

2005-06 0.88 0.39 

2006-07 0.69 0.19 

2007-08 0.73 0.17 

2008-09 0.68 0.15 

2009-10 0.72 0.14 

2010-11 0.65 0.14 

2011-12 0.62 0.15 

2012-13 0.55 0.13 

2013-14 0.54 0.08 

2014-15 0.52 0.07 

Average 0.66 0.16 

Maximum 0.88 0.39 

Minimum 0.52 0.07 

Table-2 Profitability Ratios 

Year OPM NPM ROCE ROA ROE 

2005-06 26.03% 21.23% 34.49% 20.86% 39.19% 

2006-07 24.85% 20.53% 35.15% 20.52% 34.64% 

2007-08 24.39% 16.65% 30.92% 14.25% 24.61% 

2008-09 29.63% 20.02% 34.31% 15.93% 26.71% 

2009-10 19.67% 14.51% 20.64% 10.09% 17.31% 

2010-11 17.35% 14.04% 19.92% 11.15% 18.43% 

2011-12 13.79% 9.34% 18.16% 8.77% 14.37% 

2012-13 11.45% 9.81% 14.76% 9.19% 14.00% 

2013-14 10.34% 9.91% 13.70% 9.22% 14.19% 

2014-15 7.22% 5.01% 9.43% 4.61% 7.01% 

Average 18.47% 14.11% 23.15% 12.46% 21.05% 

Maximum 29.63% 21.23% 35.15% 20.86% 39.19% 

Minimum 7.22% 5.01% 9.43% 4.61% 7.01% 

Table-3 Correlation Matrix 

Particulars TDER LTDER OPM NPM ROCE ROA ROE 

TDNW 1.00 
      

LTDNW 0.89 1.00 
     

OPM 0.81 0.63 1.00 
    

NPM 0.84 0.72 0.96 1.00 
   

ROCE 0.81 0.70 0.97 0.97 1.00 
  

ROA 0.80 0.80 0.87 0.95 0.95 1.00 
 

ROE 0.85 0.85 0.87 0.95 0.94 0.99 1.00 
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Table-4 Regression Results for Total Debt to Equity Ratio as Dependent Variable and Various Factors as 

Predictors 

Model Summary 

Multiple R R Square Adjusted R Square Standard Error 

0.99 0.98 0.95 0.02 

Goodness of Fit – ANOVA 

Particulars SS MS F Significance F 

Regression 0.10 0.02 38.45 0.00 

Residual 0.00 0.00 
  

Total 0.11 
   

Regression Coefficients 

Particulars Coefficients Standard Error t Stat P-value 

Intercept 0.56 0.03 19.93 0.00 

OPM -3.23 2.40 -1.35 0.25 

NPM 5.21 2.78 1.87 0.13 

ROCE 2.34 1.72 1.36 0.24 

ROA -14.23 3.75 -3.80 0.02 

ROE 5.67 0.83 6.81 0.00 

Table-5 Regression Results for Long Term Debt to Equity Ratio as Dependent Variable and Various Factors as 

Predictors 

Model Summary 

Multiple R R Square Adjusted R Square Standard Error 

0.98 0.97 0.93 0.02 

Goodness of Fit – ANOVA 

Particulars SS MS F Significance F 

Regression 0.07 0.01 25.16 0.00 

Residual 0.00 0.00 
  

Total 0.07 
   

Regression Coefficients 

Particulars Coefficients Standard Error t Stat P-value 

Intercept 0.10 0.03 3.58 0.02 

OPM 3.78 2.44 1.55 0.20 

NPM -4.59 2.82 -1.63 0.18 

ROCE -2.98 1.75 -1.70 0.16 

ROA -0.44 3.81 -0.12 0.91 

ROE 3.57 0.85 4.23 0.01 
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Semiconductor materials are the foundation of modern day’s electronics for their properties like its 
reasonable speed, simple processing, useful temperature range etc. The modern science is also in the 
process of searching new varieties of semiconducting materials and upgrading the semiconductors which 
have already been made. Another interesting quality of semiconductors is that they can be doped with 
some impurities and their properties like conductivity can be controlled. Semiconductors are classified 
mostly according to their band gap and electrical conductivity. Semiconductor is technically neither an 
insulator nor a good conductor like metals. But it behaves like insulator at very low temperature and 
shows good conductivity at room temperature. At absolute zero temperature, the outermost energy band 
is completely filled, whether in case of conductor it is filled partially. Semiconductor have band gap, 
generally, less than 3 eV. Zinc selenide (ZnSe) is an attractive II-VI semiconducting material which has a 
large band gap of about 2.7-2.8 eV at room temperature ( ). It earned good interest in recent years due 
to its wide applications in laser diodes, green-blue light emitting diodes. Zinc selenide (ZnSe) is also a 
valuable and perfect candidate for the application in solar cells, bio-medical tags. It is a promising 
material for lenses, output couplers, windows and optically controlled switching due to its low 
absorptivity at infrared wavelength, visible transmission. It can also be used for night vision applications. 
When cobalt is doped with ZnSe, the host material (ZnSe), in addition with semiconducting properties, 
develop magnetic properties in the same material. Collectively, ZnSe is a useful semiconductor and 
hence we use ZnSe in this work. 
 

Keywords: Density functional theory, energy band, Zinc selenide 
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INTRODUCTION 

 
Semiconductor materials are the foundation of modern day electronics for their properties like its reasonable speed, 
simple processing, useful temperature range etc. Modern science is always in the process of searching new varieties 
of semiconducting materials and upgrading the semiconductors which have already been made. Another interesting 
quality of semiconductors is that they can be doped with some impurities and their properties like conductivity can 
be controlled. Semiconductors are classified mostly according to their band gap and electrical conductivity. 
Semiconductor is technically neither an insulator nor a good conductor like metals. But it behaves like insulator at 
very low temperature and shows good conductivity at room temperature. At absolute zero temperature, the 
outermost energy band is completely filled, whether in case of conductor it is filled partially. Semiconductor have 
band gap, generally, less than 3 eV. In the contemporary science era, research work on another class of 
semiconductor is growing drastically because of their interesting and peculiar property. That is dilute magnetic 
semiconductor (DMS). They have some unique properties of having both magnetic and semiconducting properties in 
the same material. There are several naturally occurring magnetic elements like Chromium, Iron, Cobalt, Nickel. By 
introducing these into a semiconducting material as a dopant, they can introduce favourable magnetic properties in a 
controllable fashion. DMS are semiconductors doped with transition metal atoms or rare earth metal ions at very low 
concentration. After doping with suitable transition metal ions, the semiconducting material shows some peculiar 
properties. Zinc selenide (ZnSe) is an extrinsic semiconductor made by Zinc and selenium. It can behave as a dilute 
magnetic semiconductor when we dope a transition metal, like, we doped Cobalt in this work, and it show both 
magnetic and semiconducting nature. The present work focuses on structural and magnetic properties of Cobalt (Co) 
doped ZnSe. Zinc selenide (ZnSe) is an attractive II-VI semiconducting material which has a large band gap of about 
2.7-2.8 eV at room temperature ( ). It earned good interest in recent years due to its wide applications in laser 
diodes, green-blue light emitting diodes. Zinc selenide (ZnSe) is also a valuable and perfect candidate for the 
application in solar cells, bio-medical tags. It is a promising material for lenses, output couplers, windows and 
optically controlled switching due to its low absorptivity at infrared wavelength, visible transmission[1,2,3,4]. It can 
also be used for night vision applications. When cobalt is doped with ZnSe, the host material (ZnSe), in addition with 
semiconducting properties, develop magnetic properties in the same material. Collectively, ZnSe is a useful 
semiconductor and hence ZnSeis chosen in this work. 
 

COMPUTATIONAL METHOD 
 
Here the calculations are based on the DFT in the LDA. Only valence electrons are explicitly considered. Their 
interaction with the atomic cores is treated by ab initio Vanderbilt pseudo-potentials [5]. The code chosen here is the 
Quantum Espresso code. It’s a first principle total energy code that uses both norm-conserving and Vanderbilt 
pseudo-potential. The softest possible pseudo-potential is constructed and used. The pseudo-potential scheme used 
allows the expansion of the single particle wave functions into a plane wave basis set. It is restricted by a kinetic 
energy cut off of 28.0 Ry. This restriction corresponds to about 160 plane waves per atom. A set of special 2×2×2, 
4×4×4,8×8×8 and 10×10×10 k-points generated by the Monkhorst-Pack scheme is used for BZ sampling. 
 
The exchange and correlation energy per electron is described by Monte Carlo results of Ceperley and Alder [6] in 
the parametrization of Perdew and Zunger[7]. In order to avoid errors due to the use of frozen cores nonlinear core 
correction to the exchange-correlation energy [8] are included in the generation of pseudo-potentials. The single 
particle Kohn-Sham [8] equations are solved and the eigen values are taken to interpret bulk band structure and the 
vacancy levels. Quantum espresso [9] is an open source package under the terms of General Public License for the 
electronic structure calculations. Density functional theory andits approximations are all implemented in this 
program which enables calculation of quantum mechanical systems. Hence, it is very practical for crystal structure 
and surface structure calculations which are the main tool of quantum chemistry measurements. Quantum espresso 
package is written mostly in Fortran 95, C and Fortran 77. Parallel computation is done which reduces computational 
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cost considerably.Theseuseful implementations are ground state energy calculation of Kohn Sham orbitals,pseudo-
potential approximations for the exchange correlation potentials, supercell approach, structural optimization 
schemes, ab initio molecular dynamics schemes, calculation of magnetic systems, density functional perturbation 
theory calculations etc. It has several different codes in it which are devoted for different type of calculations like 
self-consistent field calculations, phonon calculations etc. 
 

RESULTS AND DISCUSSION 
 
Density functional theory (DFT) [10, 11,12] calculation was done for electronic properties of ZnSe. ZnSe crystallizes 
in zinc blend structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice 
constant of the primitive unit cell. These calculations require the determination of wave function and positions of all 
the valence electrons and 2 nuclei. To begin with, primitive unit cells with 2 atoms is considered the to make the 
computational calculation easier to handle. The total energy calculation, band structure calculation was done and 
band structure, charge density distribution and the density of states of ZnSe was plotted. 
 
Structural Properties 

The first principle pseudo-potential calculations were done by using QE code for structural and electronic properties 
of ZnSe. ZnSe is a face-cantered cubic crystal, and a primitive unit cell is used in all the calculations. It contains two 
atoms, a Zn atom at its origin and a Se atom located in the main diagonal of cubic unit cell, at a distance equal to one 
fourth of its size. The crystal structure and corresponding BZ are shown in the figure below, with some special k-
points indicated. The calculation was started to find out the lattice constant `a` for cubic ZnSe by energy 
minimization method. The lattice constant of a crystal corresponds to the size of the conventional unit cell and to 
obtain by plotting the total energy as a function of cell volume. To start with, different values of possible lattice 
constants were taken, performed the self-consistencefield (SCF) calculation to find out the corresponding energy. 
Then the volume versus total energy graph was plotted which is shown in Fig. (1).  The minimum energy value in 
the graph corresponds to the volume 311 . Thus, the calculated lattice constant for ZnSe is 10.74 Bohr. The 
experimental lattice constant value for cubic ZnSe is 10.71 Bohr. So our calculated value is in good agreement with 
the experimental value.The charge density plot shows the distribution of fractional charges from which information 
about the strength of bonding, piling and depletion of charges can be known. Fig. (2) shows the 2-dimensional 
charge density plot of cubic ZnSe in contour lines plus grey levels from LDA calculations. The electronic charge 
density of different regions is indicated in the shaded baron the right hand side of the figure. Electronic density is 
constant along any curve in the Fig. (2). ZnSe is covalently bonded. The charge density is strongly accumulated 
around Se atom which is a result of strong2p potential of Se. Some charges around the Zn atom move to the bonding 
region which gives rise to the ionic character of ZnSe. The charge transfer into the bonding region causes a decrease 
in the total energy. The bonds between Zn and Se are stable which causes the stabilization of zincblende structure. 
The charge density plot obtained by can be compared with the plot reported by Van de Walleis shown in figure. 
Comparing these two can be seen that our calculated results are in good comparison with the reference results. The 
total energy calculated to be = -17.32409323 Ry. As explained above, the total energy consists of the energy 
contribution from each electron, the exchange and correlation energy, the Hartree contribution and the Ewald 
contribution. The values obtained in our calculation are as follows 
Total energy = -17.32409323 Ry 
One-electron contribution= 2.72819257 
Hartree contribution= 1.55869453 
Exchange and Correlation contribution= -4.76660671 
Ewald contribution= -16.84437362 
Electronics Structure 
The calculated energy band structure of cubic ZnSe along directions of high symmetry is shown in Fig. (3). we have 
calculated the band energy for the valence and conduction band using DFT within LDA. The electronic configuration 
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of Zn is [Ar]3d10 4s2 and electronic configuration of Se is [Ar]3d10 4s2 4p4. For this calculation, 4s2 electrons of Zn 
and 4s2 4p4 electrons of Se are considered as the valence electron. Pseudo-potential for Zn and Se are used to obtain 
a smooth potential value. This helped in reducing the calculation effort.  This calculations correctly predict that the 
valence band maximum and conduction band minimum occurs at Gamma point of the BZ, indicating a direct band 
gap. This is in accordance with experimental results shown in figure (3). Both valence band and conduction band 
positions are in good agreement with the reference results. The calculated band gap is 1.6 eV. The band gap of cubic 
ZnSe is 2.54 eV which can be seen from figure (3). The smallerband gap compared to experimental value is due to the 
inherent drawbacks of LDA. 
 
The band gap value reported by Laihia using X-ray diffraction data is 2.0 eV. This shows our result is having an error 
of 20% in comparison to experimental X-ray diffraction data. However, the overall band profiles are in good 
agreement with other results.  Comparison of the present work with other experimental and theoretical result was 
depicted in Table I. The total density of states (DOS) of un doped ZnSe from LDA calculations using pseudo-
potential are shown in fig (5.7). The left side represents the valence band (VB) which ends at 0 eV on the fig. Actually, 
the top of valence band is taken as 0 eV for reference purpose and the diagram is plotted. The major part of Se-s and 
p and a small part of Zn-s and states contributes towards the VB. A combination of Zn-s and Se-sp stated form the 
lower portion of the conduction band (CB). The total energy, the Fermi energy, the position of bands, etc., all are 
found to be same in both cases. The DOS plot also shows that there is no difference in the peaks and the energy gap 
due to relaxation which means relaxation does not cause the atoms to move away from their position and this exactly 
is what expected. 
 

CONCLUSIONS 
 
The first principle DFT calculations were done to study the structural and electronic properties of cubic ZnSe. The 
values of different parameters like, lattice constant, band gap, band plot, charge distribution and density of states 
were calculated and summarized the observations as follows. The description of interacting many-particle systems 
is, in general, very complicated and approximations need to be made. Several methods in quantum physics try to 
describe the motion of the electrons in such systems by the electronic wave function, the solution of either the time-
independent or time-dependent Schr ̈odinger equation. The computational effort involved in these methods, is very 
high. In contrast to density-functional theory, the computational costs are much lower. In DFT, the electronic wave 
function is not evaluated for a full description of the interacting many-particle system but it is sufficient to look at the 
electron density. The implementation of such a perturbation theory scheme was discussed in depth in chapter 3; it 
was shown that it is relatively easy to implement such a scheme within the plane wave pseudo-potential framework 
when working within a structured code such as Quantum Espresso. The structure of the DFPT code is such that it is 
relatively easy to extend; for example, various XC functionals, aside from LDA and GGA could be implemented with 
only a little effort.  Using DFT the calculated results with the help of Quantum Espresso it is found that these results 
are in good agreement with other theoretical and experimental results. The lattice constant of ZnSe is calculated with 
energy minimization method. This value is used for further calculations. The charge density distribution was 
checked to know the bonding between the elements forming the compound. The band structure calculation and 
plotting of the band structure was done. The band gap was found out. This study revealed that ZnSe is an indirect 
band gap semiconductor. The Fermi energy for ZnSe and plotted the density of states were established. The results 
obtained here can be used as a basis for further investigation of properties of ZnSe. 
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Table: I comparison of the work with other experimental and theoretical result 

 
 
 
 
 
 
 
 

 
 
 

Parameter Our calculation Reference (Expt/Theoretical) 

Lattice constant 10.74 Bohr 10.71 Bohr 
Band gap 1.6 eV 2.0 eV 

Total energy -17.32409323 Ry  
Fermi energy 4.5847 eV  

Charge density plot Fig 2 In good agreement 
Density of states Fig 3 In good agreement 
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Figure 1: Plot between total energy and cell volume to 

determine lattice constant for ZnSe 

Figure 2: Two dimensional electronic charge density of 

ZnSe. Electronic density of different shaded regions is 

indicated on the bar. This is the result of LDA 

calculations. 

Figure 3: Band structure of ZnSe at high symmetry 

points from PBE calculations. Top of the valence 

band wastaken as zero on the energy axis. The dashed 

line showed the top of the valence band Fig 4: The total density of states of ZnSe 
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This work has been done by using Density functional theory (DFT) method to study the structural and 
electronics properties of Indium phosphide (InP). Owing to its wide band gap and few other properties, 
Indium phosphide is a suitable candidate for the application in solar cells, optical fibre, bio-medical tags, 
robotics and scanning system. It is a promising material for lenses, output couplers, windows and 
optically controlled switching due to its low absorptivity at infrared wavelength, visible transmission. 
Collectively, InP is a useful semiconductor and hence we use InP in this work. Using the first principle 
DFT, different parameters like lattice constant, band gap, band plot, charge distribution and density of 
states were calculated. The band structure calculations were done and plotted too. The band gap was 
found out. InP has a direct band gap. 
 

Keywords: Density functional theory, energy band, Indium Phosphide 

 

INTRODUCTION 

 
Now a day’s Condensed Matter Physics is one of the largest research field in Physics. The fast growing technological 
progress is closely related to the development of various materials and tools made from those materials. 
Semiconductor materials are the foundation of modern day’s electronics for their properties like its reasonable speed, 
simple processing, useful temperature range etc. The material science research is always in the process of searching 
new types semiconducting materials and upgrading the semiconductors which are already in use. Another 
interesting quality of semiconductors is that they can be doped with some impurities and their properties like 
conductivity can be controlled. Semiconductors are classified mostly according to their band gap and electrical 
conductivity. Semiconductor is technically neither an insulator nor a good conductor like metals. But it behaves like 
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insulator at very low temperature and shows good conductivity at room temperature.  In today’s there are group of 
III-V family of compound semiconductor provides the material basis for the development of electronic and 
optoelectronic device. Recently there has been much interest in the field InP. It is binary III-V semiconductor 
compound which made both indium and phosphorus is very popular in optoelectronics field and microelectronic 
field. Knowledge of the InP is important because of its increasing application in various optoelectronic field. It is 
used in the manufacturing of device such as diodes (LED, laser light, electroluminescent), transistor (WT, FET and 
field effect) and optical amplifier. The realization of InP hetero junction bipolar transistor is an important issue in the 
development of optical fiber communication system (20-40Gbit/s) [1]. Optical characteristics are required for the 
optimal device operation-ray photo emission spectroscopy was used in the InP studied by Ley et al. [2]. Aspens and 
Stuand [3] measured the dielectric function of InP with other III-V semiconductor compound separated by 
ellipsometry between 1.5 and 6.0eV. In this paper, we report theoretical study of the structural and electronics 
properties of InP. Several studies have been conducted using the MBJ potential to calculate the structural and 
electronic properties of different solid. Our calculation is based on the DFT method and solves all the calculation 
using Quantum Espresso code. These calculations of electronic band structure and properties were performed using 
Local-density-approximation (LDA) [4] and generalized gradient approximation [GGA][5]. 
 

Computational Method 

 
Here the calculations are based on the DFT in the LDA. Only valence electrons are explicitly considered. Their 
interaction with the atomic cores is treated by ab-initio Vanderbilt pseudopotential [8]. The code chosen here is the 
Quantum Espresso code. It’s a first principle total energy code that uses both norm-conserving and Vanderbilt 
pseudopotential. The softest possible pseudopotential is constructed and used. The pseudopotential scheme used 
allows the expansion of the single particle wave functions into a plane wave basis set. It is restricted by a kinetic 
energy cut off of 28.0 Ry. This restriction corresponds to about 160 plane waves per atom. A set of special 2×2×2, 
4×4×4, 8×8×8 and 10×10×10 k-points generated by the Monkhorst-Pack[9] scheme is used for BZ sampling. The 
exchange and correlation energy per electron is described by Monte Carlo results of Ceperley and Alder [10] in the 
parameterization of Perdew and Zunger. In order to avoid errors due to the use of frozen cores nonlinear core 
correction to the exchange-correlation energy[11] are included in the generation of pseudopotential. The single 
particle Kohn-Sham [12] equations are solved and the eigenvalues are taken to interpret bulk band structure and the 
vacancy levels. Quantum Espresso [13] is an open source package under the terms of General Public License for the 
electronic structure calculations. Density functional theory and its approximations are all implemented in this 
program which enables calculation of quantum mechanical systems. Hence, it is very practical for crystal structure 
and surface structure calculations which are the main tool of quantum chemistry measurements. Quantum espresso 
package is written mostly in FORTRAN 95 and C and Fortran 77. Parallel computation is done which reduces 
computational cost considerably. These useful implementations are ground state energy calculation of KohnSham 
orbitals, pseudopotential approximations for the exchange correlation potentials, super cell approach, structural 
optimization schemes, ab initio molecular dynamics schemes, calculation of magnetic systems, density functional 
perturbation theory calculations etc. It has several different codes in it which are devoted for different type of 
calculations like self-consistent field calculations, phonon calculations. 

 

RESULTS AND DISCUSSION 
 
The DFT method is used to study of the structural and electronic properties of the binary compound InP. The 
method of pseudopotential based density functional theory (DFT) was used.  The calculations were done by the code 
Quantum espresso. This calculation of the electronic band, structure and density of states (DOS) were performed 
using local-density approximation (LDA). InP is likely to crystallize as a function of applied pressure. Indeed, 
materials crystallize in different phases and have the ability to transform from one phase to another under the effect 
of temperature or pressure. The calculation of the total energy allows us to have the static equilibrium properties. InP 
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crystallizes in the zinc-blende structure. The primitive unit cell of two atoms with zinc-blende structure was chosen 
for this work. The calculations are carried by forming a cube of a side ‘a’, where ‘a’ is the lattice constant of the 
Bravais lattice. These calculations require the determination of wave functions and positions of 8 electrons and 2 
nuclei. The ZB phase was chosen since it has fewer atoms per unit cell, and is therefore computationally easier to 
handle. In the band structure calculations, the valence electronic configurations assumed for the atoms of InP are: In 
5p1 and P 3p3. The semi core 4d electrons of In were found to have as valence electrons and essential to describe 
accurately structural properties. The ground state properties are found asfollows. 
Indium phosphide is face-centered cubic crystal structure has composed of two sub lattice. Its appearance like black 
cubic crystal structure and it is also Zinc-blended cubic crystal structure. 
 
Structural Properties 

 
The first principle pseudopotential calculations using QE code were done for structural and electronic properties of 
InP. For cubic polytypic of InP, a face-centered cubic crystal, and a primitive unit cell is used in all the calculations. It 
contains two atoms, an Indium atom at its origin and a Phosphorus atom located in the main diagonal of cubic unit 
cell, at a distance equal to one fourth   of its size. The crystal structure and corresponding BZ are shown in Fig. 1. The 
calculation of lattice constant ‘a’ for cubic InP was done by energy minimization method. The lattice constant value 
obtained in the present calculation found to be in good agreement with the experimental value which is8.77950A. 
The minimization of curves that represent the variation of the total energy as a function of the volume V of the unit 
cell, for phases studied using LDA approximations for InP is shown. The minimum energy value in the graph 
corresponds to the volume 245 ܤℎ3ݎ. Thus, the calculated lattice constant for InP is 5.8687 Bohr. The experimental 
lattice constant value for cubic InP is 5.8687 Bohr. So our calculated value is in good agreement with the 
experimental value. The charge density plot shows the distribution of fractional charges from which information 
about the strength of bonding, piling and depletion of charges can be known. Fig. 3 shows the 2- dimensional charge 
density plot of cubic InP in contour lines plus grey levels from LDA calculations. The electronic charge density of 
different regions is indicated in the shaded baron the right hand side of the figure. Electronic density is constant 
along any curve in the Fig. 3. InP is covalently bonded. The charge density is strongly accumulated around p atom 
which is a result of strong 5p potential of In. Some charges around the In atom move to the bonding region which 
gives rise to the ionic character of InP. The charge transfer into the bonding region causes a decrease in the total 
energy. The bonds between In and P are stable which causes the stabilization of zinc blende structure. The total 
energy calculated to be = -415.925 Ry. As we know, the total energy consists of the energy contribution from each 
electron, the exchange and correlation energy, the Hartree contribution and the Ewald contribution. The values 
obtained in our calculation are as follows. 
Total energy = -415.925 Ry 
One-electron contribution= -51.248769Ry 
Hartree contribution= 34.69500434 
Exchange contribution= -50.04418018 
Ewald contribution= -89.60297548 
 
Electronics Structure 
 

The calculated energy band structure of cubic InP along directions of high symmetry is shown in Fig. 4. The band 
energy for the valence and conduction band were calculated using DFT within LDA. The electronic configuration of 
In is Kr 4݀105125ݏand electronic configuration of P 1323ݏ6322ݏ22ݏ.  The electron in the levels 51of In and 33of 
P were considered as the valence electron for our calculation. Pseudopotential has been for In and P to obtain a 
smooth potential value. This helped in reducing the calculation effort. The band plot obtained is shown in Fig. 4. This 
calculations correctly predicts that the valence band maximum and conduction band minimum occurs at Gamma 
point of the BZ, indicating a direct band gap. This is in accordance with experimental results too. Both valence band 
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and conduction band positions are in good agreement with the reference results [22]. The calculated band gap is 1.26 
eV. The experimental band gap reported for cubic InP is 1.48 eV. The smaller band gap compared to experimental 
value is due to the inherent drawbacks ofLDA. This shows our result is having an error of 14% comparison to 
experimental data is good experiment. However, the overall band profiles are in good agreement with other results. 
The total density of states (DOS) of InP from LDA calculations using pseudopotential are shown in fig 5.7. The left 
side represents the valence band (VB) which ends at 0 eV on the fig. Actually the top of valence band is taken as 0 eV 
for reference purpose and the diagram is plotted. The major part of P-s and p and a small part of In-s and states 
contributes towards the VB. A combination of In-s and P-sp states, form the lower portion of the conduction band 
(CB). The total energy, the Fermi energy, the position of bands, etc., all are found to be same in both cases. The DOS 
plot also shows that there is no difference in the peaks and the energy gap due to relaxation which means relaxation 
does not cause the atoms to move away from their position and this exactly is what expected. 
 

CONCLUSIONS 

 
The first principle DFT calculations are done to study the structural and electronic properties of cubic InP. Different 
parameters like, lattice constant, band gap, band plot, charge distribution and density of states were calculated. The 
work done can be summarized as follows. The description of interacting many-particle systems is, in general very 
complicated and approximations need to be made several methods in quantum physics try to describe the motion of 
electrons in such systems by the electronic wave function, the solution of either the time independent or time –
dependent Schrodinger equation. The computational effort involved in these methods is very reasonable.  Using DFT 
the calculated results with the help of Quantum Espresso we have found results in good agreement with other 
theoretical and experimental results. The lattice constant of InP is calculated with energy minimization method. This 
value is used for further calculations. We checked the charge density distribution to know the bonding between the 
elements forming the compound. We did the band structure calculation and plotted the band structure too. The band 
gap was found out. It also gave us information that InP is a direct band gap semiconductor. We found out the Fermi 
energy for InP and plotted the density of states.  The results obtained here can be used as a basis for further 
investigation of properties of InP. 
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Table : II comparison of the work with other experimental and theoretical result 
 
 
 
 
 
 

 

Fig 1: zinc blended structure of InP (In as graycolor 

and P as yellow color) 
Fig 2: Plot between total energy and cell volume to 

determine lattice constant for InP 

Parameter Our calculation Reference (Expt/Theoretical) 

Lattice constant 5.86Bohr 11.09ܤohr 
Band gap 1.26eV 1.48ev 

Total energy -415.925 NA 
Fermi energy 6.7959 NA 
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Fig 3: Two dimensional electronic charge density of 

InP Electronic density of different shaded regions are 

in on  the bar. This is the result of LDA calculation. 

Fig 4: Band structure of InP at high symmetry points 

from PBE calculations. Top of the valence band is taken 

as zero on the energy axis. The dashed line shows the 

top of the valence band. 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 5: The total density of states of InP from as calculation using LDA. Top of the valence band is taken as zero. 
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Calculations from first principles Density functional theory (DFT) has been used to study the structural 
and electronics properties of Zinc Oxide (ZnO). Semiconductor materials are the foundation of modern 
days electronics for their properties like its reasonable speed, simple processing, useful temperature 
range etc. Another interesting quality of semiconductors is that they can be doped with some impurities 
and their properties like conductivity can be controlled. ZnO is also a valuable and perfect candidate for 
the application in solar cells, bio-medical tags, robotics, and scanning system. It is a promising material 
for lenses, output couplers, windows and optically controlled switching due to its low absorptivity at 
infrared wavelength, visible transmission. Collectively, ZnO is a useful semiconductor and hence ZnO is 
used in this work. Using the first principle DFT, different parameters like lattice constant, band gap, band 
plot, charge distribution and density of states were calculated. The band structure calculation were done 
and plotted too. The band gap was found out. ZnO has a direct bandgap. 
 

Keywords: Band gap, density functional theory, semiconductor materials, ZnO 

 

INTRODUCTION 

 
Condensed matter physics is an important input for science and technology. Now a days it is one of the largest 
research fields in physics. This field studies material properties from the nano-scale to the macroscopic level 
experimentally and theoretically. Before zinc was recognized as a unique element, it was used to make brass by the 
Romans in the first century A.D. It was not until the 14th century that zinc was recognized as a metal in Zewar. ZnO 
was created as a by-product of the smelting process [1]. The white powder proved to be useful as a remedy for sore 
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eyes. The zinc smelting technique was taken talk to China in the 16th or 17th century where it was used to produce 
brasses with high zinc contents. Europeans imported zinc from China shortly after words and it was listed as an 
element on the periodic table by Antoine Lavoisier in 1789[2]. Before electrical and optical properties were utilized. 
The color of zinc oxide is always white. Perhaps the first use of ZnO for electronic applications was in build in 21 
centuries. Semiconductors are classified mostly according to their band gap and electrical conductivity. 
Semiconductor is technically neither an insulator nor a good conductor like metals. But it behaves like insulator at 
very low temperature and shows good conductivity at room temperature. At absolute zero temperature (0K), the 
outermost energy band is completely filled, whether in case of conductor it is filled partially. Semiconductor have 
band gap, generally, less than 2.1eV. ZnO is an attractive II-IV semiconducting material which has a large band gap 
of about 3.37 eV at room temperature. It earned good interest in recent years due to its wide applications in laser 
diodes, green-blue light emitting diodes. 
 
Zinc oxide is a II and IV group semiconductor and it is a wide band gap (2.27eV) semiconductor, which absorbs UV 
light [3]. Zinc oxide (ZnO) is generally n-type semiconductors, which has a direct wide band gap (3.37 eV at room 
temperature) and free exciton binding energy of 60 meV in comparison with the room thermal energy of 26 meV [4]. 
During the last several decades, wide band gap receives great interest from the scientific due to their potential 
application. Zinc oxide materials are widely studied by researchers due to their many important technological 
applications such as optoelectronics, magneto-electronics, highly efficient blue LEDs and microwave devices [5, 6]. 
As a multifunctional material, the wide range of their properties displayed by ZnO has been recognized for a longer. 
With its strong luminescence, ZnO can be used in light emitting devices, laser diode and phosphor [7, 8], such as 
light-emitting diode , ZnO offers unique photo catalytic properties, making it possible for this oxide to be used as a 
photo catalyst in the process of degradation of various pollutants [9].  In recent years, much attention has been given 
to theoretical studies on metal oxide clusters. Experimental studies of metal oxides have been matched by theoretical 
calculations.  Density functional theory (DFT) and other theoretical methods provided geometry optimization [10] of 
ZnO and allowed to study band gaps [11] and spectroscopy properties (UV – Vis, IR, Raman and NMR) of metal 
oxides. Electrical and optical properties of hydrothermally grown ZnO crystal, as well as structural changes at its 
surface have been investigated before and after irradiation by pulsed Nd:YAG laser. The origin of experimentally 
observes the n-type semi conductivity origin from Zn interstitials was explained. Controlled formation of Zn and 
ZnO nanoparticles by laser radiation was calculated. 
 
