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Preface 

Research in the study of management and social sciences is as necessary as it is to that of Natural 
Sciences. Any discipline will flourish and be affective and purposive only if research is conducted in 
it. The depth of management studies and social science will be increased by the discovery of new facts 
or by new interpretation of the existing known facts.  

Many research programs in management and social sciences aims at a better understanding of the 
conditions of professional practice, especially in the professions of education. It is a question of 
making work more effective in the context of the evolution of needs and social expectations and 
decreased public expenditures. Public policy has also shown interest in understanding professional 
practices. 

Our assumption is that research in management and social sciences is today has undergone a paradigm 
shift. Such research carries within it external social and educational theories. This research is also 
involved in the development and validation of models or methods implemented in the different 
activities of the organizations. There is thus maintenance of a legacy with regards to the ends and 
purposes of research programs in the sciences of education. Like the various projects for the 
production of a pedagogical knowledge, born by disciplines like scientific pedagogy, experimental 
pedagogy, pedagogical science or “the” science of education, “the” sciences of education are expected 
to be able to produce pedagogical truth or define good research practices. 

This book titled “Recent research trends in management and social science” is designed to make 
people understand various researches that are being conducted in the areas of business management, 
education, social sciences and other related disciplines. The book will prove to be helpful for students, 
junior researchers, and teaching professionals.  
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IMPACT OF GST ON INDIAN BANKING SECTOR 

Dr. T. Arockia Sagayaraj1 and V. Akalya2 
Associate Professor1, Management, G. R. Damodaran Institute of Management, Coimbatore 

Assistantt Professor2, Department of BBA (IB & RM), PSGR Krishnammal College for Women 

ABSTRACT 
Banking sector plays a really crucial role in an exceedingly macro economic and monetary policies of any 
country overall framework and therefore the business dynamics of this sector mostly differs from different 
sectors. The regulatory framework for this sector is incredibly robust and leaves no space for any 
discrepancies. Unlike, different businesses wherever there are several unorganized that of style of workings 
still prevail; same isn't the case with this sector which is essentially organized in nature. Therefore, any issue 
for this sector must be closely checked out and timely resolved so thereto larger economic interest of the 
nation is achieved. The introduction of GST is that the important part of India with the unanimous approval 
of all the members of the parliament. GST Bill 2016 leaves a mark on the history of India. Overall it will be 
same that GST can have a considerable impact on the whole operating of the industries within the nation. 
GST would possibly result it into increasing the cost of the banking and financial services nowadays.There 
was a rise in tax rate for banking services that was being charged earlier. 

Keywords: Banking Sector, GST, Economic development, Indian Economy 

INTRODUCTION 
India is not only the world’s largest independent democratic country, but alsoan rising economic giant. 
Without a sound and effective banking industry, no country can have a healthy economy. Banks play an 
important role within the economic development of a country.  Today, the banking sector is one among the 
largest service sectors in India. Accessibility of quality services is important for the well-being of the 
economy. the main target of banks has shifted from customer acquisition to customer retention. With the 
stepping in of data technology within the banking sector, the operating strategy of the banking sector has 
seen revolutionary changes. one among the largest transformations that the sector featured throughout this 
era is GST i.e., goods and service Tax, a brand new tax regime introduced in the midnight of  July 2017. 
Introduction of GST to the banking sector was one the extremely risky and challenging role for the govt.. 
GST could be a replacement to the Value Added Tax (VAT) that was levied on goods and services. The 
main purpose of studying the impact of implementation of GST is to avoid double taxation on goods and 
services. It’s a self-regulated tax legal system with a simplified tax regime that reduces the multiplicity of 
tax. Under the GST tax system, goods and services are imposed with rates of 0, 5%, 12 %, 18th and 28. 
There’s a singular rate of 0.25% on rough semi-precious and precious stones and also 3 of tax on gold. 
Additionally to it, there's a cess of 22 or different rates on prime of 28 GST apply on some items like luxury 
cars, tobacco products, and aerated drinks. Within the banking sector, it created a huge modification as the 
majority the products and services have a high tax rate compared to the previous one 
FACTS ABOUT INDIAN BANKS  
 The Indian banking system consists of 27 public sector banks, 21 private sector banks, 49 foreign banks, 

56 regional rural banks, 1,562 urban cooperative banks and 94,384 rural cooperative banks, in addition to 
cooperative credit institutions. 

 As of Q1 FY19, total credit extended by commercial banks surged to Rs 86,976.2 billion (US$ 1,297.4 
billion) and deposits grew to Rs 115,070.3 billion (US$ 1,716.4 billion). 

 During FY17-18, credit off-take grew at a CAGR of 11%. As of Q1 FY19, total credit extended surged to 
Rs 86,976 billion (US$ 1,297.4 billion). 

 Demand has grown for both corporate & retail loans; particularly the services, real estate, consumer 
durables & agriculture allied sectors have led the growth in credit. 

 Total banking sector assets (including public and private sector banks) have increased at a CAGR of 6% 
to US$ 2.2 trillion during FY17–18. FY17-18 saw growth in assets of banks across sectors. 
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Source: https://www.ibef.org/industry/banking-india/infographic 

Figure showing Indian banks Market Size, Sector Comparison, Key Tends. 

In the above figure there's an enormous increase in deposits from the past years. As per the RBI, banking 
sector of India is effectively capitalized and well-regulated. The economic and monetary conditions within 
the nation are way advanced to the other countries in the world. Market, credit, and liquidity risk studies 
advise that banks in India are usually versatile and have powerfully faced the world economic crises. Indian 
banking system has lately witnessed the roll-out of innovative banking models, implementation of GST and 
also the new tax rates that contributes a lot of revenue to the arena.  

The impact of GST to the banking sector had created an impact that GST is doing a wonderful job within the 
sector because of high rates compared to previous tax rates (service tax) however it's become a expensive 
affair for customers. Most of the staff within the sector agrees that GST may be a sensible initiative taken by 
the govt for sustainable banking however there's a high range of the matter arising concerning the new legal 
system and feels that GST to the banking sector is verified to be a cumbersome or sophisticated thanks to a 
great number of transactions. The banks weren't allowed for a centralized registration underneath GST. 
They’re needed to try and do separate registration in every state they operate in. 

BANK WHICH ARE AUTHORISED IN CENTRE AND STATES FOR GST PAYMENT  
There are 26 public sector banks in the list which are registered under GST for the for central and state level 
payment in India. All these banks which are mentioned below are registered under the GST for the smooth 
running of the business, transactions, and tax filing. 
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Allahabad Bank 
Andhra Bank 
AXIS Bank 

Bank of Baroda 
Bank of India 

Bank of Maharashtra 
Canara Bank 

Central Bank of India 
Corporation Bank 

Dena Bank 
HDFC Bank 
ICICI Bank 

IDBI Bank 
Indian Bank 

Indian Overseas Bank 
Oriental Bank of Commerce 

Punjab & Sind Bank 
Punjab National Bank 

State Bank of India 
Syndicate Bank 

UCO Bank 
Union Bank of India 
United Bank of India 

Vijaya Bank 

ISSUES IN THE BANKING SECTOR DUE TO THE ADVENT OF GST BASED ON 
THEOBSERVATION 
 PROCEDURE OF REGISTRATION 
Before the arrival of GST all the banks in India have a centralized registration under the Service tax law for 
all the branches within the country. The govt has ruled out centralized registration for financial institutions 
known as banks underneath the new tax regime goods and services tax and, it's mandated separate 
registration for every state they operate in. it's become a mandatory activity for the whole bank that work 
inside the country to carry out its functions. It created an enormous compliance burden on the banks. It needs 
high harmonization and management between the banks among and outside the state for tax 
matters. Under GST administration, accounting and financial records etc. are to be maintained individually 
for every state-wise. The banks doing state-wise registration, filing multiple returns for every state, multiple 
audit and assessments particularly in a very situation wherever banks have branches in nearly each state and 
union territory of the county and with every state, each city, every vicinity has a branch of the bank. 

 INTER- STATE TRANSACTION BETWEEN TWO BRANCHES OF THE SAME BANK 
Before the implication of GST, the transaction between 2 branches of the same bank wasn't subject to any 
tax. however, under GST tax regime interstate supply of products and services or each between the same 
bank's 2 branches situated in two states are taxable that is thought as integrated goods and service tax 
(IGST). Generally, banks have lots of common and shared services being supported by Head 
workplace. Like security package, center etc. Further, again and again one branch would internally give 
service to alternative branches for example: resolution the problem of a client having PAN Republic of India 
accounts, providing native info etc. to alternative branches etc. GST is to be charged on such provides, while 
the identical is created inconsiderately, it might cause pointless hardship. however, resolution is provided 
within the valuation rules that just in case of a dealing with distinct persons, value disclosed on the invoice 
shall be deemed to be taken as Associate in Nursing open market price, but still valuation problems could 
creep as this rule doesn't apply if the receiving branch isn't ready to avail the complete credit because of any 
reason whatever. Since, in a banking sector pursuit such transactions would prove to be a cumbersome task 
and cause multiple interpretations and disputes, so one suggestion is that by the virtue of Rule 6(7) of GST 
Valuation Rules, banking services be categorized in such category of services wherever price for any 
transactions undertaken between the distinct persons is deemed to be thought of as zero. 

 PLACE OF SUPPLY BANKING SERVICES 
The place of supply of services under GST Law for banking and other financial services shall be the location 
of the recipient of services on the records of the supplier of services. Provided that if the place of the 
recipient of services is not on the records of the supplier, the place of supply shall be the place of the supplier 
of services. However, what constitutes the ‘records of the supplier’ is not defined in the law leading to 
multiple interpretations as to whether it is to be understood as accounting records or customer records, 
vendor records and so on. Further, in some cases banks would have multiple addresses of the same customer 
in its records, this is possible as in case of a banking sector a customer would add multiple accounts within 
the same customer id and in which case only one address of the customer under whose address that customer 
id is registered would be reflected as the address on records. However, it is possible that the transaction is 
undertaken with the account holder within the same customer id but having a branch in the different state. In 
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such a situation, if strictly banks pay GST to the state based on the “address on record” then it may end up 
paying GST in a wrong state. Therefore, banks have to record the address of each account holders within the 
same customer id and GST needs to be charged on that account holder and accordingly, the tax also must be 
paid to that respective state government of the account holder and not the single address captured for the 
entire customer id. 

 REVERSAL OF INPUT TAX CREDIT ON CAPITAL GOODS 
Before the implication of GST, as per Rule 6(3B) of CENVAT Credit Rules, 2004, an assessee in the 
banking sector has to reverse 50% of the CENVAT Credit taken on a monthly basis on input and input 
services. However, banks can take full credit on Capital goods unless they said capital goods are exclusively 
used for any exempted service. Now under section 14 of the GST law states that banks engaged in supplying 
goods and services by way of accepting deposits, extending loans have to reverse 50% of the eligible input 
tax credit on inputs, capital goods, and input services. It is pertinent to note that requirement of reversal of 
standard 50% credit even on the capital goods portion will have a negative impact. Various office furniture, 
equipment, cash-counting machines, computers, printers, air-conditioners etc. are of high procurement cost 
for any branch of the bank and if 50% of the credit on the same is to be reversed then it shall have an adverse 
impact.  

 GST IS CHARGED ON ALL BANKING ACTIVITIES 
Banks have charged GST on various products and services carried on by the banks except for deposits, 
which can be classified like this: 

 TRANSACTION CHARGES: Transaction charges have been increased to 18% which was 15% earlier. 
The shocking news is that the ATM transactions are restricted to a certain point i.e., first 5 withdrawals 
are free after 5 withdrawals Rs.20 per withdrawal is charged in order to reduce the withdrawal of money 
through ATM's which will automatically increase the usage of internet banking. Also, the usage of 
chequebooks will be expensive if any customer uses more than 50 cheques a year and it is charged less 
than Rs.100. The individuals have to pay Rs.3 more for every Rs.100 paid for banking transactions. 

 LOANS: all the loans are taxable under GST for 18% and there is no chance of tax percentage to go 
beyond the tax slab of 18%. But there is a big concern about the home loans which was availed to the 
borrowers for a VAT of 5% for construction materials and 3.5% service tax, overall of 8.5 which is now 
available only as per the GST rate 18% which will be little more expensive for the borrowers 

 INVESTMENTS: Investments like mutual funds are affected negatively due to the introduction of GST. 
GST bang on the income of mutual funds will certainly have an effect on the consumers. For an 
investment company, an expense ratio is a cost incurred by them to operate their mutual funds. In case of 
the policyholders, they have to pay high premiums amount on their insurance assuming, a family spend a 
sum of Rs 50,000 per annum on insurance exclusive of service tax, their expenses will be increased by 
3%, i.e., Rs 1500. Earning up to Rs 20 lakh will stay exempted from GST for mutual fund distributors. 

 INSURANCE: GST has a severe effect on insurance as there is a rise in the premium, especially for life, 
health, and car insurance policies. The tax rate has increased from 15% to 18% under GST. For example, 
if the complete premium is for life insurance, a tax rate of 18% will affect the entire premium. 

 INPUT TAX CREDIT: Under GST, 50% of the CENVAT credit availed against inputs, input services, 
and capital goods is to reverse which leaves them a position of reduced credit of 50% on capital goods 
thereby increasing the cost of capital. 

The various tax rates imposed on various products and services offered by Indian banks. 

Items Tax % 
 Deposits Nil 
 Debit Card 18% 
 Credit Card 18% 
 Loan 18% 
 Forex 1% of gross rupee 
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 Investments 18% 
 Banking facilities 18% 
 Pension Nil 
 Remittance 18% 
 Insurance 18% 
 ATM 18% 
 Input Credit 18% 

 
EXCEPTIONS IN GST 
 The rate of GST payable on Services received by the RBI from outside India in relation to the 

management of foreign exchange reserves is nil rates. 

 Services by the way of Inter sale or inter purchase of foreign currency among banks or authorized dealers 
of foreign exchange or between banks and such dealers. 

 Services provided by a bank which is going to be acquired, to any individual in relation to the settlement 
of any amount of money up to two thousand rupees in a solitary transaction transacted through credit 
card, debit card or charge card or other payment card service 

Deeper analysis reveals that such an increase in cost should not be considered a negative GST impact on 
financial services sector. In the long run, banks will be able to transfer the advantage of input tax credit – 
enabled under GST – to the customers. Furthermore, services like fixed deposits (FDs) and other bank 
account deposits that were outside the circle of service tax will continue to remain outside the GST ambit. 

BENEFITS OF GST TO BANKING INDUSTRY 
 Bank will be able to set off their GST liabilities against credit received on purchase of goods. 

 Under the existing CENVAT mechanism, banks are eligible to take partial credit of excise duty and 
service tax paid on procurement of qualifying goods and services which are used for provision of output 
service. 

 Banks do not get input tax credit of State VAT paid on any goods procured by them. As all these indirect 
taxes will be subsumed in GST, banks will be able to take credit of GST paid on procurement of goods as 
well. 

 Input tax credit is not allowed as per current CENVAT rules. But under GST regime input tax credit will 
be allowed which would be used by a bank for making outward supply in the course of GST Will help to 
reduce tax evasion. Under GST doing business will be easy. The increase in business will lead to 
additional demand of funds. Addition demand of funds will lead to increase in number of transactions in 
the bank as the business and current scenarios ask to go for digital transaction. 

DIFFICULTIES CAUSED BY GST TO BANKING INDUSTRY 
 All the bank need to register for their all office location in their operating state. 

 They have to maintain separate books of account to have a control for all input tax credit and utilized and 
unutilized credit. 

 Due to registration of all location many banks and financial institutions may be in for a lot of trouble as 
they could just see the complexity in paying taxes increase under the GST. 

 Complying with the requirements of reverse charge and partial reverse charge mechanism would add to 
further compliance costs. 

CONCLUSION 
The proposed GST regime may be a halfhearted try to rationalize tax structure. Over 150 countries have 
enforced GST. GST may be a risky and difficult initiative taken by the govt for sustainable banking and 
a homogeneous tax is obligatory on all the product and services. The slight increase in prices within the 
monetary sector ought to be taken as a bitter pill for a much better future. The impacts of GST on Banks are 
specified operations, transactions, accounting and compliance can have to be reconsidered in its totality. No 
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doubt, GST will alter existing tax system and can facilitate to get rid of inefficiencies created by the present 
current heterogeneous taxation system given that there's a transparent agreement over issues of threshold 
limit, revenue rate, and inclusion of crude oil product, electricity, liquor and real estate. 
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CUSTOMER RETENTION MARKETING FORECASTING 

Nanthini N, Sowdhasri J and K Vishnupriya 
Student, Sri Krishna Arts and Science College 

ABSTRACT 
The 'marketing concept' commends that in order to satisfy the managerial objectives, an organization should 
expect the needs and wants of potential consumers and satisfy them more efficiently than its competitors. 
Something that is desired, wanted for or aspired to. Wants are not important for basic existence and are 
often moulded by culture or peer-groups.All business strategy is marketing strategy. Your ability to think 
plainly and well about the very best marketing strategies, and to repeatedly change and improvement your 
activities, is the key to the future of your business. 