Computational Method 
Here the calculations are based on the DFT in the Local Density Approximation (LDA). Only valence electrons are 
explicitly considered. Their interaction with the atomic cores is treated by ab initio Vanderbilt pseudopotentials [12]. 
The code chosen here is the Quantum Espresso [13]  code. Density functional theory and its approximations are all 
implemented in this program which enables calculation of quantum mechanical systems. It’s a first principle total 
energy code that uses both norm-conserving and Vanderbilt pseudopotential. The softest possible pseudopotential is 
constructed and used. The pseudopotential scheme used allows the expansion of the single particle wave functions 
into a plane wave basis set. It is restricted by a kinetic energy cut off of 28.0 Ry. This restriction corresponds to about 
160 plane waves per atom. A set of special 2×2×2, 4×4×4, 8×8×8 and 10×10×10 k-points generated by the Monkhorst-
Pack [14] scheme is used for BZ sampling. The exchange and correlation energy per electron is described by Monte 
Carlo results of Ceperley and Alder [15] in the parameterization of Perdew and Zunger [16]. In order to avoid errors 
due to the use of frozen cores nonlinear core correction to the exchange-correlation energy [17] are included in the 
generation of pseudopotentials. The single particle Kohn-Sham [18] equations are solved and the Eigen values are 
taken to interpret bulk band structure and the vacancy levels. 
 

RESULTS AND DISCUSSION 
Density functional theory (DFT) calculation was done for electronic properties of ZnO. ZnO crystallizes in cubic zinc 
blende structure with primitive unit cells having 2 atoms. Calculations are carried out to find out the lattice constant 
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of the primitive unit cell. These calculations require the determination of wave function and positions of all the 
valence electrons and 2 nuclei. To begin with, we have considered the primitive unit cells with 2 atoms to make the 
computational calculation easier to handle. The band structure was designed, calculated and plotted along withthe 
plotted charge density distribution and the density of states of ZnO 
 
Structural Properties 
The first principle pseudo-potential calculations using QE code for structural and electronic properties of ZnO is 
done. It is a face-centered cubic crystal, and a primitive unit cell is used in all the calculations. It contains two atoms, 
a Zn atom at its origin and a O atom located in the main diagonal of cubic unit cell, at a distance equal to one fourth 
of its size. The crystal structure and corresponding BZ are shown in the figure below, with some special k-points 
indicated. The ZnO crystal structure is compound of two sub lattice. The structure of Zinc oxide has the Wurtzite 
Hexagonal Crystal structure.Zinc oxide shows the crystal structure under electron microscopes when examined 
further.  The exact shape of the crystal depends on the method of formation. The calculation was started to find out 
the lattice constant `a` for cubic ZnO by energy minimization method. The lattice constant value obtained in the 
present calculation is in good agreement with the experimental value which is 6.3306 . 
 
The lattice constant of a crystal corresponds to the size of the conventional unit cell and to obtain by plotting the total 
energy as a function of cell volume. This work started with different values of possible lattice constants, performed 
the self consistence field (SCF) calculations to find out the corresponding energy. The energy minimization method is 
used here to find the lattice constant. Thus, the calculated lattice constant for ZnO is 6.30 Bohr. The experimental 
lattice constant value for cubic ZnO is a=3.2495  c=5.2069 . So our calculated value is in good agreement with the 
experimental value. The charge density plot shows the distribution of fractional charges from which information 
about the strength of bonding, piling and depletion of charges can be known. Fig. (3) shows the 2-dimensional 
charge density plot of cubic ZnO in contour lines plus grey levels from LDA calculations. The electronic charge 
density of different regions is indicated in the shaded baron the right hand side of the figure. Electronic density is 
constant along any curve in the Fig. (3). ZnO is covalently bonded .The charge density is strongly accumulated 
around Zn atom which is a result of strong 4s potential of Zn and 2p potential of oxygen. Some charges around the 
Zn atom move to the bonding region which gives rise to the ionic character of ZnO. The charge transfer into the 
bonding region causes a decrease in the total energy. The bonds between Zn and O are stable which causes the 
stabilization of zinc blend structure. The charge density plot obtained by us is in good comparison with the reference 
results. 
 
The total energy calculated to be = -317.46309515 Ry. As we know, the total energy consists of the energy 
contribution from each electron, the exchange and correlation energy, the Hartree contribution and the Ewald 
contribution. The values obtained in our calculation are as follows: 
Total energy = -317.46309515 Ry 
One-electron contribution= -175.97820289 Ry 
Hartree contribution= 122.81435422 Ry 
Exchange and Correlation contribution= -51.19568039 Ry 
Ewald contribution= -213.10356609 Ry 
 

RESULTS ON ELECTRONICS PROPERTIES 
 
The electronic structure calculations are done by using Quantum Espresso with DFT. The lattice constant mentioned 
above is used here for all calculations. Different k point samplings are used for calculations. The Fermi energy (EF), 
band gap, type of band gap, total and partial DOS, and the width of the valence and conduction bands are important 
information that can be extracted from electronic and structure calculations. It is very important to use a large 
number of k points to calculate the electronic band structure as the details of the electronic band structure come from 
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integrals ink-space. The calculated energy band structure of cubic ZnO along directions of high symmetry is shown 
in Fig. 3. All calculated band energy for the valence and conduction band are done using DFT within LDA. The 
electronic configuration of Zn is [Ar] 3d10 4s2 and electronic configuration of O is [He] 2s2 2p4. We have considered 
4s2 electrons of Zn and 4s2 4p4 electrons of O as the valence electron for our calculation. We have used 
pseudopotential for Zn and O to obtain a smooth potential value. This helped in reducing the calculation effort. we 
present the calculated electronic band structure of zinc-blende ZnO at the predicted equilibrium lattice constant 
along the selected high symmetry k path within the first Brilloiun zone of its primitive cell, and in Table 1, we list the 
energy difference between the bottom of the conduction and the top of the valence band at high symmetry points in 
the Brillouin zone as determined from the periodic BAND program. Our calculations correctly predicts that the 
valence band maximum and conduction band minimum occurs at Gamma point of the BZ, indicating a direct band 
gap. This is in accordance with experimental results. Both valence band and conduction band positions are in good 
agreement with the reference results. The calculated band gap is 2.1eV. The band gap of cubic ZnO is 3.3 eV which 
can be seen from Fig. 6. The smaller band gap compared to experimental value is due to the inherent drawbacks of 
LDA. At the point Γ the highest valence band is doubly degenerate. The band gap value reported by Laihia  using X-
ray diffraction data is 2.0 eV. This shows our result is having an error of 20% in comparison to experimental X-ray 
diffraction data. However, the overall band profiles are in good agreement with other results. The underestimation 
of the band gap is mainly due to the fact that the exact functional introduced in the Hohenberg-Kohn theorem is not 
known. The total density of states (DOS) of undopped ZnO from LDA calculations using pseudopotential are shown 
in Fig. 5. The left side represents the valence band (VB) which ends at 0 eV on the fig 5.7. Actually the top of valence 
band is taken as 0 eV for reference purpose and the diagram is plotted. The major part of O-s and p and a small part 
of Zn-s and states contributes towards the VB. A combination of Zn-s and O-sp stated form the lower portion of the 
conduction band (CB). The total energy, the Fermi energy, the position of bands, etc., all are found to be same in both 
cases. The DOS plot also shows that there is no difference in the peaks and the energy gap due to relaxation which 
means relaxation does not cause the atoms to move away from their position and this exactly is what expected. 
 

CONCLUSIONS 
 
The first principle DFT calculations are done to study the structural and electronic properties of cubic ZnO. The 
values of different parameters like, lattice constant, band gap, band plot, charge distribution and density of states has 
been calculated. The findings can be summarized as follows. The description of an interacting many-particle system 
is, in general, very complication and approximations need to be made. Several methods in quantum physics try to 
describe the motion of the electrons in such systems by the electronic wave function, the solution of either the time 
independent or time dependent Schrodinger equation. The computational effort involved in these methods is very 
high. In contrast to density functional theory, the computational costs are much lower. In DFT, the electronic wave 
function is not evaluated for a full description of the interacting many-particles system but it is sufficient to look at 
the electron density. Using DFT the calculated results with the help of Quantum Espresso the results found are in 
good agreement with other theoretical and experimental results. The lattice constant of ZnO is calculated with 
energy minimization method. This value is used for further calculations. The charge density distribution is checked 
to know the bonding between the elements forming the compound. The band structure calculation done and band 
structure plotted too. The band gap was found out. It also gave us information that ZnO is an indirect band gap 
semiconductor. The Fermi energy for ZnOis found and the density of states is plotted. The results obtained here can 
be used as a basis for further investigation of properties of ZnO. 
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TABLE III comparison of the work with other experimental and theoretical result 
 

Parameter Calculation Reference (Expt/Theoretical) 

Lattice constant 6.3306  a=3.2495  c=5.2069  
Band gap 2.1eV 3.3 eV (direct) 

Total energy -317.46309515 Ry Not found 
Fermi energy 6.2993Ev Not found 

Charge density plot Fig 3 In good agreement 
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Figure 1: Hexagonal wurtzite of ZnO (yellow color is 

zinc graycolor is oxygen) 
Figure 2: Plot between total energy and cell volume to 

determine lattice constant for ZnO 

Figure 3: two dimensional electronic charge density of 

ZnO Electronic density of different shaded region 

indicated on the bar. This is the result of LDA 

calculation. 

 
Figure 4: Band structure of ZnO at high symmetry 

points from PBE calculations. Symmetry points along 

X-axis and Energy in eV along Y-axis. Top of the 

valence bandis taken as zero on the energy axis. The 

dashed line shows the top of the valence 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: The total density of states of ZnO using LDA. Top of the valence band taken as 0 eV. 
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The common issue in the human brain is epileptic seizure which is regularly distinguished from 
biopotential obtained from cerebrum as electroencephalogram(EEG). This paper emphasizes on the 
recognition of epilepsy utilizing Firefly Levenberg Marquardt (FLM) and Support Vector Machine 
(SVM). The features separated from FLM is feed to the classifier and analyzed for four surely understood 
grouping issues like (a) ordinary and epileptic seizure, (b) epileptic seizure and seizure free, (c) typical, 
epileptic seizure and seizure free and (d) epileptic seizure and non-seizure EEG signals utilizing openly 
accessible University of Bonn EEG information database. The exploratory reaction as far as classification 
accuracies have been contrasted with existing models for similar issues.  

 

Keywords: Human brain, Epileptic, Seizure, biopotential, Data Set 

 

INTRODUCTION 

The common chronic neurological disorder in a human body is Epilepsy according to World Health Organization. 
So, the paroxysmal dysfunction in brain is developed by excessive neural discharge linked with some state of 
consciousness, recurrent and sudden malfunction of brain activity. The seizures are due to the result of transient and 
unexpected electrical disturbance of brain. The various investigation like Tomography, Magnetic-Resonance-Imaging 
(MRI), Computed-Tomography (CT Scan) and EEG are followed for detection of epilepsy. By an application of 
different scheme of signal processing on EEG, huge information may be extracted which are essential for proper 
diagnosis purposes. Most of the research work on epileptic emphases on epileptic event recognition and seizure 
forecast. As per survey entire 1% of world’s population is affected by epilepsy and 25% can’t be treated satisfactorily 
due to lack of skilled physician or source of care unit. As the psychological and social plays major role for epilepsy so 
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the life span of an individual is affected harshly. Many automated signal classification and seizure detection schemes 
has been applied by different researchers. A computerized system is developed for the recognition of the same [1] 
and using nearest-neighbor classifier on EEG feature extracted in both time and frequency domain [2] for detection 
of epileptic seizure. Generally, by placing EEG electrodes on different parts of brain scalp the brain activity is 
observed for specific diagnosis [3-5]. But the captured EEG signals from electrodes are impure as they are influenced 
by various unwanted signals known as artifacts. The main sources of this artifacts are improper positioning of 
electrode, noise in source power, muscle contraction, eye movement and environmental factors [6-8] etc. Therefore, 
the diagnosis of EEG signal is very complex due to presence of these artifacts. Hence, a pure EEG signal is required 
for proper analysis by removing the unwanted noise or artifacts in captured EEG [9] signal. In order to eliminating 
the artifacts, a suitable model should be developed which having low distortion of amplitude [10-11]. Various 
schemes commonly used by researchers for eliminating the artifacts are Independent component analysis (ICA) [12], 
Wavelet Transforms (WT) [13,14], Linear filtering [15,16] and cascade adaptive filter [17].  Apart from these schemes 
the other methods like Principal Component analysis is also used but it has some limitations like orthogonal rotation 
limits. The EEG signals are generally considered for detection of epilepsy, but it is very tedious in long time 
investigation. Hence a fast, reliable and automatic recognition of epilepsy from EEG signal can be achieved by a 
hybrid model [18-22] using FLM and SVM scheme. Time frequency domain and non-stationary signal decomposition 
scheme of epilepsy detection is also possible [29-33]. 

Main objective of the proposed work is to plan and develop a model for recognition and analysis of Epileptic Seizure 
in Electroencephalogram by removing artifacts based on FLM optimization algorithm along with neural network 
oriented adaptive filtering. In primary stage the captured EEG signal is feed to proposed adaptive filtering for 
getting optimal weights through Fire-Fly (FF) algorithm and LM (Levenberg Marquardt). This hybridized two 
algorithms are then applied to neural network for obtaining the optimal weights for adaptive filtering. Finally, the 
proposed filter is used for artifacts removal form captured EEG signal. 

METHODOLOGY 

Original data from the electrodes are influenced by signal contaminations or various noise sources as a result this 
desired signal is randomly fluctuates and unsuitable for proper diagnosis. In order to meet the desired specification, 
the noise or artifacts must be optimized. But the main problem for EEG artifacts removal is threshold level selection 
because of its uncertainty. All the biopotentials originates from the living organs are time varying in nature so the 
artefacts associated with the biopotentials like EEG are removed by adaptive filters in some extent. But there are 
some limitations for using adaptive filters because of nonlinear issues. Hence, for smooth removal of artifacts from 
EEG signal, an optimal weight is highly necessary for adaptive filtering which is a prime objective of the proposed 
work.   Figure-1 represents a Schematic diagram for noise optimization is followed for artifacts removal in EEG 
signal. In the presented diagram, two inputs are used for the analysis. Here one input from EEG source signal E(t) 
and other from artifact sources Ar(t) are applied to adaptive filter for proper optimization. Before feed to adaptive 
filter the Artifact is applied to non-linear dynamics for generating an interference signal Int(t). Then combination of 
both interference and EEG signal develops a primary input signal Pr(t) and is expressed as Pr(t)=E(t)+Pr(t) 

Now the Ar(t) is feed to adaptive filter for getting filtered response F(t) which is again substracted  from the resultant 
Pr(t), expressed as O(t)=Pr(t)-F(t) [34-35]. Here O(t) represents the output of adaptive structure for noise 
optimization.As the acquired signal is a nonlinear so a nonlinear autoregressive exogenous model (NAREX) should 
be followed which is a best scheme of time series analysis. This NAREX model is comprises of  multilayer feed 
forward network, recurrent loop and time delay as explaned in the proposed work. Again this model is contains 
three vector layer like input layer, hidden layer and the output layer. Here, Input layer contains three vectors like 
exogenous input vector, delayed regressed output vector and delayed exogenous input vector. Finally the out put 
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vector after completion of  neural operation is developed as L(n+1). An internal structure of NAREX model is 
presented in figure-2 and the mathematical expression for this model is presented as [36-38]. 
 
L(n+1)=f(L(n),.....,L(n-DL); V9n),....,V(n-DV)) 
 
In figure 3 the detailed algorithm flow chart  for proposed model is presented and it contains the 5 stages where the 
various factors are associated for analysis. The intensity of  fire fly in stage-1 is calculated as  

I0
I =d 2

1+λd
. ....................................................(1) 

The term Id
is the intensity of fire fly at a distance ‘d’. Similarly the attractiveness is calculated as 

A 0
A =d 2

1 + λ d
................................................(2) 

Weighted function used in fire fly algorithm is presented as [39] 
21

W =W ( )0

t t d t
A e W Wcbff




 
   .........................................................................................................(3) 

In equation (3)   is the absorption coefficient of light and,  is a random number and Wcb is the current best 

solution. When firefly algorithm is applied, then bothe input vector and updated vector are comined as per the 
equation (4)[40]. 

( , )O V W Wff New ............................................................................................................................................(4) 

Here in eqution (4) O
ff is the updated output, W is input vector, WNew  is the new weighted vector developed from 

fire fly algorithm. 
 
The block diagram shown in figure 4 is suitable and fully functional unit for recognition and classification of 
epileptic sezure in EEG. As per the above explaination the EEG signal is preprocessed by an application of FLM 
algorithm and now the processed signal containing valuable information is used for extracting the various features 
for data set formation. Then after a trained data sets are formed for proper classifcation in terms of seizure, Normal 
and seizure free EEG signal. Here the SVM with Radial-Basis-Function (RBF) is used with a trade off parameter and 
sigma parameter are 2.289 and 0.11 respectively. 
 

RESULT AND DİSCUSSİON 
 
The proposed model uses real signal which is obtened from the Bonn University toolkit for carried out performance 
analysis. This data set contains an EEG signal of a healthy person and it is free from seizure activity. The EEG 
recordings of a healthy person is achieved by the action or condition of eye state like open or closed denoted by Z 
and O.  Each subsets in data set has 100 Eeg signals of seizure free. Similarly during seizure activity the subst data set 
is N and F . For evaluation of performance, the four problems are considered like normal (N) with epileptic seizure 
(ES), Seizure free (SF), Non Seizure (NS). The ES is observed during the Subset of  S, SF is obtained at N and F 
subsets and NS is available at Z,O,N. A sample EEG signals of various states are presented in Figure-5 (a,b,and c) 
 
The plot of accuracy,sensitivity and specificity is given as follows: 
This projected techniques is executed with MatLab by considering the real signals obtained from the aforsaid 
database. The interval for the signals to be analysed is fixed at one minutes and by adding external unwanted signal 
as artefacts for required analysis. Again the acquired bio-signals are sampled at 256 samples per second with a 16 bit 
resolution.  Table-1 indicates the performance analysis of four classification problems as in terms of Accuracy (ACC), 
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Sensitivity (SEN) and Specificity (SPEC). Similarly table 2 depicts the perfromance comparision of the proposed 
scheme with the other existing scheme in terms of accuracy and it is concluded that the proposed scheme projected 
the better response than the others. During experimentation several techniques  like Independent Component 
Analysis (ICA), Wavelet Transform Analysis (WTA), Neural Network along with LM and the proposed NARX 
neural networks are considered for artefacts removal and feature extraction. Hence the table 3 outlined the 
performance analysis in terms of signal to noise ratio (SNR), Root Mean Square Error (RMSE) amd Mean Square 
Error.  

CONCLUSION 

This paper proposed a proficient model for the prediction of epilepsy from the EEG signal. The technique has been 
examined for four comprehended issues specifically, normal and epileptic seizure, epileptic seizure and seizure free, 
epileptic seizure and non-seizure, normal epileptic seizure, and seizure free classes of EEG signals. The performance 
of the proposed method has been compared with the current classification techniques. Therefore the proposed model 
has reliable improvement in gathering accuracy over the conventional procedure. In like way, the proposed model is 
moreover giving the satisfactorily high classification accuracy in various portion of the EEG signal. 
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Table 1: Performance analysis of various classifcation stage 

 

Classification ACC SEN SPEC 
ZOS 99.9 99.9 99.9 
NFS 98.44 98.24 98.12 
ZONFS 97.21 97.42 97.32 
ZO-NF-S 97.87 97.21 97.02 
 

 

Table 2: Performance analysis of proposed model with existing model 

 

Sl. 

No. 
Ref. No. Methods Accuracy Sensitivity Specificity 

1 [2] Nearest neighbor classifier 
(IEVDHM-HT) 

99.67 99 100 

2 [10] HHT AND SVM 99.125 NA NA 

4 [12] ICA 97.75 97.68 98.07 
5 [13,14] WT 99.42 -- -- 

6 [16] Linear filtering 89.81 90 89.31 

7 [42] dual tree complex WT, 
energy, standard deviation 

etc. and neural network 
classifier 

98.67 99 98.54 

8 [18] EMD and SVM -- 93.25 96.90 

9 [43] key-point local binary 
pattern and LS-SVM 

99.45 99.68 99 
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classifier 

10 [21] Permutation entropy and 
SVM 

-- 94.38 93.23 

11 [44] TF analysis, TVAR model, 
and multiscale RBF 

98.73 98 99.10 

12 [27] Hilbert Huang transform 97.72 -- -- 

13 Proposed 
method 

FLM-SVM 99.72 99.18 100 

 

Table3 : Performance Analysis 

Schemes SNR RMSE MSE 
Proposed FLM 43.025 0.12025 4421 
Cascade Filter 38.325 18.9852 50214.4 
WTA 12.236 63.2966 53210.5 
ICA 8.7528 67.2587 5407.6 
NN-LM 43.012 0.210221 4236.4 

 

Figure 1: Schematic diagram for noise optimization Figure 2(a) Internal structure of Nonlinear 

Autoregressive Exogenous model (NAREX) 

Figure 2: (b) Proposed hybrid optimization scheme Figure 3 : Detailed algorithm flow chart for proposed 

hybrid model 
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Figure:4 Block diagram of proposed model 
Figure:5: Various state of EEG signal considering (a) 

Normal, (b) Seizure free and  (c) epileptic seizure 

Figure:6: The plot of Accuracy,sensitivity and 

specificity of the proposed model compared with 

others (a) Accuracy 

Figure:6: The plot of Accuracy,sensitivity and 

specificity of the proposed model compared with others 

(b)Sensitivity  

 
  
 
 
 
 
 
 
 
 
 
 
 
Figure:6: The plot of Accuracy,sensitivity and specificity of the proposed model compared with others    

(c) Specificity 
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This paper gives an overview about the future of drone technology in India. For the development of the 
society in every aspect, new technologies need to be adopted. Starting from agriculture to military 
applications, everywhere, new technologies are implemented to increase their work capability efficiently. 
Human being can work limited hours per day whereas the machines with advanced technology can 
work 24 hours per day which helps for the increase in productivity. The drone technology is one of the 
emerging technologies which is rapidly increasing in the whole world. It is basically an unmanned 
vehicle which can fly in the sky and controlled remotely from the ground. So risk factor on human life is 
negligible. Anyone can transfer any objects from one place to another without taking much more time 
and it doesn’t depends on traditional courier systems. Drone technology has many applications and due 
to its low cost, everyone can avail it. In India, its popularity is increasing day by day and people are 
accepting this as it doesn’t require any advanced training to operate it. It operation is so simple that 
people can control it by using mobile app. A through survey has done about the various usability of 
drones and what it its future in Indian market. The different parts and technology involved in the drones 
are explained. The different rules and regulations provided by government of India regarding the use of 
drones are also explained. The various potential manufacturers which are already established their 
market in India are provided. The areas which are not explored and how drone technology can be 
implemented there also discussed here. 
 

Keywords: Technology, Industry, Unmanned Aerial Vehicle (UAV), Drone 

 

INTRODUCTION 
The technological advancement and its use in day to day activities have made the human life easier. In every field, 
the human being alone can’t able to achieve the goal without the support of technology. The technologies are 
implemented in various sectors like health, education, automobiles industries, all types of manufacturing industries, 
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emergency services, agriculture, engineering services, entertainment industry, military applications, energy industry, 
e-commerce, weather forecasting, environmental monitoring and so on [1]. As the human needs increases, the 
approach to the technology also changes. In the busy life of today’s society, people try to minimise the time effect 
and wants more work to be done with short period of time which helps in economic growth [2]. It is impossible for 
the human being to deliver the services at multiple places. To overcome this, various technologies are used which 
reduces the time burden. The drone technology is one of them which recently adopted by various service sectors to 
fulfil the target easily and effectively. Usually, the drone also called as the unmanned aerial vehicle (UAV) which can 
fly in the sky is remotely controlled by the ground operator with the help of controller and communication systems 
[3]. The energy storage i.e. battery is the main source of energy to drive the drone. The solar energy is also one of the 
power source which is used to enhance its driving duration. The first UAV is used in 1849 which is officially 
registered. By seeing their popularity and with the development in technology, the updated and more efficient UAV 
are gradually developed. Today’s UAV uses artificial intelligence (AI) technology which provides excellent 
performance in wider applications. There are different types of drones are available based on their applications and 
their performances. In each and every sector, it is going to be the necessary to get a position in this competitive 
world. It can be used both in commercial sector and also for personal use. It helps in various industries to increase 
the productivity, reduces the work load, strengthen the customer relations, and increase the work efficiency [4]. The 
technology is so advance that it can be controlled and monitored by mobile app. Due to less expensive, the small 
industries can invest money on it to get a higher profit and can connect to the customers easily and efficiently. This 
papers explains about the various types of drones and its components. A detailed list of drone manufacturing 
company in India is provided. The various application areas of drone are explained and how the use of it in India 
can be maximized is explained.  
 

LITERATURE REVIEW 
 
Drone technology is an emerging technology in the field of aviation. Its uses started from World War I and now it is 
one of the leading industries. There are different classifications of drones which are available in the market and can 
be differentiated in terms of the type, size, weight, power source and the degree of autonomy [5]. The drone 
specifications are important for its range, duration of flight, and the loading capacity. The drone needs wireless 
communications for control with an operator on the ground. In drone there are different system used such as fixed-
wing systems, multirotor systems and other systems such as hybrid systems, ornithopters drones that use turbo fans. 
There are different technologies used to keep the drone flying which helps to defines the drone types. The drone 
characteristic is one of the determining factor in the shape level of autonomy and appearance of the drone. The 
autonomy of a drone can vary from full autonomous operation to fully control by a remote pilot. The size of a drone 
varies from the small size like an insect to the big size like a commercial airplane. Its weight varies from milligrams 
to kilograms. The main characteristic is its different source of energies like battery cells, solar cells etc. 
 
An example of a drone is shown in Fig.1. There are various components used in a drone. Those components are dc 
motor and its controller, battery for its power, propellers, power distribution unit, flight controller and its sensor, 
transceiver, camera and memory card [6]. The motor is used to rotate the propellers. The electronics speed controller 
is required for the motor so that the drone movement can be controlled. The dc motor requires the dc power where 
battery helps to supply that power. The advanced rechargeable Li-ion battery is used and it can be charged during 
flight also with the help of solar cells mounted on the drone. The motor helps to rotate the propeller which converts 
rotational motion into thrust helps to move the drone. The different electronic components used in drone require 
power where power distribution unit helps to supply power to them. The drone motion, height and range are 
needed to be controlled with the help of fight controller and its sensor.  The transceiver is required for the controller 
to send and receive the commands. The camera is also required for the different observations. The videos are stored 
in a memory card. 
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Applications of Drone 
The drone is used in various applications such as aerial photography, e-commerce shipping and delivery, 
geographical mapping, disaster management control, precision agriculture, search and rescue, weather forecast, 
wildlife monitoring, law enforcement, entertainment, public safety, civil security, traffic and crowd management, 
various types of surveys, data generation and so on. There is no limitation of using this technology. Drone 
photography is one the interesting photography which gives beautiful images from the sky. Now a day in every 
occasion, photographers are using drone to take videos and photos. In e-commerce, for delivering and shipping, 
drones are used. So you can get anything in the same day delivery and there is fear of traffics. You can get you order 
within time. For geographical mapping, the use of drone is widely accepted. It makes the job easier and takes very 
less time for it. To control and monitor of any disaster, it is used. In such time, the area and location may not be 
accessible by person. It helps to locate the life which is in danger. In case of farming, drones are used for inspection 
of plants, thermal imaging, spreading of waters and pesticides which help in the increase of crop production. For 
search and rescue of life, it helps a lot during any unusual situation. In military applications also, it is used to prevent 
any unwanted event. In 2014, India had imposed ban on the use of civil drones. By looking into so many 
applications, in 2018, the government of India has removed the restrictions about its use and came up with some 
regulatory policies. But still some area wise restrictions are there because of safety issues. Indians can fly the drone in 
India but foreigners are not allowed to use it in India. 
Drone laws in India come under Ministry of Civil Aviation. The government gives some guidelines for flying a drone 
in India [7-9]. Those are  
 All Drones except those in the Nano category must be registered and issued a Unique Identification Number 

(UIN). 
 GPS, return to home facility, anti-collision light, ID plate, flight controller with flight data logging capability, 

RFID technology must be included except Nano Drone. 
 A permit is required for commercial drone operations (except for those in the Nano category flown below 50 feet 

and those in the Micro category flown below 200 feet). 
 The pilot of Drone must maintain a direct visual line of sight at all times while flying. 
 Drones are not allowed to flow more than 400 feet vertically. 
 No Fly Zones is defined for the Drones where no drones are allowed in that area. Those areas are airports, 

international borders, Vijay Chowk in Delhi, State Secretariat Complex in State Capitals, strategic locations, and 
military installations. 

 It is mandatory to take permission to fly the drone which can be obtained by filing a flight plan and obtaining a 
unique Air Defense Clearance (ADC)/Flight Information Center (FIC) number. 

 
The drones are categorized based on their weight such as: 
 Nano Drone: ≤ 250 grams. 
 Micro Drone: 250 grams to 2kg. 
 Small: 2kg to 25kg. 
 Medium: 25kg to 150kg. 
 Large: > 150kg. 
Till March 2020, the Ministry of Civil Aviation (MOCA) has registered 19,553 for fly in Indian sky. 
 
Drone Industry in India 

By looking into Indian market, a lot of company has stated for manufacturing the drone. Till now, around more the 
40 manufactures are making drone in India [10]. Some of them are explained. 
Aarav Unmanned Systems  

This manufacturer started in Bengaluru in 2013. It is specialized in image processing, 3D mapping and precision 
agriculture. 
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Cron Systems 

This manufacturer started in New Delhi in 2016. It is a border defence manufacturer. Cron leverages IoT technology 
in building intrusion detection systems. 
Detect Technology 

This company has started in 2014 in Chennai. A completely automated remote control system is developed and 
manufactured by this company. It raised $3.30 Mn Series A from SAIF Partners, Bharat Fund and others. 
Drones Tech Lab 

It started manufacturing in 2016 in Kolkata. It handles both manufacturer and distributor of surveillance drones and 
drone camera.  
Idea Forge 

It started its manufacturing in 2007 in Mumbai. It designs and develops its own drone. Its main focus is on 
surveillance and security based drone. This drone manufacturer is one of the oldest startups in India. 
Indrones Solution 

It is also a Mumbai-based drone manufacturer. It focuses on aerial photography and videography and based on the 
demand, it customises its own product. 
Indshine 

This startup company started in 2016 in Gurugram. This company focuses on visualisation in 2D and 3D in online 
platform. 
Pigeon Innovative Solutions 

This company started in Mumbai in 2016. Its drone focuses on aerial photography. It is specialized in the areas of 
surveying, 3D models, drone inspection etc. 
Quidich Innovation Labs 

This company started in Mumbai in 2015.It uses drones for developing end products and customises the based on 
the clients demand.  
Redwing Aerospace Laboratories 

It is started in Bengaluru in 2018. Its drone technology focuses on the application of data analytics and aerial robotics. 
Skylark Drones 

It is started in Bengaluru in 2014. It is a solutions provider for the drone applications. It provides solutions to 
improve productivity, safety for the mining, infrastructure and utilities. 
TechEagle Innovations 

It is started in Lucknow in 2017. It focuses on developing drones for last-mile delivery. Zomato has taken this 
company in December 2019. 
Thanos Technologies 

It is started in Hyderabad in 2016. This startup company provides drones for the application of aerial surveys and 
geographical mapping. 
The ePlane Company 

Chennai-based ePlane Company leverages its deeptech platform to provide industrial drone solutions. 
Vizzbee Robotic Solutions 

This startup company is started in in 2008. This company is oriented to provide solutions to autonomous section 
which helps in search and rescue missions in areas where it is difficult to for human being.  
 

CONCLUSION 
 
The future of drone technology in India is explained in this paper. Its use in different applications is explained. The 
components required to develop a drone is explained. The rules and regulations provided by government of India 
are provided. A list of different statup companies in India is provided. It is an emerging technology which takes the 
whole market because of its usability. A further study is required to improve its range and duration of flight time. 
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The advanced battery technology need to be used and other source of power need to be studied which can further 
enhance its use. 
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This paper presents a study on Indian electricity grid during Pan India lights off on 5th April 2020. A 
study on power grid behaviour is performed and impacts of power and frequency variations are 
analyzed. The different power generating stations like hydro, thermal, gas, solar, wind etc. fulfil the total 
power demand. The load dispatch centre helps to manage the power distribution all over the India. The 
electrical load always varies throughout the day. Sometimes, the load demand is on the peak where more 
generation of electrical power is required. Similarly when the power demand is very low some 
generating stations need to be shut down to avoid the surplus power. On 5th April 2020, to reduce the 
effect of COVID-19 it has been instructed to switch OFF all the light loads from 9 PM to 9.09 PM all over 
India. So, in that time period there is a huge reduction in power demand which needs to be taken care at 
the generating stations to stabilize the grid voltage and frequency within the limits. During this time 
period, the different behaviour of the grid has been analyzed and provided in this paper. The grid 
behaviour on 5th April 2020 is compared with previous day grid behaviour. The load dispatch centres of 
different regions have managed the power flow by controlling the power generations. 
 

Keywords: Power Grid, Power Demand, Power Stability, SLDC, POSOCO, NLDC, REC. 