Keywords:  Marketing,consumers 

1. INTRODUCTION 
The 'marketing concept' commends that in order to satisfy the managerial objectives, an organization should 
expect the needs and wants of potential consumers and satisfy them more efficiently than its competitors. 

Needs: Something essential for people to live a healthy, stable and harmless life. When needs endure 
unfulfilled, there is a clear hostile outcome: a dysfunction or death. Needs can remain objective and physical, 
such as the want for food, water, and shelter; or subjective and psychological, such as the want to belong to a 
household or social group and the basic for self-esteem. 

Wants: Something that exists desired, wished for or aspired to. Wants are not necessary for basic survival 
and are often shaped by philosophy or peer-groups. 

Demands: When needs and wants are receded by the ability to pay, they have the possible to become 
economic demands. 

2. CONCEPTS 
The five marketing concepts are: 

1. Production concept 

2. Product 

3. Selling concept 

4. Marketing concept 

5. Societal marketing concept 

1. The production concept 
During the period of the production concept, businesses were alarmed primarily with production, 
manufacturing, and efficiency issues. Firms that use the production concept have the trust that customers 
mainly want products that are reasonable and accessible. The production concept is based on the method that 
a company can increase supply as it decreases its costs. Moreover, the production concept climaxes that a 
business can lower costs of production. A company concerned with towards production believes in 
economic of scale(decreased production cost per unit), wherein mass manufacture can decrease cost and 
maximize profits. As a whole, the production concept is concerned with towards operations. 

2. The product concept 
This idea works on a statement that consumers prefer products of larger quality and price and availability 
doesn’t influence their buying decision. And so firm develops a product of larger quality which generally 
turns out to be expensive. One of the best present examples would be IT companies, who are always 
cultivating and updating their products, to distinguish themselves from the competition. Since the main 
attention of the marketers is the product quality, they often lose or fail to appeal to clienteles whose demands 
are motivated by other factors like price, availability, usability, etc. 
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3. The selling concept 
Production and product idea both focus on production but selling concept emphases on making anreal sale of 
the product. Selling concept focuses on making every imaginable sale of the product, irrespective of the 
quality of the product or the need of the customer. The selling concept best part that customers would buy a 
company’s products only if the firm were to sell these products aggressively.This thinking doesn’t 
include building relations with the customers. This means that frequent sales are rare, and customer 
fulfilment is not great. 

4. The marketing concept 
A company that trusts in the marketing concept places the consumer at the centre of the association. All 
activities are geared towards the consumer. A business,aims toward the needs and wants of a purchaser. It 
performs the marketing strategy according to market study beginning from product conception to sales. By 
directing on the needs and wants of a board market, a company can transport more value than its 
competitors. This means that a brand is so solid that customers would always prefer your brand to  more 
persons. 

5. The societal marketing concept 
This is a comparatively new marketing concept. While the societal marketing concept highpoints the needs 
and wants of a target market and the transfer of better value than its competitors, it also emphasizes the 
position of the well-being of the clients and society as a whole. The societal marketing idea calls upon 
marketers to build social and ethical considerations into their marketing practices. They must balance and 
manipulate the often conflicting criteria of the firm profits, consumer want satisfaction, and public interest. 

3. CUSTOMER RETENTION 
Customer retention refers to the movements and actions of the companies and administrations take to reduce 
the number of customer defections. The objective of customer retention programs is to help firms retain as 
many customers as possible, often through customer trustworthiness and brand loyalty initiatives. It is 
essential to remember that customer retention begins with the first contact a buyer has with a company and 
continues throughout the complete lifetime of the relationship. 

Firms that shift their focus to customer retention often find it to be a more efficient process because they 
are advertising to customers who already have expressed an interest in the products and are busy with the 
brand, making it easier to capitalize on their experiences with the company. In fact, retention is a more 
supportable business model that is a key to sustainable growth. 

4. MARKETING FORECASTING 
Marketing forecasting approaches allow companies to better their products and total business. 

When firms use as many forecasting methods available, they not only increase their products or services, 
they also gain visions that allow them to make their company better. 

Marketing forecasting copies are excellent ways to predict customer preferences and put on new ways to 
stand out from competitors. Using practical estimating models is the best way to get the most effective and 
inclusive data to improve marketing efforts. 

5. CONCLUSION 
Marketing is the most moving of all business sports. It is the heartbeat of every popular business. It is 
repeatedly changing in response to the blast of information, the expansion of technology, and the 
forcefulness of competition, at all levels and everywhere. 

All business strategy is marketing strategy. Your ability to think visibly and well about the  marketing 
strategies, and to repeatedly change and upgrade your activities, is the key to the future of your business. 
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THE EMPLOYEES' MOTIVATION AND EMPOWERMENT ON DELIVERING SERVICE 
QUALITY TO ENHANCE CUSTOMER SATISFACTION 

Nivetha Sheebha, S. Thangavel and M. Krishnamoorthy 
Research Scholar, Hindusthan College of Arts and Science, Coimbatore 

ABSTRACT 
The main objective of this study s to discuss the impact of employee motivation and empowerment on 
delivering quality service towards the enhancement of customer satisfaction for Company. To analyse the 
current situation prevailing within the organization under review a qualitative research approach was used 
in this study. The theoretical section reviews a range of relevant literature which is related to the research 
topic, categorises the research questions into relevant themes, and concludes with some suggestions as to 
how to approach empirical research on employees’ motivation and empowerment. 

Keywords: Motivation, empowerment, service quality, employee development, customerSatisfaction. 

INTRODUCTION AND PURPOSE OF THE STUDY 
The main purpose is to study the important factors which are needed to motivate and empower the 
employees in their service delivery towards the enhancement of customer satisfaction. Furthermore the study 
examines the extent to which the organization under review practises employee motivation and 
empowerment hence improvement in service delivery so as to generate more revenue for the operation of the 
business. It then becomes essential for the study to further research in the effect of monetary and non-
monetary benefits provided by the organization for its employees. Finally, research in the various programs 
used by the organization on employees’ development and to provide a practical suggestion for the 
improvement of productivity in the organization. 

They are the strongest needs because if an employee of an organization were deprived of all needs, the 
physiological ones would be first in the employees’ search for satisfaction. 

MOTIVATION 
The word 'motivation' derives from the Latin word for movement 'movere'. In motivation literature different 
definitions for motivation are given. All these definitions emphasise the fact that motivation relates to the 
factors that give rise to certain behaviour, channel this behaviour, and sustain it in order to achieve a certain 
goal.1 It is often seen as a construct, because it is assumed to be a process that cannot be localised. It is 
intangible, invisible, hard to measure and extraordinarily difficult to control. This relates to the question of 
why people will or will not make an effort for something. In this context motivation can be seen as a force 
that generates energy. This energy ensures that employees take action. 

The importance of motivation 
According to humanistic psychologists, self-realisation is at the heart of being human. It is in our nature to 
allow opportunities and talents to flourish, in order to get the most out of ourselves. This applies both to the 
social (friends) and the societal sphere (education, job). 

Motivation plays an important role in improving your organisation's performance. Motivated employees can 
help take an organisation to the next level, in order to make it successful.2 Motivated employees are also 
often more satisfied, innovative and productive. 
In short, motivated employees ensure that within your organisation: 
 There is a positive work atmosphere... 
 Where employees are happy to work hard... 
 Where employees are service-oriented towards clients... 
 And because of this, better results are achieved. 
Motivation is thus the driving force behind your organisation's success and ensures that your employees 
remain active and contribute to better performance. Furthermore, a high level of motivation leads to a 
demonstrably lower level of absence and turnover. 
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Motivation and humans' basic needs 
Everyone has basic needs in order to feel good about their life; this also applies to their work. If these needs 
are met according to your employee's expectations, the motivation to grow also increases, to get the best out 
of yourself and the situation. Your employees' motivation is linked to the different basic needs which are all 
connected to one another, including certainty, solidarity and growth. As an employer it is important, as far as 
possible, to meet these natural needs in order to motivate your employees optimally. 

Your employees' basic needs: 

Certainty 
Everyone wants a degree of certainty in their lives. Of course, there can never be total certainty. In 
particularly areas, however, we do strive for this certainty. For example, we want to be certain that our salary 
will be paid every month, so that we can pay the rent. 

Uncertainty/variety 
At first glance, this need appears to contradict the previous need; and indeed, if everything in life was 
certain, if everything was known in advance, life would become boring. That is why everyone also needs a 
degree of uncertainty or variety in their life to avoid boredom and create excitement. 

Be of significance 
Everyone wants to feel important, to a certain degree. This can be achieved in different ways. One person 
might find it in starting a family, the other in having a successful career. We all want to feel that we are 
needed and lead a meaningful life. That is, lead a life that matters. 

Solidarity 
Everyone needs solidarity. We want to belong somewhere, we want to care for someone or be cared for. 
Everyone needs friends/family. Everyone needs contact with others. This also applies at work. 

Growth 
The needs mentioned above are basic needs necessary in order to be able to work with motivation; but this is 
not enough for every employee. Employees want to grow. Growth can be essential for motivation. Your 
employees may have the need to grow mentally, emotionally and financially. 

Make a contribution 
Last of all, your employees want to make a contribution. They want to contribute to the greater whole. If 
your organisation fulfils a socially relevant role, this will contribute to your organisation's success. This need 
can, just like growth, be an important key on a personal level to leading a satisfying life. Fulfilling these 
needs at the work level is also an important key to your performance and success as a whole organisation. 

Intrinsic versus extrinsic motivation 
There are two distinguishable sorts of motivation, namely intrinsic motivation and extrinsic 
motivation. Intrinsic motivation means that people want to make an effort for something because they are 
stimulated from inside, for example by being given responsibilities.This form of motivation is entirely 
dependent on the nature of the activity.3 Employees are motivated, because they attach value to the activity. 
The activity is an enriching experience for them, which offers challenges and opportunities 
to develop.4Intrinsic motivation relates to action, which is guided by a feeling of satisfaction and fulfilment. 
Extrinsic motivation means that people will make an effort for something, because they are stimulated from 
outside, for example by money or status. In contrast to intrinsic motivation, in which work is seen as 
valuable, employees who are extrinsically motivated see their work purely and solely as a means to an 
end. Fulfilment is not gained from the work itself but from related things.5 People can become extrinsically 
motivated by both economic and social stimuli. Employees are economically motivated if they take good 
remuneration, good working conditions and job security as the basis on which to evaluate their work. Status 
and chances for promotion give a feeling of fulfilment.6 
Intrinsic and extrinsic motivation are related in the sense that intrinsic motivation can be coloured by 
extrinsic influences. Factors that are external to the individual, such as remuneration, can have a negative 
effect on intrinsic motivation. Linking bonuses to targets can lead to employees who initially worked 
enthusiastically to meet targets, ultimately only focusing on the target that offers the biggest bonus 
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CONLUSION 
Employees are motivated by different things and having a clear understanding of what drives each person on 
the team is critical. When I was an operator in the Navy SEAL teams, the motivation was clear. To purge the 
world of our nation's enemies. Having a deep belief in the mission and being blessed to be part of that unique 
brotherhood was all we needed. When I became an entrepreneur and business leader, however, I had to 
quickly learn how to balance the motivations of a diverse team. I have my own opinions on the best ways to 
motivate employees to achieve the best results, but I also wanted to explore the opinions of other senior 
business leaders. 

“To build personal accountability for each employee in the team to achieve the goal set out before them. We 
win as a team and we lose as a team, just like in sports. Set up a reward that will be shared by the entire team 
if the goal is met, rather than just management.” 
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TECHNICAL GUIDELINES FOR FIRST GENERATION ENTREPRENEURS TO START A 
BUSINESS 

Anu Keerthana G and Dharani G  
Student, Sri Krishna Arts and Science College, Kuniyamuthur, Coimbatore 

ABSTRACT 
Entrepreneur is a person who runs a business efficiently and effectively carrying all the financial risks that 
are related to the business in making profits. First generation entrepreneurs are those fresh minds who have 
no experience in managing and running a business. As business consists of uncertainty and risks. These first 
generation entrepreneurs have obstacles in operating it. To mould and improve the first generation 
entrepreneurs there should be proper technical guide including the entrepreneur’s knowledge. How to start 
a business? Is a basic question which lingers in the mind of every budding entrepreneur? This includes 
capital, name of the firm, what product the firm is going to provide, type of firm, location, to satisfy the 
customer and etc. The main structure composes of determining the market, strategies for promotion, price of 
the product, documents that are required. The next criteria is a virtue that should be possessed by an 
entrepreneur like designing the business plan, management roles, concentrating on business cost, funding 
and revenue projections. Importantly the firm has to abide to the government laws and regulation, the 
business must a legal structure. To know about the taxes that are involved in developing a business tells 
about the intelligence of the entrepreneur. Join in entrepreneur organizations and programs to diversify the 
business. To inculcate the values of entrepreneurship to become versatile and successful. 

Keywords: First generation entrepreneurs, business plan, management, customer, legalization. 

FIRST GENERRATION ENTEPRENEURS 
First generation entrepreneurs are budding entrepreneurs, who are new to the business. They don’t have any 
experience in running and managing a business. Since they are new to the business they have few difficulties 
in operating the business, a technical guideline will help them to effectively run a business. 

3 IMPORTANT ASPECTS TO BE KNOWN AS A FIRST GENERATION ENTREPRENEUR 
Here broadly we will see 3 categories that should be concentrated by the entrepreneur 

 Business Capital 

 Legal requirements 

 Core strengthening 

BUSINESS CAPITAL 
Capital is the monetary investment that is invested to start a business. Capital can also be referred to as the 
blood line of the business. Because without capital the business does not function. Typically, business capital 
comes in either the form of equity or debt. Some businesses sell equity, an ownership portion of the company 
(or stock), in exchange for a financial investment. Others obtain capital through debt, which includes 
business loans and credit that the company must repay in the future (usually, with interest). Capital refers 
toproduced means of production. They help in further production. Few characteristic feature of capital 
include, it is man-made, it involves factor of time. Capital does not stop here, in depth capital is divided into 
fixed capital and working capital. 

FIXED CAPITAL 
Simply fixed capital means it is the initial capital that is invested during the introduction of the business. It is 
a onetime investment.it helps in promoting and diversifying the business. Examples of fixed capital are 
patent rights, plant and machinery, goodwill. Fixed capital investment decisions are made through capital 
budgeting processes. 

WORKING CAPITAL 
It means the deployment of day to day financial resource in the business. Here the investment lasts only for a 
specific accounting period. Working capital has high liquidity because it can easily be converter to cash. The 
budgeting process for working capital investment is based on the estimated scope of operations for a 
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particular accounting period or fiscal year. Both fixed capital and working capital will be showed in the 
balance sheet 

RELATIONSHIP BETWEEN INCOME AND CAPITAL 
Capital and income varies from each other. Because capital is an investment made in the business and it is 
said to be fund. Whereas income is the profit that is gained from the business. Here capital helps in getting 
the income. Income is flow to the business. 

BUSINESS CAPITAL RESOURCES 
Business capital can be acquired in many ways such as, 
 Bootstrapping 
 Seed financing 
 Crowd funding 
 Financial institutions 
 Investors 
 Silent partner 
 Resources from friends and family 
 Investment from a co-founder 
 Venture capital 
LEGAL REQUIREMENTS 
DECIDE THE LEGAL STRUCTURE OF THE BUSINESS 
 There are many forms to start a business, like 

 Sole proprietorship- it is owned by one only one person 

 Limited liability partnership- the partners have only limited liability as per agreement 
 Cooperative- owned by group of people for their mutual benefit 

 Partnership- owned by two or more person 

 Corporation- it has a separate legal entity from its owners 
 Fix the product 
 Production process 
 Price margin 
 Register the company name 
 Have a trademark 
CORE STRENGHTING 
TO HAVE A SOUND BUSINESS PLAN 
A business contains all those a business is going to perform. It boxes up what the business is going to sell, 
structure of the business, marketing strategy, funds that are needed and documents that are required. While 
preparing a business plan make sure that the business is unique and attractive. The product should be in the 
combination of product, value and a brand experience. The business plan should be flexible, because when 
needed it should change according to the requirement. 

MISSION AND VISION STATEMENT 
Vision and mission statement portrays the company’s future. This serves to be the key component of 
marketing strategy. These statements are the guiding star to the business and employees to work together 
towards the objectives and goals of the business.They help the employees to be focused and stay on track. It 
creates the energy and will to make change happen. It inspires individuals and organizations to commit, to 
persist and to give their best. 
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EFFECTIVE ONLINE PRESENCE 
Using an online forum helps in attracting many customers. These days smartphones have become popular so, 
consider a simple application design which helps to download and keep the business at the forefront of the 
minds of people. By establishing and maintaining the presence online, business can show their customers 
that their business is active, dynamic and working to improve and is trying to grow. Bringing in new 
customers, retaining the customers and having the potential customers will help to diversify the business. 
There are competitions too, to cope with the competitors, innovations can be bought in through online 
marketing. 