 

INTRODUCTION 

 
The total electricity consumed by households to run various electrical appliances like LED bulbs, ceiling fans, T.V., 
refrigerators, washing  machine, grinders etc. are called Residential Electricity Consumption(REC) [11]. In case if 
someone turns ON any one of the electrical appliance (keeping all other loads constant), a power plant in somewhere 
must increase its generation capacity slightly to mitigate this increase in load demand. Fortunately for better 
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management of power grid system and a large number of electricity users, India is geographically divided into five 
regions namely, Northern, Eastern, Western North Eastern and Southern grids. Hence a small increase in load at 
some places can be easily balanced by significant decrease in load at some other places or small increase in 
generation in parts of the regions. But the gross demand across India changes significantly all over the day and years. 
The consumers require their small or large block of power according to their demands of their activities. Thus the 
load demand of one consumer at any time may be different from that of the other consumer. This results in the 
variation of the load on the power station from time to time [12]. In this paper, the authors are analyzing the impact 
of the Pan India lights out event on Indian electricity grid operation on 5th April 2020. Actually Installed capacity of 
India as on 28th February, 2020 is 370 GW, out of which 230 GW from Thermal, 45.6 GW from Hydro, 6.7 GW from 
Nuclear and 87 GW from renewable [5]. According to Indian Grid load analysis from 15th March, 2020 to 5th March, 
2020 India has probably 150 GW average demands on weekdays and 140 GW on weekends during the month of 
March. On Sunday 15th March, 2020 average demand of India was 139.125 GW whereas it declined to 126.45 GW on 
22nd March (Janta Curfew, special lock-down day). On 22nd March, Indian grid faced dip in average of 13 GW, had 
seen around 10% reduction in the power demand as compared to 15th March 2020 for different hours of the day. 
And the complete lock-down starts from 25th March, 12:00 A.M. All India electrical energy consumption reduced by 
nearly 300 GWH and the peak demand suppressed nearly by 20GW. The energy consumption during the lock-down 
period is decreased by 20-30% compared to normal day [6]. From the demand pattern of 29th March, 2020(Sunday), 
it has been observed that Indian power demand was around 101207 MW at 18:07 o’ clock and subsequently it has 
been increased up to 112551 MW at 21:00 o’ clock during evening peak. Therefore, considering the load behavior, it is 
anticipated that lighting load of household consumers may be the difference of all India power demand at 18:07 and 
21:00hrs i.e, 11344 MW. Further a separate exercise has been carried out to find the total demand reduction at the 
grid level based on the number of household consumers in India. The calculated total reduction in demand which is 
reflected at grid level is 12452 MW. It was predicted from the Power System Operation Corporation Limited 
(POSOCO) that, switching lights OFF event will suddenly reduce the Indian power demand by 12.9 GW by 
analyzing the domestic lighting load [9]. It has been anticipated that there would be reduction of 12-14 GW from the 
lighting load. It was also predicted that it would happen in 2-4 minutes and will recover in nine minutes later within 
2-4 minutes. The sharp reduction in load and subsequent recovery, which is precedented, will need to be handled 
through hydro and gas resources. It was being suggested that, all the hydro generation will be reduced and 
conserved for providing flexibility during the lighting-out event. The Thermal and gas should be scheduled to meet 
the load. By 20:55 hours, all the thermal generations should be reduced by 60% and hydro generations should be 
ramp up to meet the demand. Hydro and gas generation shall be ramped down from 20:57 hrs. The hydro generators 
should be kept rolling at 0-10% of the rating with discontinue. Ramping up off thermal generator shall be carried out 
at 21:05 hrs. Further from 21:09 hrs hydro should ramp up to meet the demand. It was also planned that, all India 
grid frequency should be maintained at lower frequency at 49.90 Hz from 20:30 hrs and maintained at 50.05 Hz at 
around 21:09 hrs due to anticipated drop in frequency and restoration of load. To keep the voltage in control, 
POSOCO advised that, all reactors should put in service, latest by 20:00 hrs. STATCOMS and SVCs shall be in 
voltage control mode with reference to voltage of 400 KV and capacitors at distribution level to be kept OFF to 
maintain the voltage at its nominal value. All thermal and hydro machines would absorb/generate reactive power as 
per capability curve. In this way, the event was managed smoothly without any untoward incident while power 
system parameters were maintained within limits. 
 

LITERATURE REVIEW 
 
We must end the darkness and uncertainty emanating from the crisis, by progressing towards light and certainty. 
We must defeat the deep darkness of the crisis, by spreading the glory of light in all four directions. Actually, the 
Hon’ble Prime Minister of India appealed to the citizens on 3rd April, 2020 at 09:10 hrs to switch OFF their lights and 
light lamps/ candles on 5th April, 2020 at 21:00 hrs for 9 minutes. Anticipating the Power grid collapse all across 
India because of sudden 9 minutes light out, the Hon’ble Minister of State for Power (I/C) later clarified only to 
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switch OFF the lights. After the light out event, it was observed that the total reduction in all India power demand 
recorded during the event was 31089 MW. All India power demand started reducing from 20:45 hrs and minimum 
demand of 85,799 MW was recorded at 21:10 hrs. Subsequently, from 21:10 hrs, the demand started picking up and 
settled around 114400 MW at 22:10 hrs. At the same time, grid frequency during the event remained in the range of 
50.26 Hz to 49.70 Hz with maximum and minimum frequency of 50.259 Hz and 49.707 Hz recorded at 21:08 hrs and 
20:49 hrs, respectively. During this period, hydro generation across the country was maximized by 20:45 hrs and 
generation reduction of 17543 MW (from 25559 MW to 8016 MW) between 20:45 hrs to 21:10 hrs (matching with 
demand reduction of 31089 MW during the same period) was achieved with these resources. This hydro generation 
was again increased from 8016 MW to 19012 MW from 21:10 hrs to 21:27 hrs to meet the increase in demand after the 
event. Reduction of total 10950 MW generation was achieved through Thermal (6992 MW), Gas (1951 MW) and 
Wind generation (2007 MW) during 20:45 hrs to 21:10 hrs. In order to keep voltages and line loadings within 
permissible limits, some advance actions such as switching OFF transmission lines, taking reactors in service, 
changing SVC, STATCOM, HVDC set points etc. were taken prior to the event [10]. Since power system parameters 
were maintained within the limits during this 9 minutes interval, this unprecedented challenge was managed 
smoothly without any disturbances. 
 

All India Power and Frequency Demand 
The Fig. 1 shows the All India Power demand of two days i.e. 4th and 5th April, 2020 between the time period of 20 
hrs 30mins to 21 hrs.45 mins. It is observed that on 4th April, 2020, power demand is almost constant i.e. around 
12000 MW throughout the mentioned time period. But on 5th April, 2020 and same time period, there is a huge drop 
of power demand for a certain period of time. Power falls slowly at time of 20hr:30 mins and around at time of 20:55 
o’clock, it suddenly falls. It falls from 11500 MW to around 8600 MW. This remains around for 5 mins and then starts 
increasingly slowly. At the time of around 21:45 o’clock, the power demands returns to its actual position. 
 
The Fig. 2 shows the All India Frequency Variation on 5th April, 2020 between the time period of 20 hrs 30mins to 21 
hrs.45 mins. It is observed that on 5th April 2020 frequency which starts at 50 Hz at 20 hrs 29 mins, suddenly falls to 
49.7 Hz around 20 hrs 49 mins and after that it starts increasing and finally reaches at 50.25 Hz at 21 hrs 04 mins 
because of light out event. 
 

Region wise details of Expected Load Reduction 
As per the data received from SLDC, it is inferred that total reduction in domestic lighting load on all India level is 
anticipated to be 12 – 14 GW. This reduction in load occurs in 2-4 minutes and after 9 minutes it will again be 
recovered within 2-4 minutes. This sharp reduction in load and subsequent recovery need to be handled carefully by 
Hydro and gas resources. The Fig. 3 shows the Northern Region Power demand of two days i.e. 4th  and 5th  April, 
2020 between the time period of 20 hrs 30mins to 21 hrs.45 mins. It is observed that on 4th  April, 2020, power 
demand is almost constant i.e. around 32000 MW throughout the mentioned time period. But on 5th  April, 2020 and 
at the same time period, there is a huge drop of power demand for a certain period of time. Power falls starts slowly 
at time of 20hr:30 mins and around at time of 20:55 o’clock, it suddenly falls. It falls from 31000 MW to around 22000 
MW. This remains around for 5 mins and then starts increasingly slowly. At the time of around 21:45 o’clock, the 
power demands returns to its actual position. 
 
The Fig. 4 shows the Western Region Power demand of two days i.e. 4th  and 5th  April, 2020 between the time 
period of 20 hrs 30mins to 21 hrs.45 mins. It is observed that on 4th  April, 2020, power demand is almost constant i.e. 
around 33000 MW throughout the mentioned time period. But on 5th  April, 2020 and same time period, there is a 
huge drop of power demand for a certain period of time. Power falls starts slowly at time of 20hr:30 mins and 
around at time of 20:55 o’clock, it suddenly falls. It falls from 32000 MW to around 24000 MW. This remains around 
for 5 mins and then starts increasingly slowly. At the time of around 21:45 o’clock, the power demands returns to its 
actual position. 
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The Fig. 5 shows the Southern Region Power demand of two days i.e. 4th  and 5th  April, 2020 between the time 
period of 20 hrs 30 mins to 21 hrs.45 mins. It is observed that on 4th  April, 2020, power demand is almost constant 
i.e. around 36500 MW throughout the mentioned time period. But on 5th  April, 2020 and same time period, there is 
a huge drop of power demand for a certain period of time. Power falls starts increasing a little at time of 20hr: 30 
mins and around at time of 20:55 o’clock, it suddenly falls. It falls from 35000 MW to around 29000 MW. This 
remains around for 5 mins and then starts increasingly slowly. At the time of around 21:45 o’clock, the power 
demands returns to its actual position. The Fig. 6 shows the Eastern Region Power demand of two days i.e. 4th and 
5th April, 2020 between the time period of 20 hrs 30mins to 21 hrs.45 mins. It is observed that on 4th April, 2020, 
power demand is almost constant i.e. around 16000 MW throughout the mentioned time period. But on 5th April, 
2020 and same time period, there is a huge drop of power demand for a certain period of time. Power falls starts 
slowly at time of 20hr:30 mins and around at time of 20:50 o’clock, it suddenly falls. It falls from 16000 MW to around 
9900 MW. This remains around for 5 mins and then starts increasingly slowly. At the time of around 21:45 o’clock, 
the power demands returns to its actual position. The Fig. 7 shows the Eastern Region Power demand of two days 
i.e. 4th and 5th April, 2020 between the time period of 20 hrs 30mins to 21 hrs.45 mins. It is observed that on 4th 
April, 2020, power demand is almost constant i.e. around 1800 MW throughout the mentioned time period. But on 
5th April, 2020 and same time period, there is a huge drop of power demand for a certain period of time. Power falls 
starts slowly at time of 20hr:30 mins and around at time of 20:55 o’clock, it suddenly falls. It falls from 1600 MW to 
around 1000 MW. This remains around for 5 mins and then starts increasingly slowly. At the time of around 21:45 
o’clock, the power demands returns to its actual position. 
 

CONCLUSION 
 
In this paper, the authors have analyzed the impact on Pan India light out event on Indian electricity grid operation 
on 5th April 2020 for 9 minutes. Actually POSOCO, the national load dispatch centre estimated this load to be about 
12-15 GW and expected it to change in a matter of 2-4 minutes around lights-off and lights-on time. But On 5th April, 
the actual reduction observed in demand was about 31 GW, almost double the estimated reduction. Still the event 
was managed in co-ordination with all the stakeholders without any major incident while keeping power system 
parameters within permissible limits using flexible hydro and gas generation capacity along with advanced grid 
management actions. Analysis of this successful event management can be considered as future scope of this work. 
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Table IV Region wise details of Expected Load Reduction 
Region Wise Details of Load Reduction during Light Switch OFF event on 5th April 2020 

Sl.  

no. 

Region No of rural 

household 

consumers 

(a) 

No of 

urban 

household 

consumers 

(b) 

Load of 

rural 

household 

consumers 

(mw) 

(c=50*a) 

Load of 

urban 

household 

consumers 

(mw) 

(d=100*b) 

Reduced 

load of rural 

household 

consumers 

(mw) 

(e=c*.80) 

Reduced 

load of rural 

household 

consumers 

(mw) 

(f=d*.80) 

Total 

reduced 

demand as 

reflected at 

consumer 

level (mw) 

(g= e + f) 

Total 

reduced 

demand as 

reflected at 

grid 

level(mw) 

(g/0.9) 

1 
northern 
regions 

42293470 13214064 2115 1321 1692 1057 2749 3054 

2 
western 
region 

35669904 19020928 1783 1902 1427 1522 2948 3286 

3 
southern 
regions 

43854642 4668665 2193 467 1754 373 2128 3407 

4 
eastern 
region 

41183918 4515705 2059 452 1647 361 2009 2168 

5 

north 
eastern 
region 

8362568 1689177 418 169 335 135 470 537 

6 total 171364502 43108539 8568 4311 6855 3449 10303 12452 

 

Fig. 1 All India Power demand of two days i.e. 4th and 5th 

April, 2020. 

Fig. 2 All India frequency variation. 

 

Fig. 3 Northern Region Power demand of two days i.e. 

4th and 5th April, 2020. 

Fig. 4 Western Region Power demand of two days i.e. 

4th and 5th April, 2020. 
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Fig. 5 Southern Region Power demand of two days i.e. 

4th and 5th April, 2020. 

 
Fig. 6 Eastern Region Power demand of two days i.e. 

4th and 5th April, 2020. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 North- Eastern Region Power demand of two days i.e. 4th and 5th April, 2020. 
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The automobile industry is leading the whole world as it add the economic growth to the society. 
Anything can be transferred from one place to another place irrespective of the distance. So every day, 
the new technologies are added to the automotive industries for further increasing of its efficient. By 
adding new devices, the complexity of the vehicle also increases. The wiring system creates a big 
problem due to more electronic devices. Each device must communicate each other for proper operation 
of the vehicle. So, dedicated communication system is required in the vehicle which will manage the 
vehicle control in a safe manner and makes it simpler. Various communication systems are available 
where CAN (Controller Area Network) is one the most popular in the industries. It is a high speed 
communication system and helps to connect more than one electronic system without any computer. 
With the help of CAN, different Electronics Controller Units (ECUs) can easily communicate with each 
other. This papers explain about the CAN system and how it worked. In one vehicle, more than one CAN 
system can be used like high speed CAN and low speed CAN. Based on the priority level, each ECU is 
categorised to which system it will belong. Other than CAN, other communication system is also used 
along with CAN. Here, only CAN is explained. 
 

Keywords: Transportation, Automotive Industry, Electronics, Vehicle Communication, CAN 
Communication. 

 

INTRODUCTION 

 
The transportation system makes the human life easier for transporting everything from one place to another place 
easily. As it is become the essential for the society, the automobile industry increases there business with various 
types of transportation vehicles. Every year, the new design and development are coming out by seeing the market 
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demand. The development in technology makes the automobile industries more effective and efficient performance 
[1]. Every day, new features are added to the vehicle system which makes the system very complex. To properly 
manage the whole vehicle, each system must be controlled. Power electronic devices helps to make the system 
simple and efficient. In the early stage, there was no electronic control. So everything was mechanically controlled. 
But as the time goes and power semiconductor devices come into market, the automobile industry becomes the 
major application for the semiconductor devices [2]. There are various devices in the vehicle and each has electronic 
control unit (ECU). Theses ECUs must communicate each other for the proper control of the vehicle. As the electronic 
devices increases in the vehicle, the wiring system also becomes more complex and lengthy which increases the cost 
as well as the chance of faults[3]. To avoid this, the automobile sector uses various communication systems. Those 
communications are like LIN (Local Interconnect Network), CAN (Controller Area Network), FlexRay, MOST, DC-
BUS, J1850, IEBUS, ISO 9141-1/-2, D2B (Domestic Digital Bus), VAN and so on [4]. Based on the requirements and 
priority, different communication systems are used. In a vehicle, more than one communication systems can be used. 
Each communication system differs from each other based on their speed, control, priority, number of devices to be 
communicated etc. [5] Among the various systems, CAN communication is one the most popular system among the 
above which is adopted by all most all automobile vehicles [6]. It was mainly designed for automobile 
communications. But due to its simplicity, reliable and high efficient system, its uses are expanded outside the 
automotive industries such as medical equipment, building automation, agricultural equipment, escalator control, 
aviation control, navigation system, elevators, various manufacturing industries, robotic, spacecraft, home electronic 
appliances and so on [7-10]. CAN communication system is developed by Bosch in 1986. In 1993, it is recognised by 
International Standard ISO 11898. As the no of electronics components increases, the company has also modified the 
CAN system and high speed CAN come out with more option of connecting electronics devices. 
 
Can Communication System 
In a vehicle, various electronic devices are used for different components such as engine controller. Body control 
unit, door control, airbag unit, brake system, accelerator, door control, suspension, speed sensor, air conditioner, 
headlight control, indicator, wiper, door mirror, power window control and so on. The Fig. 1 shows the vehicle with 
different ECUs. ECU is used to control each component. Different ECUs are BMS ECU, ABS ECU, steering control 
ECU, air bag ECU, suspension ECU etc. To manage all the ECUs, communication is required between the ECUs. 
Exchange of data and information takes place between each ECU.  
 
The communication may be wired and wireless. But in wireless communication, noise is the major issue. So in 
vehicle, wired communication is used. The communication is also classified into parallel communication and series 
communication as show in Fig. 2, respectively. In parallel communication, number of wire is more and each ECU 
must be connected to other ECUSs. But in serial communication, number of wires is less. Serial communication helps 
to reduce the complexity, size, reduces the hardware cost and improves the performance in the vehicle. In the early 
time, the various serial communications were used as as RS-232, RS-422, RS-485, I2C, SPI and microwave. But these 
have some disadvantage. By considering this, CAN communication protocol is introduced. It is a serial bus 
communication.  The block diagram of an ECU is shown in Fig. 3. It consists of microcontroller, CAN device, ASIC 
(Application Specific Integrated Chip), timers, signal conditioning, EEPROM, drivers, external I/O. Like this, each 
device in a vehicle has dedicated ECU which connects each other through CAN bus. Each ECU is termed as node 
which is connected through CAN bus.  
 
CAN bus consist of two wired system i.e. CAN_H and CAN_L as shown in Fig. 4. It is an asynchronous serial 
transmission protocol. No clock is used. It is a multi-master based broad casting system. No address is involved in 
this system while sending the message. It can transfer message with maximum speed of 1Mbps. In this system, 
anybody can send data at any time when bus is ideal. Message is able to be received by all the nodes. It is an event 
triggered protocol. Maximum 8 bytes of data in a frame can be transferred. There are two versions of CAN i.e. CAN 
2.0 A frame format and CAN 2.0 B frame format. The CAN frame which is less than CAN 2.0 A frame is called 
standard frame format and which is greater than CAN 2.0 A frame involve both standard and extended frame 
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format. CAN is based on message based system and prioritization of message is decided by CAN identifier. Smaller 
the identifier, the higher is the priority of message. Messages like safety critical issue belongs to higher priority. It is 
liked a plugged-in and plugged-out system. The two wired CAN system is terminated with two resistors valued of 
120 Ω to avoid the signal reflection. It is based on wired AND logic 
 
Function of CAN Transceiver 
The CAN system consists of CAN controller, CAN transceiver. CAN Controller may be included in the 
microcontroller or separate devices can be used. It consists of TTL (Transistor-Transistor Logic) logic which operates 
at 3.3 V or 0V. CAN uses differential voltage to reduce the noise. CAN transceiver converts TTL logic to differential 
voltage required for CAN bus. CAN message consist of recessive bit and dominant bit. Recessive bit consists of 2.5 V 
and dominant bit consists of both 3.5 V and 1.5 V and send to CAN_H and CAN_L, respectively as shown in Fig.5. 
 

CONCLUSION 
 
The communication system in automotive industry is explained in this paper. There are various types of 
communications are there for vehicular application where CAN is one of them and it is the most popular 
communication. CAN is a serial based communication system developed by Bosch. It reduces the complexity, 
reduces the size of wiring system, reduces the weight of the wiring systems, and reduces the overall cost. It is a serial 
based communication and speed is very high. It is a message based protocol communication and multi-master 
system. Any ECU can send message at any time and everyone can receive the message at the same time. It is a event 
triggered based communication and based on the priority based, message are sent to the bus. More than one CAN 
system can be used in a single vehicle. Any number of nodes can be connected to the CAN bus. Details of the CAN 
bus system is explained in this paper. The CAN message is sent and received by CAN transceiver in each ECU. The 
differential voltage is used to transmit the message and consists of dominant and recessive bit. 
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Fig. 1. Different communication system in a vehicle. 

 
Fig. 2. Example of (a) Parallel communication 

 

Fig. 2. Example of (b) Serial communication. 
Fig. 3. Block diagram of ECU. 

 

Fig. 4 CAN bus with four nodes. 

 
 
 
 
 
 
 
 
 

Fig. 4. CAN bus with four nodes 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Voltage level in CAN bus. 
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This paper is based on the Gujarat earthquake of 2001 in which there was extensive devastation in 
Kachchh district in which more than 20,000 lives were lost. It has been almost 2 decades since the disaster 
and the analysis presented in the paper is a reflection on the role of women’s organization in revitalizing 
the communities. Invariably, women are the most adversely affected, vulnerable to any disaster and they 
struggle to revitalise their lives and livelihoods typically in a patriarchal setup against a declining 
resource base. In case of Kachchh, several grassroot organisations have been consistently working with 
the community women in the villages and have been able to solicit their participation successfully for all 
the major and specific measures of rehabilitation. Continuation of the livelihood development has been 
the key to involve women in revitalizing communities. The paper also provides some key lessons learnt 
from the mutual interaction of women’s organisations, with women at the community level during times 
of disaster. 
 

Keywords: Disaster, Women, Kachchh, Revitalising Communities, Women’s Organisations, Gender 
Sensitivity 

 

INTRODUCTION 

 
More than almost 2 decades have passed since the devastating earthquake struck Gujarat (western State of India) on 
the 26th January 2001 measuring 7.7 on the Ritcher scale. Kachchh district, the focus of the paper, was worst affected 
has now a new look today and has been completely rebuilt with the support of the government and 1,800 million 
dollars, aid received from different parts of the world. The government of Gujarat has been pro-active to rebuild the 
district by taking it to a new level in terms of infrastructure planning, industries and development. Bhuj town today 
boasts of a state-of-the art hospital. Today, rebuilding of Kachchh in Gujarat is cited as an exemplary case in major 
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disaster management forums at the national and international levels. The paper at hand is based on reflections from 
the 2001 earthquake, particularly the role of women’s organisations in revitalizing livelihoods through interventions 
with the local women and their communities. Lesson learnt can be pointers to revitalizing communities in future 
disasters in the country and elsewhere.   
 
If one has to go back to 2001, the earthquake in Gujarat had caused extensive damage to life and property. More that 
1 million houses were either damaged or destroyed. There were more than 20,000 deaths confirmed by the 
government. There was massive damage to water supply, electricity and telecommunications, two district hospitals, 
hundreds of smaller health facilities, thousands of classrooms, office buildings, roads, bridges, dams and reservoirs. 
Kachchh district is the most affected with maximum number of deaths, injured and loss of property (70% buildings 
destroyed), infrastructure and other services. The nature of damage caused by the quake was not the same in rural 
and urban areas. Large number of buildings were completely destroyed in the urban areas, where the number of 
deaths is higher as compared with the rural areas. In rural areas however, people suffered loss both to housing as 
well as livelihood (loss of livestock, trees, work sheds, looms, grains etc.). Table 1 provides an overview of the 
damage in Gujarat and Kachchh in particular. 
 
After the relief period which lasted for three months, rehabilitation and reconstruction programmes were underway 
in Kachchh for about two years, although the intensity of activities declined. Infrastructure development and new 
buildings were the order of the day thereafter. Kachchh is the largest district in Gujarat with 938 odd villages and a 
population of 2,092,371 (Census 2011). Much of the area is arid, that has undergone severe environmental 
degradation. Kachchh is an area prone to multiple disasters such as droughts, cyclones, floods and earthquakes. 
Availability of drinking water is a perennial problem in Kachchh villages due to continuous droughts. The 
population of rural Kachchh comprises 15 different communities (7 Hindu and 8 Muslim groups). There are both 
mixed and single caste villages found in Kachchh. Each community has a distinct identity in terms of lifestyle 
(women’s clothing, handicrafts and housing). The maps of Gujarat and Kachchh are given in the Figures 1 and 2 
respectively. 
 
In urban Kachchh, the four major towns namely Bhuj, Anjar, Bhachau and Rapar were badly hit by the earthquake. 
In rural Kachchh, 884 villages were affected by the earthquake, of which there was 100% damage in 178 villages and 
more than 70% damage in 165 villages (Abhiyan/ GSDMA/UNDP, August 2002). The paper is divided into five 
sections. Observations and analysis pertain to relief, resettlement and rehabilitation programmes in rural areas of the 
district. After the introduction, the second section deals with the impact of earthquake on the rural communities in 
general and women in particular. The third section discusses the various organizations engaged in rehabilitation and 
reconstruction programmes with a critical assessment of gender sensitivity of the same. The fourth section deals with 
two women’s organizations specifically and their role in the process of rehabilitation in rural Kachchh. The last 
section provides some concluding remarks and lessons learnt. The analysis presented in the paper is based on 
primary observations during visits to the villages in different parts of Kachchh during the year 2001-2002 and 
thereafter, detailed discussions with professionals working at the grassroots level with NGOs and other 
organizations including the government. Primary data pertaining to five villages have been used in looking at the 
impacts of earthquake on women. 
 

Impact of Earthquake  

 

Apart from loss of life, people in the villages suffered injuries mostly relating to bone fractures, loss of shelter, work 
sheds (looms), livestock, sources of water and income. It is estimated that among the injured 65% were women 
(Abhiyan/UNDP, 2001). The reason could be attributed to the fact that when the tremor occurred in the morning, 
most women were inside their homes. Moreover, when the disaster struck, the Darbar (Rajput) and Syed (Muslim) 
women could not rush out of their houses, due to social restrictions. Therefore, in some villages proportionately 
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more women were injured and lost their lives as compared with men. Besides, women belonging to the scheduled 
and backward castes such as the Koli, Bharvad and Dalits were particularly hard hit due to their poor economic status 
(landless and little access to means of income). A survey conducted in 5 villages (N=100) ranked the problems faced 
by women immediately after the quake during the rehabilitation phase, in the following order: housing (shelter), 
access to work, health services and schooling for children, access to water resources, livestock, natural resources and 
other social facilities. Shelter was the first priority for all women for obvious reasons. Lack of access to work was a 
pre-existing problem that got exacerbated after the quake.  The study villages are: Jam Kunaria in Bhuj taluka, 
Jodhpur Wand and Gagodar in Rapar taluka, Rajansar and Khankoi in Bhachau taluka of Kachchh district. 
 
Women-specific Impacts 

The impact of earthquake on women has to be seen in conjunction with drought, which as already mentioned is a 
perennial feature in Kachchh. Availability of water has implications for women’s work. The livelihood strategies 
practiced by rural households in Kachchh is typical of a drought economy and impose multiple burdens on women. 
On an average, rural women in Kachchh have a 19 hour work schedule, out of which 3-4 hours is devoted to only 
fetching water for domestic use. During drought, which happens every other year, embroidery work (traditional 
craft of women) and government-initiated drought relief work are the main sources of income for women. Upper 
caste women (Darbar and Syed Muslim) face social restrictions and are dependent on men for livelihood 
maintenance, which is not the case with lower caste women, although they too have some mobility restrictions. 
However, economic necessity creates space that allow for negotiation on these norms and other aspects of gender 
relations (KMVS, 2000). Along with this space, comes the responsibility and burden of household survival. 
Communities in rural Kachchh are by and large patriarchal in nature, where gender relations are far from egalitarian. 
Within the framework of gender-based division of labour, women are responsible for provision of household 
resources (food, fodder and water), care and maintenance of the livestock and agriculture lands. In the wake of the 
devastating earthquake, women therefore were adversely affected. With regard to the specific impacts, it was 
observed that wherever women had to support the household single handedly, had been worst affected. Table 2 
notes the specific impacts of earthquake on women.  

The disaster affected women’s income-earning opportunities, particularly sale of handicrafts (embroidery, etc.) with 
a decline in procurement, as there was disruption in major marketing channels. This was mentioned by 85% of the 
women surveyed in the 5 earthquake-affected villages. Furthermore, as construction of houses was a priority, 
women were not in a position to seek wage employment outside. Construction of houses with the support of 
NGO/government interventions (participatory owner-driven approach) was time-consuming for both women and 
men, and for which they did not receive any remuneration. Contribution of labour by the owner and his/her family 
was accepted as part of most housing packages, offered to the people by external agencies. Furthermore, the medical 
services (free check-ups and distribution of medicines like iron and folic acid tablets, immunization, etc.) that were 
previously available to women, especially through government and non-governmental channels, were disrupted for 
a few months during the relief period and partly during the rehabilitation phase and this had a detrimental effect on 
women’s health. About 70% of the women surveyed expressed this fact very clearly, although they included their 
children’s health along with theirs. Shelter construction during the rehabilitation phase was the priority for many 
NGOs and the government. Other areas such as health and education were neglected. Similarly, schools and 
Anganwadis (childcare centres) in the villages were closed for a long time. Consequently, women’s work burden 
increased considerably as they had to take care of children along with their regular domestic responsibilities, also 
engage in house construction, and look for alternative wage earning opportunities. Women were also primary 
responsible for bringing back the normal routine of the household. Similarly, another related aspect of women’s 
health during disasters was availability of adequate nutrition. In Kachchh it was observed that women normally 
suffered from malnutrition and this had got exacerbated, especially during post-relief phase. During the relief period 
there was a steady supply of food by different agencies, which lasted a little longer beyond the two months 
stipulated for relief. Thereafter, people had to fend for themselves. During the transition from relief to rehabilitation 
phase, there is normally a gap of a few months when both income and food availability declines. The decline and 
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unavailability of adequate nutrition for women was mentioned by all the women surveyed. As their priority was to 
reconstruct the damaged houses, women in Kachchh villages were more vulnerable in the transition phase as they 
were the last ones to get priority in terms of resource allocation at the household level and there was no respite from 
work (household and community levels).  

Post-traumatic stress was a health problem faced by women. Women had a common problem of having to take on 
the entire responsibility for the household in the event of death of the spouse. They had anxiety during disaster 
situations and 60% of women expressed that they were suffering from depression and fear. Some of them were not 
sure about the symptoms and therefore, could not say for certain whether they were affected by stress. In order to 
make ends meet, women often had to go out in search of employment even in those communities where the mobility 
of women was restricted. Consequently, there was also the fear and apprehension of losing the goodwill of the 
community for not abiding by societal norms. The symptoms of trauma were manifested in the form of insomnia, 
frustration, startle reaction, irritability, anger, guilt, and depression. Kachchh is known to have a high suicide rate 
among women and this may have increased after the earthquake (although there has been no systematic 
documentation on this issue). Several NGO personnel working at the grass roots level have corroborated this fact. In 
the 5 villages surveyed, it was observed that women lived in constant fear of being struck again by an earthquake, as 
they tend to run out of their houses at the instance of slight tremor.  

Despite the wider consequences of a drought-prone economy in rural Kachchh, the impact of disasters such as 
earthquakes was experienced in the first instance at the household level, where labour is profoundly shaped by 
gender (E. Enarson, unpublished data). Women’s labour which is considered as secondary income for the household 
played a vital role in sustaining the livelihoods of the households during disaster situations. Worldwide, it was 
observed that women’s daily lives are structured around a complex web of work and responsibilities for family 
members and the community, for the household economy, to employers, and for the poorest women, to the natural 
environment which supports them (Enarson, 2001). A study conducted in 141 countries during 1981-2002 in natural 
disasters and is impact revealed that more women are killed than men especially those belonging to the lower socio-
economic strata (Neumayer and Plumper, 2007). The ability of poor women to earn an income every day is crucial 
for their survival before, during and after disasters (Agarwal, 1990, Jiggins, 1986), and the Kachchh case is no 
different. Low status and invisibility add to their problems (Doyal, 1995, cited in Daykin & Doyal, 1999). Yet, women 
manage to contribute to the survival of their families and dependants. What was observed, was that women are 
actively exploring and using different work strategies in managing livelihoods of their households. Although 
women’s contribution to household survival is indispensable, planners do not pay attention to them while providing 
institutional support. The next section discusses gender insensitivity in the rehabilitation programmes in Kachchh 
after the earthquake. 

Gender Sensitivity in Rehabilitation Programmes  
During 2001, there were 185 agencies working towards rehabilitation programmes in the rural areas of Kachchh. 
They comprised a mix of state governments, national as well as international NGOs, religious organizations, 
private/corporate organizations, various partnership organizations and NGO networks. The organizations were 
engaged in activities related to shelter, health, water/dams, handicraft/livelihood and legal sectors. Most 
organizations were not gender sensitive, when it came to planning and implementation of various rehabilitation 
programmes. This was because they assumed that earthquake affects the entire population regardless of gender. 
Furthermore, the household or the family is the smallest unit of convergent interests wherein all its members share 
benefits and burdens of existing plans and policies, which of course includes women. The latter is a stereotypical 
attitude of organizations working in Kachchh as well. It was however observed in the villages of Kachchh that 
women and children are the most vulnerable due to intra-household inequalities that already existed in the levels of 
literacy skills, health, nutrition etc. Such disparities tend to get aggravated during times of stress like earthquakes, 
particularly between the end of relief and beginning of the rehabilitation phase. 
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There was a distinct lack of gender sensitivity in all the policies and plans that govern rehabilitation and 
resettlement, as they go by ownership of land or property for compensation and benefits. Since women seldom have 
ownership rights and further in the absence of any affirmative or progressive clauses to include them, they were 
automatically left out. This was the situation in general in Kachchh villages during that time. Except for a few 
organizations, none of them worked with women. Some organizations targeted women for certain activities only in 
order to attract donor funding. However, such piecemeal efforts failed to make any significant impact on women in 
rural Kachchh. Two organizations (NGOs) were identified for detailed investigation to understand their contribution 
towards rehabilitation of rural Kachchh. They were Kachchh Mahila Vikas Sangathan (KMVS) and Self Employed 
Women’s Association (SEWA). Both organizations were Kachchh based and had established their credibility of 
working with women among the local communities for several years.  