GENERATE AND NUTURE LEADS 
Once you've started building an online presence and creating awareness for your business, you need to 
generate the leads that will close into customers. Lead generation is the process of attracting and converting 
strangers and prospects into leads, and if you build a successful lead generation engine, you'll be able to keep 
your funnel full of sales prospects while you sleep. 

TO DEVELOP THE SOFT SKILLS 
Soft skills in short defines our personal attributes and attitude that helps the entrepreneur in attracting and 
interact efficiently with the customers. Some of the soft skills that an entrepreneur should possess is, sound 
sense of self awareness, being a good listener, being an optimistic person and having patience are few 
examples. 

MARKET TRACTION AND GROWTH RATE 
The market traction and growth rate of the company are compared to competitors. Investors want to know 
how large your market is and how quickly you can capture a share of the market. The quicker you reach the 
market, the higher your business' valuation will be. 

EMBRACE UNCERTAINITY AND RISK 
Starting your own business is, a journey into the unknown. If you can’t handle uncertainty, you probably 
don’t have what it takes to be an entrepreneur. Risk is not only an essential element of entrepreneurship, it 
tends to be directly related to success: The bigger the risks, the bigger the potential payoff. 

DON’T FEAR FAILURE 
Studies have shown that one of the clearest indicators of future success for an entrepreneur is past failure. 
This may sound counterintuitive, but not when you think of failure as a teaching tool. 

In the long run, it’s better to focus on developing a minimum viable product, launching, and optimizing 
based on feedback, rather than trying to get it right the first time with an untested idea of a “perfect” product. 

How much risk you can take depends on your business and circumstances. Buying a domain name isn’t the 
same level of commitment as building a prototype, for example. What matters is that you grow from setbacks 
and maintain a willingness try things that might not work out. 

MASTERING HARDSKILLS 
Possessing soft skills is to retain and attract the customers whereas mastering hard skills is more like building 
the base of your core strength. Acknowledging, understanding, and focusing on using your hard skills is 
essential to maximizing your success potential. Hard skills varies according to the nature of the business and 
the product. Like coding, designing, writing, analyzing, marketing and etc… 

NETWORK WITH OTHER ENTERPRENEURS 
Use Meetups to find events in the local startup community. Not only will networking with other 
entrepreneurs help you build valuable relationships, but it'll also give you lots of ideas. 

HAVE A BRAINSTROMING SESSION 
If you need to get your creative juices flowing, invite three to five other entrepreneurial-minded people to a 
brainstorming session. Ask everyone to come prepared to discuss a certain product category or question, 
such as, "What's your favorite type of X and why?" or "Do you use anything to accomplish Y? Why or why 
not?" The answers may lead to some great ideas. 
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CONCLUSION 
Entrepreneurship is a learning process and a journey of discovery. You don’t need to know everything to 
take the first small step, and when starting your own business, oftentimes, the best way to learn is by doing. 
Now, you have the tools and information you need to start — all that’s left to do is to get to work. 
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E-LOGISTICS, A NEW WAY OF ADVANCED BUSINESS 

Shalini J. X and Pavithra M 

Student, Sri Krishna Arts and Science College, Kuniyamuthur, Coimbatore 

ABSTRACT 
As business persists in making international influences, surveillance has increasingly turned into logistics. 
E-logistics is that sub categorized part of the supply chain process that designs, implements, and controls the 
proficient, powerful stream and capacity of merchandise, benefits, and related data from the point of-origin 
to the end-user to satisfy their customer wants and needs. Logistics is planning and execution of transport 
and handling of goods. E-logistics is automating logistics process. This paper maps the developing E-
logistics on advanced business process.  Innovation helps society and country in creating better jobs and 
improving ambiance and quality of business. Rapid increasing in internet and smart phone penetration, 
stretch acceptability of online payment and commendatory demographics has provided a quirky field day for 
E-logistics business to connect with their clients. E-logistics is probably fabricating the biggest disarray and 
this trend will continue in the upcoming years. Finally it reveals that business adopting E-logistics must 
develop internal structure and cultural capabilities to achieve firm level sustainability. 

Keywords: E-Logistics, business, penetration, demographics, stretch acceptability 

1. INTRODUCTION 
In the background of fluctuating situation on local and international markets of delivery and sales firms more 
often use the internet tools, letting realization of electronic transaction with partner in supply chain. To better 
perceive the effect of e-business technology on logistics, it is preferable to take a look at the development of 
logistics information systems over the last few decades. The term logistics was coined by military officer and 
writer Antoine-Henri, who stated it in his summary of the “Art of war”. In mid of 1960s the use of e-business 
systems in logistics and supply chain management originated. Logistics is basically described as flow of 
goods from point of origin to point of end user in order to meet their requirements. The sources managed 
could of both physical items and intangible items. E-logistics emerged as result of development of the 
logistics business, which means broad application of the latest information technologies for the support of 
enterprise logistics management .They can also act as e-markets that associate the available services address 
the needs of suppliers and recipients in the supply chains of market goods. 

2. E-LOGISTICS – A NEW WAY OF ADVANCED BUSINESS 
2.1 EVOLUTION OF INNOVATION 
In the 1970s MRP evolved in order to merge production, procure and inventory management functions. In 
the 1980s, unable to satisfy financial and labour issues into their planning, companies discern the limitations 
of MRP. This resulted in boosting MRP strategy and software termed manufacturing resource planning 
(MRP II). This incorporation expanded further in the 1990s and tried to merge all the transaction process, of 
all functional areas. This concept is coined as enterprise resource planning (ERP). Some of classic examples 
are enterprise resource planning (ERP), materials requirement planning (MRP), inventory management 
systems, and distribution resource planning (DRP), and billing systems. It is related to the use of the Internet 
and various information systems in logistics processes, and constitutes a part of the concept of e-SCM. E-
logistics consist of four components like one stop value added services, information management, 
automation in warehousing network and a transportation network. Depending on type of business, the chain 
process could be simple or complicated. For complicated procedures, specialists in particular field are trained 
with advanced business tools. 

Indeed, even private ventures manage discovering providers, if not with transporting stock to a store. 
Entrepreneurs additionally lead dispersion with stock and warehousing. Also, every entrepreneur can educate 
you concerning how they handle inventories, with returned stock or refusal of administrations. Bigger 
organizations may bargain in each of the four strategic fields. 

The production network is an essential piece of this procedure, including transportation, shipping, accepting, 
stockpiling, and the executives of everyregions. Inside the business segment, coordination can be connected 
with data, transportation, stock, warehousing, material dealing with, and bundling, transfer, and security. 
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The fundamental fields inside e-logistics include: 

2.2 ACQUIREMENT E-LOGISTICS 
Acquirement e-logistics is the whole procedure used to choose providers and arrange contracts for 
conveyance of products or administrations. It comprises of exercises, for example, statistical surveying, 
prerequisites arranging, settle on or purchase choices, provider the board, requesting, and request controlling. 

2.3 PRODUCTION E-LOGISTICS 
Production e-logistics deals with efficient and controlling the move through the inventory network from 
purpose of passage as far as possible. Generation exercises are identified with hierarchical ideas, format 
arrangement, and control. 

2.4 DISTRIBUTION E-LOGISTICS 
Distribution e-logistics is worried about the conveyance of delivering items to the client. It comprises of 
request preparing, warehousing, and transportation. Significant sub-areas inside the business incorporate air, 
rail, water, and truck transportation, urban travel and ground traveler transportation, warehousing and 
capacity, and engine vehicle fix. Logistics include the reconciliation of these sub segments, including data, 
transportation, stock, warehousing, material-taking care of, and bundling. 

2.5 DISPOSAL E-LOGISTICS 
Disposal e-logistics, otherwise called reverse logistics, represents all activities identified with the reuse of 
items and materials. The fundamental capacity of this field is to decrease cost, upgrade administration, and 
spare characteristic assets 

3. COMPARITIVE OF TRADITIONAL LOGISTICS WITH E-LOGISTICS 
3.1 SIMILARITIES 
Customer expectation about quality of product or service is comparatively high in e-logistics because of its 
used innovation and technologies. But in traditional logistics period taken for delivery is long, as it 
disparities customer expectation. In case of traditional logistics there is less convolution in fulfilling global 
trade but in case of e- logistics, risk is higher in satisfying international trade. In e-logistics demand for 
shipment is predictable as it is monitored in regular basis, but in traditional logistics demand for shipment 
can’t be predicted. This cause inconvenience to both parties. Geographical boundaries are not considered as 
barriers in e-logistics, possibilities are high to place direct order with manufacturer and distributor. In 
traditional logistics fax and paper works plays major role which is expensive and time consumption for reply 
from producers and distributors takes long period. In e-logistics responsibility of shipments is expanded in 
whole supply chain but in traditional logistics it is associate to limited supply chain. 

3.2 DISSIMILARITIES 
Both traditional logistics and e-logistics have dissimilarities in business services based on customer 
perception.In traditional logistics the objective is that it is systematic and cost efficient but in e- logistics it is 
fast and can meet customer expectation. The E- logistics is more flexible and faster than traditional logistics. 
In traditional logistics the data is collected through fax, Management Information System(MIS),primary and 
secondary paperwork but in e- logistics the data is collected through Internet, Electronic Data Interchange 
(EDI), Radio Frequency Identification (RFID) and Integrated IS. In traditional logistics the capacity is 
stunted because large quantity of goods is sent to minimum location. But e- logistics the lesser quantity of 
materials are sent to many customers quickly. 

3.3 ADVANTAGES 
The requirements for e-logistics in business sector are being increasing. Some of them are as follows 

 Lower costs of functioning, 

 Efficient management of the supply chain, 

 Improvement of client services, 

 Shorter time cycles and quicker reaching the market by product, 

 New possibilities of promotion. 
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3.4 BA RRIERS IN ADOPTIONG E-LOGISTICS 
As India is a developing country, the disputes of e- logistics include economic and educational barriers, lack 
of infrastructure, flexibility, security, trust and privacy, channel conflicts, delivery logistics, security 
problems and global terrorism and landscape barriers. Lack of infrastructure defines poor telecommunication 
infrastructure and short access of computers create complications in e- logistics.  In economic and 
educational barriers the main hindrance for e- logistics is the lack of economic resources, internet usage and 
standard of education. Most of e- logistics are used by advanced users in developing countries because of 
insufficient of resources to use the internet. Internet access cost is comparatively high. Security, privacy and 
trust, there is no furnishing in many countries. Government rules that e- logistics should be legally 
unbreakable and reliable as such it create barriers in E- logistics. 

4. FUTURE REINFORCEMENT (ref from IBEF and economic times) 
4.1 MARKET SIZE 
Promoted by heighten Smartphone penetration, the launch of 4G networks and increasing consumer wealth, 
the Indian e-commerce market is expected to grow to US$ 200 billion by 2026 from US$ 38.5 billion in 
2017. Online retail sales in India are expected to grow by 31 per cent to touch US$ 32.70 billion in 2018, led 
by Flipkart, Amazon India and Paytm Mall.During 2018, electronics is currently the biggest contributor to 
online retail sales in India with a share of 48 per cent, followed closely by apparel at 29 per cent. 

4.2 FUTURE LAUNCHES IN ADVANCED BUSINESS 
The e-logistics has remodel the way business is done in India. The Indian e-logistics market is expected to 
grow to US$ 200 billion by 2026 from US$ 38.5 billion as of 2017. Rapid growth of the business has been 
stimulated by accumulating internet and Smartphone penetration. India’s internet economy is expected to 
double from US$125 billion as of April 2017 to US$ 250 billion by 2020, majorly backed by e-logistics. As 
of Economic Survey report, India’s logistics business with the implementation of GSTwhich is worth around 
USD 160 billion is yet to touch USD 215 billion in the next couple of years. During last five years Indian 
logistics business provides employment to more than 22 million peoplewhich has grown at a compound 
annual growth rateof 7.8 %. The Global Ranking of the World Bank's 2016 Logistics Performance Index 
shows that India jumped to 35th rank in 2016 from 54th rank in 2014 in terms of overall logistics 
performance. India’s revenue is predicted to leap from US$ 39 billion in 2017 to US$ 120 billion in 2020, 
growing at an annual rate of 51 per cent, the highest in the world. Flipkart, is expected to launch more offline 
retail stores in India after getting obtain by Walmart for US$ 16 billionto promote private labels in segments 
such as fashion and electronics.As of June 2018, Google is also planning to enter into the E-commerce space 
by November 2018. Paytm has initiate its bank - Paytm Payment Bank, first bank in India with zero charges 
on online transactions, no minimum balance requirement and free virtual debit card. India is expected to be 
its first market. “Internet Saathi” a projecthave been collaborated by Google and Tata Trust has influenced 
over 16 million women in India and reached 166,000 villages 

CONCLUSION 
However this paper proves that the term e logistics do not have one agreed definition. The use of e-logistics 
means the use of system, informatics tools and the internet as communication medium to service logistic 
processes.Electronic services of the logistic processes run by the supply chain require the use of many 
electronic tools accessible through internet."In order to develop this sector in an integrated way, it is 
important to focus on new technology, improved investment, skilling, removing bottlenecks, improving inter 
modal transportation, automation, single window system for giving clearances, and simplifying processes," it 
added.Although it is far apart recognized that systems can bring about greater changes within a business. 
Therefore, many business prefer to adopt best-of-breed and demand for their products in certain logistics 
activities.Thus the use of this e-logistic will bring a greater change in our business sector and it is a very 
necessary factor that is to be looked upon in today's competitive business world. 
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ABSTRACT 
This text aims at investigating the impact of emotional intelligence on the process overall performance of the 
people from a theoretical perspective. More specifically, it embarks on the link between the character of 
emotional intelligence and the task overall performance. Two variables are taken into consideration on this 
examine: emotional intelligence and job performance. Emotional intelligence have superb effect on 
employee’s activity performance, and perceived organizational assist slight the relation between emotional 
intelligence and job performance such that the relationship between emotional intelligence and job overall 
performance more potent/effective whilst perceived organizational aid is high. 

Keywords: Emotional intelligence; Perceived organizational assist; process overall performance. 

INTRODUCTION 
The motive of this paper is to reflect on new control paradigms that form the improvement of know-how-
based groups. Present day approaches of doing commercial enterprise are changing drastically the unique 
structure which changed into initially primarily based completely on an authoritarian model of management. 
Specialists agree with that integration of personal capacity of an individual plays a good sized position in 
developing a successful control style. Referring to human members of the family, success relies upon on 
popularity and recognition of our emotional reactions closer to barriers and struggle situations. The depth of 
conflicts displays on agency climate inside the business enterprise, and the satisfactory of family members 
between people. in this paper, we are able to perceive and observe dimensions of emotional intelligence, and 
its effect on management and creative selection-making, even as trying to inspire the Board of Executives for 
the use of more modern selections concerning human resource management. Emotional intelligence serves as 
an added cost in leading people. Emotionally sensible talents aren't innate items, however learned abilities, 
and every of them contribute in its own way to a extra effective control. Within the theoretical a part of this 
paper, a descriptive method may be used to define the basic ideas in the thesis, namely leadership, emotional 
intelligence and knowledge management. 
COMPONENTS OF EMOTIONAL INTELLIGENC 

1. Self-focus: If someone has a healthy experience of self-focus, he is 
familiar with his very own strengths and weaknesses, in addition to how his 
moves affect others. a person who's self-aware is typically higher able to deal 
with and examine from constructive criticism Self-regulation: 
2. Self-law: someone with a high EQ can maturely screen her feelings 
and exercising restraint when wished. rather than squelching her emotions, 
she expresses them with restraint and manage. 
3. Motivation: Emotionally shrewd humans are self-prompted. they 

may be now not inspired truly by cash or a name. They’re usually resilient and positive after they come 
across disappointment and pushed by means of an inner ambition. 
4. Empathy: someone who has empathy has compassion and an knowledge of human nature that lets 
in him to connect with different human beings on an emotional stage. The ability to empathize permits a 
person to provide tremendous service and respond genuinely to others’ issues. 
5. Human’s abilities: folks who are emotionally intelligent are capable of build rapport and believe 
fast with others on their groups. They avoid electricity struggles and backstabbing. They usually revel in 
different human beings and feature the honor of others round them. 
Simply because it’s crucial to are seeking new hires with emotional intelligence, it’s essential for managers 
and other enterprise leaders to function in emotionally shrewd methods to satisfy the desires of these day’s 
people. 
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EMOTIONAL INTELLIGENCE AND JOB PERFORMANCE 
Emotionally shrewd have strong manipulate on their emotions and therefore they've extra efficient and 
effective interaction with their work surroundings and with co-employees. activity overall performance need 
to companion positively with employees’ EI because employees with high EI have to be more adept at 
appraising and regulating their own feelings that result in a better feel of self belief and manipulate, ensuing 
in expanded motivation to take proactive actions that cause excessive overall performance. EI may have a 
extra superb effect on task overall performance for personnel with low EI than for personnel with high EI. 
that is, employees with high EI need to already be adept at appraising and regulating the feelings that 
contribute to activity overall performance and require much less managerial intervention; whereas, personnel 
with low EI can be much less adept at appraising and regulating their feelings. Many researchers argue that 
emotional intelligence can play a significance function in paintings region. 