Role of Women’s Organisations in Rehabilitation Programmes 

KMVS and SEWA were the only two Kachchh based organizations working with women in the villages. Kachchh 
Mahila Vikas Sangathan was a women’s organization working in Kachchh for over 30 years. The major objective of 
the NGO was to enhance the socio-economic and political status of women in Kachchh both at the household and 
societal level. KMVS believes that in the process women should be empowered and become confident decision 
making partners in development initiatives at the village, community and regional level. Apart from organizing the 
collective strength of rural women at the village, block and district level, KMVS aims at building women’s 
capabilities and skills to manage, control, conserve and increase their physical, natural and financial resources. It has 
been successful in developing local “sangathan” groups into self-governed organizations with development 
initiatives led by women. These self-governed bodies are expected to control processes aimed at improving the 
quality of life, especially in the areas of their traditional livelihood (agriculture, craft and livestock rearing), health, 
access to credit, education and basic facilities (drinking water, fuel, housing etc) and security. KMVS works in 
Kachchh district alone and is member of NGO network called the ‘Kachchh Nav Nirman Abhiyan’ or ‘Abhiyan’, 
which was very active in the rehabilitation, works in both rural and urban areas of Kachchh. Similarly, Self 
Employed Women’s Association was a member based organization and had established itself as a well-known trade 
union over a period of about 4 decades. It has over 13, 39, 621 members in the whole country, out of which over 
6,99,194 are in Gujarat (SEWA, 2016).  Membership of rural women has increased over the years and now they 
constitute two thirds of the members. Although SEWA started work in Kachchh in 1995, it has been working with 
women’s groups of artisans and savings and credit groups, who constitute the Kachchh Craft Association. In 2018, 
SEWA started its International Design and Development programme to promote crafts (textile and embroidery) in 
Kachchh. The attempt by the NGO was to preserve, promote and help market their traditional crafts. SEWA adopts 
an integrated approach to help women come out of poverty and deprivation. The approach includes organizing for 
collective strength, bargaining power and representation in committees in the public domain; capital formation 
through savings and credit, insurance and create assets for women; capacity building for women to compete with the 
market by providing them access to market infrastructure, information on technology, education, knowledge and 
relevant skills; social security in terms of health care, child care, shelter and insurance. Both the NGOs have been 
engaged in the relief and rehabilitation activities in rural Kachchh. Their attempt is not to duplicate their 
interventions and work in separate villages in the district. Both NGOs work through their respective women’s 
groups at the village level. The rehabilitation programme strategy of both organizations aimed at community based 
livelihood and shelter reconstruction. The major programmes covered under rehabilitation were: 

i) Shelter Reconstruction  
ii) Livelihood Security 
iii) Social Protection Services 
The specific rehabilitation measures included: 

i) Housing upgradation and reconstruction of seismic proof houses 
ii) Craft as a livelihood security programme 
iii) Reviving and regenerating water resources 
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iv) Health care and nutrition services 
 

Shelter and handicraft related livelihood programmes have been the strength of both the organizations. Strategies 
adopted by KMVS and SEWA to involve women in rehabilitation works are: involved women in relief distribution at 
the village level which gave them visibility; ensured that women’s participation in the rehabilitation committee 
meetings at the village level is 50% or more; provided masonry training to women for house construction and 
building materials (seismic resistant); and ensuring that compensation amount is received jointly by both the women 
and men at the household level. 

For the purpose of detailed discussion, the shelter and livelihood programmes of KMVS and SEWA respectively 
have been selected.  

Shelter 

KMVS has adopted a highly gender sensitive and participatory approach in providing housing to the affected 
households in the village. In all the 13 villages where KMVS is working, there were strong women’s groups linked to 
the NGO activities.  They completed 90% of the targeted work, which included 1939 permanent houses in 13 villages. 
Most of the permanent structures had been designed in a manner which was in tune with the traditional structures 
(locally called ‘bhoonga’). These structures had a round look and had undergone less damage during the earthquake 
as compared to other houses. KMVS has incorporated certain seismic resistant features to the ‘bhoonga’ type housing 
and implemented them in their villages. Both women and men were consulted for adoption of the new structures. 
KMVS made sure that women’s needs were specifically represented. The housing package was such that each 
household gets two ‘bhoongas’ (essentially two houses adjacent to each other), which was extremely functional for 
women as they can cook and store food grains in one and live in the other (smoke-free environment). The idea was to 
use local materials with slight improvisation for the construction of the ‘bhoongas’. KMVS staff informed the author 
that women were keen to adopt traditional housing interventions, whereas men would generally prefer the typical 
rectangular houses made of concrete slabs.  

In the context of provision of ‘bhoonga’ type of housing to the beneficiaries, it may be mentioned here that most 
newly reconstructed houses in Kachchh by a number of organizations have not considered the local designs and 
have implemented the typical reinforced concrete structures. The reconstructed villages resemble urban colonies 
completely alienated from the rural surroundings of Kachchh. In the process, the villages have lost their identity. The 
identity of the NGOs has been strengthened instead. The author has provided a detailed critique of such 
interventions elsewhere. Therefore, the efforts of KMVS in reconstruction of housing using the local ‘bhoonga’ 
designs were laudable.  

The most significant feature in providing housing to the beneficiaries at the village level was that the house is 
registered jointly in the names of both spouses, which is against tradition as women have no property ownership. 
Initially it was difficult for KMVS to get the women for house registration. However, after much persuasion by a few 
women leaders (locally referred to as ‘ageywans’), both women and men came forward for registration. The other 
feature was related to building women’s capacity in masonry for encouraged them for construction of new housing 
after the disaster. However, conducting trainings on new technologies and skills was a challenge as women do not 
want to come out of the villages. KMVS provided training on seismic resistant and other housing techniques to 
women in different centres locally, where they could have easy access. This was possible with the help of donors and 
external agencies who were willing to send technicians for the purpose of imparting training to village women. 
KMVS included harvesting roof rainwater as one of the design features in new housing. The water is collected from 
the roof and stored in an underground tank. Such an additional feature reduces the drudgery of women having to 
walk long distances for collecting water. In some of the areas, schools had closed down during and much after the 
quake. It was observed that the main reason for the closure was not due to damaged school buildings, but lack of 
proper housing for school teachers which was a problem even before the disaster. As women of the villages were 
most concerned about education of their children, KMVS took up the responsibility of constructing teachers’ housing 
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quarters as a special project in the vicinity of the villages in one of the most backward areas of the district. It was the 
government’s responsibility to provide housing to the schoolteachers, but KMVS wanted to expedite the construction 
so as make the local government responsible for the regular functioning of the school and to ensure that teachers live 
in the same area and are accountable to both the government and the people. KMVS constructed 60 residential 
quarters in some villages, which would facilitate 42 villages of the area for 60 schools (Abhiyan/GSDMA/UNDP, 
2002). Such efforts had the potential to improve the attitudes of people towards education, particularly for the girl 
child. 

Livelihood Restoration through Handicrafts 

Kachchh is an area famous for its handicrafts especially embroidery work by women. There are 8 different 
communities living in the district and each one has a distinct embroidery style. NGOs such as KMVS, SEWA, 
Kalarakhsha and Shrujan were engaged in promoting handicrafts made by village women. Marketing the products is 
a challenge for the organizations post-quake.  

SEWA worked with 12,000 women artisans in 135 quake affected villages during 2001. Each artisan had been 
provided with a craft kit/bag with raw materials for a week’s work. Every week, the spearhead team from SEWA 
collected the finished goods and made the payment of RS 40 per day (2001 minimum wages) at their homes. Women 
were paid in both cash and kind (food grains or clothes). SEWA had also planned worksheds for the artisans in some 
villages. In order to promote handicrafts, SEWA organized several exhibitions for sale of products in different parts 
of Gujarat and outside. Both SEWA and KMVS mobilised self-help groups (SHGs) of women for the purpose of 
savings and credit. These SHGs had the potential to act as collectives for different economic activities. KMVS and 
SEWA had organized 8603 and 4496 women through 209 and 277 SHGs in 147 and 87 villages of Kachchh 
respectively (Abhiyan/GSDMA/UNDP 2002).  

Here is what some women artisans had to say with respect to SEWA’s interventions: 

Jamunaben an artisan from Dhokawada village says – “Craft work not only gives us work and employment. It gives us 

dignity. It helps us live a dignified and decent life amidst such a disaster”.  

 
Others join her saying – “Yes, we do not have to borrow for our daily necessities. This gives us and our families tremendous 

sense of security and self- respect. Otherwise we would be vulnerable and at the mercy of moneylenders”. 

Manchabaa says – “By giving us immediate work, you have not only provided relief to us but also dignity and recognition. 

Our skill has now been recognized. How long can we survive on relief supplies? It is work that helps us survive and rebuild our 

lives”. 

 
Organisations such as SEWA restored the confidence of women who had been under tremendous mental and 
physical pressure after the quake. It is women’s income through handicraft work that  contributes to the survival of 
households, where all assets were damaged or completely destroyed.  Invariably, households were waiting for the 
‘compensation money’ to be given by the government and alternative means of income for the male members. Some 
of the other programmes implemented by KMVS and SEWA played a significant role in revitalizing the quake-
affected communities in Kachchh. They are discussed in the ensuing sections. 

Fodder Security System 
SEWA was engaged in provision of fodder to 350 families to support 2204 cattle heads. The process involved placing 
order and procurement of fodder, planning the delivery mechanism, organization of the distribution process, deal 
with and negotiate with aggressive men, quality checking, assess the needs and keep records for the government. 
Active women members of the collectives efficiently performed all the above activities. 
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Restoration and Construction of Water Sources  
Water scarcity as mentioned in Kachchh is a perennial problem. The destruction of irrigation structures, small dams 
and drinking water tanks and pipes had further exacerbated the problem especially for women. Both the 
organizations were working on promoting, revival and construction of water harvesting structures. Small dams and 
other water harvesting structures had been repaired before the onset of monsoon. KMVS was particularly interested 
in reviving the traditional water sources such as ponds and ‘virdas’ (shallow ponds). As already mentioned under 
the shelter programme, design features related to rainwater harvesting in housing had been introduced and proved 
to be a success among women. They had received training by NGOs to maintain the water infrastructure.  

Drought proofing programme initiated by Abhiyan (network of 29 NGOs) with the support of the Prime Minister’s 
Relief fund, was the major activity that aimed at strengthening the existing water resource structures, enable dry 
land farmers to grow at least one crop, increase productivity of grasslands, arrest migration from villages and bring 
greater community control (strong women focus) in drought relief work. KMVS was one of the member 
organizations pro-actively engaged in the drought proofing programme. The major activities in the drought proofing 
programme were: upgradation of traditional water structures, construction of new ponds, construction of 
percolation dams, well recharging, farmland bunding and grassland restoration and development.  

Support Services (Childcare, Education, Insurance, Savings and Credit) 

SEWA and KMVS emphasized on starting the childcare centers and primary schools in the villages. It required 
lobbying with the government to shift priority to social services and not focus only on housing. Government and 
UNICEF responded to the demands of the women’s organizations positively - insurance and credit services were 
extended to women to take care of their income needs. Similarly, health services were also being revived gradually 
for women.  

Dialogue and Interaction with the Communities 

Through their respective mediums (newsletter, radio and satellite programmes) both SEWA and KMVS had 
conducted regular interactive sessions on the rehabilitation plan, government’s different shelter packages, policy, the 
significance of seismic proof construction etc.  Such interactions help women to understand the significance of 
organizing and to overcome stress and trauma, the relevance of micro-finance and SHGs, insurance and childcare 
services in protecting and securing their lives and their livelihoods during times of disaster. Discussions with 
personnel (professionals as well as village level workers) of both organizations brought out clearly that during the 
relief phase, women’s groups were less driven by caste and religious sentiments. Women were sincere and 
concerned about the welfare of the entire community. Although the approach of both KMVS and SEWA were to 
work through women’s groups in the villages, but it had implications for the entire community. KMVS staff 
mentioned that they had been successful in mobilizing women to come forward and participate in implementation of 
programmes and various trainings related to rehabilitation. But their experience had been that wherever women 
participated, they put in their best, attended meetings on time, maintained transparency in accounts and other 
records. Women’s consistent participation in the rehabilitation programmes had strongly facilitated both the 
organizations in implementation at the village level efficiently. 

CONCLUDING REMARKS AND LESSONS LEARNT 

This paper is based on observations and data gathered during the years 2001-2002. The lessons learnt from role of 
women’s organizations in revitalizing the communities have its relevance today as disasters are a regular feature in 
India. There is a differential and adverse impact of earthquake on women in terms of casualty, injury, trauma, 
insecurity, income earning and household responsibility. Women’s indisposition affects the functioning of the 
households and therefore their well-being is of prime concern especially during times of stress. Women’s 
participation in relief and rehabilitation can better address not only, women’s needs but also, the needs of the 
community in terms of prioritizing needs, implementing programmes and monitoring progress. It was observed 
from the foregoing sections that women’s organizations such as KMVS and SEWA are in a better position to address 
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the communities’ needs compared with other organizations in terms of addressing equity and other concerns which 
are invariably neglected. Consistency in women’s participation has facilitated the smooth implementation of the 
rehabilitation programmes. In general, there is a need to factor in gender sensitivity in the post disaster relief and 
rehabilitation programmes especially looking at the needs of women. It is necessary to include women’s and men’s 
voices, needs and expertise equally in disaster risk reduction (DRR), and recovery policy and programming (UNDP, 
2010). Attention needs to be paid to women’s capacity to manage risks, with a view to minimize their vulnerability 
and enhancing their opportunities for development. What is generally observed is that women’s vulnerability in 
disaster situations is highlighted, but their potential roles in DRR have often been overlooked (IUCN, 2009).  
 

Lessons learnt  

1. Women’s groups should be involved in the relief programmes at the village level as they have proved to be 
sincere and transparent in the task. 

2. Women’s sense of functional space in the house is important to consider and therefore their participation in 
reconstruction should be solicited, especially when traditional features of housing are retained. 

3. Additional housing features for disaster resilience and water harvesting will not only, help women, but also 
their families in the long run. 

4.  The transition between relief and rehabilitation is most critical for women as they would need special attention 
in terms of food, medicine and child care. 

5. Training women in masonary and building water infrastructure like roof rain water harvesting will not only, 
ensure that they are empowered but also, break gender barriers and change gender relations. 

6. Promoting women SHGs (self-help groups) in capacity building for livelihood development and insurance is 
important in disaster situations.   
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Table 1: Devastation due to Earthquake at a Glance 

Devastation Number 

No. of districts affected in Gujarat* 21 
No. of talukas affected 182 
No. of villages 7,904 
Total number of human deaths 18,253 
Number of deaths in Kachchh 16,681 
Total number of persons injured 1,66,836 
Total number of persons injured in Kachchh 1,36,048 
Number of ‘Pucca’ houses destroyed 1,59,960 
Number of ‘Pucca’ houses damaged 3,99,346 
Number of mud houses destroyed 1,48,339 
Number of mud houses damaged 2,95,061 
Number of huts destroyed 13,889 
Number of huts damaged 31,395 

Source: Government of Gujarat, February, 2001  * Gujarat State has 25 district 
 

Table 2: Specific Impacts of Earthquake on Women (N=100) 

Impacts Yes (%) No (%) Not sure (%) 

Income earning through sale of handicrafts 85 5 10 
Disruption of existing medical services 70 7 23 
Inadequate nutrition 65 15 20 
Post-quake trauma 60 26 14 
Insecurity 64 14 22 

Source: Primary survey in 5 villages of Kachchh, 2001 
Note: The questions relating to the responses in the above table were asked to women alone, without the 
involvement of men. It was observed that the response ‘not sure’ may also imply that they were unable to 
comprehend the question or they may not have been affected directly. 

 
Figure 1: Geographical map representing Gujarat 

 
 Figure 2: Geographical map representing Kachchh of 

Gujarat 
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This article focuses on the social dimensions of post-quake rehabilitation programmes in Kachchh district 
of Gujarat state (earthquake of Jan 2001) in India. Several rehabilitation and reconstruction packages were 
undertaken by the state, NGOs, and other organizations, either independently or on a partnership basis. 
The focus is on rural Kachchh and the different shelter programmes. rehabilitation and resettlement 
programmes of a large magnitude, are bound to be ridden with problems. The issues covered are loss of 
village identity, caste/community politics, NGO dynamics in rehabilitation programmes, lack of gender 
sensitivity in the programmes and dependency syndrome with respect to the affected population. Some 
disaster management lessons have been derived keeping in mind the needs of the rural population, class 
and particularly with respect to the role of the government and the NGOs.   

 

Keywords: Kachchh, Gujarat, Earthquake, Rehabilitation, Social Dimensions, NGOs, Disaster 
Management 

 

INTRODUCTION 

 
More than two decades have passed since the great earthquake hit Gujarat state in India in January 2001. Kachchh 
was the most affected district in the state. Immediately after the earthquake the government as well as several 
external agencies undertook rescue and relief works. Rescue operations came to a halt after a fortnight, whereas 
relief programmes continued till the end of March 2001. There was a gap of 2-3 months before rehabilitation 
programmes were actually launched as they had to be planned in detail and further entailed huge funding. In 
Kachchh, rehabilitation programmes were initiated in full swing in June 2001. The magnitude of devastation was 
such that it was not possible for the government alone to undertake rehabilitation and reconstruction works in the 
affected areas. The focus of this paper is on quake-affected villages of Kachchh only. After the introduction, the 
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second section delves into the social dimensions of rehabilitation programmes. Shelter programmes have been taken 
up as an example for detailed discussion while looking into the social dimensions of the rehabilitation programmes. 
This is followed by some concluding remarks and lessons. The analysis presented in the paper is relevant in the 
context of disasters rehabilitation, reconstruction and provision of housing is a priority in post-quake situations 
anywhere in the country.  

In Kachchh, the rehabilitation and reconstruction was typically provided in the form of compensation packages for 
loss of kin, injuries to the human body, damage to housing and loss of livelihood sources both by the government 
and non-governmental sources (NGOs, national and international donors, private organizations, religious 
organizations and various networks). There were several other programmes relating to infrastructure and social 
facilities for development of the area as a whole. As of September 2002, there were 185 agencies including 4 state 
governments working in different sectors of rehabilitation in rural Kachchh. The different sectors of rehabilitation 
are: Shelter, Water/Dams, Handicraft/Livelihood, Education and Health (Abhiyan/GSDMA/UNDP, 2002).  Shelter 
was the most visible programme of the rehabilitation process in terms of investment and number of housing units 
constructed. It was a priority for the people affected in the earthquake. What was further seen is that several 
organizations found it easier to mobilize huge amount of funds for shelter programmes as it involved tangible 
outputs.  

The example of shelter has been taken up in the paper for illustration of a rehabilitation programme. There were 
three kinds of approaches to provision of shelter. They are as follows: 

a) Self construction by the villagers with the compensation money received from the government (amounts varied 
according to the intensity of damage to the houses) 

b) Government-NGO partnership (50-50 basis) 
c) Reconstruction done by the NGOs alone 
Out of the total of 89 NGOs working in the shelter programme, 68 were part of the public-private (Govt-NGO) 
partnership, while 21 had been working independently. Similarly, were many villages where no organization had 
been able to work for several reasons and people had decided to go for self-reconstruction of houses, with the help of 
compensation money received from the government. The NGOs working independently may operate alone or in 
partnership with other organizations (a network of NGOs or with private/corporate sector). At the end of August 
2002, a total of 140 villages had been reconstructed with a total of 13,930 houses by 53 NGOs 
(Abhiyan/GSDMA/UNDP, 2002). According to the 2002 report, the number of temporary shelter units provided by 
NGOs was 81,197 in 877 villages. The requirement for permanent shelter is 1,11,786 units. The plan was to construct 
48,379 houses by NGOs.  

Rehabilitation and reconstruction programmes continued for two years in rural Kachchh. Thereafter the attention 
shifted to the urban towns that needed institutional support for reconstruction. 

Social Dimensions 

The analysis presented pertains to observations made during the process of implementation of the rehabilitation 
programmes and after the completion of the activities in affected villages only. In rural Kachchh, 884 villages were 
affected by the earthquake, of which there was 100% damage in 178 villages and than 70% damage in 165 villages 
(Abhiyan/GSDMA/UNDP, 2002). It may be noted at this point that the social dimensions discussed are not similar to 
cases where rehabilitation has occurred due to evacuations as a consequence of dam construction or multi-purpose 
projects. In case of the Kachchh earthquake, response in terms of rehabilitation and support had to be immediate and 
on an emergency basis. Newspaper reports mentioned that the recovery and reconstruction in Kachchh had been 
faster as compared with the rest of the country where calamities such as cyclones, floods and typhoons keep 
occurring every year in the country. However, in spite of the best efforts by the government and various agencies, 
there were several lapses in the approaches, designing and implementation of the rehabilitation programmes, which 
had significant social implications for the rural population.   
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Although there were some evaluation studies of the different rehabilitation interventions but the social dimensions 
of rehabilitation and reconstruction programmes were not documented systematically, although they did surface at 
times in discussions with NGOs and professionals working in the area. The social dimensions (latent or manifest) of 
rehabilitation discussed in the paper are based on observations made with respect to the approaches and the process 
of implementation of different interventions as well as after the programme had been completed. Rehabilitation 
works started in June 2001 and continued for 2-3 years although many shelter programmes were completed within 
one year.  The issues discussed in the ensuing sections are based on observations at the micro-level. 

Loss of Village Identity 

After almost three years of continuation of rehabilitation and reconstruction programmes, involving several NGOs 
and other organizations including 4 state governments engaged in building houses, one is struck by the huge 
hoardings and arches (both temporary and permanent) carrying the names of the organization, donors, number of 
houses and other infrastructure provided. The hoardings were meant to display the achievements of the 
organization. These organizations had intervened both in terms of in-situ rehabilitation as well as relocating parts or 
entire villages. Most of them were not Kachchh based, working in affected villages for a short term basis. The 
investments made by the organizations for the shelter programmes were also mentioned on the boards/hoardings in 
some cases. The name of the village was invariably changed or had the term “New or Navi” prefixed to the old 
name, meaning that it had been newly reconstructed. The new name of the village may be taken after the leader of 
that organization engaged in the shelter programme. The old name is written is small letters and at times mostly 
invisible. The traditional housing structures had been completely replaced by new ones (modern seismic resistant 
designs developed by the organization with technical assistance from renowned institutions). The new structures 
had given an identity to the organization engaged in the reconstruction works. From a distance, one is able to make 
out the identity of the organization. The newly constructed villages look like independent urban colonies and not 
like villages anymore. The new settlement structure of the village does not blend with the habitat of rural Kachchh. 
They were typically regimental structures with no regard for cultural space of the communities. After occupation, 
people made  extensions of wooden twigs and dried leaves to accommodate their livestock, which was not planned 
in advance by any of the intervening organisations. Bathrooms and toilets provided by the organizations had been 
invariably converted into storage rooms for hay and firewood. People found it difficult to adjust to the new type of 
concrete structures. The older people in the villages were not happy with the way the NGOs and other organizations 
have overshadowed their identity. It should be noted that the identity of the Kachchhi people comes from their 
clothing, housing and lifestyle. What was observed is that the NGO space has ascended on the life space of the 
people of the rural communities, thereby diluting their identity. One NGO professional remarked,  
“Villagers are unable to give up their rural lifestyle and identify themselves with the urban population. That is the 
reason why villagers feel out of place in such new surroundings”. 

In contrast there were a few Kachchh-based NGOs like the Abhiyan network of NGOs and others who were sensitive 
to the traditional lifestyle of the people and thereby encouraged them to adopt housing structures that were closer to 
the ones they owned. One such example is the traditional housing structure called Bhoonga housing, which is round 
shaped and functional for women, because a rural household in Kachchh would normally possess 2 such structures, 
one for cooking and storage and, the other for living1. As part of the shelter package, the NGOs upgraded the 
Bhoonga with additional features for seismic resistance and offered to the villagers for adoption. However, only about 
30 villages adopted Bhoonga type of housing in Kachchh. The rest adopted the typical reinforced cement concrete 
structures (one or two room units), as they resembled urban housing and were considered superior to the traditional 
type of housing. 

 Social Divisions and Caste/Community Politics 

Rural Kachchh is inhabited by 7 Hindu and 8 Muslim groups with several sub-divisions. Caste and religious 
differences were strongly represented in villages, although no major communal conflicts have occurred in Kachchh 
district unlike other parts of Gujarat. There were several faith-based and other organizations working in Kachchh 
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towards various rehabilitation programmes. Some of them tend to work with certain castes or ethnic groups, in 
terms of providing housing and other facilities including cash donations. The motive of such organizations was to 
help those people (followers) who show allegiance to them. There were cases where faith-based organizations had 
been instrumental in relocating some groups out of the original village, either to a close-by location or to an entirely 
new area. They may even provide new housing to the groups in the same village. Such sectional assistance to specific 
communities had created latent tensions in the villages. Those who had not got preferential treatment or had been 
left out expressed their anger about the same. NGO functionaries feel that such latent tension may lead to conflict in 
the future, on caste and communal lines as existing social divisions get sharpened over time.  

Whereas, there are some pro-people organizations that had planned to provide housing of the same type to the entire 
village regardless of their caste and religious affiliations. Such initiatives had often also been met with resistance 
from the richer castes (Patels) who would decline to accept one or two room units. Their argument typically would 
be that the rich and the poor cannot be treated alike. Whereas, the lower castes and tribals (Harijans, Rabaris and 
Kolis) were willing to accept whatever came their way. There had been many cases where due to lack of single 
consensus among the people in the gram sabha (village council), the organizations would get discouraged and 
abandon the affected village. 

The other side of caste politics related to restricting entry of NGOs to the villages for reconstruction by the 
richer/higher castes. It is a well-established fact that the earthquake had affected the poorer sections of the society 
much more than the rich (land owning Patels) and upper castes. In many cases, the latter did not want NGOs to 
facilitate reconstruction programmes in the villages, as it would empower the lower castes (poorer groups) and 
subsequently threaten their hegemony and dominance. Some of the richer castes went to the extent of bribing the 
NGOs not to enter their villages (based on personal communication with NGOs in Bhachau, Feb 2001).   

Another aspect of how social divisions within the community get perpetuated through external agencies is the 
relocation packages offered by the government in the form of titles for housing purposes. The government of Gujarat 
announced certain entitlement norms for village relocation (although only 16 percent of the villages opted for either 
partial or complete relocation). They are: a landless agriculture labour was entitled to 100 sq m of plot area and 30 sq 
m for construction; a marginal farmer up to 1 hectare landlholding was entitled to 150 sq m of  plot area and 40 sq m 
for construction; a small farmer with 1-4 hectares of land was entitled to 250 sq m of plot area and 40 sq m for 
construction; and a farmer with more than 4 hectares of land was entitled to 400 sq m of plot area and 50 sq m for 
construction (Gujarat State Disaster Management Authority,  2001). There was a clear discrimination in provision of 
land for constructing new houses by landholding size and class and not by the extent of damage to the houses. 
 
 NGO Dynamics in Rehabilitation 

Several NGOs (national and international) were engaged in rehabilitation programmes in different parts of Kachchh. 
Although there was a regulation on paper, where the NGO had to obtain permission from the district administration 
to intervene in a particular village, it was observed that there would be more than one NGO in the village working in 
the same programme e.g housing or livelihood. Each wanted to establish their credibility in undertaking 
rehabilitation programmes in Kachchh and therefore would want to ensure that they have the support of the 
community. They would resort to use of several methods to obtain the support of the people like a particular section 
of the village or some groups within the community in order to capture their area of operation. They would engage 
in handing out cash doles, food, drink (alcohol) and in merry making. Such NGOs were mostly from outside the 
Kachchh district and were based in the earthquake-affected area for short periods. It is obvious that their credibility 
in terms of achievements and popularity is linked with the sustenance of the organization for future donor funding.  

It is common to find NGO leaders addressing a crowd of villagers. An example can be cited here. It happened in 
Rajansar village of Bhachau taluka (sub-division of Kachchh district).  A NGO leader was addressing a group of poor 
villagers belonging to one particular community. His address was as follows: 
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“All of you are poor people. Nobody cares for you. The rich and the powerful have cornered all the benefits. The 
government is useless and cannot do anything for you. It is blind to the needs of the poor. It is not sensitive to the 
needs of the people and this is reflected in the policies, which are anti-poor. The poor are being cheated and given 
housing which costs much less than what the rich get. We want to help you. All those of you who want help, may 
mention their problems and names in the list that I am circulating….” (taken from Nitin P. Agarwal’s field notes, Jan 
2001) 2.  

Based on personal discussions with professionals working with Abhiyan3 and GSDMA, the author was informed 
that such instances (mentioned above) were very common, where NGOs address villagers, maligning the work of the 
government and other NGOs. As a result, villagers were confused as to whom to trust and which programme to 
accept. NGOs have their own agenda and at times are not concerned with the true welfare of the people. It is 
common to find a number of hoardings publicising the works of different NGOs in one village. Such villages are 
generally located on transportation routes that have easy access from the main urban centers. There is a tendency 
among NGOs to select those villages that are socially homogeneous with minimal caste politics. In addition, they 
would want to intervene in such a manner so that they could complete construction work in short periods and leave 
early (e.g construct 400 houses and leave in 2-3 months’ time). The contractor would be interested in such an 
approach as it brings good profits.  An interesting example can be cited here of relocation of village Dudhai by the 
former Chief Minister of Delhi under the aegis of Swabhiman Trust. The village was renamed as Indraprastha and 
was the first village to be reconstructed in 3 months’ time. The Prime Minister of India inaugurated the village on 
June 4, 2001. It contained 800 one room units of cement concrete blocks. It was reported that 200 Patel families 
refused to move into the new houses, which they felt was below their dignity (Mahadevia, 2001). The new village 
had all the facilities, such as, their own power supply, water supply, school and health centers. Yet people do not 
want to leave their traditional lands and homes. Most of the occupants of the village belong to lower castes and 
found it convenient to relocate because of their already disadvantaged position in the village.    

Another example can be cited here regarding the different housing packages of the NGOs. The packages are as 
follows: one which costs Rs 45,000 (approximately US $ 1000 by 2001 rates) with owner’s contributory labour, 
another package for Rs 100,000 (approximately US $ 2,000 by 2001 rates) with no contributory labour and yet another 
for Rs 200,000 (US $ 4,000 by 2001 rates) with added incentives. With an influx of NGOs offering different housing 
packages, confusion among local people is inevitable and can potentially hamper the progress of rehabilitation. The 
poor villager is inundated with offers, which she/he has never experienced in their life-time. Additionally, in such 
situations, it is difficult for villagers to arrive at a consensus and this can lead to further divisions among the village 
community, where several factions spring up aligning themselves with different NGOs. In one such village in Rapar 
taluka (sub-division of Kachchh district), an NGO had come to an agreement with the people regarding the 
assistance including house design and accordingly unloaded raw materials in the village. After a week or so, the 
villagers declined the offer and wanted the materials to be removed from the village. No amount of persuasion 
mattered and the raw materials had to be removed and further the organization had to pay rent for the space in the 
village. The reason for such an attitude by the people is obvious. They were offered a better package by some other 
organization.  

It may be noted, that NGOs in Kachchh have been able to operate after the earthquake because it was not possible for 
the government to provide rehabilitation support to all the affected villages. As the number of NGOs working in the 
area were too many, there was competition among them to establish their credibility, which was eventually linked to 
their future funding and sustenance. Instances of animosity and in-fighting among NGOs leads to mistrust with the 
people. People take advantage of the situation and add fuel to the fire. In such situations, local communities 
inadvertently become dependent on external agencies for support, which can potentially prove harmful for the 
future development of rural Kachchh. 
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Lack of Gender Perspective in Rehabilitation Programmes 

In the entire rehabilitation operation, it was observed that except for 4 organisations, none were inclined to include 
gender in their agenda. This was because it was commonly assumed that earthquake affects the entire population 
regardless of gender. And further, the household or the family is the smallest unit of common interests wherein all 
the members shared benefits of existing policies, which of course includes women. However, it was observed that 
women and children are the most vulnerable due to intra-household inequalities that already exist in the levels of 
literacy skills, health, nutrition etc. Such disparities tend to get aggravated during times of stress such as earthquake, 
particularly between the end of relief and beginning of the rehabilitation phase. It was observed that women could 
not move out of their villages during the reconstruction of housing, as they felt insecure to leave their belongings in 
the open. As a result, they lost out on wage work, available outside the village. 