PERCEIVED ORGANIZATIONAL SUPPORT 
under an more and more competitive working surroundings, it's far essential for organizations to hold 
dedicated employees for his or her long time survival and development. inside the area of organizational 
conduct, elements the ones foster employees’ dedication and attachment to groups. A supportive agency is 
devoted to its employees suggest that employees take a look at the discretionary actions of discretion to have 
finished and then people infer that they may be being supported. They then are seeking to repay this 
favorable treatment and personnel grow to be extra dedicated and harder-running. Similarly, plainly if an 
enterprise offers an good enough education, assets, and assist from management, it is more likely that 
individuals would both want their enterprise to prevail and be more capable of helping their organisation be 
successful. perceived organizational support slight the connection among emotional intelligence and job 
performance due to the fact employees with high EI indicates excessive overall performance however if high 
EI personnel understand low organizational help then their process overall performance stage decreased and 
if excessive EI employees understand high organizational guide then their performance level increased. 

CONCLUSION 
Emotional intelligence on worker’s process overall performance. Human beings have a tendency to reveal 
more task performance, the perceived organizational support moderates the relationship among emotional 
intelligence and job overall performance. personnel with higher stage of emotional intelligence are greater 
adept at using their emotions to facilitate their overall performance at job, employees with better stage of 
emotional intelligence more privy to how sure emotions influence their conduct and their work overall 
performance at process. And excessive EI employees more adept to alter their feelings in this sort of way 
which might be related to venture requirements. Emotional intelligence checks so they lease right man for 
right job at proper time. impact of emotional intelligence on employee’s process overall performance and 
consequently enterprise pay attentions on giving schooling to their managers as well as employees on how 
they could enhance their emotional intelligence. 
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ABSTRACT 
The banking sector is the lifeline of any modern economy. The banking sector plays a vital role in the 
development of one country’s economy. The growth of banking sector depends upon the services provided by 
them to the customers in various aspects. Today, India has a fairly well developed banking system with 
different classes of banks – public sector banks, foreign banks, private sector banks – both old and new 
generation, regional rural banks and co-operative banks with the Reserve Bank of India as the fountain 
Head of the system. Nowadays banking sector acts as a backbone of Indian economy which reflects as a 
supporter during the period of boom and recession. Banking industry has witnessed phenomenal change 
since the era of liberalization. Marketing approach in banking sector had taken significance after 1950. 
From 1991 various trends and developments in banking sector are credited. It also reflects the various 
reforms were caused to improve their services to satisfy the customers. 

Keywords: Banking sector, recent trends and developments etc. 

INTRODUCTION 
The banking sector is one of the important financial pillars of the financial sector, which plays a vital role in 
the functioning of an economy. It is very important for economic development of a country that it’s 
financing requirements of trade, industry and agriculture are met with higher degree of commitment and 
responsibility. Thus, the development of a country is integrally linked with the development of banking. In a 
modern economy, banks are to be considered not as dealers in money but as the leaders of development. The 
banking system reflects the economic health of the country. The strength of an economy depends on the 
strength and efficiency of the financial system, which in turn depends on a sound and solvent banking 
system. A sound banking system efficiently mobilized savings in productive sectors and a solvent banking 
system ensures that the bank is capable of meeting its obligation to the depositors. 

In India, banks are playing a crucial role in socio-economic progress of the country after independence. The 
banking sector is dominant in India as it accounts for more than half the assets of the financial sector. Indian 
banks have been going through a fascinating phase through rapid changes brought about by financial sector 
reforms, which are being implemented in a phased manner. The current process of transformation should be 
viewed as an opportunity to convert Indian banking into a sound, strong and vibrant system capable of 
playing its role efficiently and effectively on their own without imposing any burden on government. 

The current global crisis that hit every country raised various issue regarding efficiency and solvency of 
banking system in front of policy makers. Now, crisis has been almost over, Government of India (GOI) and 
Reserve Bank of India (RBI) are trying to draw some lessons. RBI is making necessary changes in his policy 
to ensure price stability in the economy. 

REVIEW OF LITERATURE 
G. Sivakrishna and S.Venugopal (2010) has made an empirical study on how e-banking helps to improve 
customer base. The study was also an attempt to analyse the customer perception, customer preferences and 
customer satisfaction levels towards e-banking services. Based on the study, the researchers concluded that 
with better understanding of customer perceptions, the banks will be able to determine required actions to 
satisfy the customers. 

Dr. Malhotra (2010) discusses in her paper that the results show whether the private and foreign Internet 
banks have performed well in offering a wider range and more advanced services of Internet banking in 
comparison with public sector banks. She also identifies that the size of the bank, experience of the bank in 
offering Internet banking, financing pattern and ownership of the bank are found to be the most significant 
determinants of the successful payment banks. 

Dr. Srinivasan, Prof. Subramanian (2012) has made a detailed conceptual study of Payment Banks. The 
researchers mainly concentrated on finding an answer to certain questions like who are these payment banks, 
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why do we need Payment Banks when we already have public, private, foreign and cooperative banks, what 
are the value-added services rendered by payment banks and so on. The researchers concluded there is much 
possibility in the near future to open more Payment Bank Accounts in addition to their regular bank 
accounts. 

Rahmath Safeenaet.al, (2012) in his study “Technology Adoption and Indian Consumers: Study on Mobile 
Banking” identified that the evolution of e-banking started from the use of Automatic Teller Machines 
(ATMs) and telephone banking (Tele-banking), direct bill payment, electronic fund transfer and a wide 
variety of allied services offered by the modern banking system. 

Tavishi and Santosh Kumar (2013) in their study “An Empirical Study on Technology Adoption by Indian 
Banks” illustrated the factors influencing the customers to avail internet banking and mobile banking 
services in India and hence examined the impact of perceived usefulness and perceived risk on the use of 
internet banking and mobile banking. 

Prema C. (2013) in her research article “Factors Influencing Consumer Adoption of Internet Banking in 
India” examined the process of internet banking services and made a detailed study on the benefits of 
internet banking to the common public. The researcher concluded that it is essential for the banks to create 
awareness to attract consumers’ attention to internet banking services. 

R. Elavarasi (2014) in her research paper has  identified the bank which provides better e-banking services 
to the customers and also  analyzed the satisfaction level of the customers regarding the inter banking 
website of banks. It is evident that the age, educational qualification, occupation, income level of customers 
etc., are the factors which influence the usage of e-banking services by customers. The researcher concluded 
by stating that there is need for increased awareness of the e-banking services among the customers. 

Dr. Uday Singh Rajput (2015) in his research paper made a conceptual study on the customer perception 
towards e-banking services. The paper examined whether the customer’s choice of banks is influenced by the 
quality of e-banking services provided by the banks. The study revealed that education, gender and income 
play a vital role in the internet banking services by the customers. The researcher concluded that the timely 
upgradation of skills will create greater demand for the online banking by customers. 

Varun Kesavan (2015) has made an attempt to analyse what and how are the innovative services provided 
by banks to the society. The author also tried to evaluate the benefits of these facilities to the customers and 
to the banks at large. The researcher concluded by stating that ICT enabled introduction of payment banks 
have made tremendous impact on the banking sector.  He reiterates that priority banking is a symphony of 
banking benefits and more significantly, the personalized services which brings complete harmony to all the 
financial needs of a common man. 

SIGNIFICANCE OF THE STUDY 
Indian banking sector historically passed through five stages: pre-independence, post-independence, pre 
nationalization, nationalization and post-liberalization stages. In all these stages, other than the last stage, 
marketing was always considered not to be a banker’s cup of tea. But today, it is considered to be an integral 
management function in the banking sector. India’s banking sector has made rapid strides in reforming and 
aligning itself to the new competitive business environment. Traditionally, Indian banks have not really paid 
adequate attention to marketing and market research. Growth and diversification in banking sector has 
transcended limits all over the world. In 1991, the Government opened the doors for foreign banks to start 
their operations in India and provide their wide range of facilities, thereby providing a strong competition to 
the domestic banks, and helping the customers in availing the best of the services. 

SCOPE OF THE STUDY 
The fastest growing service sector in our economy is banking sector. It is the field of drastic innovations and 
changes. So, this study is very relevant from the point of view of our economy. In India, there is a good 
banking infrastructure. Banks had started to perform marketing and planning techniques in banking in order 
to be able to offer their new services efficiently. Marketing scope in banking sector should be considered 
under the service marketing framework. Bank’s wish for increasing profits creates new markets to protect 
and develop their market share and to survive on the basis of intense competition and demographic chance 
levels. 
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OBJECTIVES OF THE STUDY 
 To study the emerging trends in banking technology. 

 To examine recent trends and developments in banking sector. 

RECENT TRENDS AND DEVELOPMENTS IN BANKING SECTOR 
Today, we are having a fairly well developed banking system with different classes of banks – public sector 
banks, foreign banks, private sector banks, regional rural banks and co-operative banks. The Reserve Bank of 
India (RBI) is at the paramount of all the banks.           The RBI’s most important goal is to keep monetary 
stability in India. The RBI uses monetary policy to maintain price stability and an adequate flow of credit. 
The rates used by RBI to achieve the bank rate, repo rate, reverse repo rate and the cash reserve ratio. 
Reducing inflation has been one of the most main goals for some time. Growth and diversification in 
banking sector has transcended limits all over the world. In 1991, the Government opened the doors for 
foreign banks to start their operations in India and provide their wide range of facilities, thereby providing a 
strong competition to the domestic banks, and helping the customers in availing the best of the services. The 
Reserve Bank in its bid to move towards the best international banking practices will further sharpen the 
prudential norms and strengthen its supervisor mechanism. There has been considerable improvement and 
diversification in the business of major commercial banks. Some of them have engaged in the areas of 
consumer credit, credit cards, merchant banking, internet and phone banking, leasing, mutual funds etc. 

DEVELOPMENT IN BANKING SECTOR 
1. Automated Teller Machine (ATM) 

ATM is an electronic machine, which is operated by the customer himself to make deposits, withdrawals 
and other financial transactions. ATM is a step in improvement in customer service. ATM facility is 
available to the customer 24 hours a day. The customer is issued an ATM card. This is a plastic card, 
which bears the customer’s name. This card is magnetically coded and can be read by this machine. Each 
cardholder is provided with a secret personal identification number (PIN). When the customer wants to 
use the card, he has to insert his plastic card in the slot of the machine. After the card is a recognized by 
the machine, the customer enters his personal identification number. After establishing the authentication 
of the customers, the ATM follows the customer to enter the amount to be withdrawn by him. After 
processing that transaction and finding sufficient balances in his account, the output slot of ATM give the 
required cash to him. When the transaction is completed, the ATM ejects the customer’s card. 

2. Phone Banking 
Customers can now dial up the bank’s intended telephone number and he by dialling his ID number will 
be able to get connectivity to bank’s designated computer. The software provided in the machine 
interactive with the computer asking him to dial the code number of service required by him and properly 
answers him. By using Automatic voice recorder (AVR) for simple queries and transactions and manned 
phone terminals for difficult queries and transactions, the customer can actually do entire non-cash 
relating banking on telephone: Anywhere, Anytime. 

3. Tele-banking 
Tele banking is another originality, which provided the facility of 24 hour banking to the customer. Tele 
banking is based on the voice processing service available on bank computers. The caller usually a 
customer calls the bank anytime and can find out balance in his account or other transaction history. In 
this system, the computers at bank are connected to a telephone link with the help of a modem. Voice 
processing facility provided in the software. This software identifies the voice of caller and provides him 
suitable reply. Some banks also use telephonic answering machine but this is limited to some brief 
functions. This is only telephone answering system and now Tele-banking. Tele banking is becoming 
popular since queries at ATM’s are now becoming too long. 

4. Internet Banking 
Internet banking enables a customer to do banking communication through the bank’s website on the 
Internet. It is a system of accessing accounts and general information on bank products and services 
through a computer while sitting in its office or home. This is also called virtual banking. It is more or 
less bringing the bank to your computer. In traditional banking one has to approach the branch in person, 
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to withdraw cash or deposit a cheque or request a statement of accounts etc. but internet banking has 
changed the way of banking. Now everyone can operate all these type of transactions on his computer 
through website of bank. All such transactions are encrypted; using sophisticated multi-layered security 
architecture, including firewalls and filters. One can be rest assured that one’s transactions are secure and 
confidential. 

5. Cash Dispensers 
Cash withdrawal is the basic service rendered by the bank branches. The cash payment is made by the 
cashier or teller of the cash dispenses is an alternate to time saving. The operations by this machine are 
cheaper than manual operations and this machine is cheaper and fast than that of ATM. The customer is 
provided with a plastic card, which is magnetically coated. After completing the formalities, the machine 
allows the machine the transactions for required amount. 

6. Electronic Clearing Service 
In 1994, RBI selected a committee to review the mechanization in the banks and also to review the 
electronic clearing service. The committee suggested in its report that electronic clearing service-credit 
clearing facility should be made available to all corporate bodies/Government institutions for making 
repetitive low value payment like dividend[9], interest, refund, salary, pension or commission, it was also 
recommended by the committee Electronic Clearing Service-Debit clearing may be introduced for pre-
authorized debits for payments of utility bills, insurance premium and instalments to leasing and 
financing companies. RBI has been essential step to introduce these schemes, initially in Chennai, 
Mumbai, Calcutta and New Delhi. 

7. Internet Banking 
Internet banking enables a customer to do banking transactions during the bank’s website on the Internet. 
It is a system of accessing accounts and general information on bank products and services through a 
computer while sitting in its office or home. This is also called virtual banking. It is more or less bringing 
the bank to your computer. In traditional banking one has to approach the branch in person, to withdraw 
cash or deposit a cheque or ask for a statement of accounts etc. but internet banking has changed the way 
of banking. Now everyone can operate all these type of transactions on his computer through website of 
bank. All such transactions are encrypted; using sophisticated multi-layered security architecture, 
including firewalls and filters. One can be rest assured that one’s transactions are secure and confidential. 

8. Mobile Banking 
Mobile banking facility is an addition of internet banking. The bank is in association with the cellular 
service providers offers this service. For this service, mobile phone should either be SMS or WAP 
enabled. These facilities are available even to those customers with only credit card accounts with the 
bank. 

CONCLUSION 
In the days to come, banks are expected to play a very useful role in the economic growth and the emerging 
market will provide business opportunities to harness. As banking in India will become more and more 
knowledge supported, capital will emerge as the finest assets of the banking system. 

In the service sector banking services occupy key role both in the growth of economy of the country and in 
the development of individual customers in their business and social life.  Unlike in past, the customers today 
compare the services of public sector banks with the services of private sector banks.  These have 
necessitated for introduction of various new products and execute the services in a specialized way to keep 
their customers satisfied. 

Ultimately banking is people and not just figures. To conclude it all, the banking sector in India is 
progressing with the increased growth in customer base, due to the newly better and innovative facilities 
offered by banks. The economic growth of the country is an indicator for the growth of the banking sector. 
The Indian economy is projected to grow at a rate of 5-6 percent and the country’s banking industry is 
expected to reflect this growth. The onus for this lies in the capabilities of the Reserve Bank of India as an 
able central regulatory authority, whose policies have shielded Indian banks from excessive leveraging and 
making high risk investments. By the government support and a careful re-evaluation of existing business 
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strategies can set the stage for Indian banks to become greater and stronger, thereby setting the stage for 
expansions into a global consumer base. 
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ABSTRACT 
This paper mainly focuses on the schemes accessible for growth of women entrepreneurship through micro, 
small and medium enterprises (MSME). The Government announced various schemes and it will process 
through MSME to encourage the existing and new women entrepreneurs in the business sector.The main 
objective of the study is highlighting the WEP, Schemes and e-Marketplace forwomen entrepreneurs. 

INTRODUCTION 
Women entrepreneurs make an significant contribution to the Indian economy. There are approximately 4 
million micro, small, and medium enterprises with full or partial female ownership. In a group, these 
women-owned businesses contribute 3.09 percent of industrial output and employ over 8 million people. 
Nearly, 76 percent of women enterprises belong to the services sector. Women entrepreneurship is mostly 
skewed towards smaller sized firms, as almost 94 percent of women-owned businesses are micro-enterprises. 
As with the broader MSME sector, access to formal finance is a significant barrier to the development of 
women-owned businesses, leading to over 90 percent of finance requirements being met through informal 
sources. The total finance requirement of women-owned MSMEs in 2018 was around Indian rupees 8.68 
trillion. Within the segment, small enterprises led the demand for financing: around Indian rupees 6.42 
trillion, approximately 74 percent of the total requirement. This was principally because of unmet capital and 
investment finance wants.Micro enterprises with a requirement of Indian rupees 2.05 trillion, accounted for 
24 percent. Most of this requirement was hugely focused on working capital needs. 

Women-owned medium-scale enterprises, which account for 0.02 percent of the total MSME sector had 
finance requirements of around Indian rupees 0.21 trillion, about 2 percent of the total requirement. The total 
supply of formal finance to women-owned MSMEs in 2018 was around Indian rupees 2.32 trillion. This 
resulted in a finance gap of Indian rupees 6.37 trillion, or 73 percent of total demand. The overall SME 
strategies have seen an increase in the number of women clients, both as entrepreneurs and as consumers. 
Overall, it absolutely was detected that ladies borrowers have stronger compensation track records. Gender 
disaggregated information from banks indicates that non-performing loans are thirty to fifty p.c lower in 
women-owned businesses. Also, women-owned SMEs gift larger potential for cross sales. Research shows 
that they are likely to access two to three times more products when compared with male entrepreneurs. 

OBJECTIVES OF THE STUDY 
 To study the Women Entrepreneurship Platform(WEP),MSME Schemes and e Marketplace for Women 

Entrepreneurship. 

Women Entrepreneurship Platform (WEP) 
On the special occasion of International Women’s Day celebration (08.03.2018) government of India 
launched the Women Entrepreneurship Platform (WEP) by NITI Aayog, The initiative is expected at 
building an ecosystem for women across India to appreciate their entrepreneurial ambitions, scale-up 
inventive and chalk-out workable, long-term plans for their concerns. 

The CEO, NITI Aayog,Amitabh Kant, to release the Women Entrepreneurship Platform, the UN Resident 
Coordinatorin IndiaYuri Afanasiev, Kailash Kher, industry leaders and associate partners. The WEP theme 
tune “Naari Shakti” composed and it waslaunched on this special occasionsung by Shri Kailash Kher. 
Amitabh Kant and Yuri Afanasiev are also released for  Nominations for the Women Transforming India 
Awards, 2018. 

Women Entrepreneurship Platformwas pictured by the CEO NITI Aayog during Global Entrepreneurship 
Summit previous year in Hyderabad. It’sgoal is to power a energetic entrepreneurial ecosystem through an 
assisting network of companies collaborations, partnerships firm, mentors and peer-to-peer connect. 

The NITI Aayog was established under the guidance of Ms Anna Roy, Adviser (Industry), this platform 
desires to substantially escalation the no. of women entrepreneurs who will build and empower a vibrant 
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New India.These ambitions are manifest in the 3 pillars on which Women Entrepreneurship Platform was 
built: Ichha Shakti (motivating ambitious entrepreneurs to start their enterprise),Gyaan Shakti (it’s provided 
that knowledge and ecosystem care to women entrepreneurs to support them stand-in entrepreneurship) 
&Karma Shakti (it’s providing hands-on sustenance to entrepreneurs in starting-up and ssetting up 
businesses). 

The platform is an informative, communicating website to act as a dedicated source and knowledge base, 
Women Entrepreneurship Platformpurposes to address the blockages faced by both aspirant and recognized 
women entrepreneurs by streamlining information across government of India, private sector schemes and 
inventiveness. 

Women Entrepreneurship Platform is to function within a broader framework of industrial collaborations and 
partnerships firm, which cut across sectors in the economy. From provided that uniqueness services such as 
credit valuation of women-led startups by CRISIL and potential equity investments through an nearly Rs. 10 
crores fund established by DICE Districts, the WEP opens up paths of developmentof women entrepreneurs 
and create opportunity to them.. 

ShopClues.com also partner commitments for provide internship and enthusiastic mentorship and also Mann 
Deshi Foundation to provide digital and financial literacy to aspirant women entrepreneurs. Several other 
leading corporate companies and industrial bodies like NASSCOM, CII, FICCI, SIDBI and Facebook have 
partnered with Women Entrepreneurship Platform to provide business speeding up, mentorship and other 
start-up support for women entrepreneurs, Further information’s which can be accessed on webpage 
https://wep.gov.in. 

Women Entrepreneurship through MSME Schemes 
Ministry of Micro, Small and Medium Enterprises (MSME) is empowering women entrepreneurs through its 
different schemes and  1.38 lakh projects have been start- up by the women entrepreneurs under Prime 
Minister’s Employment Generation Programme Scheme since inception and upto 23.01.2019.  The 30% of 
total projects start-up by women entrepreneurs are under PMEGP. 

A government of India announced new credit-linked subsidy since 2008-09 through Prime Minister 
Employment Generation Programme. It’s helps start-up micro enterprises in rural and urban areas and also to 
generate employment of our country. The manufacturing sector  andservice sector have maximum cost of the 
project under PMEGP scheme wasRs.25.00 lakhs and Rs.10.00 lakhs respectively. Under this scheme, 
women entrepreneurs are come under Special Category and they are permitted to get 25% and 35% subsidies 
isbased on project set up in urban and rural areas respectively. Moreoverwomen beneficiaries, have own 
contribution is only 5% of the project cost, but for general category it is 10%.  All the schemes implemented 
under PMEGP through Khadi and Village Industries Commission (KVIC). 

The Minister additional informed that during 2016-17 and 2017-18, under the KhadiProgramme of KVIC, 
women entrepreneurs are start-up 30437 projects for which margin money of 85,305 lakh Rupees have been 
pay out. 

Coir Board is implementing the Skill Upgradation &Mahila Coir Yojana (MCY) under which programmes 
like Entrepreneurship Development Programme (EDP), awareness programmes, workshops, seminars and 
exposure tours are conducted. Under the MCY, which is exclusively for rural women artisans, training in 
spinning of coir yarn/various coir processing activities is given to rural women in regions producing coir 
fibre in the country. During the training period, the women artisans are given stipend amounting Rs. 1000/- 
per month, the Minister added. 

Womaniya on Government e Marketplace 
Government e Marketplace [GeM] has launched “Womaniya on GeM”, associate initiative to modifyladies 
entrepreneurs and ladieshelpteams [WSHGs] to sell handicrafts and loom, accessories, jute and 
fibremerchandise, home interior decoration and workplace furnishings, on tovaried Government ministries, 
departments and establishments. 

The initiative seeks to develop ladies entrepreneurship on the margins of society to attain gender-inclusive 
economic process. 



 

Recent Research Trends in Management and Social Science 

29 

CEO Ge M,SRadha Chauhan, released a 3-minute video to highlight the essence and benefits of the Woman 
initiative.women strained the fact that approximately 70 percent women-owned formations are self-financed 
and more than 61 percent of 8.1 million units are owned and or ran by women entrepreneurs face the socially 
challenged sections in the society. Since ladies tend to take a position up to ninetyp.c of their earnings back 
in their families to produce higher nutrition, health care and education to their children, economic 
empowerment of women may be a step within the direction of poorness alleviation. 

Artist Anukta M Ghosh’s design “Magan”, an illustration of women empowerment and grace, is the face of 
Womaniya on GeM. Womaniyawebpage is https://gem.gov.in/womaniya will connect to various government 
department minister and its officers. The departments and Central Public Sector Enterprises is help to 
promote procurement for women entrepreneurs in common use goods and services. Various Products like 
handicrafts and handloom, accessories, jute and coir products, home scheme and office furnishings are 
categorized for ease-in-procurement.  The initiative aligns with central government’s initiatives for MSMEs, 
especially forwomen entrepreneur’s the government make to reserve three percent in their procurement. 

India has around five hundred million net users and nearly fifty four p.c of them area unit over twenty five 
years archaic with higher discretionary financial gain and certain to interact a lot ofon-line, half of net users 
reside in tinycities and gift new opportunities for e-commerce and most significantly ladies represent thirty 
three p.c or 143 million net users and management forty fourp.cof household spending in India. Womaniya 
on GeMcan spur hyper-local economic opportunities {for ladies|forladies|for girls} entrepreneurs and 
address goals and objectives beneath international organization property Development Goal 5: accomplish 
gender equality and empower all women and girls. 

Government e Marketplace may be a one hundred pc government owned company setup under the 
sponsorship of Ministry of Commerce and trade for procured of common use product and services by 
Government ministries, departments and Central Public Sector Enterprises Government e Marketplace was 
establishment in the year 2016 and has 731,431 different products, with 180,862 registered venders and 
32,114 government purchasers. Since origination, Government e Marketplace has deal with 171,761 orders 
price Rs. 16,976  crores in gross products value. 

CONCLUSION 
Form this study, the Indian Government have concentrate more for development of Women entrepreneurs in 
the way of training and educating in order to make the successful in their enterprise. For women 
entrepreneurs, the Government open separate web portal, various schemes announced and e-Marketing 
started for them. So, the women entrepreneurs utilized the resources and show them talent to universe. 
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ABSTRACT 
A consumer is one who purchases goods or services produced by an individual or an entity. Attracting is the 
primary goal. Because it is what creates demand for goods and services. company often fight through 
advertisements or lowered prices to attract service base. often followed statement is "the consumer is always 
right" they are satisfied and expected to going on buying goods and services from companies that who fullfill 
their needs. Many companies closely monitor the relationships they have with consumers. The terms 
"customer" and "consumer" are almost synonymous. Consumers are the end user. Several traits mark a 
consumer as opposed to a client or vendor.Keeping  reference to the ability of a entity or material to retain 
its consumers over some specified period. High consumer keeping means consumers of the material or 
strategy tend to return to, going on to buy or in some other way not defect to another material or strategy, or 
to non-use entirely. Selling organizations generally attempt to reduce consumer defections. Consumer 
keeping starts with the first contact an organization has with a consumer and going on throughout the entire 
lifetime of a relationship and successful keeping efforts take this entire lifecycle into account. A entity's 
ability to attract and retain new consumers is related not only to its material or services, but also to the way 
it services its existing consumers, the value the consumers actually generate as a result of utilizing the 
solutions, and the reputation it creates within and across the marketplace. 

Keywords: Consumer keeping, keeping, fulfilling, quality 

CUSTOMER RETAINING 
Consumer retaing refers to the ability of a entity or material to keep its consumers over some specified 
period. High consumer keeping means patrons of the material or strategy tend to return to, going on to buy or 
in some other way not to defect another material or strategy, or to non-use entirely. Selling organizations 
generally attempt to reduce defection. Consumer keeping starts with the first contact an organization has 
with a consumer and going on throughout the entire lifetime of a connection and winning keeping efforts 
take this entire lifecycle into account. A entity's ability to attract and retain new consumers is related not only 
to its material or services, but also to the way it services its existing consumers, the value the consumers 
actually generate as a result of utilizing the solutions, and the reputation it creates within and across 
the market place. 

Winning consumer keeping involves more than giving the consumer what they expect. Generating loyal 
advocates of the brand might mean exceeding consumer prospect. Creating consumer loyalty puts 'consumer 
value rather than maximizing profits and share holder value at the center of strategy strategy. The key 
differentiation in a competitive environment is often the delivery of a time after time high standard 
of consumer service. 

CONSUMER KEEPING HAS A DIRECT IMPACT ON PROFITABILITY 
Consumer keeping refers to the skill of a entity or material to retain its consumers over some specified 
period. High consumer keeping means consumers of the material or strategy tend to return to, going on to 
buy or in some other way not defect to another material or strategy, or to non-use entirely. Selling 
organizations generally attempt to reduce consumer defection. Consumer keeping starts with the first contact 
an organization has with a consumer and going on throughout the entire lifetime of a relationship and 
successful keeping efforts take this entire lifecycle into account. A entity's ability to attract and retain new 
consumers is related not only to its material or services, but also to the way it services its existing consumers, 
the value the regulars actually generate as a result of utilize the solutions, and the reputation it creates within 
and across the market place. 

Successful consumer keeping involve more than giving the consumer what they expect. Generating loyal 
advocates of the brand might mean exceeding consumer expectations. Creating consumer loyalty puts 
'consumer value rather than maximizing profits and share holder at the center of strategy strategy'. The key 
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demarcation in a competitive environment is often the delivery of a consistently high standard of consumer 
service. Furthermore, in the emerging world of consumer Keeping is a major objective. 

Consumer keeping has a direct impact on profitability. Research by John Fleming and Jim indicates that 
engaged consumers generate 1.7 times more revenue than normal consumers, while having engaged 
employees and engaged consumers return a revenue gain of 3.4 times the norm. 

Consumer keeping is an outcome that is the result of several different antecedents as described below 
Research shows that consumer fulfilling is a direct driver of consumer keeping in a wide variety of 
industries. Despite the claims made by some one-off studies, the bulk of the evidence is unambiguously 
clear: there is a positive association between consumer fulfilling and consumer keeping/ though the 
magnitude of the association can vary based on a whole host of factors such as consumer, material, and 
industry characteristics. Some companies and individuals have created mathematical models to evaluate 
consumer fulfilling. 

In a competitive world customer should be given proper and strong service to keep them with them..More 
recently, it has been argued that consumer delight may be more strongly applicable to goods and services 
rather than for utilitarian materials and services. 

Consumers usually encounter three types of switching costs 
1. Financial switching costs is fees to break contract, lost reward points 

2. Procedural switching costs is time, effort, and uncertainty in locating, adopting, and using a new 
brand/provider. 

3. Relational switching costs in a recent meta-analysis examined 333 effects from over 233,000 consumers 
and found that all three types of switching costs increased consumer keeping relational switching costs have 
the strongest association with consumer repurchase intentions and behavior. 

Consumer relationship management 
CRM is nothing but understanding the needs of the customer and making good relationship with the 
customer. one has to maintain the proper relationship with both the customer and the management which will 
help the proper running of the entity. 

Consumer keeping strategies by famous companies 
• Inspire with a mission – toms 

• Empower consumer with convenience – starbucks. 

• Leverage personalization – Tesco 

• Speak to your consumers – R&G technologies 

• Use Gamification and referral programs – Me undies. 

• Create a divide between you and your competitors - apple 

• Use subscription to bolster the experience - Amazon 

• Use experience to elicit positive feelings – coca cola 

• Capitalize on social proof – code academy 

• Educate the consumers – Hubspot academy 

• Understand the needs – google 

• Avail offers – flipkart 

• Quick response – amazon 

• Bring all in one – walmart 
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CONCLUSION 
Consumer keeping is nothing but understanding the needs of the consumer and fulfilling it before he 
searches for the better place for his fulfillment. Many huge companies have been diminished only because 
the keeping strategy of the entity is weak and sometimes many companies search for a new consumer group 
which is back lagging the companies process of keeping the old consumer bringing delight to the consumers 
and making them satisfied of what they are buying will improve the keeping percentage of the entity 
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A CONCEPTIONAL STUDY ON WOMEN ENTREPRENEURS 

Rukshana Parvin J and Hariharan S 

INTRODUCTION 
In this dynamic world, women entrepreneurs are an important part of the global quest for sustained economic 
development and social progress. In India, though women have played a key role in the society, their 
entrepreneurial ability has not been properly tapped due to the lower status of women in the society. It is 
only from the Fifth Five Year Plan (1974-78) onwards that their role has been explicitly recognized with a 
marked shift in the approach from women welfare to women development and empowerment. The 
development of women entrepreneurship has become an important aspect of our plan priorities. Several 
policies and programmes are being implemented for the development of women entrepreneurship in India. 

WOMEN ENTREPRENEURS 
Concept and Functions of Women Entrepreneurs! 
“A small scale industrial unit or industry –related service or business enterprise, managed by one or more 
women entrepreneurs in a concern, in which they will individually or jointly have a share capital of not less 
than 51% as shareholders of the private limited company, members of co-operative society". 

Functions of Women Entrepreneurs: 

As an entrepreneur, a woman entrepreneur has also to perform all the functions involved in establishing an 
enterprise. 

These include idea generation and screening, determination of objectives, project preparation, product 
analysis, and determination of forms of business organization, completion of promotional formalities, raising 
funds, procuring men, machine and materials, and operation of business. 

Categories of Women Entrepreneurs in Practice in India 
• First Category 
– Established in big cities. 

– Having higher level technical & professional qualifications. 

– Non traditional Items. 

– Sound financial positions. 

• Second Category 
– Established in cities and towns. 

– Having sufficient education. 

– Both traditional and non traditional items. 

– Undertaking women services-kindergarten, crèches, beauty parlors, health clinic etc. 

• Third Category 
– Illiterate women. 

– Financially week. 

– Involved in family business such as Agriculture, Horticulture, Animal Husbandry, Dairy, Fisheries, Agro 
Forestry, Handloom, Power loom etc. 