Similarly, there is a lack of gender sensitivity in all the policies and plans that govern rehabilitation and 
reconstruction as they go by ownership of land or property to be eligible for the same. Since women seldom have 
ownership rights over property and with no affirmative action to back them, they were automatically left out. In 
Kachchh villages too the situation was no different. However, there were NGOs like the Kachchh Mahila Vikas 
Sangathan (KMVS) and the Self Employed Women’s Association (SEWA) who work only with women for all post-
quake programmes. Such NGOs ensured that in their housing programmes, women not only, select the design but 
also, obtain joint-ownership of the housing unit after completion. They also ensured that the housing design is 
conducive to the traditional lifestyle of women (e.g Bhoonga housing) and wherever possible provided means for roof 
rain-water harvesting and storage in underground tanks close to the house in order to facilitate collection of water. 
None of the other housing packages have thought of this need of women. Besides KMVS and SEWA could secure the 
support of local communities as they have engaged in livelihood provision through women’s collectives.   

Some organizations wanted to show that they were gender sensitive and would encourage women to speak up in the 
gram sabha (village council). The men-folk would sense that there is some gain in the form of cash or incentives and 
would encourage their women-folk to participate in public meetings. But such gestures had minimal impact. 
However, many organizations felt that their approach left out women and the programme could have been better 
implemented in a much better manner had they participated in the planning phase (personal communication with 
NGO professionals and several donor agencies working in Kachchh, December 2002).  

Dependency Syndrome 

Rural communities in Kachchh were known for their resilience and hard work. They would not prefer to ordinarily 
accept doles from external agencies during emergency times.  This attitude was reflected during the relief phase 
when food, clothes and other items were being distributed. People would refuse to accept more than what they 
needed and after the initial hardship were prepared to work for their living and not depend on relief camps. It was 
reported in various Newspapers, how the Kachchhi villagers would refuse to accept relief and always took pride in 
their tradition of being perfect hosts. However, today with so many organizations intervening for different 
programmes and with huge amount of funds flowing in, villagers had become dependent on outside agencies. They 
were not willing to work as long as there was support from outside. Discussions with various established NGOs 
(professionals and workers at the grassroots level) reiterates the fact that villagers had become too much dependent 
on outside agencies for  support. All activities in the villages seemed to be donor driven. Such dependency poses a 
danger to the future of the people and could hamper indigenous development.  

The dependency syndrome created by the NGOs and other external agencies was a manifestation of too many 
organizations attempting to help the rural population of Kachchh. Influx of NGOs for rehabilitation works and their 
concentration in those villages, which had easy access in terms of transportation, had led to a situation where the 
supply is much more than the demand.  Consequently, there was competition and conflict among different NGOs. 
This had in a way diluted the credibility of Kachchh-based organizations. Kachchh-based NGOs felt that the greatest 
challenge for them was to get rid of the dependency of the local populations for external support. 
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CONCLUDING REMARKS AND SOME LESSON 

The foregoing sections provides an account of the social dimensions of rehabilitation after the Gujarat earthquake of 
2001. Rehabilitation and reconstruction programmes in Kachchh after the earthquake was bound to be ridden with 
problems. It was observed that the rehabilitation policies and programmes of the government had been favourable to 
the rich than the poor and this had accentuated the existing inequalities. Similarly, the programmes of the NGOs 
focusing solely on specific religious communities or deprived sections of the society had generated resentment 
amongst the privileged sections of the society and it had exacerbated the existing social differences and tensions. 
Women’s concerns had largely remained neglected in the rehabilitation programmes. Some villages had lost their old 
identity due to partial or complete relocation. Unhealthy competition among NGOs and overcrowding in 
rehabilitation works created problems for both the NGO sector itself as well as the efficacy of the rehabilitation 
works.  

Lessons 

Keeping in view the immediate needs of the rural population in Kachchh post-quake and the fact that certain 
interventions had potential to create social tensions, some lessons were derived followed by suggestions relating to 
the role of government and the NGOs. Such disaster management lessons are applicable to any post-quake situation, 
where external agencies are engaged in relief and rehabilitation including reconstruction. They are as follows: 

1. Government could play a more pro-active role in the rehabilitation process. Although the partnership 
approach to housing is in place, government’s role in support and monitoring progress was minimal. At times 
people have objected to NGO intervention and demanded that the government pay more attention to the 
programmes. 
2. The government should regulate entry of different NGOs to the village. There has to be a restriction on too 
many NGOs trying to intervene in similar programmes. Only those NGOs should be encouraged to intervene in 
bigger programmes, who were familiar with the social mileu (gender and other equity concerns) and had already 
established their credibility in the area. 
3. The policy of financial assistance/compensation should be changed. For example the relocation entitlement 
norms should be based on the nature of damage and not the economic class of the household. Similarly, 
compensation packages could be designed according to the economic class of the people, e.g the rich and those who 
can construct their own houses should be given the least. Higher amounts could be given to widows, destitute 
women, poor families and the aged who had no kin-support. However, technical assistance could be provided to all 
irrespective of caste, class and community affiliations. In the relief phase all should be included. Criteria for 
differential assistance should be strictly followed in a transparent manner. 
4. The involvement of the NGOs in the rehabilitation activities viz shelter construction should to be in line 
with the broad government guidelines and policies which were developed through joint consultations including 
NGOs. The latter should not have dissimilar shelter packages, which may cause latent tensions and even conflicts 
among the people in future.  
 
Given the magnitude of the rehabilitation works and limited capacity of the NGOs, the most effective contributions 
of the NGOs could be: 
(a) Facilitating the formation of village rehabilitation committees and their continued operation; 
(b) Need assessment and monitoring progress of the rehabilitation works; 
(c) Two-way information dissemination regarding rehabilitation i.e. from the villagers to the government and other 
agencies engaged in rehabilitation and vice versa; 
(d) Advocacy work – lobbying and pressurizing the government for appropriate policy formulation and 
rehabilitation programmes. Towards this the NGOs have to come together and develop their networks like Abhiyan 
to be effective in their activities. This will facilitate accountability and transparency in relief and rehabilitation works. 
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Notes 
1 Bhoonga is a round shaped housing structure comprising a single room. They are the traditional housing of the rural 
population of Kachchh. It was observed that these structures were less damaged during the earthquake. Women 
particularly preferred the bhoonga housing design because of its functional nature.  

2 The speech was taken from the field notes of a Post-graduate student of the Institute of Rural Management who 
was in a village in Rapar undergoing his training (Jan 2002) for rural orientation as part of requirement for the 
Masters programme. 
3 The Kachchh Nav Nirman Abhiyan popularly known as the Abhiyan is a network of 29 NGOs that has been 
working in Kachchh for the past 5 years. It has contributed to a great extent to the rehabilitation policies and 
programmes in Kachchh. Abhiyan periodically brings out a document called “Coming Together” which was a 
compilation of all organizations working towards rehabilitation of Kachchh. 
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The density and viscosity have been measured at different temperatures i.e. at 303 K, 308K, 313 K, 318K 
and 323K for binary liquid solution of polymer dextran and aqueous 6(M) urea. Ultrasonic speed (U) in 
the solution have also been measures at four different frequencies i.e. 1MHz, 5MHz, 9MHz, and 
12MHz.The acoustic parameters such as adiabatic compressibility , acoustic impedance , relaxation time , 
intermolecular free length  and Gibbs free energy , data have been considered from the measuredvalue. 
Thermo acoustic data are used to investigate the interaction in the liquids. Depending on these 
parameters, the interaction present in the solution such as the association of dipole-dipole, hydrogen- 
bonding, acceptor-donor, and electrostriction is analysed.Above parameters are utilized to get to and 
clarify the structure and quality of the molecular interaction of dextran with urea. 
 
Keywords: Dextran, Binary liquid solution, Molecular interaction, Dipole-dipole association, Ultrasonic 
technique.  

 

INTRODUCTION 

 
The adaptable non-destructive technique, Ultrasonic is highly useful for the investigation of various physic-chemical 
properties such as adiabatic compressibility (β), acoustic impedance (Z), relaxation time (τ), intermolecular free 
length (Lf) and Gibb’s free energy (ΔG). In science the ultrasonic approach is commonly used. In this the sound wave 
is directly interacting with the particle[1-2]. The molecular interactions and the structural behavior of molecular and 
their mixtures can be recognized with the help of ultrasonic studies. Using the measured values of ultrasonic velocity 
jointly with density and viscosityat five various temperatures ranges from 303 K to 323K   and at four different 
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frequencies i.e. 1, 5, 9, 12MHz, the thermodynamic factors such as (β), (Z), (τ), (Lf) and (ΔG)can be determined,for 
binary solution of dextran (0.5%) and 6(M) urea with distilled water [3]. 
 

Dextran is a complex, branched polysaccharide made of numerous glucose atoms made out of chains of fluctuating 
length from 10 to 150 kilo Daltons. Dextran, a water-soluble polymer, is an α-D-1, 6-glucose connected glucan with 
side chains l-3 connected to the backbone units of the polymer. Dextran have incredible potential for applications in 
different nourishment items as conditioners, stabilizers, bodying specialists or related uses. It is used as drugs, 
especially as blood plasma volume expander [4-6]. Urea is a mineral that is only stable in an arid environment. The 
structure of urea the carbon is attached to oxygen by a double bond where as it is attached to two NH2 with single 
bond each. Urea is utilized in numerous multi-segment strong compost details. Urea is exceptionally dissolvable in 
water and is in this manner likewise entirely appropriate for use in manure arrangements. 
 

EXPERIMENTAL AND THEORETICAL WORK 
 

Materials  
The solution prepared in distilled water as a solvent for preparing the dextran solution at different concentrations. 
Dextran of MW-70,000 Da utilized as a solute, Solvent 6(M) urea used in this state throughout the experiments.    
Measurements  

(a) Velocity Measurement:- 
The interferometer produces precise and reliable data, from which one can determine the velocity of ultrasonic 
sound in a liquid medium. Operational frequencies ranging from 1 to 12 MHz has been utilized to calculate the 
ultrasonic velocity. The ultrasonic measuring cell has a double walled brass cell with chromium plated surfaces 
which consist of thecapacity of 10 ml. An electronically worked advanced steady temperature shower  provided by 
M/s Mittal Enterprises, New Delhi, (Model SSI-03spl) working in the temperature range -10 0C to 85 0C with an 
precision of ± 0.1K has been utilized to circulate water through the external jacket of the two-fold walled estimating 
cell containing the test fluid. 
(b) Density (ρ) Measurement:- 
The ρ of the solution were estimated using a 10ml Pycnometer bottle. The Pycnometer with the investigational 
solution was submerged in a temperature-regulated water shower.  

 (c) Viscosity (η) measurement:- 
The η of the solution were estimated using Ostwalds viscometer standardized with distilled water. The Ostwald’s 
viscometer with the investigational solution was submerged in a temperature-regulated water shower. The time of 
flow was measured using an advanced stopwatch with a precision of 0.01 s 
Theory 
a)Velocity(U):- 

The expression used to determine the ultrasonic velocity is      

     U =2d/T (m/s) 
     Or. U= 2d×v 
      Or,     U= λ × v 
      (Here-2d=λ) 
Where, v is the frequency of the generator which is used to excite the crystal; (In the present investigation, different 
frequency frequencies (1MHz, 5MHz, 9MHz and 12MHz interferometer was employed) d- Separation between the 
reflector and crystal; T. Travel time of the ultrasonic wave. 

b) Density (ρ):- 

The density was estimated using the equation 

      ρ2= (w1/w2)ρ1
  

Where, w1 = weight of distilled water, w2 = Weight of solution, ρ1 = Density of water, ρ2 = Density of solution. 
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c) Viscosity (η):- 
The viscosity was calculated using the equation, 

     η2= η1 (t2/t1)(ρ2/ρ1)
  

Where, η1 = Viscosity of distilled water, η2 = Viscosity of solution, ρ1 = Density of distilled water, ρ2= Density of 
solution. t1 = Time of flow of water, t2 = Time of flow of solution. 
The following thermo acoustic parameters were calculated  
a)Acoustic Impedance (Z): 

   Z=ρ.u 
b) Adiabatic compressibility (β): 

  β = 1/ρu2
 

c) Intermolecular free length (Lf): 

 
 
           Lf=(KT/ρ u1/2

) 
d) Relaxation Time (τ): 

  τ =(4/3) (η .β) 
e) Gibb’s free energy (ΔG): 

  ΔG=kBT ln (KTτ/h)   
Where KT = (93.875+0.375T) x10-8is a temperature dependent constant Tis the absolute temperature, k is the 
Boltzmann’s constant and h is the Planks constant. 
 

RESULTS AND DISCUSSION 

 

The ρ and η of dextran with sodium hydroxideat temperature 303K, 308K, 313K, 318K and 323Kare represented in 
Table-1 The Ultrasonic speed increases with rise in temperature at a particular frequency (fig.1), which suggests that 
disruption of water structure is enhanced with the addition of solvent (urea) and the solutes (dextran). The 
association is due to dipole are induced due permanent dipoles are present in the water molecules suggest that 
reduction in intermolecular forces due to rise inthermal energy of the system.Ultrasonic velocity decreases with 
increase in frequency for a given temperature[7-8]. The decrease in speed is an indication of existence of weak 
molecular association between the solute and solvent due to increase in agitation between molecules give rise to 
decrease in speed at higher frequency (12MHz) the trend is reverse (fig.2). The β falls with rise in temperature at a 
given frequency and β rises with rise in frequency at a given temperature. This type of behaviour may be due to 
breaking up of associated clusters of urea and dextran releasing several dipoles, which in turn induces dipole 
moment in urea resulting dipole- induced dipole interaction between them. The decrease in Z is an indication of 
existence of weak molecular association between the solute and solvent in both temperature and frequency rises, 
leads  to increase agitation between molecules give rise to decrease in Z at higher frequency (12MHz) the trend is 
reverse (fig.2). This supports the possibility of weak interaction between unlike molecules at a given temperature and 
frequency[9]. The fig.7 indicates the τ drops with rising temperature. This is due to the increase in temperature 
causesnumber of collision and hence decreasing the collision time leading to less τ. The variation of τ with frequency 
is almost parallel to frequency axis (fig.8) indicating very small change in τ with increase in frequency [10]. 
Intermolecular attractions between the components is in binary mixture is measured by Lf. Weakling and strengthen 
of intermolecular attraction is indicated by the increase or decrease in free length. As theultrasonic velocity increase 
due to the increases in temperature, the Lfhas to decrease. The variation of Lf with frequency is almost parallel to 
frequency axis (fig.10) indicating very small change in Lfwith increase in frequency[11] The ΔG reveals closer 
packing of the molecules due to the H-bonding of unlike molecules in the solutions. The ΔG decreases with 
temperature rise suggesting that less time is required for the cooperative process or the rearrangement of molecules 
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in the solution decreases the energy leading to dissociation. The variation of ΔG with frequency is almost parallel to 
frequency axis (fig.12) indicating very small change in ΔGwith increase in frequency [12]. 
 

CONCLUSION 
The structural properties of solutions were determined. Temperature change provided molecular interactions such as 
solvent-solvent and dipole-dipole interactions. 
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Table: 1-The values of density (ρ) and viscosity (η) at 303K, 308K, 313K and 318K ofsolution. 

T in kelvin (ρ) Kg.m-3 (η) 10-3 N.s.m-2 

 303 1078.75 1.086 

308 1076.75 1.036 

313 1075.40 0.963 

318 1072.57 0.900 

323 1069.00 0.834 
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Table: 2- values of U and β at different temperature and frequencies  

 

T in kelvin 
Velocity (U) m.s-1 Adiabatic Compressibility β (1010 m2 N-1) 

1MHz 5MHz 9MHz 12 MHz 1MHz 5MHz 9MHz 12 MHz 

303 1624 1619 1616 1617 3.5149 3.5388 3.5497 3.5454 

308 1626 1621 1618 1619 3.5127 3.5344 3.5475 3.5432 

313 1627 1623 1620 1621 3.5128 3.5323 3.5432 3.5389 

318 1629 1625 1622 1624 3.5135 3.5308 3.5438 3.5351 

323 1632 1628 1625 1626 3.5122 3.5295 3.5428 3.5382 
 

Table: 3- values of Z and τ at different temperature and frequencies 

 

T in kelvin 
Acoustic impedance (Z) ( ×104 )kg·m2·s-1) Relaxation time (τ)( x 1010 )s 

1MHz 5MHz 9MHz 12 MHz 1MHz 5MHz 9MHz 12 MHz 

303 1.752 1.746 1.743 1.744 5.091 5.126 5.142 5.135 

308 1.751 1.745 1.742 1.743 4.853 4.883 4.901 4.895 

313 1.750 1.745 1.742 1.743 4.508 4.533 4.547 4.542 

318 1.747 1.743 1.740 1.742 4.216 4.237 4.253 4.242 

323 1.745 1.740 1.737 1.738 3.903 3.922 3.937 3.932 
 
 
Table: 4- values of Lf  and ΔG at different temperature and frequencies 

 

T in kelvin 
Intermolecular free length (Lf )(10-10 m) Gibb’s free energy (ΔG)(10-20 K.J.mol-1) 

1MHz 5MHz 9MHz 12 MHz 1MHz 5MHz 9MHz 12 MHz 

303 3.720 3.732 3.738 3.736 212.13 213.36 213.92 213.70 

308 3.751 3.763 3.770 3.767 209.82 210.96 211.64 211.41 

313 3.783 3.794 3.800 3.797 202.41 203.45 204.03 203.80 

318 3.816 3.825 3.833 3.828 195.89 196.83 197.53 197.06 

323 3.848 3.857 3.864 3.862 187.06 188.01 188.74 188.49 
 

 
Fig.-1 Plot of U with temperature 

 
Fig.-2 Plot of U with frequency 
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Fig.-3 Plot of β with temperature 

 
Fig.-4 Plot of β with frequency 

 
Fig.-5Plot of Z with temperature 

 
Fig.-6Plotof Z with frequency. 

 
Fig.-7 Variation of τ with temperature 

 
Fig.-8 Variation of τ with frequency 
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Fig.-9Plot of Lfwith temperature 

 
Fig.-10Plot of Lfwith frequency 

 
Fig.-11 Variation of ΔGwith temperature 

 
Fig.-12 Variation of ΔG with frequency 
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The ultrasonic speed (u), density (ρ) and viscosity (η) at 303 K have been measured in the liquid solution 
of dextran over range of concentrations (0.1%, 0.25%, 0.50%, 0.75%, and 1%) and glycine. The 
variousacoustical parameters such as ,acoustic impedance (Z), adiabatic compressibility (β), 
intermolecular free length (Lf), relaxation time (τ) , Gibb’s free energy(ΔG)   have been computed from 
three basic parameters ultrasonic speed (u), density (ρ) and viscosity (η). The results have been presented 
in the light of the molecular interaction among solute and solvents molecules. The molecular interactions 
like electrostriction, acceptor-donor association, dipole-dipole association and hydrogen bonding have 
been analyzed based on these parameters. The properties of solution can be altered within a reasonable 
range by varying the concentration till an optimum value of some desired parameter is attained. 
 

Keywords: ultrasonic speed, density,viscosity and dipole-dipole association. 

 

INTRODUCTION 
The study of molecular interaction in liquid solutions plays an important role in the development of molecular 
sciences[1-2]. The ultrasonic technique, is being mostly used in the study of molecular interaction in liquid state due 
to their simplicity and accuracy. As these techniques are nondestructive, it plays an important tool for basic research 
in Physics, Chemistry, Material Science, Biology, medical science and forensic science. The present investigation is 
related on thermo acoustical properties of polymer dextran with glycine. The thermo-acoustical parameters such as 
acoustic impedance (Z), adiabatic compressibility (β), intermolecular free length (Lf), relaxation time (τ) , Gibb’s free 
energy(ΔG)  of  polymer dextran 70,000 Da  at various concentration i.e. 0.1, 0.25, 0.50, 0.75 and 1% in solvent glycine 
at constant temperature  and frequency at 303K and 9MHzrespectively have been calculated.Dextran, a water soluble 
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polymer, has occupied a separate area of investigations by researchers[3-6]. It is used widely in the manufacture of 
blood plasma expanders [7-8]. Glycine is an organic compound with the formula HO2CCH2NH2. It is an amino acid 
and is found often in small quantities in proteins. Glycine can be found in myoglobin and hemoglobin  
 

 
Structure of Glycine 

The body uses glycine to make proteins, and widely used in the biological activity of our body.In view of the 
importance of dextran and glycine, a systematic study of it with glycine has been undertaken in the present study. 
 

EXPERIMENTAL SETUP 

 
Materials 
The aqueous solution 2(M) glycine with dextran of 70,000 Da is prepared for preparing dextran solution. Dextran of 
70,000 Da used as solute at different concentration (0.1, 0.25, 0.50, 0.75 and 1%)  [9-10] 
 

Measurements 
The Methods adopted for measurement of velocity, density and viscosityare same as mypreviousarticle [11]. 

 

Theoretical Aspect 

The ρ, η and U, have been measured and using these measuredvaluethe parameters β, Z, τ, Lf and ΔG, were 
evaluated using standard formula [9]. 
 

RESULTS AND DISCUSSION 

 
It is observed that, ultrasonic velocity rises with increase in concentration at 303K as shown in figure-1. Variation in 
the velocity is due to self-association of the glycine and water atoms and dipole-induced dipole interaction among 
the component systems, which is concentration dependent. With increase in dextran concentration, dipole-induced 
dipole interaction increases making the system less compressible resulting increase in velocity. It is 
observedfromfigure-2 that values of acoustic impedance increase with increase in concentration of dextran as in 
velocity which is in agreement with the theoretical requirement. Increase in impedance with solute concentration can 
be attributed to the effective solute solvent interactions [8].As expected β drops with rise in concentration of dextran  
which shows a reverse trend to velocity graph in figure-3 This behavior may be due to breaking up of associated 
clusters of dextran releasing several dipoles, which in turn induces dipole  moment in glycine resulting dipole- 
induced dipole interaction [10].From figure-4 it is observed that the value of intermolecular free length decreases 
steadily with increase of concentration of dextran. This indicates the significant dipole–induced dipole interaction 
between solute and solvent due to which structural arrangement is affected. Dextranhave higher molar volume, 
therefore, molar volume of dextran  part rises with increase inconcentration of dextran and occupies larger 
spatialarrangement in the molecular core of the solution[11-12] whichleaves less intermolecular space in between the 
associatedstructure present in the system. Figure-5τ increase with rise in concentration of dextran. Such situation 
suggests that, the molecules getrearranged due to co-operation process [13-14]. The Gibbs free energy (ΔG) rises with 
the rise in concentration of dextranas shown in figure-6. An increasing value of ΔG recommends that the 
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nearerattitude of unlike particles is due to hydrogen bonding. The rise in ΔG leads tosmaller time for the 
rearrangement of molecules in the mixture.  
 

CONCLUSION 
 
 The evaluated values of ultrasonic speed and other derived parameters indicate the presence of molecular 
interaction between component molecules at constant temperature and for frequency 9 MHz.. Summarizing the 
trends and variation of thermodynamic parameters with concentration of the ultrasonic wave has been studied in 
detail which will give us an idea about the nature of molecular interactions between the solute (dextran) and solvent 
(glycine). 
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Table 1 Values of ρ and ηof solution. 

 

 

Table 2 Values of U and Zof solution at 303K temperature. 
 

 
 
 
 
 
 
 
 

 
Table 3 Values of β and Lfof solution.at 303Ktemperature 
Conc.  β (10-10N-1.m2)  Lf(10-10 m) 
0.10% 3.708 3.821 
0.25% 3.699 3.816 
0.50% 3.690 3.811 
0.75% 3.675 3.804 
1% 3.665 3.798 

 
Table 4 Values of τ and ΔGof solution at 303 K temperature 

Conc.  (τ)(10-13 s) (ΔG)10-20kJ·mol−1 
0.10% 5.334 220.607 
0.25% 5.389 222.451 
0.50% 5.553 227.913 
0.75% 6.043 243.286 
1% 6.114 245.394 

 
 
 
 
 

 
T 

(kelvin) 

Concentration 
0.10% 0.25% 0.50% 0.75% 1% 

 
Kg.m-3 


10-3 

N.s.m-2 

 
Kg.m-3 


10-3 

N.s.m-2 

 
Kg.m-3 


10-3 

N.s.m-2 

 
Kg.m-3 


10-3 

N.s.m-2 

 
Kg.m-3 


10-3 

N.s.m-2 
303 1053.50 1.079 1054.69 1.093 1055.48 1.129 1056.27 1.233 1057.86 1.251 

Conc. (U) m/s (Z) 106 kg·m2·s−1) 

0.10% 1600 1.686 

0.25% 1601 1.689 

0.50% 1602.45 1.691 

0.75% 1605 1.695 

1% 1606 1.699 
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Fig.1 Variation of U with concentration  

Fig.2 Variation of Z with concentration 

 
Fig.3Variation of β with concentration 

 
Fig.4Variation of Lfwith concentration 

 
Fig.5 Variation of τwith  concentration 

 
Fig.6Variation of ΔGwith concentration 
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This work presents an ultrasonic method to measure the physico-chemical properties of edible oils. Over 
last decade less work has been done in evaluation of physico-chemical for a wide variety of edible oils 
using ultrasonic technique. It is important because of their extensive use in bio-engineering, food 
engineering, pharmaceutical industries, process industry, textile industries and nuclear energy 
industries. Ultrasound can be used to determine the dynamic rheology and composition of oils, the oil 
contents. Ultrasonic velocity and acoustical parameters have useful in investigation of structure of oils 
and interaction between the molecules. The ultrasonic velocity, density viscosity,adiabatic 
compressibility and intermolecular free length have been measured at fixed frequency 4MHz.at 
temperature 30 0C, 350C, 400C and 45 0C. The influences of temperature on physic-chemical properties are 
analyzed. The present study throws light in understanding these oils with regard to their purity and data 
presented will be highly useful to identify the adulteration in oils. The influences of temperature on 
physic-chemical properties are analyzed.From the experimental data acoustic and thermo dynamical 
parameters have been calculated. In this present work the parameter adiabatic compressibility (β), and 
intermolecular free length (Lf) have been computed using the standard relations. 
 

Keywords: ultrasonic method, physico-chemical, edible oils 

 

INTRODUCTION 

 
The structure of associated liquids has been subject of continuous study. Since the recognition of H bonding, though 
a number of methods are available, the ultrasonic method is used by many as it is relatively easy, involving less 
number of measurement parameters as well as few assumptions. Further ultrasonic methods find wide application in 
fundamental research, in Pharmaceutical industry and Defense. It is also a universally accepted technique to study 
the physical-chemical properties at the macro level of the liquids, liquid mixtures, electrolytic solutions and 
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polymeric solutions. Measurement of ultrasonic velocity has been adequately employed in understanding the 
molecular interactions in pure, binary, and higher order multicomponent liquid mixtures. The propagation of 
ultrasonic velocity in a medium is a thermodynamic property and has come to be recognized as a very specific and 
unique tool for predicting and estimating various physico-chemical properties of the systems under consideration 
[1]. The propagation of ultrasonic waves in oils depends on its visco-elastic behavior and density which significantly 
affected with change in temperature and frequency [2-3] .Therefore the application of low intensity ultrasound acting 
as a high frequency dynamic mechanical deformation applied to oils, can monitor the changes in acoustic and 
thermodynamic properties associated with it. In this thesis the bulk properties like density, viscosity and ultrasonic 
velocity are measured at four different temperatures like 303 K, 308 K, 313 K, and 318 K at frequency 4MHz.These 
experimental data has been used to calculate the acoustic and thermo dynamical parameter such as adiabatic 
compressibility (β), and intermolecular free length (Lf).The densities (ρ) of the oils, using specific gravity bottle, 
ultrasonic speed (U) by using a single-crystal variable-path multi-frequency ultrasonic interferometer and viscosity 
(η) by using, Ostwald viscometer are used[4-5] .From the experimental data acoustic and thermo dynamical 
parameters have been calculated. In this present work the parameter adiabatic compressibility (β), and 
intermolecular free length (Lf) have been computed using the standard relations. The variation of ultrasonic velocity 
and acoustical and thermo dynamical parameter with different temperature leads to the analysis of intermolecular 
interaction among the oil samples [6-7]. 
 

MATERIALS 
 

Different standard edible oil like mustard, groundnut, palmolein & sunflower were collected from business units as 
samples to compare & investigate different characteristics & dynamic properties.  
 
Experimental Details 
Speed  
The speed of the ultrasonic wave in the solution has been measured utilizing an ultrasonic interferometer, working at 
11 various frequency supplied by M/s Mittal Enterprises, New Delhi (Model M-84). The measuring cell of the 
interferometer is a specially structured twofold walled vessel with an arrangement for temperature constancy. . An 
electronically worked advanced steady temperature shower  provided by M/s Mittal Enterprises, New Delhi, (Model 
SSI-03spl) working in the temperature range -10 0C to 85 0C with an precision of ± 0.1K has been utilized to circulate 
water through the external jacket of the twofold walled estimating cell containing the test fluid. 

The expression used to determine the ultrasonic velocity is     

    U =2d/T (m/s) 
    Or. U= 2d×v 
    Or,     U= λ × v 
      (Here-2d=λ) 
Where, v is the frequency of the generator which is used to excite the crystal; (In the present investigation, the 
frequency 4MHz interferometer was taken) d- Separation between the reflector and crystal; T. Travel time of the 
ultrasonic wave. 
 
Density (ρ) 
The ρ of the solution were estimated using a 10 ml Pycnometer bottle. The Pycnometer bottle with the transformer oil 
was submerged in a temperature-controlled water shower at 30 ◦C.35◦C, 40 ◦C and   45◦C.The ρ was estimated using 
the equation  
     ρ1 = (w2/w1) ρ2 
Where, w1 = weight of distilled water, w2 = Weight of investigational solution, ρ1 = Density of water, ρ2 = Density of   
oil samples. 
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Viscosity (η) 
The viscosities of the solution were estimated using Ostwald’s viscometer standardized with distilled water. The 
Ostwald’s viscometer with the transformer oil was submerged in a temperature-controlled water showerat 30 
◦C.35◦C, 40 ◦C and 45◦C.The time of flow was measured using an advanced stopwatch with a precision of 0.01 s. The η 
was calculated using the equation,         
       η2=η1 (t2/t1)(ρ2/ρ1)  
 
Where, η1 = Viscosity of distilled water, η2 = Viscosity of solution, ρ1 = Density of distilled water, ρ2 = Density of oil 
samples. t1 = Time of flow of water, t2 = Time of flow of oil samples 
 
Theoretical Aspect 

The information of ultrasonic speed, ρ, and η lead to the determination of different thermo-acoustical parameters, 
using standard equation.  
Adiabatic compressibility  β = 1/ρu2  
Intermolecular free length  Lf= (KT/ρ u1/2

)   
  

RESULTS AND DISCUSSIONS 

 
The density of oil samples is given in Table 1.The viscosity of the oil samples is listed in table 2.The velocity of oil 
samples is listed in the table 3.The adiabatic compressibility of oil samples is given in table 4 and variation between 
adiabatic compressibility and temperature is shown in fig.4.The inter molecular free length of oil samples is given in 
table 5 and variation between inter molecular free length and temperature is shown in fig.6. According to the 
molecular theory, when a liquid is heated the molecules move apart i.e. it expands, the number of molecules or mass 
remains the same but the volume increases and as a result the density and viscosity decrease in all the oils. Density 
and viscosity decrease with increase in temperature indicates decrease in inter molecular forces due to increase in 
thermal energy of the system. This causes an increase in volume and hence decreases in density and viscosity (fig.1 
and fig.2). It is observed that, ultrasonic velocity decreases with increase in temperature (fig.3). This is due to the 
structural changes occurring in the oils resulting in increase of intermolecular forces. Which is an indication of 
existence of strong molecular dissociation between the components molecules [8]. The variation of adiabatic 
compressibility (β) is increases with increase in temperature of different oils (fig.4).Adiabatic compressibility (β) is a 
measure of intermolecular association or dissociation or repulsion. It also determines the orientation of the 
component molecules. The structural arrangement of the molecule affects the adiabatic compressibility The decrease 
in adiabatic compressibility indicates enhancement of degree of association among the oil molecules,Indicates the 
more fat contains The decrease in adiabatic compressibility brings the molecules to a closer packing resulting into a 
decrease of intermolecular free length. The decrease in the values of adiabatic compressibility strengthens the strong 
molecular association between the unlike molecules through dipole-dipole interaction [9]. Inter molecular free length 
increases with increase in temperature (fig.5). As the temperature increases it leads to the less ordered structure and 
more spacing between the molecules due to increase in thermal energy of the system which increases in volume 
expansion and hence increase in inter molecular free length[10]. 
 

CONCLUSION 
 

From the above studies, the nature of forces between molecules such as hydrogen bonds, charge transfer complexes, 
breaking of hydrogen bonds and complexes had been interpreted. Intermolecular forces are weak. Structural 
characteristics of the components arising from geometrical fitting of one molecules in to another due to the difference 
in shape and size of the molecules and free volume. 
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Table-1 Values of density (ρ) at different temperatures of different oils 

kelvin(T) Density(ρ) kg.m-3 

 
Palm oil Groundnut oil Mustard oil Sunflower oil 

303 K 901.429 908.246 901.913 913.862 

308 K 898.423 904.723 899.447 911.037 

313 K 894.720 902.501 896.714 908.759 

318 K 890.644 898.962 893.354 904.723 
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Table-2 Values viscosity (η) at different temperatures of different Oils 

kelvien 

(T) 
Viscosity()10-3 N.s.m-2 

 Palmolein oil Groundnut oil Mustard oil Sunflower oil 

303 K 66.875 51.291 85.134 47.578 

308 K 59.298 45.260 78.018 44.049 

313 K 51.562 39.194 52.527 35.378 

318 K 42.780 32.500 47.186 30.571 
 

Table-3Ultrasonic velocity (U) at different temperatures of different oils for 4MHz frequency 

kelvin(T) Velocity(U) m s-1 

 Palmolein oil Groundnut oil Mustard oil Sunflower oil 

303 K 1413.200 1434.000 1438.600 1436.400 

308 K 1408.600 1423.000 1430.000 1412.600 

313 K 1394.200 1399.800 1408.400 1399.200 

318 K 1382.800 1387.800 1395.200 1391.200 

 

Table-4 Adiabatic compressibility (β) of different temperatures of oils for frequency 4MHz 

T 

(kelvien) 
Adiabatic Compressibility (β)(10-10N-1.m2) 

 Palmolein oil Groundnut oil Mustard oil Sunflower oil 

303 K 5.555 5.354 5.304 5.357 
308K 5.610 5.459 5.501 5.437 
313 K 5.750 5.655 5.621 5.622 
318 K 5.872 5.776 5.711 5.750 

 

Table-3.5 Intermolecular free length (Lf) at different temperatures of oils for 4MHz frequency 

T 

(kelvien) 
Intermolecular free length (Lf) :-Lf = KTβ1/210-11 m 

 Palmolein oil Groundnut oil Mustard oil Sunflower oil 

303 K 4.676 4.591 4.569 4.592 
308K 4.740 4.676 4.694 4.667 
313 K 4.840 4.800 4.786 4.786 
318 K 4.933 4.893 4.865 4.882 
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Fig.1 Variation of density of oils with different 

temperatures 
Fig.2 Variation of viscosity of oils with temperatures 

Fig. 3Variation of velocity of oils with temperatures  Fig. 4 Variation of adiabatic compressibility 

of oils with temperature 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Variation of Intermolecular free length of oils with temperature 
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Production of huge organic wastes along with poor management system, results in a significant 
environmental degradation. The systematic and safe disposal is a major issue in number of cities of 
developing countries. In India at most of the religious places a huge amounts of s biodegradable waste 
are generated which contains fruits, flower, food waste etc. The quantity of flower waste in India is 300 
MT/day. Odisha is considered as one of the holy state of India. Jatni is nearer to the temple city of 
Bhubaneswar. Large amounts of flowers are used during functions, worships, ceremonies and festivals. 
The quantity of floral waste generated by few major temples of the city was assessed for composting. In 
present study different proportions of soil, cattle dung and floral wastes were taken in form of mixture 
and performed vermicomposting process using earth worm species Eudrilus eugeniae. The study was 
designed with variation of these contents with different ratios. Soil with cattle dung was kept as control 
throughout the study. After Vermicomposting process analysis of various physical and chemical 
parameters was done. It was found that in almost all proportions the vermicompost was produced 
within a maintained parameters of temperature 23 degree Celsius, pH about 6.53 to 8.06 pH, 55% 
moisture content. Thus, vermicomposting of temple flower waste is an excellent and eco-friendly method 
to get valuable products which will lead to a healthier and waste free environment providing with an 
enriched manure for sustainable plant growth. 
 

Keywords: Organic waste, floral waste, Vermicomposting (VC), Eudrilus eugeniae 
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INTRODUCTION 

 
In present day all corners of the world is managing different organic wastes at low capital and operation cost as well 
as in eco-friendly and energy saving has attracted much attention. The cities and towns of India like other 
developing countries also suffer with solid waste management(Kaur and Joshi 2002). Vermicomposting of flower 
waste not only prevent damages to natural sources but help to some extent, in cleaning the nature.Huge amounts of 
flowers are offered in temples of Jatni city, Khurda, India creating a large amount of flower waste, which creates 
severe environmental pollution and health hazards. These materials are wholly biodegradable. Reduce, recycle and 
reuse of the organic waste is big challenges for municipal authorities in developing countries. The generation of 
waste is increasing in faster rate due to urbanization, industrialization, rapid expansion of cities and migration of 
people from rural area to urban area. To preserve the global agro-ecosystems and protect human health from the 
harmful agro-chemicals “Ecological Agriculture and Organic Farming” has to be promoted (Gomiero, 2008). Various 
biological management options offers for organic wastes instead of disposal to landfill sites, open dumping or any 
other environmentally risky waste management as alternatives, but vermicomposting is amost promising method for 
recycling. (Sangwan et al 2002, Aalok et al 2008, Adhikary et al 2012) 
 
To convert floral waste into useful organic fertilizer would be of great benefit by using biological processes such as 
composting followed by vermicomposting. In this process the combined action of earthworms and microorganisms 
produce stabilized products as organic manure after transforming energy rich and complex organic substances 
(Edward et al 1992).Earthworms play a considerable role by fragmenting and altering all biological activity of the 
waste (Dominguez, 2004). Ecological agriculture is relatively more sustainable, and it could be an economically and 
environmentally viable alternative to the destructive chemical agriculture. According to many religious beliefs, 
flowers that are offered during prayers are sacrosanct and cannot be dumped into the garbage once they’ve wilted. 
This is one of the reasons why people prefer to discard them in rivers, lakes and other water bodies. But not many of 
us think about the fertilizers and pesticides that might have been used to grow these flowers, which then mix with 
the water and pollute it.  These materials are wholly biodegradable which can be utilised effectively a “biological 
fertilisers’’ for vegetables crops will not only provide economic benefits to the farmers but also improves and 
maintain soil fertility and sustainability in natural soil eco-systems (Kannaiyan, 2002). Thus, the prime objective of 
the of this study is to produce organic manure for establishing a sustainable plant growth by adding live earthworms 
(Eudrilus eugeniae ) in the pots using various proportion of wastes  to establish vermicomposting (Kinberg,1867). The 
recycling technology of biological method such as vermicomposting use for flower waste not only provide 
nutritional value to soil but also aid to cleaning environment. 
 

MATERIALS AND METHOD 

Collection of Materials 
 Flower waste which are left unused after offering was collected from various temples nearby Jatni,Odisha,India. 
 Fresh cattle dung and soil were collected in plastic bags from dairy farm at CUTM campus, Jatni, Odisha, India 
 

Segregation of non-biodegradable substances 

Manual segregation of flower waste was carried to remove the debris (plastic, threads, incense sticks, coconuts etc). 
The garlands and flowers were segregated and shredded into small pieces .to collect biodegradable waste 
 
Pre-composting  
The segregated floral waste was mixed with cattle dung with appropriate proportion (3:2) were allowed to 
decompose for seven days for semi-decomposition and stabilization to have optimum action of earthworm and 
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suitable for the process of vermicomposting because its thermophilic nature helps in mass reduction and pathogen 
reduction (Nair et al., 2006) 
 

Collection and selection of earthworm species 
The earthworm (EW) species Eudrilus eugeniae was collected from the vermicomposting unit of CUTM Campus and 
kept in a separate controlled environment before experiment. The species has potency to survive in different 
moisture content and resistance for temperature. 
 
Drying and sieving of sample 
For the growth of earthworms, the primary essential collected materials such as soil and cow dung were allowed to 
dry for a week spreading over plastic sheets. The air dried materials were sieved by a sieve of 36 nm and collected in 
a plastic bags. 
 
Preparation of vermin bed 

The process of vermicomposting was started by making portable vermi-bed using six plastic containers of length (l) 
40 cm, breadth (b) 28cm and height (h) 12cm brought from market and labelled as control(C), P1, P2, P3, P4 and 
experimental (E) respectively. 
 
Preparation of vermicomposting 
The vermicomposting for floral waste was made in small scale. The dried material such as soil and cattle dung 
including pre composting floral waste were weighed in the help of weighing machine for various proportions. The 
experimental design was carried out by making 1:1 proportion of soil and cattle dung for each container except 
experimental which contained 100% of pre composting floral waste. The P1,P2,P3 and P4 were added with various 
proportion of 20%,40%,60% and 80% of pre composting floral waste to previous contained 1:1 proportion whereas 
control(C) only dealt with 1:1 soil and cattle dung proportion. The adding material were well mixed and allowed for 
making vermi-bed by forming layers. Two layers of floral waste and mixture of soil and cattle dung were placed 
over one another alternately. The earthworm Eudrilus eugeniaewere measured with their length (l), perimeter (p) and 
diameter (d)ranging from 7.7cm to 13 cm and allowed to introduce four in number into vermi-bed of each container 
by adding slurry of cattle dung at top of the bed. After adding the earthworms were moved down and the sets were 
monitored throughout the period of vermicomposting by sprinkling of water to maintain moisture content and 
adding of slurry within a time interval of 4 days upto 45-50days. Monitoring of the process from every aspects was 
carried out upto 60-65 days where the entire mixture of the containers ready for harvesting vermicasts the black 
granular materials with a range of 0.7cm to 1cm. The physical parameters such as electro-conductivity, pH, moisture 
content of mixture, growth and survival of earthworm were estimated before and after vermicomposting, The 
growth and survival rate was measured with a time interval of fifteen days during entire period of vermicomposting 
that mentioned in tables and graphs. The population of the earthworm was measured by counting manually in each 
proportion within time interval of fifteen days also represented in tables and graphs. 
 

RESULT AND DISCUSSION 

 
The experiment on vermicomposting using floral waste was presented with number of tables and plotted graph 
contain the estimated values of different parameters. The present work is conducted to manage and utilize the floral 
waste generated by temples of Jatni city. The process of composting was carried out in different ratios of waste,soil 
and cow dung for 60 days. Earthworm species Eudrilus eugeniae was shown the activity of vermicompost because of 
it’s adaptability to varied conditions on different proportion C(control),P1,P2,P3,P4 and E(experimental). The Table.1 
was shown increase in the pH values of each container after vermicomposting in a range of 6.36-7.00 whereas the pH 
of experimental reached to a range from 6.67 to 8.06 indicated the formation of soil nutrient with decreasing of the 
toxicity floral waste. Graph-.1 was plotted with the physical parameters pH and temperature. The Table.2 was shown 
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the huge change in electro-conductivity of each proportion which indicate the salinity content of mixture converted 
during vermicomposting is applicable for agriculture requirement range especially in P3 and P4 proportion. The 
electro-conductivity of experimental as well the control value was significantly converted from its initial value 
indicated the increase of nitrogen content along with salinity as it mixed with cattle dung earlier. Graph.2 was 
presented the value of electro-conductivity of each proportions.Table.3 was shown the moisture content of each 
proportion was converted to the range of agricultural soil (75-95 in percentage).The moisture content was in 
descending order from control to experimental plotted in graph indicated that all proportion reached to a range of 
agricultural aspects especially in P3 and the experimental shown low content of moisture. The Graph.3 was shown 
the moisture content of all proportions. The growth of the earthworm during vermicomposting was estimated in 
Table.4 by measuring the length and diameter of the introduced earthworms filtering from the growing population. 
The difference of the initial and final value of l and d was calculated and plotted in graph which indicated the 
growth of earthworm increases in almost all proportion and more significantly in P3 whereas in experimental it was 
shown less growth due to increase in all parameters plotted on Graph.4.In Table.5 it was presented the number of 
earthworm was produced during vermicomposting after only introduced 4 in number before the process has been 
carried out. The number of population has been increased subsequently in P3 as compared to other but still in other 
proportions the production of earthworm was favoured was presented in Graph. 5. The organic manure was 
obtained with black in all proportion whereas found brown colour in P2 and P3. 
 

DISCUSSION  

 
The above results were explained that all parameters favourable towards suitable vermicompost that was obtained 
from P3 proportion as compared to other. But in other proportions the parameters also gave a significant role for 
different parameters like electro-conductivity,pH, moisture and growth of earthworm Eudrilus eugeniae  during 
vermicomposting. In the present study it was found that the population of earthworm subsequently increased in all 
containers but the result of P3 is more effective as it was obtained with all suitable parameters presented in Table.5 
and Graph.5. The quantity of vermicasts of all container was reciprocal obvious to population of earthworm 
 

CONCLUSION 

 
The results obtained from the present study was estimated the population rate of Eudrilus eugeniae  more effective 
during vermicomposting of flower waste amended with proportion of cattle manure. The population of earthworm 
was produced the enriched end product vermicasts with high carbon nitrogen profile as confirmed through different 
parameters. The population of earthworm in the process of vermiculture was suitable for all adverse conditions. In 
the present work the result was produced more significantly in the mixture of low amount of soil and cattle dung 
mixture with high percent of flower waste of P3 proportion. The rate of population growth was indicated the 
amendment of floral waste due to the action earthworm. It helped to reduce the volume of agro waste additional to 
produce eco-friendly and cost effective manure for agricultural application. The present work can be established in 
large scale in future to obtained organic floral manure as well as the vermiculture of Eudrilus eugeniae   for 
amendment of other solid waste. 
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Table.1(Measurement of physical parameter pH and temperature of vermicompost) 

No of 

Reading 

Name of 

Containers 
Initial of pH 

Final of 

pH 

Temperature 

before 

vermicompost 

Temperature after 

vermicompost 

1 Control 6.78 6.89 23.4° C 26°C 

2 P1 6.53 
 

6.65 23.3°C 26°C 

3 P2 6.36 6.45 23.2°C 26.2°C 

4 P3 6.81 7.00 23.3 C 26.5°C 

5 P4 7.07 6.88 23.2°C 27°C 

6 Experimental 8.06 7.86 23.3°C 29°C 
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Table.2 (Measurement of physical parameter electro-conductivity of vermicompost) 

No of 

readings 

Name of Pots Initial readingof 

electro-

Conductivity 

Range In μ Final reading  of  

electro-

Conductivity 

Range In 

m 

1 Control 115.1 200 1.293 2 

2 P1 85.4 200 1.165 2 

3 P2 44.5 200 1.265 2 

4 P3 100.3 200 0.691 2 

5 P4 44.8 200 0.478 2 

6 Experimental 96.5 200 1.359 2 

 
Table.3 (Measurement of moisture content of vermicompost) 

No. Of 

Readings 

Name of 

Containers 

Weight of 

Wet Compost 

Soil 

Weight of 

Dry 

compost 

Soil 

Difference(moisture 

content) 

1 Control 2gm 1.1363gm 0.8637gm 

2 P1 2gm 1.0694gm 0.9706gm 

3 P2 2gm 0.9391gm 1.0609gm 

4 P3 2gm 0.8539gm 1.1461gm 

5 P4 2gm 0.7914gm 1.2086gm 

6 Experimental 2gm 0.639gm 1.361gm 

 
Table.4 (Measurement of growth through length and perimeter of Earthworm) 

(Measurement of Earthworms before and After Introduce) 

Name 
of 

Contain
ers 

Initial 
Length (l) 

of EW  
before VC 

in cm 

Final 
Length 

(l) of EW 
after VC 

in cm 

Diff. In 
Length 

(l) 
Mean SD 

Initial 
Perim
eter(p)  
of EW 
before 
VC in 

Final 
Perimet
er(p) of 

EW 
after 

VC  in 

Differ
ence 

in 
diame
ter (p) 

Mean SD 

Control 

13 14.2 1.2 

0.95 0.26 

1.3 1.5 0.2 
  

9.9 10.8 0.9 1.4 1.6 0.2 
  

12.8 13.6 0.6 1.3 1.4 0.1 0.17 0.05 

9.7 10.8 1.1 0.9 1.1 0.2 
  

P1 

11.7 12.4 0.7 

0.72 0.05 

1.2 1.5 0.3 
  

11.8 12.6 0.8 0.9 1.1 0.2 
  

12.2 12.9 0.7 0.8 1 0.2 0.22 0.05 

9.8 10.5 0.7 1.3 1.5 0.2 
  

P2 

12.9 10.5 13.2 1.4 

0.75 0.46 

1 1.2 0.2 
  

12.6 13.3 0.3 1.7 1.9 0.2 0.2 0.08 

11.3 11.9 0.7 1 0.8 0.2 
  

11.6 12.6 0.6 1.2 1.4 0.2 
  

P3 12.9 13.2 1.2 1.175 0.21 1.5 1.7 0.2 
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12 13.2 1.2 1.3 1.6 0.3 
  

12.2 13.3 1.2 1.4 1.5 0.1 0.22 0.09 

11.9 12.8 0.9 1.4 1.6 0.2 
  

P4 

9.7 10.5 0.8 

0.925 0.34 

1 1.2 0.2 
  

9.7 10.9 1.2 1.1 1.4 0.3 
  

11.3 12.6 1.3 0.9 1.1 0.2 0.25 0.05 

10.7 11.2 0.5 1.2 1.3 0.1 
  

Experi
mental 

12.5 13 0.5 

0.725 0.04 

1.5 1.6 0.1 
  

11.2 11.9 0.7 1 1.2 0.2 0.175 0.05 

9.9 10.3 0.4 1.2 1.4 0.2 
  

9.8 11.1 1.3 1.1 1.3 0.2 
  

 
Table.5 (Population growth of earthworm during vermicomposting) 

Name of 

Containers 

Initial population of EW 

before VC 

Final Population of EW 

after VC(mean value) 

Control 4 27 

P1 4 22 

P2 4 18 

P3 4 36 

P4 4 14 

Experimental 4 16 

 

Graph.1 (Plotting of measurement of pH and 

temperature value of various Proportion) 

Graph.1.1 (Plotting of measurement of E.C of each 

Proportion) 
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Graph.2 (Graphical presentation of moisture content 

of different proportions) 

Graph.3-Measurement of earthworms Length with 

respect to Mean ±SD 

Graph.4-Measurement of earthworm perimeter with 

respect to Mean ±SD 

Graph.5 (Population growth of earthworm during 

vermicomposting) 
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Generation of huge amount of various wastes are dumped the earth and considered serious 
environmental problems. A large amount of Fly Ash (FA) are one of them produced from coal based  
Thermal power plants for fulfilment of power generation which is now causing an acute global disposal 
problem. Hence Fly ash management remains a major concern for the world in the 21st century.  
Effective and safety disposal of these Fly Ash wastes is considered as a major recycling process through 
vermicomposting. Hence, vermicomposting is a cost-effective method being considered as sustainable 
economical solution in suitable management of fly ash. Fly ash management is an excellent method for 
reducing the toxic heavy metals by the combine action of earthworms and microbes to produce enriched 
product as vermicompost after minimize the solubility of heavy metals and increase the bioavailability of 
major nutrient elements. In the present work various proportion of coal based FA amended with mixture 
of soil and cattle dung at periodical intervals with introduction of a special earthworm Eudrilus eugeniae. 
The result is obtained with the successful conversion of FA into vermicompost in various ratio in respect 
to various concentration of FA with the changing physico-chemical parameters, population growth, and 
nutrient content during vermicomposting. Vermicomposting of flyash is stimulated the soils nutrient by 
microbial growth and activity of earthworm and enhance the fertility of the soil for sustainable 
agricultural production. 
 

Keywords: Fly Ash (FA), vermicomposting, Eudrilus eugeniae 
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INTRODUCTION 

 
Including India for most of the developing countries, the major focus area is electricity, the engine of growth 
generated form number power plants. The huge production electricity all over the world for fulfilment demand of 
rapid urbanization growth. A major source of electrical energy is coal-based thermal power plants 
(Mrityunjay,2017).Coal is abundantly available, and a major source of energy till date (Research gate, 2015). The 
annual generation of fly ash has been increased which is a fine, glass powder recovered from the gases of burning 
coal during the production of electricity or power generation. (Zeba Usmani, 2016). Fly ash (FA) is a resultant of coal 
and lignite combustion at thermal power plant having toxic heavy metals in it. FA is a waste material to pollute the 
environment considered as "Polluting Industrial Waste" due to very few utilization areas of fly ash were known 
hence the general perception of people about fly ash was negative (R.M Venkatesh,2008)    Thus, in the present 
situation it is highly essential for proper utilization and management of FA.A great potentiality of FA for agriculture 
application and is quite economical to use as a soil amendment. FA contains essential plant nutrients like Ca, Mg, S, 
Si, Al, Fe, and Na that are beneficial for plant growth and has advantage of enhancing nutrient availability in the soil 
for better agriculture. 
 
A promising and significant ways to recycle the industrial wastes generated from power plant is composting. The 
process in which wastes are converted into nutrient-rich organic manure known as vermicomposting where 
earthworms are used as the biological agent (Edwards &Bater 1992). It is an eco-friendly, cost effective and faster 
method of producing organic fertilizer from waste materials. The end product of this process is vermicompost 
contains water-soluble nutrients and is an excellent fertilizer and acts as a good soil conditioner. Vermicomposting 
Improvement in soil aeration, enriched soil with micro-organisms, microbial activity in worm castings is 10 to 20 
times higher than in the soil and organic matter that the worm ingests, improves water holding capacity are carried 
out during and after vermicomposting (P.Saranraj). For the degradation of Fly Ash (FA) waste,it’s mass reduction 
and recovery of nutrients through vermicomposting is played a great role by earthworms (Allan Mupambwa). 
Vermicomposting has emerged as an effective technique for mitigation of metals available in FA (Bhattacharya,2004). 
Fly ash based vermicomposting will help in bulk utilization of the fly ash which is a waste product and otherwise 
may also cause groundwater contamination. (V. Kumar, 2005) Earthworms are important sources and considered as 
natural bioreactors.  These are like to be wet and need adequate moisture to help them breathe through their skin. 
Vermicomposting worms can convert waste materials into mineralized forms as vermicompost a nutrient-rich, 
biologically beneficial soil product(Adhikary,2012). It is the process in which earthworms remove toxins from the FA 
or FA mixture through bioaccumulation of heavy metals from coal ash or contaminated site/land. The heavy metals 
of the FA is ingested by earthworm convert them into valuable vermicompost while passing through it’s gut and 
interacted with microbes that consumed. The combination of FA and organic amendment improves the microbial 
functions and further the efficiency of FA a source of plant nutrients in agriculture(Mohapatra&Rao 2001, George et 
al. 1998). 
 
Earthworm, being a soil dwelling organism, feeds on soil, litter and other organic matter. They inevitably 
consumethe soil microbes during ingestion of litter and soil. Earthworm belongs to class Oligochaeta of phylum 
Annelida being a soil dwelling organism, feeds on soil, litter and other organic matter. They inevitably consume the 
soil microbes during ingestion of litter and soil. Earthworms may also enhance the fertility of soil treated with coal 
fly ash by increasing solubilisation of mineral nutrients. Vermicomposting is one of the recycling technologies, which 
improves the quality of products (Earthworm Ecology,1983). It involves using earthworms to increase the microbial 
population in vermicasts and help to produce high-quality compost from different organic wastes in a lesser period.  
Theaim of the present investigation was to produce vermicompost by using Eudrillus eugeniae concerning the various 
proportion of fly ash during vermicomposting with related to all suitable physico-chemical parameters. The 
combination of fly ash with soil and cattle dung is much beneficial during vermicomposting that will ensure 
sustainable management of bulk waste and environment. 
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MATERIALS AND METHODS 

 
Preparation of Vermicomposting 

Collection of Materials  
Fly Ash (FA) is fined powder waste samples were collected from IB thermal power station,Jharsuguda, Odisha, 
India.Cattle dung (CD)and soil (S) were collected from Centurion University of Technology and Management 
(CUTM) campus, Bhubaneswar, Odisha,India, in order to expedite the bioconversion process.  
 
Collection of Earthworm Species 
Certain species of earthworm (EW) only essential for vermicomposting as per literature study. The earthworm 
species Eudriluseugeniaewere collected from the vermiculture unit of the CUTM Campus. The species selected for 
vermicomposting is Eudriluseugeniae (Mature about 45–60 days old) healthy Clitellated species comprising a weight 
of about 250–320 mg were collected. 
 
Drying,Sieving of Collected Materials  

The collected cow dung and soil are exposed in bright sunlight for  drying, then large size cow dungs are chopped 
into smaller pieces and allowed for further drying. After drying the soil and the cow dung were crushed in to tiny 
particles and the large and unwanted materials were separatedbysievingprocess through a sieve of diameter of 3.55 
mm. 
 
Experimental Set up for Vermicomposting 
The vermicomposting process was carried out with experimental set up by using 6 plastic containers The 6 
containers were labelled as control (C), Pr1,Pr2 ,Pr3, Pr4, and experimental (E). The 6 different proportions were 
formed for 6 labelled containers by using the 3 collected, sieved and dried materials such as soil, cow dung and Fly 
Ash (FA) as treatments follows: 
1. C= Pure cattle dung + Soil (1:1) + E. eugeniae 
2. Pr1=Cattle dung + Soil +Fly ash (1:1:2) + E. eugeniae 
3. Pr2=Cattle dung +Soil +Fly Ash(1:1:4) + E. eugeniae 
4. Pr3=Cattle dung +Soil +Fly Ash (1:1:6) + E. eugeniae 
5. Pr4=Cattle dung + Soil + Fly ash (1:1:8) + E. eugeniae 
6. E= 100% Fly Ash (FA) + E. eugeniae 

Pr= Symbolised for Proportion and CD+S+FA forCattle dung + Soil +Fly ash 

All the treatmentsof CD+S+FA were allowed for precomposting before inoculation of earthworm. 
 
Preparation of Pre-composting 
All the various proportions of FA withCattle dung + Soil were prepared having 1kg of mixture per each container by 
weighing through the help of weighing machine and mixed uniformly. Water was sprinkledinto all proportion for 
maintaining moisture contentin the mixture and allowed for composting about 10 days without adding earthworm 
in shady regions which later formed pre-compost.The treatments were left before the inoculation of earthworms for 
thermal stabilization, initiation of microbial degradation and softening of substrate material helps in mass reduction 
and pathogen reduction in the process of vermicomposting (Nair et al., 2006). Sample from all mixture were collected 
before and after adding water for physico-chemical analysis. (Pr= symbolised for proportion) 
 
Preparation of Vermicomposting bed 
The Preparation of vermicompost bed was performed in the laboratory in plastic container. The precomposting 
materials was removed from each container separately and applied as stacks of layers again in the respective 
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containers adding slurry in between these as bed. After preparation of vermicomposting bed 3 number of 
earthworms Eudrillus eugeniae (the nightcrawler) were inoculated in each container.  
 

Method of Vermicomposting 
The process of vermicomposting was carried out for 70-80 days till the formation of vermicompostwhich was 
monitored with respect to physical changes in mixture composition by regular growth, nutrition and different 
physico-chemical parameter of the earthworm. The physico-chemical parameters like pH, optimum temperature, 
electro-conductivity and moisture content of the treatments were maintained and recorded at an interval of 15 days 
(0, 15, 30, 45,60 days). The chemical analysis of Fly Ash and changes in mixture during vermicomposting were 
observed. 
 

RESULT AND DISCUSSION 

 
The present study on vermicomposting of various proportion of Fly Ash was obtained with different values of 
physico-chemical parameters,growth activity with survival rate of earthworm and the type of vermicompost and 
estimated through number of Tables and Graphs. The vermicomposting process was estimated with the activity of 
Eudrilus eugeniae that has adaptability to varied condition provided with the composting mixtures C (control), Pr1, 
Pr2, Pr3, Pr4 and E (experimental).The physico-chemical parameters pH, moisture content,temperature and 
electroconductivity were easily adopted by earthworm and carried out the formation of vermicomposting along with 
the action of supporting microbes.  The growth in population of earthworm were significantly increased at a time 
interval of 15 days in all treated container with adding proper nutrition as slurry, indicator of the formation of 
vermicompost due to suitable conversion in physico-chemical parameters during the entire process of 
vermicomposting was shown in Table-1 and Graph-1.The muscular grinding organ gizzard of earthworm rapidly 
fragmented the waste into finer particle after consumption and releases dark black granular vermicast normally 
,similar concept with (Lakshmi Prabha et al 2014).In this study it was observed that black granular vermicast resulted 
except Pr4 and FA (experimental) where it was released with greyish brown colour was shown in Table-2 and 
Graph-2. About 60% of whole FA was converted into vrmicompost in the container shown a slow dgradable process 
compared to other proportion.During the process of vermicomposting the earthworm are aerators that it emits 
sufficient oxygen to oxidize foul smell producing compounds  to make odourless vermicompost ( Nagavallemma et 
al , 2000) 
 
The variables of electro-conductivity (EC) and pH were shown in Table-3and Graph-3 explained that in the initial 
stage of vermicomposting EC increased and became reduce later due to addition of nitrogen content with 
salinity.Similarly the pH is converted from slightly acidic to neutral while the whole FA converted towards neutral 
from alkalinity indicated reducing the toxicity of FA from various proportion. The microbial  nitrification  process  of 
nitrifying bacteria present in wastes were cause of  releasing volatilization of  ammonical nitrogen and H+.( Singh,et 
al 2005, Eklind  and Kirchmann ,2000)and increased the mineral salts initialy and later reduce to convert into 
insoluble salts (Nisha Jain,2016). The moisture content of each proportion was converted to the range of agricultural 
soil (upto75%) except in Pr4 and experimental was low due to compactness of FA, similarly the temperature in all 
proportion was maintained below 300C at final stage of vermicomposting was shown in Table-4 and Graph-4. In each 
of the ouput that discussed was progressed positively with the range of agriculture application for the treated 
container Pr2 and Pr3 as compared to other. 
 

CONCLUSION 

 
The heavy metal contained Fly Ash form the present study was observed that the waste along with addition of soil 
and cattle dung degraded slowly during vermicomposting technique carried out for 70-80 days by the action of 
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Eudrilus eugeniae.  It can able to convert into sustainable agvricultural application by the action of earthworm along with 

microbes play animportant role to produce organic rich manure as vermicompost.The present study wasconcluded 
that a low percent of FAwith the mixture of cattle dung enhance the microbial activity to produce suitable 
vermicompost rapidly while increase in the percentage of FA in treated mixture require addition of water and slurry 
to improve the combine activity of earthworm and microbial action to accelerate the production of enriched plant 
nutrient vermicompost. 
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Table 1. The  population growth indicates survival of EW during vermicomposting 

Sl. 

No. 
Observations 

Initial 

number of 

earthworm 

Survival 

of 

earthworm 

in 1st 

15days 

Survival in 

2nd 

15days/after 

1 month 

Survival 

in 3rd 

15days 

Survival 

in 4th 

15days 

Survival 

in 5th 

15days 

1. Control 3 3 6 12 17 24 
2. Pr-1 3 3 6 11 14 22 
3. Pr-2 3 4 13 19 26 31 
4. Pr-3 3 3 7 13 23 27 
5. Pr-4 3 2 4 3 7 11 

6. 
Experi-
mental 

3 2 3 3 6 10 

 

Table 2.Colour and odour of vermicompost in all proportions after completion of  vermicomposting 
Sl. 

No. 
Observations 

Colour of 

vermicompost 

Odour of 

vermicompost 

1 Control Dark brown Odourless 
2 Pr1 Black Odourless 
3 Pr2 Dark Black Odourless 
4 Pr3 Dark Black Odourless 
5 Pr4 Greyish Black Odourless 
6 Experimental Greyish Black Odourless 

 
 

Table 3. Electro-conductivity and pH of fly ash proportions in vermicomposting 

 

Observation 
Sample in 

proportion 

Electro-conductivity in S/m pH 

Initial Final Difference Initial Final Difference 

Control-

100% 
OM (100%) 114.9 152.3 37.4 6.48 6.62 0.14 

Pr-3 FA+OM(3:2) 085.6 074.1 11.5 6.61 6.72 0.11 
Pr-4 FA+OM(4:1) 126.9 103.8 23.1 6.72 6.84 0.12 

Expt.(FA)) FA (100%) 096.4 070.4 26.00 8.01 7.34 0.67 
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Table 4.Moisture content and Temperature of fly ash proportions in vermicomposting 

Observation 
Sample in 

proportion 

Moisture content 
Temperature 

During Precomposting During Vermicomposting 

Initiation of 

vermi 

composting 

Completion  

of vermin 

composting 

Wet 

weight 

(in 

gm) 

Initial 

Dry 

weight 

(in 

gm) 

Final 

Difference 

Wet 

weight 

(in 

gm) 

Initial 

Dry 

weight 

(in 

gm) 

Final 

Difference 

Initial 

Temp. 

in 0C 

Final Temp 

in 0C 

Control-
100% 

OM 
(100%) 

2.033 1.017 1.016 1.997 1.011 0.986 35 29 

P-1 
FA+OM 

(1:4) 
2.023 1.031 0.991 1.983 1.021 0.962 35.5 26.2 

P-2 
FA+OM 

(2:3) 
2.012 1.087 0.924 1.982 1.086 0.896 32.6 23.2 

P-3 
FA+OM 

(3:2) 
2.023 1.078 0.944 1.998 1.072 0.926 31.4 23.9 

P-4 
FA+OM 

(4:1) 
2.015 1.023 0.992 1.984 1.016 0.968 34 27.1 

Expt.(FA) FA (100%) 2.008 1.310 0.697 1.887 1.203 0.684 36 28.3 
 
 

Fig.1 Graphical presentatio  of Population growth of 

EW at the interval of 15 daysable 

Fig.2Graphical presentation of EC and pH of FA proportions 

during vermicomposting 

Fig.3 Graphical presentation of Temperature of FA 

proportions during vermicomposting 
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Fig.4   Graphical Presentation of Moisture content of all 

treatments during before and after Vermicomposting 
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ABiological organic waste decomposition process yields the biofertilizer namely the vermicompost. The 
vermicompost is a result of combine action of earthworms and microbes through the process 
vermicomposting. It is an eco-friendly, cost effective, low technological composting process. The 
vermicompost produced as a result of vermicomposting process shows positive impact on plant growth 
rate, yielding capacity and health. To investigate the effect of vermicomposting bacteria on plant growth 
rate the present study was established by taking 4 pots labelled as T1, T2, T3, T4. Composting soils were 
taken in T1, T2, T4 while vermicomposting soil in T3.  Bacteria from vermicomposting soil was cultured 
in nutrient broth, sprinkled on T2 for determining growth of Green gram plants and only nutrient broth 
was sprinkled on T4. All the parameters for growth is significantly favoured to treatment T2 as 
comparison with other treatments including control.It was observed from the study that the root length, 
shoot length, no. of root hairs, no. of branches, leaves, flowers and no. of pods per Green gram was more 
in T2 as compared to T1, T4 and the growth rate was almost equal to T3. 
 