Women Entrepreneurship in India 

States No 
ofUnitsRegistered 

No. Of Women 
entrepreneurs 

Percentage 

Tamil Nadu 9618 2930 30.36 
Uttar Pradesh 7980 3180 39.84 

Kerala 5487 2135 38.91 
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Punjab 4791 1618 33.77 
Maharastra 4339 1394 32.12 

Gujrat 3872 1538 39.72 
Karnatka 3822 1026 26.84 

Madhya Pradesh 2967 842 28.38 
Other States & UTS 14576 4185 28.71 

Women Work Participation 

Country Percentage 
India (1970-1971) 14.2 
India (1980-1981) 19.7 
India (1990-1991) 22.3 
India (2000-2001) 31.6 

USA 45 
UK 43 

Indonesia 40 
Sri Lanka 35 

Brazil 35 

HOW TO DEVELOP WOMEN ENTREPRENEURS? 
Following efforts can be taken into account for effective development of women entrepreneurs. 
1. Consider women as specific target group for all developmental programmers. 

2. Better educational facilities and schemes should be extended to women folk from government part. 

3. Adequate training programme on management skills to be provided to women community. 

4. Encourage women's participation in decision-making. 

5. Vocational training to be extended to women community that enables them to understand the production 
process and production management. 

6. Skill development to be done in women's polytechnics and industrial training institutes. Skills are put to 
work in training-cum-production workshops. 

7. Training on professional competence and leadership skill to be extended to women entrepreneurs. 

8. Training and counselling on a large scale of existing women entrepreneurs to remove psychological 
causes like lack of self-confidence and fear of success. 

9. Counseling through the aid of committed NGOs, psychologists, managerial experts and technical 
personnel should be provided to existing and emerging women entrepreneurs. 

10. Continuous monitoring and improvement of training programmers. 

GOVERNMENT SCHEMES 
✔ Annapurna scheme - state bank of india. 

✔ Stree shakti package for women entrepreneur-SBI. 

✔ Bharatiya mahila bank business loan. 

✔ Dena shakti scheme. 

✔ Udyogini scheme. 

OBSTACLES IN THE PATH OF WOMEN ENTREPRENEURS ININDIA 
Business AdministrationKnowledge–Women must be educatedand trainedcontinuouslyto acquire the skills 
andunderstandingin all therequiredfunctional areas of businessventure.Thiswill make women toexcel in 
decision makinganddevelop good business skills 
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Risks Related To Market– tuff competition in the market andlack of mobility of women.296make them 
dependenton middlemanessential. Many business women find itverydifficult tocapture the marketshareand 
make their productswellpopularand accepted by customer. 

Socio-Cultural Barriers–family and personalobligationssometimesworks asa greatbarrier for succeeding in 
business careerof women entrepreneurship. Only few women arecapable of managingboth home and 
businessefficiently, givingsufficienttime to performall their responsibilities in priority. 

At present, the Government of India has over 25 schemes for women. 
 Assistance to Rural Women in Non-Farm Development (ARWIND)scheme 

 Entrepreneurial Development programme (EDPs). 

 Indira Mahila Yojana. 

 Indira Mahila Kendra. 

 Integrated Rural Development Programme (IRDP). 

 Khadi And Village Industries Commission (KVIC). 

Management Development progammes. 

 Women’s Development Corporations (WDCs). 

Marketing of Non-Farm Products of Rural Women (MAHIMA). 

 Mahila Vikas Nidhi 

 Mahila Samiti Yojana 

 Mahila Vikas Nidhi. 

Micro Credit Scheme. 

 Micro & Small Enterprises Cluster Development Programmes (MSE-CDP). 

  NGO’s Credit Schemes. 

NABARD-KfW-SEWA Bank project. 

National Banks for Agriculture and Rural Development’s Schemes. 

 Priyadarshini Project-A programme for Rural Women Empowerment and Livelihood in MidGangetic    
Plains’Prime Minister’s Rojgar Yojana (PMRY). 

 Rashtriya Mahila Kosh. 

 Rajiv Gandhi Mahila Vikas Pariyojana (RGMVP). 

SIDBI’s Mahila Udyam Nidhi. 

 SBI’s Stree Shakti Scheme. 

 Trade Related Entrepreneurship Assistance and Development (TREAD). 

Working Women’s Forum. 

 Training of Rural Youth for Self-Employment (TRYSEM). 

SUGGESTIONS 
• To be successful in sustainable business practices often requires entrepreneurship and innovation. 

• Entrepreneurship and innovation are relevant in for-profit and nonprofit ventures. 
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• Entrepreneurship can be viewed as recognizing change, pursuing opportunity,taking on risk and 
responsibility, innovating, making better use of resources, creating new value that is meaningful to 
customers, and doing it all over again and again. 

• Being an entrepreneur requires taking on significant responsibility and comes with significant challenges 
and potential rewards. 

• Entrepreneurship is a mind-set, an attitude; it is taking a particular approach to doing things. 

• The motivations for becoming an entrepreneur are diverse and can include the potential for financial 
reward, the pursuit of personal values and interests, and the interest in social change. 

• For innovation to be relevant for sustainable businesses, it has to be meaningful and affect a large number 
of stakeholders. 

• Successful entrepreneurship often requires creativity and innovation in addressing a new opportunity or 
concern in a new way. 

CONCLUSION 
To be successful in sustainable business practices often requires entrepreneurship and innovation. This 
chapter provides an overview of entrepreneurship and innovation as it relates to sustainable business. The 
discussion is most relevant to sustainable businesses focused on offering new products and services in 
response to societal concerns. The importance of entrepreneurship and innovation also applies to companies 
that change how they produce products and services. The latter companies can use innovative practices and 
entrepreneurship to establish their brand name and to be market leaders in doing things that create shared 
value for society and their companies and also, over time, contribute to changes in practices in their industry. 
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ABSTRACT 
Explains the development of employee empowerment from its beginnings as American academic research to 
its successful adaptation by the Japanese management and later US management. In its present state 
employee empowerment or participation flourishes in many different methods of management and takes 
many different forms in its practice. Examines contingent factors affecting implementation of participative 
management practices and points out the various dilemmas to avoid. 

INTRODUCTION 
A consensus has emerged among scholars and practitioners a like that the business environment has become 
more competitive than in the past because of globalization. (Ansoff, 1991: Hamel and Prahalald, 1996). In 
order to survive in this new era, businesses have to focus even harder on their competitive strengths so as to 
develop appropriate long term strategies. One way to counter the dynamic environmental forces is through 
employee empowerment. Human resource management is moving from the traditional command and control 
approach to a more strategic one thus, (Oram and Wellin’s 1995), (Cane 1996) and (Albert and Bradley, 
1997) have also highlighted “employee empowerment” as one of the critical success elements. (Slater, 1995), 
further estimated that competitors secure detailed information on 70 % of new products within one year of 
introduction, and that 60 % to 70 % of all “process learning” is eventually acquired by competitors. 
Therefore the only source of achieving competitive advantage is investing in the organization’s people who 
are committed, educated and flexible. However, despite the fact that employee empowerment plays a great 
role in an organization, implementation of empowerment programs seems to be the biggest challenge 
organizations face (John Fox, 1998). This is because the loyalty of employees 1 must be earned and retained 
rather than assumed (Camall, 1997). ). 

The subject of employee empowermentfurther faces the challenge of complexity of managing people and the 
complexity of human nature itself. Either, its definition is rather ambiguous. Various literature sources for 
example (Oarkland (1993), Albert and Bradley (1997), and Ganz (1994) have defined it and even though 
many organizations claim they employ it, its meaning is understood in different ways 

Concept of Employee Empowerment 
The puzzle of employment has been defined in different ways by various scholars. (Beard Well, 2001, pg. 
574) defines empowerment as a change- management tool which helps organizations create an environment 
where every individual can use his/her abilities and energies to satisfy the customer. Cole (2004) in his book 
went ahead to quote Clutterbuck (1994) who argues that empowerment is being treated as a cultural exercise 
in which people are encouraged to take personal responsibility for improving the way they do their work, 
through delegating responsibility for decision- making as far down the line as possible to the controlled 
transfer of power from management to employee in the long term interest of the business as a whole. 
(Ettore’s, 1997, pg. 1) defines empowerment as “employees having autonomous decision-making 
capabilities and acting as partners in the business, all with an eye to the bottom line”. (Block, 1987. pg. 65) 
defines empowerment as, “underlying purpose with which we commit ourselves to achieving that purpose, 
now.” (Cauldron 1995, pg. 28) articulates empowerment as, “when employees ‘own’ their jobs; when they 
are able to measure and 2 influence their individual success as well as the success for their departments and 
their companies.” Bowen and Lawler (1992) define empowerment as sharing with front- line employee’s 
four organizational ingredients: first is information about the organization’s performance, second is 
knowledge that enables employees to understand and contribute to organization’s performance, thirdly is 
rewards based on the organization’s performance and lastly power making decisions that influence 
organizational direction and performance.” Further research suggests that, empowerment exists when 
companies implement practices that distribute power, information, knowledge and reward throughout the 
organization (Bowen and Lawler 1995, pg. 73). 
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Empowerment is a process of enhancing feelings of self-efficacy among organizational members through the 
identification of conditions that foster powerlessness and through their removal by both formal 
organizational practices and informal techniques of providing efficacy information (Conger and Kanungo, 
1988, P 474) this implies new roles for managers and supervisors changing. That is, removingconditions that 
foster powerlessness and providing feedback about performance (mentoring).(Quinn and Spreitzer, 1997, p. 
40) define empowerment in terms of fundamental beliefs and personal orientations..., “Empowered people 
have a sense of self-determination, empowered people have a sense of meaning, empowered people have a 
sense of competence, empowered people have a sense of impact. 31.1.2. National Social Security Fund 
Sacco, (NASSEFU) SACCO societies in Kenya started way back in 1964 as thrift cooperative societies with 
the objectives of mobilizing domestic savings from members and consequently lending them for welfare and 
productive purposes. 

In 1966, the government through the Ministry of Cooperative Development enacted a new law, that is, 
cooperative societies Act and Thrift Societies were renamed Co-operative Savings and Credit Societies 
(SACCO). NASSEFU was registered in October 1990 with the first offices at Soweto. The first AGM for the 
society was held at Pan Afric Hotel, Nairobi on 14th December, 1990. Minimum share contribution was 
raised from Kshs. 100 to Kshs 200 and to Kshs 100, 000 in 1990, improved to Kshs. 200, 000 in 1995, Kshs. 
600, 000 in 1999 and finally, in June, 2001, the upper ceiling was removed and members can secure loans up 
to 3 times their savings subject to their ability to repay within a maximum period of 48 months. The loan 
waiting period has tremendously improved from 6 months in 1990 to 4 months in 2000, 3 months in 2001, 2 
months in 2002 and currently the society is able to grant loans within the same month of application. The 
Office Service Activity (FOSA) commenced operations in December 2000, to offer quasi-banking services 
to NASSEFU members at competitive rates. Most of the members have been marginalized from mainstream 
banking sector by stiff banking charges and high minimum balance. The SACCO was registered in August, 
1990 with about 281 members and received its first check off of Kshs. 59, 000/= in September, 1990. To 4 
date, the membership has grown to 3, 135 within an average monthly check off of Kshs. 25, 098, 616/=. The 
Sacco’s membership was predominantly (NSSF) employees but with time, it has drawn members from other 
organizations such as Resort (K) Limited, Cobra Security, Hekima School, NAIVAS Limited, Kenya Sweets 
Limited, Smart Applications, \ \ Nairobi Christian Church, Hope Worldwide (K), Professor Elly Ogutu and 
East African Seeds. 

STATEMENT OF THE PROBLEM 
Empowerment is one of the critical issues confronting the managers in the process of Employee transforming 
organizations. Theoretically it is accepted as democratizing function with the employee involvement and 
commitment as key factors. However, lack of a universally accepted definition as well as a concrete model 
for implementation continues to baffle most theorists. While there is a complete consensus on the expected 
outcomes in terms of increased performance and effectiveness, the debate on its key elements and structural 
issues carries on (Sharma and Kaur, 2003). Beardwell (2001) outlines some of the importance of employee 
empowerment to the organization as having greater awareness of business needs amo employees, improved 
quality and productivity measures, reduced staff turnover and quick response by the organization to market 
changes. Although various benefits stand to be gained, organizations are still not willing to hand down power 
to employees and the ‘control’ mentality is still abundant Zairi and Jarrar (2009). 
SIGNIFICANCE OF THE STUDY 
The findings of this research study will be useful to management of cooperative societies in reinforcing 
employee empowerment and also provide additional knowledge to existing and future institutions that plan 
to undertake employee empowerment. Stakeholders and the government will be guided on why employee 
empowerment is Key to SACCO’s performance and why the challenges need to be addressed for better 
results. The study will therefore assist in the development of policies in the government on how to combat 
the challenges of employee empowerment. This study finding will be useful to scholars who will use it in 
further research. It will therefore help other academicians who plan to undertake the same topic in their 
studies. 
Challenges of employee empowerment 
This section sought to identify the challenges of employee empowerment at the SACCO and established that 
poor methods of communication, insufficient training, inadequate financial resources, resistant to change, 
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and poor leadership were the major challenges facing empowerment with organization culture affecting it to 
a small extend. Challenges of employee empowerment are important because we can only receive the 
benefits if the challenges are addressed. 

Communications 
The main objective of this study was to establish the challenges of employee empowerment at the National 
Security Fund SACO. The study was able to find out that poor communication was a major challenge to the 
Sacco’s performance. One respondent lamented that the ICT network in the SACCO was underdeveloped, 
there is a shortage of machines such as computers and that the SACCO lacked a central system for 
distribution of information to various individuals or departments. It was also revealed that information flow 
is poor with departmental heads not finding it necessary to share information with their subordinates. The 
study findingalso showed that communication is hampered due to the inadequacy of effective 
communication systems and deficient information communication technology policy. This is because the 
respondents indicated that the existing policies, procedures and support systems were not supportive of 
employee empowerment thus a challenge. Training and Quality of education Training is critical for any 
employee empowerment programmer to succeed. The study revealed quite a number of challenges facing 
training programmers within the SACCO. Low budgetary allocation in training as compared to other key 
sections like marketing; poor timing for the training programmers in that member were tom between whether 
to go for training or remain at work. The respondents revealed that they would prefer to go for training when 
they are off duty; biasness in selection of member to undergo training and that there was lack of ‘ownership’ 
and participation by the lower staff in the trainings. The study findings revealed that the SACCO lacks 
adequate competent staff leading to a hindrance in execution of employee empowerment. One respondent 
said that there was lack of professionalism and this seemed to hinder workflow. Training is further hindered 
by poor management of training funds. Despite the above pitfalls, the SACCO’s response has been minimal 
and slow. 

Financial Resources 
Study findings show that inadequacy in provision of finances is a major challenge to the empowerment 
process. The respondents suggested that lack of resources in rural areas was a key problem that needed to be 
addressed quickly. Because of this, low productivity and reduced expansion rates for the SACCO was being 
experienced countrywide. The study findings from the SACCO’s records revealed that NASSEFU has over 
time been faced with inadequate finances due to low budgetary allocation. More so, the allocation is 
hampered by lack of accountability and transparency leading to poor utilization. This in turn has led to a 
network of corruption and embezzlement of SACCO’s funds. Poor 27 quality staff is worsened by 
inadequate Human Resource policy which leads to recruitment of employees whose areas of competence 
does not match job specifications. 

CONCLUSION 
With view to achieve vision 2030, it is imperative that the management at the National social Security Fund 
savings and Credit Co-operative seriously considers adopting a culture change that favors empowerment for 
employees. The SACCO needs to embrace change by allowing young people to take up management 
positions and encourage and facilitate further learning for it members. There is also need to entrench 
minimum number of meetings held weekly among staff to encourage team spirit.The SACCO must adopt a 
culture change that preaches the value of empowerment and walk talk employee empowerment at all times. 
All members need to work as a team and their motto of “together we stand divided we fall” reinforced. In 
general, all persons in the SACCO must be committed to ensuring that the execution of employee 
empowerment is a success. 

SUGGESTIONS FOR FURTHER RESEARCH 
The researcher is of the view that further research is needed where all persons are represented. That is top 
management, middle level management and lower cadre staff in the SACCO. Moreover, further research 
needs to be replicated among different SACCOs to determine the challenges of employee empowerment in 
diverse settings as well as to gauge the generalizability of the relationship dimensions identified. Such kind 
of approach could serve as the basis for greater understanding of the challenges of employee empowerment 
in SACCOs and their impact in the financial sector. 
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ABSTRACT 
Cloud computing is an emerging model for enabling the on-demand access to the shared computer resources 
and services. Though popularity of group data sharing in public cloud computing is increasing rapidly, 
preserving the privacy and security of data is a challenging task. However Malware detection plays a vital 
role in improving the cloud data security, the undetected and non-isolated malwares in the cloud will spread 
rapidly leading to data breaches and more serious threats. Generally batch file are used to handle malware. 
Hence this paper proposes a neoteric secure group sharing framework for managing (uploading and 
downloading) the batch files in public cloud. Filters are applied to the files to identify and remove sensitive 
information and malware. Access control for data is provided, so that data stored on a cloud can potentially 
be accessed by an authorized user. In order to enhance data security, the time specific encryption is applied 
for the batch file in this approach. The security and performance analysis describes the proposed scheme 
efficiency. Based on secure group sharing this approach satisfies the security requirements for public cloud. 

Keywords: Colud Computing, Time Specific Encryption (TSE), virtual machine(VM), ciphertext. 

INTRODUCTION 
Cloud computing [1] technology provides the computing services over the Internet. The services of the cloud 
computing allow individuals and businesses to access the hardware and software that are managed by third 
parties at remote locations [2]. In a cloud the role of service provider is divided into two, one is infrastructure 
providers[3] who manage cloud platforms and lease resources according to a usage-based pricing model, and 
another one is service providers[4], who rent resources from one or many infrastructure providers to serve 
the end users. Even though the cloud computing has several benefits such as reliable and cost-efficient, it still 
has several risk in security [5]. The security risk is in two forms: Accessing the data by authorized persons 
and accessing the malwares as original data by the user inadvertently. 

This paper proposes a new framework that solves the above issues effectively. In order to securely manage 
the virtual machine(VM) this work focus on the cloud storage and sharing of user file in trusted group in 
public cloud environment [6]. To maintain the secure cloud storage and group sharing approach, filters, Time 
Specific Encryption (TSE), Access control, efficient group management system are utilized in this approach. 
The filters are applied to (i) overcome the risk in managing (uploading and downloading) the images, batch 
files in VM and (ii) to detect and rectify the security violation. Filters such as content based filtering [7] and 
signature based worm scan filtering [8] are used. This filter identifies all kind of malcode present in the cloud 
data. The filtering process is done twice (user side filtering and repository side filtering) for each file update. 
The Time Specific Encryption [9] is the standard encryption technique used in this approach to provide the 
efficient cipher which cannot be decrypted by the hacker easily. Access control [10]is authentication 
mechanism to ensure only certain users have rights to access some data or perform some action .Trusted 
cloud group management is important in managing the security while sharing many files. 
The rest of this paper is organized as follows. Section II describes some related survey of this research work. 
Section III explains the proposed methodology where the access control system and the efficient filters are 
discussed in detail. Similarly section IV describes the cloud encryption process. The group management 
system is discussed in section V. section VI explains the experimental result and section VII concludes this 
paper. 
Related works 
Roland Schwarzkopf et al [11] presented an approach to improve the security of the virtual machine by 
maintaining an updated virtual machine in a secured manner. Update checker and online penetration suite are 
the two methods used in this approach. The Update checker identifies the outdated software packages in 
virtual machine. The Online penetration suite scans the VM for security vulnerabilities and prevents the 
execution of flawed VM. 
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Kohei Kasamatsu et al [9] proposed a novel methodology in designing the Time Specific Encryption(TSE) 
scheme using a Boneh-Boyen-Goh Forward –Secure Encryption. TSE is a public key encryption where an 
encryptor can specify a suitable time interval, which allows the decryption of the cipher text only within this 
time interval. The proposed efficient TSE has significantly smaller ciphertext and public parameter which is 
practical in all aspects like Computational cost and data sizes. 

Lam et al[12] introduced a cryptographic file system called Tresorium designed for cloud based data storage. 
In Tresorium even the cloud provider cannot access the user data because the files are encrypted before 
uploaded. A group key agreement protocol used in this approach allows the user to share their files in group. 
Here the author used the key-lock-boxes and a lazy re-encryption method. Tresorium also supports the 
Access control list for cloud storage which improves the performance of this system. 

Jinbo Xiong et al [13] designed a full lifecycle privacy protection scheme for sensitive data (FULLPP) in 
cloud environment. Here the sensitive data is maintained in a well secure manner. The data is encrypted and 
broken into two parts such as extracted cipher text and encapsulated ciphertext with an extracted algorithm. 
The identity based timed release encryption encrypts the decryption key, and this key cipher is combined 
with the extracted ciphertext to provide the final ciphertext. This cipher is distributed into the distributed 
hash table network and stores the encapsulated cipher into cloud storage. To obtain the user data the 
encapsulated cipher and the private key should obtain during the lifecycle. This system provides the full 
privacy production for user data. 

Kan Yang et al[14] proposed a Data Access Control for Multi-Authority Cloud Storage, this approach is an 
effective and secure DCL scheme with efficient decryption and revocation. The forward and backward 
security is obtained by the novel multi-authority CP-ABE scheme using the efficient decryption and efficient 
attribute revocation mechanism. 

Proposed Methodology 
A novel framework is designed to maintain the secure group sharing in public cloud. The data owner is the 
one who uploads the batch files in repository. In-between the storing of batch files several security processes 
are maintained to avoid the security violations. Whenever the user tries to upload a file in group, the 
administrator verifies, whether he/she belongs to that group or not. 

This approach allows the data owner to provide the access permission for their files. Two types of filters are 
used in this work to resolve the risk at both publisher side and repository side. Once the data owner uploads 
the file with access specification, the content based filter scans the file and removes the sensitive information 
about user. A time specific encryption generates cipher of the original file and it is transferred to the cloud 
server with the help of the group admin. All upload and download actives of group members are tracked and 
recorded in log, maintained by group admin. The group member who tries to upload a malicious batch files 
are removed from the group by the group leader. 

Enhancing the security is the main aim of this work; therefore the signature based worm scan filtering scans 
the file before uploading to the cloud server. From cloud server the file is safely stored in the batch file 
Repository. The other user that is the group member except data owner wants to access the file; they have to 
request the cloud server for file access. Then the cloud server generates a secret key for the members with 
time limit. The required file has to be accessed before the time expires. Figure 1 shows the overall flow of 
the proposed approach. 

 
Figure-1. Proposed Approach Framework 
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Access control 
The access control is the selective restriction of access to data and other resources. In order to reduce the 
publisher risk (owner), an access control framework is proposed that regulates sharing of Batch files in VM. 
Each batch file in the repository has a unique owner. They can share batch files with trusted group members 
by granting access permissions. 

This approach supports two types of access control such as checkout and check-in. The check-in permission 
allows the user to view the available batch file but the check-out permission allows the user to view and 
download the batch files. 

Time Specific Encryption 
The Time Specific Encryption is a public-key encryption scheme that allows the absolute release time 
specifications. The idea of sending a file to a receiver by encrypting in such a way that cannot be decrypted 
by others, including the legitimate recipients of the file, until a pre-determined, specified “release 
time”instant is called Time Specific Encryption. 

This scheme was proposed by Paterson [15].In this approach to enhance the security. In this cryptosystem 
Time Instant Key (TIK) is generated by the TSE periodically, which is used by each user to decrypt the 
ciphertext. While encrypting the message the sender specifies any interval . a and b denotes the start 
and end time of  Decryption Time Interval(DTI) and the receiver can decrypt the if the receiver contains the 
TIK with t. the TSE algorithm is described below. 
Setup 
T-S setup takes security parameter k and T as input and oupts the master public key TS-MPK and master 
secret key TS-MSK. 
TIK-Ext. 
On accepting the input TS-MPK, TS-MSK, t ∈ T and this algorithm outputs . TS run this setup at time t. 
ID-enc 
The sender runs the ID-enc by taking the input TS-MPK and encrypt the message m where m  with a 
time interval [t0, t1] ⊆ Tand generates the ciphertext c ∈ CSP. 
ID-Dec: 
This setup generates the plaintext (message) from ciphertext by taking the input TS-MPK, ID-MPK. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm 
CS: ciphertext space 

T: time space 
TS: Time Server 

S: Sender 
R: Receiver 

Begin 
For each k and T  TS 

Generate TS-master public key and 
TS-Master secret key 

End for 
If (t  T) 

do 
Generate the time instant key  

While (time interval (t0-t1)) 
c = Plain.Enc(TS-MPK, m, [t0, t1]) 

 m =Plain.Dec(TS-MPK, c, kt)  
End 
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Batch File Processing by Running Filters 
The proposed framework reduces the security risk effectively through the filters. This section describes the 
possible security risk in public cloud and the solution to avoid those security violations. The security risk 
such as publisher risk, Receiver risk and repository risk. 

Publisher risk 
By publishing abatch file in a cloud, the publisher may release sensitive information inadvertently. The 
software publishers also run the similar risks; this problem is larger for batch file publishers. Because batch 
file contain fully configured applications and theconfiguration requirecritical operations like creating 
password-protected user accounts. While publishing the file in the group, the publisher should be more 
careful in not releasing the sensitive information along with the file. 

Retriever’s Risk 
The retriever risk is running vulnerable or malicious batch files introduced into the repository by a publisher. 
This reduces the overall security level of a virtual network in the cloud. This kind of Virtual machine batch 
file sharing develops and propagates Trojan horses easily.Bypassing any firewall or intrusion detection 
system around the network will avoid this kind of problems. 

Repository administrator’s risk 
The repository admin risks is hosting and distributing the batch files that contain malicious or illegal content. 
If batch files are not managed, the virtual environment will never be in a steady state, because worm-carrying 
machines will infect the other machines, and it is difficult to detect. 

This approach solves the above mentioned risk effectively by introducing the two types of filter such as 
content based filter and signature based worm scan filtering 

Content based filter 
The content of each file is represented as a set of terms, typically the words that occur in a batch files. The 
uploaded file is represented with several terms and analyzed the content of based on the assigned terms. This 
assignment can be made automatically or manually. In this approach the terms are assigned automatically to 
improve the speed of the filtering process. When terms are assigned automatically a method has to be chosen 
that can extract these terms from files. Content based filter is a scanner used in this work to avoid the 
publisher risk. When the data owner needs to upload file to cloud server, the filter start its scanning process 
which remove or hides the user-specific sensitive content from the batch files. 

Signature based Worm Scan Filtering 
The filter is used to avoid both the repository risk and receiver risk. Signature based worm scan filter scan 
for malware presence in the uploaded batch files. Batch files are executable codes so the filter scans inside 
the code to find the malware presence. In this approach this filter completely scan the files and removes 
malwares. Therefore the malware free repository can be maintained in this approach. So the receiver risk is 
very low in the proposed framework. 

Cloud group maintenance 
Cloud based group sharing framework is maintained by the following users. 

1) Group Leader (GL) 
A group can have only one GL, who is the top level group admin and group creator. GL obtains the 
storage and computing resource from the cloud provider. GL can authorize specific group members to 
manage the group, and it provides initial group security parameters for all group members in the group. 

2) Group Administrator (GA) 
A group can contains 0, 1, or more authorized group administrators. GA maintains the group membership, 
and also implements the group key updating. The group leader can revoke their privilege management at 
any time. 

3) Group Member (GM) 
The group members can performs the operations such as file upload and download in the authenticated 
group. These GMs gathers some related public information from cloud servers and the set of security 
parameters are computed group key pair. 
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The ultimate aim of this paper is to analyze and secure the VM Batch Files in public cloud group. The 
maintenance (group member joining and leaving, group admin selection) of the cloud group can be 
performed in this stage using the approach proposed by Kaiping Xue and PeilinHong(2013).Before 
uploading a file to cloud servers, the data owner gives the access permission and the semantic description of 
the file: DESCRIPTION(Metadata),which is convenient for searching in the group. Then, the data owner 
encrypts the file with the TSE and uploads the file in the group. The content based filter scans the uploaded 
file for user-specific sensitive content in the batch files. Before storing the files in the cloud storage, the 
cloud server scans the files once again by the Signature based worm scan filtering to check the presence of 
worm and finally the files are stored in cloud storage. The group member who needs to access the file in 
cloud storage has to send request the cloud server for file access. Then the cloud server generates a secret 
key for the members with time limit. The required file has to be accessed before the time expired. The 
methods and techniques and the overall process of the proposed research in securing the files are explained 
in this section. The following section proves the efficiency of this work. 

Experimental Result 
The performance evaluation of the proposed research work is discussed in this section. This work is 
developed in the net beans IDE and the public cloud environment is designed using the cloud let tool. It is a 
popular tool which provides a generalized simulation framework that enables modeling, simulation, and 
experimentation of Cloud computing infrastructures and application services. In this work the batch files are 
taken for evaluation. 

The performance metrics such as Throughput, execution time and scanning time evaluated and their report is 
given in this section. 

 
Figure-2: Execution Time of RSA 

The proposed approach is compared with existing RSA algorithm. The Execution time and Throughput result 
of RSA is shown in Figure 3 and 4. Figure 3 clearly shows that the execution time of files is above 70ms. 
Similarly the throughput is also very low. 

 
Figure-3: Throughput of RSA 
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Figure-4: Execution Time of TSE 

Figure 4 illustrate the execution time of TSE. Normally Batch files takes high time execute due to its large 
size, but TSE executes the files quickly so it takes less time for execution. Figure 4 illustrate throughput of 
TSE, compared to existing RSA algorithm proposed TSE algorithm obtain an efficient throughput. 

 
Figure-5: Throughput of TSE 

CONCLUSION 
Securing the data is one of the most important and difficult task in cloud. The objective of this work is to 
secure the data (Batch File) while sharing in a cloud group. To enhance the security the user is allowed to 
provide the access permission for their data and the efficient Time Specific Encryption creates a cipher 
which is difficult to decrypt by the hackers. To secure the cloud and cloud users from malwares, filters like 
Content Based filter and Signature Based worm scan filtering are employed here. A simple trusted group is 
built and maintained by the group leader with the support of group leader. All the techniques mentioned 
above works together to maintain the security of cloud and user effectively. The experimental result proves 
the efficiency of securing the VM batch files when compared to the rational method. This frame work can be 
adopted for closed forum of code developers, where batch files are written and shared for – automatic 
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backup, scheduling , adding cloud services to windows , deleting cache files , etc. In future, we will focus 
our work on improving the group communication and securing other datas such as audio-video files. 
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AN EFFICIENT DEVICE FOR WOMEN SAFETY 
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ABSTRACT 
This papert presents a women safety detection system using GPS and GSM modems. The system can be 
interconnected with the alarm system and alert the neighbours. This detection and messaging system is 
composed of a GPS receiver, Microcontroller and a GSM Modem. GPS Receiver gets the location 
information from satellites in the form of latitude and longitude. The Microcontroller processes this 
information and this processed information is sent to the user using GSM modem A GSM modem is 
interfaced to the MCU. The GSM modem sends an SMS to the predefined mobile number. When a woman is 
in danger and in need of self-defense then she can press the switch which is allotted to her. By pressing the 
switch, the entire system will be activated then immediately a sms will be sent to concern person with 
location using GSM and GPS. 

Keywords: Emergency, GPS Tracking, GSM Access, Etc. 

1. INTRODUCTION 
Security is the condition of being protected against danger or loss. In the general sense, security is a concept 
similar to safety. The nuance between the two is an added emphasis on being protected from dangers that 
originate from outside. Individuals or actions that encroach upon the condition of protection are responsible 
for the breach of security. The word "security" in general usage is synonymous with "safety," but as a 
technical term "security" means that something not only is secure but that it has been secured. 

This project is designed with ATmega328. This Project presents a women safety detection system using GPS 
and GSM modems. The system can be interconnected with the alarm system and alert the neighbours. This 
detection and messaging system is composed of a GPS receiver, Microcontroller and a GSM Modem. GPS 
Receiver gets the location information from satellites in the form of latitude and longitude. 

The Microcontroller processes this information and this processed information is sent to the user using GSM 
modem A GSM modem is interfaced to the MCU. The GSM modem sends an SMS to the predefined mobile 
number. When a woman is in danger and in need of self-defense then she can press the switch which is 
allotted to her. By pressing the switch, the entire system will be activated then immediately a sms will be 
sent to concern person with location using GSM and GPS. 

This project uses regulated 5V, 750mA power supply. 7805 three terminal voltage regulator is used for 
voltage regulation. Bridge type full wave rectifier is used to rectify the ac output of secondary of 230/12V 
step down transformer. 

MODULES 
This Project contains three hardware modules or units. The Arduino Uno module, GPS module, GSM 
module, RF Receiver and Transmitter 

2. METHODOLOGY 

2.1 BLOCK DIAGRAM OF THE PROJECT 
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2.2 FUNCTIONS OF EACH BLOCK 
2.2.1. ARDUINO UNO UNIT 
Arduino is an open-source electronics platform based on easy-to-use hardware and software. Arduino boards 
are able to read inputs - light on a sensor, a finger on a button, or a Twitter message - and turn it into an 
output - activating a motor, turning on an LED, publishing something online. You can tell your board what to 
do by sending a set of instructions to the microcontroller on the board. To do so you use the Arduino 
programming language (based on Wiring), and the Arduino Software (IDE), based on Processing. 