Keywords: Eco-friendly, Vermicomposting, Nutrient broth, Green gram 

 

INTRODUCTION 

 
Vermicomposting in which earthworms are for composting purpose along with the action of microorganism is a non 
thermophilic biological oxidation process converts the waste materials in to peat like material. The obtained material 
is vermicompost with good porosity, aeration, proper drainage, high water holding capacity and microbial activity 
(Edwards1998; Atiyeh et al2000b; Arancon et al2004a).Most cost effective and best waste management can be done 
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by vermicomposting process (Banu et al 2001; Asha et al 2008).  Earthworms not only increase the microbial activity 
and degradation potency butalso drivers the aeration , conditioning and fragmentation process (Fracchia et al,2006; 
Lazcano et al,2008).The best alternative of conventional compost i.e. , the vermicompost biodegrade the organic 
wastes like medical waste, kitchen waste, crop residues, industrial wastes in to smaller fragments by the action of 
several enzymes, intestinal mucus and antibiotics present in Earthworm's intestinal tract(Gandhi et al,1997). In the 
non thermophilic decomposition process 2 to 5 times decomposition process speeds up the conversation of wastes 
into valuable homogeneous biofertilizer than thermophilic  process (Bhatnagar and Palta1996;Atiyeh et al,200a).A 
wide range of difference in microbial activity and community between vermicompost and compost is found (Sublet 
et al,1998). In thermophilic composting process during active phase action of thermophilic bacteria is seen which is 
followed by mesophilic maturation phase (Lazcano et al, 2008; Vivas et al, 2009). The mesophilic process of 
vermicomposting mainly done by the action of mesophilic fungi and bacteria (Benitez et al, 1997). Combine action of 
microbes and earthworms is shown in active stage of vermicomposting while in maturation stage only the action of 
associated microbes is found. The maturation phase occurs only after the movement of worms to the fresh layer of 
undigested wastes. Species and density of earthworm is a major determining factor during the active decomposition 
phase (Ndegwa et al, 2000; Lazcano et al, 2008; Aira et al, 2011). 
 
 Various kinds of wastes such as horticultural wastes (Edwards,1998), mushroom wastes (Edwards 1998;Tajbaksh et 
al,2008), fecal matter of pig(Chan and Griffiths, 1998; Reh,1992), wastes from agricultural field (Bansal and kapoor 
2000), cattle dung (Gandhi et al,2002), industrial effluents such as paper(Butt 1993; Elvira et al,1995;Gajalakshmi et 
al2002), sludge from diary plants and farms, paper mills (Elvira et al 1997;Banu et al 2001), refuses from kitchen 
,hotels and hostels (Sinha et al 2002),animal and plant remaining and urban wastes(Edwards et al,1985; Edwards 
1988) can be used in vermicomposting purpose (Sharma et al,2005).  Gizzard of Earthworm converts the waste 
materials into various smaller forms which are released in the form of cast then gut microbes of Earthworm converts 
them to mature compost by action of various enzymes which is further known vermicompost (Dominguez and 
Edwards, 2004). Earthworm the segmented terrestrial inveterate worm is under the phylum Annelida. These creepy 
creatures have tube like or cylindrical, reddish brown segmented body having bilateral symmetry. A thick gilesteing 
delicate cuticle covers all over the body of the worm. Anterior side contains dark blood vessels while ventral surface 
represents genital opening. Clitellum present in the 14th and 16th segment helps to distinguish the anterior part i.e. 
mouth and posterior part i.e. the end.  
 
On the basis of ecological habitat and functions Earthworm have following classified species i.eepgeic, endogeic and 
anecic (Brown, 1995; Bhatnagar and Palta, 1996).Small sized, uniformly pigmented Earthworms are epgeic species 
which have short life span and high reproductive rate. These worms are phytophagous in nature and normally eat 
surface litter. With the help of their active gizzard, they biodegrade the waste materials easily which speeds up the 
decomposition process. Besides the efficient biodegradation property they can also tolerate a high level of 
disturbances and releases large amount of nutrients. Epgeic species worms are E. foetida,L . rubellus,L. castaneus,L. 

festivus,E. tetraedra ,Bimastusminusculus. Endogeic specie worms are large weakly pigmented body .These geophagic 
worms can tolerate a medium range of disturbances and also have comparatively low life span than the epigeic 
specie. Endogeic species have ability to utilize the energy from poor soil, so these are used in soil improvement 
purpose .Aporectodeacaliginosa, A. trapezoides, A. rose a ,Millsoniaanomala, Pontoscolexcorethrus are some examples of 
endogeic specie . Endogeic specie is again divided in to followings such as polyhumicendogeic (small size body, 
surface dweller and feed on soil), mesohumicendogeic (medium size and feed on bulk soil), oligohumicendogeic 
(large size, feed on deep soil). Aneceics are large sized dorsally pigmented worm having low reproduction rate 
.These phytophageic, nocturnal earthworms are very sensitive to disturbances and made permanent burrows to live 
.L.terrestrius, L. ployphemus and A. longa belongs to the anecic specie (kooch and Jalilvand, 2008).E. foetida (Hartenstein 
at al, 1979),E. Eugenie (KaleandBano, 1988), Perionyxexcavates (Sinha et al, 2002; Suthar and Singh, 2008) are epigeic 
specie that are used in vermicomposting process. Lampitomauritii is a excellent compost producer (Ismail, 1997).  
Earthworms, the bioengineers loosen the soil and increase the porosity of soil. The porous soil helps in easy 
penetration of root of plant and increases the water holding capacity, aerationproperty, microbial activity, and the 
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microbes present take active role in soil reclamation process (Nakamura 1996).  Earthworm changes the physical, 
chemicaland biological property of soil and increases the productive rate of soil, so these are known as ecosystem 
engineer (Brown et al, 200; Munnoli et al, 2010) .Together action of microbes and earthworms causes decomposition 
and breakdown of large waste matters into smaller forms (Maboeta and Reneburg 2003).  
 
Humidification mineralization makes the wastes to nutrient forms which are utilized by the plants (Lu, 1985; Ed 
wards and Bohlen 1996; chaioui et al; 2003). Earthworms are the drivers of important microbial activities (Edwards; 
2004). Earthworms and micro organisms provide congenital conditions for the activities of microbes and also after 
biological activity of waste materials (Aira et al 2002). Earthworms cause change in chemical process of soil by 
increasing the microbial activity to decompose the waste material (Petersen and Luxton 1982; Lee 1985; Edwards and 
Bohlen 1996).Micro organisms and earth togetherily called ecosystem engineers (Lavelle; 1998). A large diversity of 
micro organisms are found in soil (Torsvik el al ; 2002).A large no of earthworm species utilize the soil bacteria 
(Pedersen and Hendrickson 1993) and soil fungi(Cooke and Luxton 1980; Edwards and Bohlen 1996).The microflora 
in the gut of earthworm depends upon various factors such as species of earthworm to be studied, feeding nature of 
worms, season (Kristufek et al. 1992).The no of microorganisms present in the earthworm's gut is determined by the 
feeding regime of the earthworm (Parthasarathi et al. 2007).  
 
The microbial population presents on vermicompost causes various physico-chemical changes in the vermicompost 
by grinding and digesting the wastes which makes the vermicompost best biofertilizer (Maboeta and Van Rensburg 
2003). Among all the microorganisms changes in bacterial community plays a major role during vermicomposting 
(Yasir et al. 2009).The bacteria isolated from vermicasts and earthworm's skin are mainly endospore forming gram 
Bacilli (Munnoli 2007). Various soil bacteria like Bacillus ,Pseudomonas, Rhizobium and streptomyces produces various 
metabolites which reduces the harmful microbes and pathogenic bacteria (Pathma et al.2011b).Micro and macro 
nutrients and microbial enzymes are present in huge amount in worm cast(Lavelle and Martin 1992).  
 

MATERIAL AND METHODOLOGY  

 
Study Area  
The experiment was performed in the laboratory of Department of Zoology, Centurion University of Technology and 
Management, Jatni, Odish , India. The experiment was started on 1st week of November 2019 and ended on 
February 2020. 
 
Sample Collection 
About 2kg of composting and vermicomposting soil samples were collected in plastic bag from the Garden of 
Centurion University of Technology and Management, Jatni, Odisha, India. 
 
Sample Preparation 

Onegram of each soil sample i.e., composting and vermicomposting was taken after weighing in weighing machine. 
Then 1 gram of soil samples were taken in two clean and dry breakers each and then 9 ml of distilled water was 
added to the beakers to make 10 ml of solutions of each. The 2 beakers were then shaken properly for 10 minutes to 
get a proper agitation. After 10 minutes 1 ml of supernatant was taken from each beaker for serial dilution purpose. 
 

Culture 
About 0.1ml of each dilution was plated in nutrient agar medium underutilized condition and was incubated for 
growth. After 24 hours the plate count was carried out from each plate colony morphologyand stained each 
dominant colony byusing gram staining kit (Himediwpvt ltd). Again 0.1 ml of sample from 10 ml solution of 
vermicomposting soil was taken in cotton swab and incubated in nutrient broth for 24 hours at 33c temperature.After 
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24 hours 2 ml of nutrient broth (NB)and 2ml of bacterial cultured nutrientwere prepared for sprinkling on treated 
pots. 
 

Experimental Application 
Four pots were taken labelled as T1, T2, T3,T4where T3 contained with vermicomposting soil and rest 3 with 
composting soil. T1 was treated as control,T2was sprinkled with 2ml of cultured vermicomposting bacteria and T4 
was sprinkled with only 2 ml of nutrient broth.All pots were sowed with soaked green gram seeds under aseptic 
condition.Germination of seeds were observed in all pots by regular monitoring of sprinkling water after adding of 
bacterial cultured in nutrient broth and nutrient broth. The observation of germination and growth in each pot was 
recorded at regular interval of 10 daysupto 2 months. In each 10 days interval the growing green gram tiny plants 
were pulled out from soil with proper care so that the root or any part not broken. Then the additional soil from the 
root was washed out and measured the root length. Shoot length and no of root hairs, no of flowers, no of pods no of 
branches and no of leaves were counted and recorded. For shoot length the measurement from base to the tip of the 
longest shoot was taken. Similarly base to of root to tip of the longest root represents the root length. Small hair like 
structures called root hairs were also calculated to find out bacterial effect on plant growth.  
 

RESULT AND DISCUSSION 

 
From the present experimentvarious morphologically different types of bacterial colony was obtained from 
composting and vermicomposting soil culturing shown in Table -2.  The total CFU/ml in composting soil sample was 
18x105/ml and in vermicomposting sample was 27x105/ml. The gram character of big white glassy colony (BWG) and 
small yellow glassy colony (SYG) was observed after staining. 
 
Root Length 
In all treatments it was shown an increase in length of green gram root. The root length in T2 was all most equal that 
of T3 but in T1 and T4 was no such rate of increase in root length. In T2 the root length was 30.7cm and in T3 it was 
28.9cm after 60 days. 
 
Shoot Length 
The experiment was done to find out the activity of vermicomposting bacteria on plant growth when they were 
applied in composting soil. In T1 and T4 there was no such growth rate but the length of shoot was increased upto 
same length in T3 and T2 such as 18.7cm and 19.5cm respectively. 
 
Number of Root Hairs 

The amount of root hair was also more in T3 and T2 as compared to T1 and T4. In T3 and T2 the number of root hairs 
was 93 and 97respectively. 
 
Number of Leaves and Branches 

It was observed from the above experiment that the vermicomposting bacteria put impact on plant growth when 
apply into normal composting soil. The T3 and T2 show more branches then T4 and T1. In T3 and T2 the no of branches 
was 10 and 12 respectively while T1 had only 7 and T4 had 8. Similarly, in case of leaves also T3 and T2 had more 
leaves i.e.30 and 36 respectively than T1 and T4 i.e. 21 and 27 respectively. 
 
Number of Flowers and Pods 
After application of vermicomposting bacteria to compost soil the number of flowers and pods were get increased in 
a significant manner and becomes similar as that in vermicomposting soil. After 90th day of experiment the number 
of flowers in T3 and T2 was become 12 and 10 respectively and no. of pods per plant was 7 and 6 respectively. But in 
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case of T1 and T4 had the no. of flowers per plant was only 6 and 8 no of pods per plant was 3 and 4 respectively 
(presented Table-1). From the above experiment the growth rate is almost equal to the growth rate in 
vermicomposting. 
 

DISCUSSION 

 
The vermicompost was more enriched in nutrient for plant growth from every aspects as compared to natural 
oxidized composting soil . The PGPR bacteria in vermicompost increase the growth rate of plant by solubilizing the 
nutrients present in the compost (Ayyadurai et al 2007; Ravindra et al 2008 and pathma and sakthive, I 2012). As 
similar to our study the highest no of plant growth was seen in the soil treated with PGPR bacteria over control (R. 
Gopinathan and M. Prakash, 2014). In present study their occur a great change in bacterial colony number and 
character in composting soil as compared to normal composting soil (taken as control). Change in bacterial and 
fungal diversity in composting soil was observed previously (Insam et al 2009 et al 2005). There were also other 
studies which shows bacterial community changes during vermicomposting (Gopal, M. et al 2017; Cai et al 2018). A 
comparison study between vermicoposting and composting of sewage study and cattle manure was done by Lv et al 
(Lv et al 2015). As similar to our study Lv et al. and Huang et al. find out more no of bacterial diversity in 
vermicomposting the sample than composting one (Lv et al. 2015 ; Huang et al. 2013 . Huang and his colleges us had 
done their comparative analysis of no of bacterial diversity in 60 days old vermicomposting soil and also composting 
soil of same age. More amount of bacterial species richness and diversity was found in vermicompost of green waste 
than compost (cai et al. 2018). Our data provides a strong example of an increase in bacterial colony in 
vermicomposting soil as compares to compost. It was observed that the addition of nutrient and other organic matter 
activity of earthworm increases the amount of bacteria colony in vermicompost. Gupta et al observed a great increase 
in bacterial diversity in vermicompost of coconut and cow dung but after 75 days but the bacterial count decreasing 
moisture level (Gupta et al. 2017).\ 
 

CONCLUSION 

 
Vermicomposting is a biochemical process in which the earthworms and associated microbes change the physico-
chemical activity of the soil and waste matters and make them suitable biofertilizer.From the present investigationit 
was concluded that only presence of vermicomposting bacteria in composting or normal soil can give rise better 
yielding of plant as the same result found in vermicomposting. So we get to know that the microbes i.e. especially 
bacteria put a great impact in vermicomposting purpose along with earth worm. There is also found increase in the 
total CFU/ml in vermicompost as compared to compost. The above conclusion supports the work of Esakkiammal 
and LakshmiBai, 2013. They reported the increase in total no of bacteria and actinomycetes in earthworm gut than 
soil. In our experiment the seedlings of green gram with vermicomposting bacteria gives a better yielding as well as 
better plant growth. As our observation similar was done Prakash and Hemalantha in black gram in 2013 and found 
healthy seedlings. Finally the present study is focused with conclusion that application of only small amount of 
vermicomposting bacteria to normal compost soil can give better growth and yield than plants grown in only 
compost soil and the growth rate is all most equivalent with the growth rate of vermicomposting. 
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Table 1.Effect of vermicomposting bacteria on growth rate and yielding capacity of green    gram. 

Type of 

soil 

No of 

days 

Shoot 

length in 

(cm) 

Root 

length in 

(cm) 

No of root 

hairs 

No of 

branches 

No of 

leaves 

No of 

flowers 

No of 

pods 

T 1 

10 
days 

3.5 2.5 9 0 0 0 0 

T2 6.5 3.2 13 0 0 0 0 

T3 6.7 3.9 15 0 0 0 0 

T4 4.9 2.9 11 0 0 0 0 

T1 

20 
days 

9.8 5.7 29 0 0 0 0 

T2 11.2 7.5 34 1 3 0 0 

T3 12.4 8.1 35 2 6 0 0 

T4 10.7 6.8 32 0 0 0 0 

T1 

30 
days 

14.9 8.2 48 0 0 0 0 

T2 16.2 10.2 55 2 6 2 0 

T3 16.9 10.9 69 3 9 3 0 

T4 15.8 9.7 50 1 3 1 0 

T1 

40 
days 

17.9 12.7 69 2 6 1 0 

T2 20.1 14.5 77 4 12 4 2 

T3 20.9 14.9 78 5 15 5 3 

T4 19.7 13.8 72 3 9 2 1 

T1 

50 
days 

19.9 15.9 76 5 15 5 1 

T2 22.7 17.6 81 8 24 7 4 

T3 25.9 18.1 85 9 27 9 5 

T4 21.8 16.9 77 7 21 6 3 

T1 
60 

days 

25.6 14.8 85 7 21 6 3 

T2 28.9 18.7 93 10 30 10 6 

T3 30.7 19.5 97 12 36 12 7 

T4  27.3 15.9 89 9 27 8 4 

MEAN  17.12083 11.37083 57.45833 3.75 11.25 3.375 1.625 

SD  7.7541 5.450766 28.62802 3.779234 11.3377 3.739478 2.203012 

T1= Composting soil  T2= Composting soil treated with vermicomposting bacteria broth, 
T3 = Vermicomposting soil,  T4= Composting soil treated with only nutrient broth. 
 

Table 2. Types of colony observed in treated composting and vermicomposting soil 

 

Type of soil 

 

Total CFU/ml 

Total no 

Type of bacterial colony 

 

Type of bacterial colony 

T2 

Composting soil 

treated with bacterial 

spray of 

vermicomposting 

18x105/ml 2 

Small white glassy colony 
 

Irregular yellow                 mate 
colony 
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T3 

Vermicomposting soil 
27x1o5/ml 4 

Big Rounded White Glassy 
colony 
Small yellow Rounded Glassy 
Colony 
Rhizoid white Mate colony 
Small White Glassy colony 

 

Figure. 1.Bacteria cultured from vermicomposting soil. 
Figure. 2. Bacteria cultured from composting soil 

Figure. 3.Gram +ve BWG colony Figure. 4. Gram +ve SYG colony 

Figure. 5.Composting soil—T1  Figure. 6.Vermicomposting soil—T2 
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Figure. 7.Composting soil treated with nutrient broth --

-T4 

Figure. 8.Composting soil treated with vermin 

composting bacteria---T3  

GRAPH 1. Graphical presentation of different growth 

parameters during vermicomposting and treated 

bacterial composting soil with mean±SD 
 

GRAPH 2. Graphical presentation of different 

parameters of growth observed in all treated pots  
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Production of different types of wastes is rapidly increased in the last few years due to the urbanization 
and industrialization. Different techniques has been applied to dispose wastes through different 
processes of recycling method where maximum wastes can be used for the agricultural purposes, 
Recycling of waste materials for agriculture purposes decreases the use of chemical fertilizers and 
increases the filled of organic fertilizers. The objective of the present study is to find the possibility of 
utilization of disposal eggshell from the kitchen through vermicomposting by increasing the population 
of vermireactor Eudrillus eugeniaein the process of vermiculture.It is at least a century years old but it is 
now used worldwide for the management of waste substances. The earthworm increases nutrient 
availability, better drainage, and more stable soil structure. Higher feeding, growth and biodegradation 
capacity in soil was found in the species E. eugeniae. Enhancement in natural biodegradation and 
decomposition of wastes was shown by the action of earthworm within 70-80days.The degradation of all 
the waste were taken in the study achieved with increasing in physical growth as well as population 
growth of the earthworm after consumption as nutrition. 
 

Keywords: Eudrillus eugeniae, Egg shell (ES), Physico-chemical parameters,Vermicomposting (VC) 

 

INTRODUCTION 
Organic waste contains materials that are biodegradable and originated from the living organism can be broken into 
carbon dioxide, methane, or simple organic molecules. Organic materials found in municipal solid waste include 
food, paper, wood, sewage sludge, and yard waste. Like most waste materials eggshells are one of these obtained 
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from hatcheries, domestic use, canteens, hostels, hotels, fast food centers, factories and industries (Phil and Zhihong, 
2009; Amu et al., 2005) and can be readily collected in plenty. Eggshell waste disposal contributes to environmental 
pollution. Challenges associated with the disposal of eggshells include cost, availability of disposal sites, odor, flies 
and abrasiveness (Phil and Zhihong, 2009). However, they can be processed into saleable products like fertilizer, 
used in artwork, human and animal nutrition, and building materials and to produce collagen from the membranes 
(Phil and Zhihong, 2009; Amu et al., 2005).  
 
The egg shell is composed of approximately 98.2, 0.9, 0.9% amount of calcium carbonate, magnesium and 
phosphorus (phosphate) respectively (Romanoff et al., 1949). Eggshells contain calcium and trace amounts of the 
micro elements i.e. magnesium, boron, copper, iron, manganese, sulphur bi silicon and zinc (Bee, 2011). Eggshell 
calcium is probably the best natural source of calcium and it is about 90% absorbable (Bee,2011). It is a much better 
source of calcium than limestone or coral sources. Shell membranes comprises of approximately 10% collagen 
(Froning 1998) that is extracted and has diverse uses in medicine, biochemical, pharmaceutical, food, and cosmetics 
industries. These uses minimize their effect on environmental pollution. The eggshell comprises of calcified shell and 
shell membranes including inner and outer members developed a patent for separating eggshell membranes(Mac 
Neil,1997). Besides throwing the eggshell improves the soil in the garden, as it is a good source of calcium for plants 
and can help make a great fertilizer improves soil quality. 
 
Verrmiculture (derived from the word Latin vermis meaning worm) involves the mass production ofthe earthworms 
for waste degradation and compositing with vermicast production. Vermi culture appears to be an innovative 
sustainable technology for waste materials which holds a promising future in the field of organic waste management 
the technology of vermiculture can effectively manage the waste. Earthworms are terrestrial invertebrates belonging 
to the Order Oligochaeta, Class Chaetopoda, Phylum Annelida, which have originated about 600 million years ago, 
during the pre-Cambrian era (Piearce et al., 1990). There are about 3000 varieties of earthworms. They have been 
formally classified into main 3 types based on their lifestyles and burrowing habits. Earthworms are long, narrow, 
cylindrical, bilaterally symmetrical, segmented animals without bones. The body is dark brown, glistening and 
covered with delicate cuticle. Earthworms are burrowing animals and form tunnels by literally eating their way 
through the soil. Earthworms are generally absent or rare in soil with a very coarse texture in soil and high clay 
content or soil with pH < 4 (Gunathilagraj, 1996).  
 

MATERIALS AND METHODS 

 
Collection of Materials 
The present experimental study on vermiculture was carried out approximately about 70-80days for the duration of 
January to March (2020) on the campus of CUTM, located at Jatni Bhubaneswar, Odisha, India.Collection of 
materials soils, cow dung, eggshell were carried out of CUTM campus. The soil was collected from the garden area 
of the CUTM campus. Cow dung was collected in large-sized plastic containers from cattle shed of the CUTM 
campus. Eggshell was collected from the canteen area of the CUTM campus. The species Eudrilus eugeniae was used 
for vermiculture. Earthworms were collected from the vermiculture center of CUTM. 
 
Preparation for experiment 
The collected materialwere allowed for drying on sunlight, crushing and then sieving. The dried and sieved 
materials were weighed into 6 different proportions labelled as control (1:1), L1 (4:1), L2 (3:2), L3 (2:3), L4 (1:4), ESw 
(100%) as experimental by taking 6 rectangular plastic pots. All the materials were mixed properly and allowed to 
add water by sprinkling upto reach moisture uniformly throughout the containers. The mixture is allowed for 
precomposting for a week before set up to vermicomposting 
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Introduction of Earthworm 
The process of vermicomposting was started in the present study by introducingearthworms into the pot. Each pot 
was supplied with 3 earthworms Eudrilus eugeniae of various length. 
 
Culture of Earthworm 
The earthworms in the potswere maintained by regular addition of water and cow dung slurry within time interval 
for their moisture content and room temperature as same as atmospheric temperature. In initial stage the earthworm 
Eudrilus eugeniaewas not survived in L4 and experimental then adopted to produce population. 
 
Process of Vermicomposting 
In the favorable environment the earthworms were started to reproduce juveniles after consuming the waste to grow 
and survive. Due to the physiological action of earthworm Eudrilus eugeniae thatthe waste converted to 
vermicompost after releasing of vermicasts. In regular interval of time sprinkling of water was carried out every day 
in the preliminary stage of vermicomposting and in the due period of processing it was repeatedly done within 4-5 
days of gap to maintain moisture regularly. Regular monitoring of vermicomposting process was observed and 
recorded till the process was conducted for 70-80 days. 
 
Harvesting of Earthworm 

In order to facilitate the separation of worms from vermicomposting, the moisture content in the compost is brought 
down by stopping the addition of water for 4-5 days before maturation that ensures drying of compost a migration 
of worms into vermiculture pot. The remaining worms can be removed by hand. The mature compost is removed 
out from the pot, dried and packed for use in plant growth. 
 

RESULTS AND DISCUSSION 

 
From the present study like other waste, eggshell was used as an organic substrate with soil and cow dung in 
different proportions and especially it was treated as nutrition. During vermiculture the eggshell along with soil and 
cow dung was consumed and passing through gizzard later released vermicasts. The survival rate was increased 
depending upon the growth and capacity of reproduction due tophysiochemical variables temperature, electro-
conductivity, pH and water holding capacity (moisture content) were also observed as the following table and 
graphs. Each proportion varies with their physico–chemical variables studied and observed with respect to electro 
conductivity, pH, temperature and moisture content. The pH value of each proportion mixed with eggshell powder 
in this experiment was ranged from 6.5 to 7.8 where the eggshell mixture reduced the acidity of soil may due to 
presence of rich calcium .It was shown in Table-1 and Fig.1-4 that the slightly acidic soil when mixed with eggshell 
powder converted towards alkaline may be addition with cow dung during the process of vermicomposting with 
combining action of microbes and earthworms changed the pH towards alkaline within 7.5 which is suitable for 
survival of earthworm and plant growth((Nisha Jain,2016))The electro-conductivity was increased from the initial 
value during vermicomposting might have added salinity to each proportion due to composting of calcium 
carbonate of egg shell. The moisture content was slowly increased due to the physical action of earthworm in 
vermibed and the temperature was maintained below 350C that indicated the survival and enhanced the earthworm 
population (Table-2& 3) which yielded with faster vermicompost. The suitable vermiculture rate was observed in L1 
and L2 with response to control and also shown in 100% eggshell proportion. It was observed that in almost all 
proportion the population was achieved represented in (Fig 5& 6). 
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CONCLUSION 

 
From the present study it was carried out within 70 to80 days that the earthworm was grown in their physical 
appearance as well as their population that increased. It was observed that the population growth of earthworm was 
found in all proportion of eggshell but more in lower proportion as well in 100% also comparison to others. The 
organic solid waste when feeding by earthworm including microorganisms converted into brownish powdery called 
vermicompost. It was observed that for each physico-chemical variable, the collected data after laboratory work 
converted to fine vermicasts having an increased level than initial reading which indicated the enhancement in plant 
growth. 
 

REFERENCES 

 
1. Agarwal, S., Sinha, R.K. and Sharma, J. (2010) ‘Vermiculture for sustainable horticulture agronomic impact 

studies of earthworms, cow dung compost, and vermicompost vis-à-vis chemical fertilizers on growth and yield 
of lady’s finger  (Abelmoschus esculentus)’, Int. J. Global Environmental Issues, Vol. 10,  Nos. 3/4, pp.366–377. 

2. Ansari, A. A., & Ismail, S. A. (2012). Earthworms and vermiculture biotechnology. Management of Organic Waste, 

Eds) by Sunil Kumar and Ajay Bharti, 87-96 
3. Amu, O. O., Fajobi, A. B., & Oke, B. O. (2005). Effect of eggshell powder on the stabilizing potential of lime on 

expansive clay soil. Journal of Applied Sciences, 5(8), 1474-1478. 
4. Burley, R. W., & Vadehra, D. V. (1989). The eggshell and shell membranes: properties and synthesis. The Avian 

Egg, Chemistry and Biology. John Wiley, New York, 25-64. 
5. Froning, G. W. (1998). Recent advances in egg product research and development. 
6. Gunathilagraj, K. and Ramesh, P.T. (1996) Degradation of coir wastes and tapioca peels by earthworms; Training 

Program in Vermiculture; Indian Council of Agricultural Research (ICAR), New Delhi.  
7. Gunathilagraj, K and T, Ravignanam (1996) Vermicomposting of sericultural wastes; Madras Agricultural 

Journal; Coimbatore, India; pp. 455-457.  
8. Hemalatha, B. (2013). Vermiculture for organic waste. International Journal of Advanced Engineering Technology, 

4(1), 46-47.  
9. Kale, R. (1991) Vermiculture: Scope for New Biotechnology Zoological Survey of India, Pub., Calcutta. 
10. King’Ori, A. M. (2011). A review of the uses of poultry eggshells and shell membranes. International Journal of 

Poultry Science, 10(11), 908-912. 
11. MacNeil, J. (1997, September). Separation and utilization of waste eggshells. In Proceedings of the International Egg 

Commission Annual Production and Marketing Conference, Toronto, ON, Canada (Vol. 30). 
12. Nakano, T., Ikawa, N. I., & Ozimek, L. (2003). Chemical composition of chicken eggshell and shell membranes. 

Poultry Science, 82(3), 510-514. 
13. Piearce, T. G., Oates, K., & Carruthers, W. J. (1990). A fossil earthworm embryo (Oligochaeta) from beneath a 

Late Bronze Age midden at Potterne, Wiltshire, UK. Journal of Zoology, 220(4), 537-542. 
14. Phil, G., & Zhihong, M. (2009). High-value products from hatchery waste. RIRDC publication, (09/061). 
15. Romanoff, A. L., & Romanoff, A. J. (1949). The avian egg. The avian egg. 
16. Shuster, W. D., Subler, S., & McCoy, E. L. (2000). Foraging by deep-burrowing earthworms degrades surface soil 

structure of a fluventic Hapludoll in Ohio. Soil and Tillage Research, 54(3-4), 179-189. 
17. Sinha, R. K., Herat, S., Agarwal, S., Asadi, R., & Carretero, E. (2002). Vermiculture and waste management: the 

study of the action of earthworms Elsinia foetida, Eudrilus eugeniae and Perionyx excavatus on biodegradation 
of some community wastes in India and Australia. Environmentalist, 22(3), 261-268. 

18. Soni, R., & Sharma, A. (2016). Vermiculture technology: a novel approach in organic farming. Indian Horticulture 

Journal, 6(1), 150-154. 
 

Leenarani Nayak and Sunita Satapathy 

 

http://www.tnsroindia.org.in


Indian Journal of Natural Sciences                                                              www.tnsroindia.org.in ©IJONS 

 

Vol.10 / Issue 60 / June / 2020                    International Bimonthly                               ISSN: 0976 – 0997 

26489 

 

   

 

 

TABULATION-1 

Sl 

N

o. 

Obser

vatio

n 

Electro-conductivity pH 
Moisture 

content 

Temperature 
0C 

Exper

iment

al set 

ups 

Initial Final 
Differ

ence 
Initial Final Diff. 

Before 

vermi 

compo

st 

After 

vermicom

post 

Diff. Initial Final 

1 
Contr

ol 
0.713 0.936 0.223 6.9 7.2 0.3 0.391 0.487 0.96 32.5 31 

2 L1 0.250 0.549 0.299 6.81 7.23 0.42 0.163 0.288 0.125 30.8 28.7 
3 L2 0.364 0.712 0.348 6.93 7.25 0.32 0.173 0.295 0.122 30.6 28.9 
4 L3 0.441 0.965 0.524 6.87 7.29 0.42 0.292 0.329 0.137 30.7 29 
5 L4 0.746 0.984 0.238 7.48 7.26 0.22 0.446 0.495 0.049 31.5 29.9 
6 Expt. 0.342 0.529 0.187 7.68 7.44 0.24 0.453 0.495 0.042 32.1 30.8 

 

TABULATION-2 

 
TABULATION-3 

Experimen

tal setup 

No. of 

Earthworm 

introduced 

Length(in cm) Diameter(in cm) Perimeter(in cm) 

Mean SD Mean SD Mean SD 

C 3 3.22 0.21 0.2 0.14 0.6 0.35 

L1 3 2.35 0.45 0.2 0.082 0.575 0.23 

L2 3 2.22 0.917 0.275 0.216 1.6 1.34 

L3 3 2.46 0.485 0.2 0.116 0.65 0.19 

L4 3 2.93 0.877 0.225 0.093 0.75 0.32 

E 3 5.61 1.46 0.575 0.05 1.97 0.38 

 

 

Sl. 

No

. 

Proportional 

Set up 

Initial 

No. of 

earthworm 

Survival of  

earthworm 

In 15 days 

Survival of  

earthworm 

in 2nd 15 days 

Survival of  

earthworm 

in 3rd 15 days 

Survival  of  

earthworm 

in 4th 15 days 

1. Control (1:1) 3 7 13 17 26 
2. L1 (4:1) 3 5 7 11 19 
3. L2(3:2) 3 4 5 10 13 
4. L3 (2:3) 3 4 5 6 11 
5. L4 (1:4) 3 3 4 6 9 
6. Expt.(100%) 3 3 7 12 16 
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Fig.1. Graphical presentation of Temp. during  
vermicomposting 

 
Fig.2. Graphical presentation of pH during 

vermicomposting 

          

 
Fig.3. Graphical presentation of electro-conductivity 

during vermicomposting 

Fig.4. Graphical presentation of moisture -content 

during vermicomposting   

 
Fig.5. Graphical presentation of population of EW 

during  vermiculture 

 
Fig.6. Graphical presentation of growth during 

vermiculturegrowth  
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Conversion of organic wastes into enriched nutrient for enhance soil fertility and sustainable plant 
growth is the challenge of present days for contribution towards recycling and agricultural production. 
According to food and agriculture organization (FAO) of the UN, about one third of the food produced 
for  the human consumption ,which amount to 1.3 billion  tones roughly 30% of global food production , 
is lost or wasted annually .Wedding , events , restaurants , hostels ,temples and houses are a major 
sources for food wastage of cooked food. Enormous production of organic wastes coupled with poor 
management system, results in a significant environmental degradation. The amount of pulses waste in 
India is above 450MT/day.Vast amount of dal are being wastes everyday from hostels, hotels, houses, 
weddings, various educational institutes and other events. For reducing the wastage of pulses and 
diminish the environmental degradation, Organic manure provides a solution to the alarming 
environmental damage is vermitechnology. The vermicomposting is a process of treating organic waste 
in to worth organic manure as needed for the crops by the action of earthworms. The production of 
earthworms in vermibed faster the rate of vermicomposting along with the microbial activities. In 
present study different proportion of mixture of soil, cattle dung and waste pulses (cooked) were taken 
and conducted vermiculturing process using exotic species Eisenia foetida to monitor the population 
growth and involvement of the worms in production of vermicompost. The study was estimated by 
measuring various physico-chemical parameters of initial and final process of vermiculture in the 
supplied environment. 
 

Keywords: Organic waste, Pulse wastes, Vermiculture, Eisenia foetida      
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INTRODUCTION 

 

Any substances which discarded after primary use, or worthless, defective or of no use and produced huge amount 
in form of organic or inorganic materials are considered as wastes. The production sources of wastes are due to 
urbanization and industrialization towards fulfillment of the demand of humankind in the present day. India 
generates as much as 25 million tons of municipal solid wastes, 320 million tons of agricultural waste 210 million 
tons of cattle manure and 3.3.million tons of poultry manure and food wastage is a global problem. Approximately 
one third of the food produced for the human consumption, which amounts to 1.3 billion tons, get wasted annually 
is reported according to the Food and Agriculture Organization (FAO) of UN. It is estimated by the UN that nearly 
40% of food wasted that produced in India. Celebration events, restaurants, hostels, NGOs, holy places and houses 
are the major sources of food wastage of cooked food. These organic wastes if not treated in timely and effective 
manners these organic wastes not only takes up much available land, cause environmental pollution and harm 
human health. Such varied types of solid waste can be converted into useful and worth product such organic 
manure, needs for the plants to grow and develop. As a vast amount of cooked pulses (dal) being waste daily from 
different sources by means of leftover, unused dal, ruminative dal etc . 
 
 It can be converted these wastes to wealth by subjecting them into any kind of bio conversion option. Eisenia foetida 

are known as the best species used for vermicomposting and vermiculture. Eisenia foetida known under various 
common name such as red worm, trout worm, brandling warm, tiger worm etc. The behavior of it studied from 
literatures state that these adapted to decaying organic material and thrive in rotting vegetation, compost and 
manure. They are epigean that rarely found in soil that move in and out to gripe nearby surface as the worms stretch 
and contract. They are also known as biological indicator or silent machines of soil fertility that have been 
performing a marvelous function of ploughing and fertilizing soils .When earthworms are available in soils they alter 
soil porosity, increase in soil air volume from 85 % to 30%.and promote plant growth.  
 
Vermicomposting is one of the biological treatments of solid waste into useful manure which is an aerobics organic 
wastes into humus. Vermicomposting cleans the environment and provide ruminative organic manure and it is 100% 
organic, non-toxic and odour free. The worms feeds on organic materials, breakdown into simpler form in the body 
and excrete it as casting or vermicompost. This castings are look like tiny pellets coated with gel which ultimately 
helps in improving the quality of soil drainage and aeration.  Vermiculture is the scientific method of breeding and 
raising the population of earthworms in controlled medium which feeds on waste materials and soil there by 
releasing digested food material back into the soil, thus producing compost rich nutrient . Vermiculture a promising 
source of biofertilizer (Bhawalker ,1989) and it is clearing up environment with cost effective management 
technology contribution in the field of vermicompost (Sultan Ismail,1993 and Guna Thilagaraj,1994). The present 
experimental work is to enhance the   population rate of Eisenia foetida in vermiculture process so that the production 
of vermicompost by recycling of pulse waste can be accelerated and the observation for the organic fertilizer which is 
obtained from the pulse waste estimated through different physico-chemical parameters. 
 

MATERIALS   AND   METHODS 
The present experimental study on vermiculture was carried out approximately about 60-70 days from January to 
March in the campus of CUTM located at Jatni, Bhubaneswar, Odisha, India. 
 

Collection of Samples 
Collection of samples such as soils, cow dung was carried out from farming area of CUTM, India. The cooked pulse 
waste was used as nutrients for vermiculture bed collected from the canteen of of girls’ hostel, CUTM campus. Urine 
free cow dung was collected in a large sized rectangular plastic container from the cattle shed of the campus .More 
than required amount of soil was collected from the garden area of the campus .The exotic healthy species Eisenia 

foetida was used for the purpose of vermiculture were picked up from the vermiculture unit of the campus.  
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Rectangular plastic pot with 27 cm in length, 20cm in breadth and 18cm in height from the bottom to the top were 
collected from the market for vermiculture. 
 

Preparation for Vermiculture Mixture 
The collected cow dung and soil were exposed in bright sun light for air drying and observation for drying was 
monitored everyday in a regular basis. The large pieces of cow dung and soil were chopped into small pieces and 
was allowed for further dry. The required cow dung and soil were completely dried and were again honked and 
chunked  into smaller particles .The dried materials were sieved initially through a sieve having diameter 2.36 and 
after that the materials were brought into weighing site for the accurate measurement of the materials into different 
proportion of 20%,40%,60%,80% and 100% of pulse wastes 
 

Experimental Setup  

The experimental was designed with the following proportion by taking 6 rectangular  pots labelled as 
Control =  Control (soil + cow dung)             (1:1) 
Proportion-1 =  Soil + cow dung + w.pl                 (4:1) 
Proportion-2 =  Soil + cow dung + w.pl                 (3:2) 
Proportion-3 =  Soil + cow dung + w.pl                 (2:3) 
Proportion-4 =  Soil + cow dung + w.pl                 (1:4) 
Experimental=                                    ( 100%-w.pulses)               
The various proportion of mixture samples were taken in different labelled pots and kept in shaded area. Sprinkling 
of water was done daily upto 10 – 15 days to maintain moisture content. 
 

Introduction of Earthworm 

After slight decomposition of the composting materials i.e. after 25days about 3-4 earthworms of exotic species E. 

foetida, having length between 7-12cm are introduced into composting. 
 

Culture of Earthworm 
The earthworm were allotted into all different pots and cow dung slurry were administrated to the pots for maintain 
their nutrition for earthworm. Water was allowed to sprinkle in regular interval to all proportion for maintaining 
moisture content and the room temperature is also maintaining as same as atmospheric temperature. 
 

Harvesting of Earthworm 
In order to facilitate the separation of worms from vermicomposting, the moisture content in the compost was 
brought down before 4-5 days of harvesting that ensure drying of compost and migration of worms into 
vermiculturing pot. The remaining worm can be removed by hand. The mature compost is removed out from the 
pot, dried and packed. 
 

RESULT AND DISCUSSION 
 
In the present study various proportions of waste pulses was experimented by using vermicomposting for 
production of enriched organic manure. The physico-chemical  parameters like  pH, moisture content and 
electroconductivity were  easily controlled  and  indicated  the progress of vermicomposting. Graphical analysis of 
pH, electro-conductivity and moisture content were studied in Table 1. And figs. (1.,2,3&4) . Each proportion from 
the present work was found  varies with their  physio–chemical variables, which studied and observed with respect 
to elecrto-conductivity,pH and moisture content. The output with better result was observed in both Proportion-1 
and Proportion-2 as compared to other pots in respect to all physico-chemical parameters. Rapid consumption of 
organic pulse wastes by earthworm crushed into finer particle through gizzard the muscular grinding organ and 
released dark black granular vermicast (Lakshmi Prabha et al 2014). The earthworms were obtained their nutrition 
from microorganism during vermicomposting that grow upon the wastes. During pre-composting the microbes were 
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produced and undergoes a process of fermentation which converted the mixtures into acidic medium then later 
reached to slightly acidic (Jadhav et al, 2013). The pH was maintained within 6.5 to 7.6 i.e. in vermicomposting pots 
from control to experriment in present experiment.The pH in all pots were slightly acidic except Proportion-3 shown 
alkalinity while the experimental was acidic (Table-1 & Fig.-2). It might have caused by the microbial  nitrification  
process  of nitrifying bacteria present in wastes to release volatilization of  ammonical nitrogen and H+.(Eklind  and 
Kirchmann ,2000, Singh,et al 2005).Earthworm are aerators that it emits sufficient oxygen to oxidize foul smell 
producing, compounds  like  H2S, mercaptans, skatol, etc. to make odourless vermicompost during the process of 
compost formation because of the oxygen rich hemoglobin circulation through the skin of the earthworms 
(Nagavallemma et al , 2000) The moisture content was maintainted by sprinkling water into all pots at 65%-75% 
,whereas it was more in control (Table1. & Fig.-3). The temperature was maintained below 350C to avoid overheating 
of the wastes because earthworms to this range of temperatures even for short periods cannot survive (Taiwo and 
Oso, 2004). The temperature in Proportion-4 and experimental of present study was shown nearer to 350C causes 
death of earthworm(Table1. & Fig.4).From preliminary stage of  vermicomposting to till completion the earthworms 
E. foetida survived in almost all pots except Proportion-4 where it was rare and nil at experimental (Table2. & Fig.-
5).Soil acidification (Ma et al., 1990), decrease in soil aggregate stability (Estevez et al., 1996) decrease in soil 
respiration (Sharma 2003), pollution of underground water and decrease in earthworm populations (Edwards and 
Bohlen 1996). The EC was increased in initial stage due to release of different mineral salts available in mixture for 
the process of precomposting. The available salts were later converted into insoluble salts which may be the reason 
for the reduction of EC as the vermicomposting process further progressed (Nisha Jain,2016). From this present 
study it was observed that the growth of earthworm was suitable with respect to all physico-chemical paramters 
available such as Proportion-1, Proportion-2 in maximum rate, Proportion-3 was showing with moderate value and 
Proportion-4,Experimntal acheived with minimum range in respect to standard proportion taken as control. The 
survival and growth of earthworm E. foetida was led to produce juveniles subjected to population growth which 
indicated the faster production of vermicompost in Proportion-1and Proportion-2 while less or no vermicompost 
was produced in other proportions of pulse waste. 
 

CONCLUSION 

 
The present investigation was carried out upto 60-70 days of vermiculture by using E. foetida taking various 
proportions of waste pulses. The maximum growth and population was observed in Proportion1 and Proportion2 
where as a possible minimum growth was yielded in Proportion3 at the end of completion of vermicomposting 
process. Normal population growth was found in control but zero population was observed in Proportion-4 and 
Experimental due to the above reason mentioned in discussion that high and low pH converted the environment of 
mixture into acidic or more alkalinity which were not the survival indicator of earthworm. This present study and 
observation was revealed that the raw pulse waste directly insufficient to produce vermicompost as the survival rate 
of earthworm is low or zero indicated that in the minimum or rare proportion the population is possible. 
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TABULATION. 1 Measurement of Physico-chemical parameters of various observations 

Sl. 

N

o 

Obs

ervat

ion 

Electrocon- 

ductivity in S/m 
pH Moisture content 

Temperature in 
0C 

Initial Final 
Differe

-nce 
Initial Final 

Diffe

r- 

ence 

Before After 

Differe

- 

ence 

Initia

l 
Final 

1 
Cont
rol 

0.650 0.622 0.028 7.2 6.9 0.9 0.464 0.56 0.096 32.5 28.3 

2 

Prop
ertio
n-1 

0.795 0.721 0.074 6.7 6.9 0.2 0.28 0.317 0.037 30.8 28.2 

3 

Prop
ertio
np2 

0.825 0.801 0.024 6.75 6.83 0.08 0.352 0.421 0.069 31.6 28.7 

4 

Prop
ertio
n-3 

1.454 1.42 0.034 7.7 7.4 0.23 0.479 0.520 0.044 30.7 29 

5 

Prop
ertio
n-4 

1.964 1.960 0.004 7.3 6.5 0.8 0.372 0.360 0.012 31.5 33.9 

6 Expt. 2.401 2.208 0.193 6.5 6.3 0 0.423 0.419 0.004 32.1 34.8 

 
TABULATION.2 Survival number of earthworms in each proportion during vermicomposting 

Sl.No. 
Propertional 

setup 

Initial 

number of 

Earthworm 

Survival of 

earthworm in 

15days 

Survival in 

30days/after 1 

month 

Survival in 

45days 

Survival in 

60days 

1. Control 4 5 7 13 21 

2. Proportion-1 4 4 5 9 14 

3. Proportion-2 4 4 6 9 11 

4. Proportion-3 4 4 5 3 0 

5. Proportion-4 4 2 1 0 0 

6. Experimental 4 0 0 0 0 
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TABULATION. 3 Growth of earthworms before and after vermicomposting in various proportion  

 

TABULATION. 4 Growth of earthworms presented through Mean±SD before and after vermicomposting 

Experimental 

setup 
Length 

 
Diameter Perimeter 

 
Mean SD Mean SD Mean SD 

Control 3.22 0.21 0.2 0.14 0.6 0.35 

Proportion-1 2.35 0.45 0.2 0.082 0.575 0.22 

Proportion-2 2.22 0.917878 0.275 0.216 1.6 1.33 

Proportion-3 2.46 0.485627 0.2 0.116 0.65 0.19 

Proportion-4 2.93 0.877021 0.225 0.093 0.75 0.311 

Experimental 5.61 1.463728 0.58 0.05 1.97 0.377 

 
 

 
 

 INTIAL FINAL 

Experimental 

set ups 

Length 

(cm) 

Perimeter 

(cm) 

Length 

(cm) 

Perimeter 

(cm) 

Control 7.7 0.9 8.4 1.1 
 7.9 0.7 8.3 0.9 
 9 1.2 9.5 1.3 
 10.2 0.8 10.6 1.1 

Proportion-1 7.4 0.9 7.6 1.0 
 7.6 1.1 7.9 1.2 
 8.2 0.7 8.4 0.9 
 10.5 1.3 10.6 1.4 

Proportion-2 10.2 0.8 10.3 1.0 
 7.7 1.2 7.9 1.3 
 8.9 0.7 9.0 0.9 
 7.4 1.0 7.6 1.2 

Proportion-3 8.6 0.9 8.7 1.0 
 9.2 1.3 9.6 1.4 
 10.1 0.8 10.3 1.2 
 10.4 1.4 10.6 1.5 

Propotion-4 8.4 1.3 8.5 1.3 
 11.1 0.8 11.1 0.8 
 10.5 0.9 10.8 0.9 
 9.7 1.0 9.7 1.0 

Experimental 8 0.3 1 11.9 
 8 0.4 1.5 12.8 
 7 0.3 1.2 14 .2 
 7.5 0.1 0. 5 13.7 
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Fig.1 Graphical presentation of EC during 
vermicomposting 

 
Fig.2 Graphical presentation of pH   during 

vermicomposting 

 
Fig.3 Graphical presentation of moisture content 

during vermicomposting 

 
Fig.4 Graphical presentation of  Temperature during 

vermicomposting 
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Fig.5 Survival of earthworms in each proportion during vermicomposting 

 
Fig.6 Growth of earthworms in each proportion during vermicomposting 
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Number of organisms present in the living world with special characteristics to survive in any adverse 
conditions are vital for both environmentally and economically beneficial. The Tardigrades are one of the 
group of animals popularly known as water bears. Tardigrades survive in lichens and mosses, usually 
associated with water film on mosses, liverworts. More species are found in milder environments such as 
meadows, ponds and lakes. These are closely related to Arthropoda and Nematodes based on their 
morphology. They are the microanimals which can live in extreme conditions. Knowing from literature 
study about their adaptation, they are quite investigating among the most stress tolerant animals. 
Experiencing adverse environment conditions, they enter a reversible ametabolic state termed as 
anhydrobiosis and is known to confer tolerance to a variety of stresses. The present study was conducted 
to determine the identification and stress tolerance with respect to various temperature of Tardigrades 
available in locality. 
 

Keywords: water, temperature, microanimals, environment, adaptation. 

 

INTRODUCTION 

 

Tardigrades are among the most resilient animals and  have survived exposure to outer space as it withstand large 
amount radiation, temperatures ranging from 300⁰F to near absolute zero and it possibly withstand the pressures of 
the deepest trenches of the oceans. It can endure extreme temperatures ranging from more than 100⁰C down to 196 
degrees below zero. They can exposed to 5000grays of radiation and to be just fine while 5 to 10 grays are fatal to 
human. Recently scientists studied the genome to find out the mechanism by which they are so tolerant to radiation. 
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Their greatest adaptation that permits them to live in a habitat to dry slowly and go into a dormant state (a kind of 
behavioral/physiological adaptation). A colorful photo of a tardigrade, popularly known as a “water bear,” has won 
a top prize in the first-ever Olympus Global Image of the Year Award that was created to honor the best life science 
microscopy images in 2019. (Fig:1).The objective of present study are the identification of tardigrades from moss as 
well as from lichen and study it’s survivability in summer season, rainy season and in winter season. 
 

MATERIALS AND METHODS 
  
Study Area 
The present experiment was carried out in Department of Zoology, CUTM campus, Odisha, India. 
Kingdom: Animalia 
Scientific name: Tardigrade 
Phylum: Tardigrada 
Super phylum: Ecdysozoa 
Rank: Phylum  
 

Collection of Materials 

Mosses and lichens selected for this experimental study were collected from Centurion University of Technology and 
Management, BBSR, Odisha, India and some sample was also collected from eastern area of Bhubaneswar during 
rainy and winter season.  The sample of moss leafy green stuff was collected from wall of boundaries, buildings, 
trunk of mango trees etc.by srapping from CUTM and the lichen of different colours were collected from eastern area 
of Bhubaneswar ,Odisha, India they may all have different diversities of tardigrades. 
 
Sampling and Extraction of Experimental Micro animal 

 
The collected lichens and moss were brought to the lab and kept in different petridishes. The leaf of moss and lichen 
was minutely segregate for extraction of microanimal and allowed to experiment in various treat of temperature. The 
collected moss and lichen were allowed to soak in water with respect to maintain in various temperature such as 
boiling, hot , warm, normal ,cold and freeze.The moss sample was soaked overnight  ( 24 hours ) in a bowl which 
was scrapped off and then finally the debris pipetted from the bottom of soaked bowl and a small amount of moss is 
taken in a slide to observe microanimal tardigrade under light microscope with setting of 5x objective ,10x eye piece 
,40x magnification. For this experiment moss containing naturally desiccated tardigrades was used. 0.5 g of dry 
moss. Moss was slowly hydrated at room temperature and collected tardigrades from their substrate.  
 

RESULT  

 
Tardigrades were collected from CUTM campus and eastern area, Bhubaneswar,Odisha in summer (May),rainy 
season (August) and in winter season (December)from moss and lichen. 
 
Survivability Rate: 
1.After exposure to low temperature ( cryobiosis) freezing at -18 degree celcius (approx ) in freezer,the microanimal 
formed as tun. 
2. In salt solution (osmobiosis ) tardigrade was turned to tun. 
3. Response of desiccated tardigrades after heat stress at 37°C 
4. A mean of 25.8 (s.d.=6.6) tardigrades have been extracted from moss  and a mean of 24.5 (s.d.=7.2) animals have 
been extracted. 
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From the present study it was observed that the tardigrates were having survivability after exposure to low 
temperature (cryobiosis) freezing at -18 degree celcius ( approx in freezer, the microanimal formed as tun, moderate 
and also in high temperature. The salinity taste was also proven as the earlier record that the locality tardigrate was 
turned to tun in salt solution (osmobiosis). 
 

DISCUSSION 
 
In both experiments, the tardigrades is in cryptobiotic state that is cryobiosis and osmobiosis. In cryobiosis the 
temperature decreases and water in the cell has frozen, molecular mobility stops permitting the tardigrade to survive 
in low temperature and it formed as tun. if an animal is viable or dead can be problematic with tardigrades as they 
tend to become passive under unfavorable conditions such as asphyxia. In an attempt to avoid unfavorable 
conditions and maintain a somewhat identical post experimental environment, the animals were regularly supplied 
with clean water and using a Pasteur pipette oxygen was “bubbled” into the water to avoid low oxygen levels. 
Fundamentally two conditions can be recognized dead or living, though the living can be subdivided into two sub 
conditions. A major problem during the post experimental observation period was an inevitable fungal infestation 
and the massive propagation of their hyphae, sometimes covering everything in the embryo dishes. To diminish 
effect on mortality the fungi had to be removed, or “weeded” out, as often as possible 
 

CONCLUSION 

 
The animals of the phylum Tardigrada remain a little-known, little-studied group despite their overall abundance. 
Its survivability condition in exposure to freezing that is cryobiosis a form of cryptobiosis, when the temperature 
decreases and water in the cell has frozen .The result of inhibition of molecular mobility is tun where tardigrade 
survive for decade. Its survivability condition in salt solution that is osmobiosis that permits tardigrade to tolerate 
high salinity and form a tun, but tardigrades have already high salt. At the same time, tardigrades present a unique 
opportunity for research. They are easy to work with, forgiving about collection, and their removal does little 
environmental damage.They have been applied in transplantology because of their cryptobiotic effect. Though there 
are studies emphasizing on their survivability importances is a need for more research to understand their relevance 
in different fields of science. 
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Fig.1 Tardigrade wins international photo prize in the 

year  2019 

 
Fig.2 Lichen collected from eastern area of 
Bhubaneswar 

 
Fig. 3 Moss collected from wall of CUTM campus, 

Odisha          

 
Fig. 4 Moss collected from wall of building CUTM 

campus, Odisha          
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Fig. 5 Moss soaked overnight (24 hours ) 

 
Fig.6 Microanimal tardigrade observed under light 

microscope in soaked moss 

 
Fig.7 Lichen soaked overnight ( 24 hours ) 

 
Fig.8 Tardigrades observed in soaked   Lichen under 

light microscope                                                       

 
Fig. 9 Moss soaked in salt solution (48 hours) 

 
Fig. 10 Moss after osmobiosis 
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Fig. 11 Moss exposure to cold temperature 

 
Fig. 12 Formation of Moss (Cryobiosis) ( -18 0C in 

freezer ) 
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Fig.13 Survival of desiccated specimen after heat stress at 37 degree Celsius 

 
Fig.14 Survival of specimens  desiccated within moss and exposed to differrent air relative humidity ( RH ) and to 

heat stress at 37 degree celcius  for 21 days . 
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Fig.15 Survival of specimens experimentally desiccated on blotting paper and exposed different values of air 

relative humidity and to heat stress at 37 degree celcius for 21days  
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Earthworms are play a vital role in soil ecosystem and an indicator of soil quality. It also acts as bio-
manipulator. So that earthworms are also called as farmer’s friend or biological indicators or else referred 
as ecosystem engineers. They play a crucial role in maintaining soil productivity. Their burrowing, 
feeding, and casting activities alter the physical, chemical, and biological properties of soil. Their activity 
is response according to morphological and anatomical features. The present study was conducted to 
identify the morphological features that occurred in Eisenia foetida which differs from others to play in 
vermicomposting. The earthworm species Eisenia foetida collected from azola tank used for vermiculture 
in composting unit at Centurion University of Technology & Management, Bhubaneswar, Odisha, India. 
The statistical result analysis showed that the selected earthworm identified based on the morphometric 
parameters but not on soil type that resembles toEisenia foetida. 
 

Keywords: Clitellum, Vermicomposting, Eisenia foetida,Morphological features 

 

INTRODUCTION 

 

In ecosystem earthworms play a major role in soil mechanism and conversion of organic waste into manure for 
sustainable production of crop. The earthworm species found throughout the globe are mostly responsible for 
enhancing soil fertility but some of the special types are contributed for degradable of waste into manure. The Eisenia 

foetidais one of the composting worm or verm occurs all over the world but mostly in Europe regions (Savigny, 1826) 
commonly referred to as the tiger worm, redwiggler worm. It is currently be largely found in in India, Uganda and 
Myanmar of all continental region (except antractica continental region) and also UK,USA and France. It ranges in 
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size from about in “60 -115 mm length to huge specimens of over 115 mm”. The segments in Eisenia foetida 

fluctuateswith a thick cylindrical collar – the clitellum between 5 – 7segments. It has a red brownish sheen and the 
subsequent segments are consistently elongated to a point. It also described as uniformly pigmented worm 
(Blackburn 1989). There is a great taxonomic diversity of Eisenia – to which Eisenia foetida  belongs(Savigny, 1826) . 
This study aims to test for phenotypic differences within earthworm numerical measurements. The earthworms were 
sampled in azola tank Centurion University,Bhubaneswar campus location. It is having 3 separate clusters may 
characterize different families within the earthworm – Eisenia foetida. (Savigny, 1826) (ref. ID; 6036, 6916, 6947).It is 
hugely used in the conversion of organic wastes by using a technique vermicomposting. 
 

MATERIAL AND METHODS 
 
 A mapping of composting site was helpful to spot samples of earthworm and for identifying different habitats of 
sample. New records have been previously sampled which useful to get different results for the present study. 
Sample was collected by taking proper permission for sampling which must be required for field work assessment. 
The sample of earthworm was collected by digging a soil pit and removed the contents using a small spade.  The 
required species was collected from azola tank(composting unit) is situated in CUTM campus,BBSR, Odisha, India in 
10ft × 8ft × 5ft concrete tank .Then collected species was washed and cleaned in running tap water. Only adult 
earthworms that were found in the soil was collected in a plastic container. The soil was returned to the pit once the 
contents has been sorted. Sexually mature earthworm was determined by the presence of the clitellum. Ten 
specimens were collected from study site and preserved. Morphometric studies of Eisenia foetida from azola tank 
populations was estimated length and   and  diameter. The body weight is nearly 0.02gm then  collected specimen 
was preserved for calculating of annulus and anatomical study correlate to morphological characters help in 
identification process. 
 

RESULT 
 
From the present study the characteristic of Eisenia foetidawere determined by it’s “colour and position of clitellum 
and soil types”. The colour were are appeared very deep red in “colour at the anterior (head)” end and “lighter 
brownish at the posterior (tail)” end. These earthworms were mixed with cow dung and as presented.  It was 
observed that earthworms from Centurion University, BBSR Campus was habitat with clay/loam soil. According to 
earthworm identification feature. From the table, it is seen that, Earthworms from no.1 and 6 has the utmost body 
size diameter of 0.7cm and 1cm respectively and earthworm no.6 and 1 with body volume of 6.28  and 3.51  
.However, earthworms from no.6 and 10 had the highest values for body weight like 1.12 gm and 0.98 gm. The 
earthworm with the highest number of segments was 115 those from no. 6 while those from no.8 had the lowest 
number of 60 segments. Very small in size according any other species type found in earthworm. Male pores in 9th at 
or somewhat below clitellum each at the lateral end of a deep transverse cleft. Tubercula pubertates stretch along the 
ventral border of the clitellum over 3th to 5th segments is uniformly pigmented in nature. Pale or dark coloured near 
the genital pore. Reddish brown colour with golden shade saddle or pillion shaped clitellum covers 4-9 segment. The 
mean length of 50 -130 mm,a diameter of 3-6 mm and a segment number varying between 60 -115. Single species 
recorded in India and also its subcontinent region also probably found in Paris, France, UK and USA. It can survive, 
grow and reproduce in temperature ranges from 15-270C,moisture content ranges42-85%and pH level with 6-8.2 as 
per experimentally observed.(int-source-bioweb.uwlax.edu).This ability to adapt wider ranges of environmental 
conditions of the species made it used for vermicomposting. From this study it was carefully monitored and 
statistically analyzed certain characteristics of the collected species that identified as Eisenia foetidaresembles 
approximately with the characteristics that reported from literatures (Silvia M.,et al. ,2009) and simplified key to 
common genera of terrestrial earthworm with following characters 
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Domain  – Eukarya(true nucleus with membrane bound  organelles) 
Kingdom- Animalia(Multicllular,heterotrophic) 
Phylum  – Annelida(Annules present throughout entire body) 
Class - Oligochaetae (Setae located ventrally, laterally or dorsolaterally,hermaphrodite)  
Order - Heplotaxida (Male pore at 4-7 segments) 
Family - Lumbricidae (Sadle shaped clitellium ranges-9-12 segments, Gizzard at 17-19 segments) 
Genus - Eisenia (According to G.Eisen’s name,1900-reported) 
Species -  Eisenia foetida (Savigny,1826)- 

(foetida means foul smelling produced from it’s body when unfavorably handled) 
 

CONCLUSION 
 
In the present investigation the collected species were studied based on body size characters, thus differences in 
clustering could be attributed to the body size measurements across locations.  Sims and Gerard (1985) suggested 
that the environments inhabited by most earthworms were quite stable and these determined the time it takes to 
mature in some species.  Also Eisenia earthworms divided into 2 distinct categories – the ‘r’ and ‘k’ selected species 
based on their body sizes and lifestyles.  The ‘r’ selected species usually had small body sizes, shorter incubation and 
maturation times and in habited stable surface environments.  The k-selected species however had large body sizes, 
and in habited stable environments.  Even though the age of these earthworms were not determined in the study, 
they were all sexually mature at the time of collection as shown by the presence of the clitellum. Collections of no.8 
specimen fromazola tank had small body sizes and were from mixture of cow dung and clay or loamy soil, thus 
having some relationship with r-selected species. Earthworms -no.6 usually contains large amounts of decaying 
plant materials like leaf and bark which when used as food by the earthworms may have contributed to their large 
body sizes. 
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TABLE- 1 Identification of earthworm Esenia foetida 

NO. Obse

rrrv-
SPECIES LENG

TH (In 

DIAM-

ETER(I

BODY 

WEIG-

BODY

VOLU

HEA

D(EP

SPERMATHE

ACALl PORE 

CLITE

LLUM 

BODY 

SEGM

1. 1st E.fetida 7cm 0.8cm 0.92 3.51 
EPI 

 
10th 

segment 
4 to  7 102 

2. 2nd E.foetida 4.3cm 0.3cm 0.19 0.3 EPI 
10th,11th, 12th 

Segment 
4 to 7 74 

3. 3rd E.foetida 5.9cm 0.6cm 0.23 1.66 EPI 
10th,11th,12th 

segment 
4 to 7 85 

4. 4th E.foetida 6.3cm 0.4cm 0.69 0.79 EPI 
10th,11th,12th 

segment 
4  to 8 89 

5. 5th E.fetida 6.7cm 0.7cm 0.44 2.57 EPI 
10th,11th,12th 

segment 
4 to 7 93 

6. 
 

6th E.foetida 8cm 1cm 1.12 6.28 EPI 
10th,11th,12th, 
13thsegment 

4 to 8 115 

7. 7th E.foetida 5.3cm 0.6cm 0.57 1.49 EPI 
10th,11th 
segment 

4 to 8 78 

8. 8th E.foetida 4.1cm 0.1cm 0.35 0.03 EPI 
9th,10th 

segment 
4 to 7 60 

9. 
 

9th E.foetida 6.7cm 0.2cm 0.76 0.21 EPI 
10th,11th,12th 

segment 
4 to 7 82 
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Fig 1 Measurement and Identification of 

Morphometric characteristics of Eisenia foetida 

 
Fig 2 Measurement and Identification of 

Morphometric characteristics of Eisenia foetida 

 

 
 
 
 
 
 

 

10. 10th E.foetida 7.4cm 0.7cm 0.92 2.84 EPI 
11th,12th,13th 

segment 
4 to 8 109 

11. 
MEA

N 

Morphomet

ric of  

E.foetida 

6.14 0.58 0.169 1.968  10th,11th,12th 4 to 7 88.7 

12. SD  1.278 0.302 0.316 1.928    16.71 
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