Over the years Arduino has been the brain of thousands of projects, from everyday objects to complex 
scientific instruments. A worldwide community of makers - students, hobbyists, artists, programmers, and 
professionals - has gathered around this open-source platform, their contributions have added up to an 
incredible amount of accessible knowledge that can be of great help to novices and experts alike. 

Arduino was born at the Ivrea Interaction Design Institute as an easy tool for fast prototyping, aimed at 
students without a background in electronics and programming. As soon as it reached a wider community, 
the Arduino board started changing to adapt to new needs and challenges, differentiating its offer from 
simple 8-bit boards to products for IoT applications, wearable, 3D printing, and embedded environments. All 
Arduino boards are completely open-source, empowering users to build them independently and eventually 
adapt them to their particular needs. The software, too, is open-source, and it is growing through the 
contributions of users worldwide. 

 
2.2.2 GSM MODEM 
Global System for Mobile Communication (GSM) SIM card is a device to send the location obtained 
through GPS. The GSM SIM card number is registered with the system. In this proposed device the GSM 
acts as a receiver while the GPS acts as a transmitter. The received values from the transmitter are sent as an 
SMS to the few predefined emergency numbers. The receiver pin of GSM is interfaced with 16thpin of the 
microcontroller. The supply voltage is about 3.4V which is supplied from the voltage regulator circuit 

 
2.2.3 GPS RECEIVER 
It consists of six wires out of which three wires are used for connection. The blue wire is the transmitter wire 
which is connected to the 15th pin of the microcontroller. Voltage supply is about 3.3V to 5V. When trigger 
button is pressed, GPS starts receiving signals from 8 satellites out of the 24 satellites in the orbit [3]. In 
addition, Russia maintains a constellation called GLONASS (Global Navigation Satellite System). 
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2.2.4 POWER SUPPLY 
The primary function of a power supply is to convert one form of electrical energy into another and, as a 
result power supplies. 

3. INTERNAL WORKING 
3.1WORKING PROCEDURE 
This project clearly uses two main modules of GSM and a microcontroller. The user when sends the 
messages through his phones those reaches the GSM ,through the AT commands all those messages reaches 
the microcontroller. That Arduino uno takes the data in terms of bits through the Max232.Those information 
will be transmitted to the message display. 

4. EXISTING SYSTEM 
GSM and GPS based vehicle tracking system is currently used. This system consists of GPS module attached 
to a button in the vehicle. In case of emergency, the switch attached to the GPS can be pressed. The GPS that 
is used here is Teltonika FM1100 [1-3]. When any problem occurs the employee travelling in the vehicle 
presses the switch attached to the GPS. GSM module attached to this GPS and switch is used to send the 
message to a special team of the organization. Although this system seems to be efficient, at times there are 
some drawbacks because the drivers may not be trustworthy. Another existing method is an application 
based prototype [2]. It is interfaced with GPS, GSM and a spy camera. The user must register the emergency 
numbers. This is an android app which provides all facilities but it has a disadvantage that if the mobile 
phone of the victim is thrown away by the opposing person, this model cannot be used efficiently. To 
overcome these disadvantages we propose a model. 

5. PROPOSED SYSTEM 
The microcontroller acts as an embedded computing system and controls the activities of all the subsystems. 
It is interfaced with Emergency Switch, GPS Receiver, GSM MODEM, and Speech Circuit. In case of 
emergency the trigger button is pressed [1]. Figure represents the circuit diagram of the device which we 
proposed in this paper. Using the ARM controller the device is designed in which the GSM, GPS, Bluetooth 
and RF detector is connected. he whole device just runs with total of 12v in which 5v is enough for the ARM 
to process. Figure 4 represents the prototype of the device which we initially made and can be miniaturized 
in future for real time use. 

The system tracks the location information from the GPS and prepares a text SMS containing the present 
location information and send SMS through GSM modem to the police control room and distress message to 
the pre programmed mobile number. Using the information supplied by this system, the location using GPS 
and can be traced through Google maps [4]. Thus the girl will be safe and she feels protected 
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5.1. ADVANTAGES OF THE PROPOSED SYSTEM 
• It is an all-in-one system. Hence no need to carry multiple devices. 

• GPS tracking feature tracks the user lively when you are the move after triggering the emergency button. 

• When the battery is running low, it automatically sends the location the pre-stored contacts. 

• his device works without internet connectivity 

6. MATERIALS REQUIRED 

Hardware 
Specifications 

Software 
Specification 

Hardware    
Requirements 

Software 
Requirements 

ArduinoUno 
module, GPS 
module, GSM 
module, RF 
Receiver and 
Transmitter 

Operating system: 
Windows7,8,10 

IDE: Arduino IDE 
Language: 

Embedded C 

7. RESULTS 
7.1. SOFTWARE 
Figure represents the “latitude and longitude” location will be sent with an alert message to the pre-set 
contacts for every 2 two minutes in single click. Double click, audio will be recorded and alert message will 
be sent to the pre-set contacts. Long press will send emergency call with alert message to the pre-set 
contacts. 

 
8. CONCLUSION 
Our effort behind this project is to design and fabricate a gadget which is so compact in itself that provide 
advantage of personal security system the emergency response system which is helpful for women in the 
incidents of crime. It is low cost system which can store the data of the members in the particular locality and 
provide immediate alert in case of crime against women. This provides women security. Being safe and 
secure is the demand of the day. 

9. REFERENCES 
1. Vijayalashmi B, Renuka S, Chennur P, Patil S (2015) Self defense system for women safety with location 

tracking and SMS alerting through GSM network. International Journal of Research in Engineering and 
Technology (IJRET) 4: 57-60. 



 

Recent Research Trends in Management and Social Science 

51 

2. Paradkar A, Sharma D (2015) All in one Intelligent Safety System for Women security. International 
Journal of Computer Applications 130: 33-40. 

3. Bhilare P, Mohite A, Kamble D, Makode S, Kahane R (2015) Women Employee Security System using 
GPS And GSM Based Vehicle Tracking. International Journal for Research in Emerging Science and 
Technology 2: 65-71. 

4. Premkumar P, CibiChakkaravarthi R, Keerthana M, Ravivarma R, Sharmila T (2015) One Touch Alarm 
System For Women’s Safety Using GSM. International Journal of Science, Technology & Management 
4: 1536-1539. 

 

 



 

Recent Research Trends in Management and Social Science 

52 

SUSTAINABLE DEVELOPMENT 
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ABSTRACT 
Sustainable development is an improvement on the concept of development which is being assessed and 
calculated the quality in development and learning from the past. The developmental works should be 
conducted in such a way that both the existing and future generation should not be harmed and badly 
affected. Man, being the social animal, he has been undertaking a number of socio-economic activities such 
as agriculture, industry, transport, construction of road, building, bridges and railways etc. for his survival 
in the society and also to have better and higher standard of living. During these developmental works 
carried by the men, the soil, water and air got involve and are also polluted if proper care and preventive 
measures are not taken. The men went on developing so many economic activities for building 
infrastructures, agriculture and industries without paying any attention to protect the environment. Hence 
adverse effect on ecology and environment was noticed and felt deeply by the developed countries. They 
realized that, the impact of the environment during their fast development was completely ignored. From the 
second half of the 19th century, western societies started to discover that their economic and industrial 
activities were involved with worse impact on environment and social balance. Many ecological and social 
crisis were taken place in the world and thereby people became aware and felt that a sustainable model was 
needed. Preservation of the environment and natural resources are the most prominent goals required for 
the survival of the society, living beings and nature etc. Man has the fundamental right to freedom, equality 
and adequate condition of life in an unpolluted environment. He should bear the responsibility to protect and 
improve the environment and to preserve the existing wealth for present and future generations. Hence, the 
development that meets the needs of the present without compromising the ability of the future generations to 
meet their own needs is called sustainable development. 

Unfavorable climate change and natural disasters have been increasingly occurred related to overall 
development of humanity over last decades. Wars, politics and tremendous population growth are their 
which have caused   socio economic instability. Environment has been badly affected due to human action 
and hence the survival of earth and future generation has been endangered. There is high level of poverty, 
rapidly worsening climate emergency, persistent of gender inequality, massive gaps in financing. COVID-19 
is another massive global challenge at present 

Keywords: Sustainable development, ecology , environment, COVID-19 

INTRODUTION 
In June 1972, a conference on Human Environment was held in Stockholm. It was the first global 
recognition about the endangered environment during their rapid developmental work which was thought by 
the government and industry of the developed countries. 

On 3rd March 1973, the convention on international trade in endangered species of flora and fauna was 
signed in Washington, which was implemented in 1975 from the July 1st. 

From October 1976 onwards India became the signatory member. Its secretariat is at Geneva and till the year 
1998, 144 countries were the members of it. It focused primarily on the protection of flora and fauna across 
the globe. 

During 1980 and 1990 several international commissions and conventions related to sustainable development 
were conducted like Montreal Protocol on Ozone layer depletion, convention on hazardous waste, the 
climate change and biodiversity. 

In the year 1994 at United Nations convention due consideration was taken on desertification and severe 
pressure on resources of the nature for livelihood, which directly leads to desertification of land and pressure 
on scarce water resources at. 
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In Aug 2002, the World Summit on sustainable development held at Johannesburg, was attended by the 
representatives of more than 190 countries of the world. Sustainability problems being faced by the mankind 
were discussed and they tried to find the ways and means to mitigate the sufferings of common people living 
in developed countries. 

Forums on Science, Technology and Innovation for sustainable development known as (STI) was organized 
by the South African Government. 

The crucial roles of the Engineers in talking the problems of sustainable development and poverty alleviation 
were discussed. Within the (STI) Forum, the World Federations of Engineering Organization (WFEO) and 
the Engineering Council of South Africa (ECSA) was organized for a one-day session on Engineering and 
Technology for sustainable development. 

In 2015, Sustainable Development Goals, a collation of 17 global goals, designed to be a blue print to 
achieve better and more sustainable future for all 

SUSTAINABLE DEVELOPMENT GOALS (SDG) 
The 17 numbers of sustainable development goals, the part of UN resolution adopted by the United Nations 
General Assembly set in 2015, which was aimed to be achieved latest by 2030. The SDGs were included in 
the UN Resolution adopted by the General Assembly 2 years later on 6th July 2017. 

The SDGs are a bold commitment to finish what we started and to takle some of pressing challenges facing 
the World today. The 2030 Agenda for Sustainable development, agreed upon by 1993 member states of the 
United Nation and includes 17 sustainable Goals mentioned as mentioned below: - 

1. Nobody should be poor in the Universe. 
2. Hunger free mankind. 

3. Healthy human community. 
4. Improved Education system to be provide. 

5. There should not be gender inequality. 
6. Provision of clean and hygienic Water with better Sanitation. 

7. Economical and renewable energy. 
8. Economic development. 

9. Industry, Innovation and Infrastructure. 
10. Improvement of equality among human beings 

11.Sustainability in the field of Cities and Communities. 

12.Responsibility towards Consumption and Production 

13. Action on climatic conditions. 

14. To safeguard the life of aquatic animals. 

15. Living organisms on the surface of earth. 

16.  Pace, transparent Judgement and highly esteemed Institutions. 

17. Partnership towards the achievement of required Goals. 

SDGs is a road map to end global poverty, building a life of dignity for all and leaving nobody behind. It is 
an important agenda to work in partnership, bear the responsibility by joining shoulder to shoulder, to make 
effort to share prosperity, empower people’s livelihood, ensure peace and to heal our planet for the benefit of 
the present and future generations under UN Secretary General Mr. Ban Ki-moon. 
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The new agenda is people oriented, universal, transformative and integrated. Action by all countries for all 
people, planet, prosperity, peace and partnership (5 P) is the main demand and call. It recognizes that ending 
poverty must go hand-in-hand with a plan that economic growth is built and a range of social change is 
needed while tackling climate change. Under these categories the budget for different industries are allocated 
with an intend to achieve its Goals. [1] 

ON GOING CRITICAL HURDLES 
 Population Growth. 

 Global Warming. 

 Emission of Green House Gases (GHG). 

 Climate Change. 

 Natural Disaster. 

 Emission of Carbon Dioxide more than Previous years. 

 Changes in Many Extreme Weather and Climate Events. 

 War. 

 COVID-19. 
POPULATION GROWTH: 
Population Growth is mushrooming like anything in some countries. Now India is second position in the 
world next to China as regards to population growth creates reduction of geographical land area by which 
land for cultivation will be reduced in future and to grow more food products for huge population, more 
fertilizers and pest control will be required which will be a threat for environmental condition. The water, 
Air, Land and produced food product are being polluted by us due to our wrong planning and designing of 
industries. Use of large number of bio fuel driven vehicles by large no of people causes emission of polluted 
gases. Thick density of population causes deficiency of oxygen in surrounding air and enhances the quantity 
of carbon dioxide. Emission of dust particle due to movement of large no of vehicles used by large no of 
people pollutes the environment.[2] 

GLOBAL WARMING AND GREEN HOUSE GASES: 
The temperature rise of the earth surface is known as global warming. Green House Gases are carbon 
dioxide, water vapor and Ozone. Among these gases the contribution of the carbon dioxide is maximum as it 
is distributed uniformly in the atmosphere. Due to volcanic eruptions, gases  emitted by respiration process, 
decay of dead organism, burning of fossil fuels an cultivation of land major quantity of carbon dioxide is 
emitted and mixed with atmosphere .Due to global warming  caused by GHG, atmospheric temperature will 
increase by 1.5 to 4.5  degree centigrade on earth after a span of 50 years and it will alter the climate , 
humidity and weather  so that human beings will suffer with critical diseases such as influenza , bronchitis, 
pneumonia , malaria and heat strokes .A rise of one degree centigrade of temperature on the surface of the 
earth  can cause  major disturbances in weather pattern  by which floods and unexpected drought may be 
happened. As per the study by the scientist and environmentalist the impact of global warming is vanishing 
of wild life, drought attack, sudden flood, melting and shrinkage of glacier, rise of ocean temperature, 
climate change, change in weather, rise in sea level, violent storms such as hurricane, ecological 
disturbances, health hassles, crop damage and more salinity of ocean water .[3] 

The warming of earth atmosphere depends upon others factor like volcanoes, fluctuations in the sun’s 
activities an changing levels of greenhouse gases and ozone. It also allows oceans to affect the land and vice 
versa. 

COVID-19 PANDEMIC 
Ongoing pandemic COVID-19 is the biggest threat for the human survival on the earth. The whole globe has 
been polluted by the novel corona virus. The lives and livelihoods have been inflicted. The impact of the 
virus on human lives is severe and hence the global economy and sustainable development have been badly 
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affected. The sustainable development is linked to the response to the pandemic COVID-19. During this 
crisis it is our duties to deal with global health risk and emerging infection with due care jointly. Health, 
Environment and economy have been worsely effected. Precautionary and preventive measures are to be 
taken such as wearing masks on mouth and nose, maintaining social distance about 2 to 3 meters between the 
nearby persons, washing hand and mouth frequently, avoidance of visiting congested and thickly populated 
places and use of sanitizer to fight against the Corona virus. [4] 

GUIDE LINES TO ACHIEVE SDGs 
To achieve Sustainable development Goal the following mentioned activities or management are to be 
undertaken 

 There should be development within environment. 
 Efficient use of natural resources. 

 Environmental Education Program. 
 Population Stabilization. 

 Integrated Environmental System Management. 
 Social and Cultural Changes. 

 Determination of Environmental Limits. 
 Refining Market Economy. 

 Reduction in waste and Prevention of Pollution. 
 Protection of soil from Pollution. 

 Reduction of Disparity in life style. 
 Restoration of landscape. 

 Recycling of Oil from Automobile crankcase. 
 Dumping of Hazardous Materials in Planned and Scientific Manner. 

 Development of wide range of Renewable Energy Resources. 
 Recycle, Reuse and Compost to the maximum possible extent. 

 Repairing of past damage to natural resources by replanting forests and grassland, reseeding road 
side, restoring streams, cleaning ground water and reduction of overgrazing 

 Adoption of a national sustainable development strategy for promotion of conservation, 
recycling, renewable resource use, restoration and population control. 

 Repetition or modification of existing laws that hinder sustainability. 
 Increase support of researching environmental problems and sustainable solutions to them. 

 Increase support of education on environmental problem and sustainable solution. 
 Passing a national sustainable future. 

 Establishment of offices of critical trends analysis at state and national levels. 
 Use of electric operated vehicle. 

 Development of green economy. 
 Stopping of greenhouse gases emission. 
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 Global warming is to be thought deeply and measures to be taken to reduce use of chloroform-
carbon, refrigerants and greenhouse gases. 

 Evaluation of all new and existing policies on basis of sustainability. 

 Adoption of sustainable land use planning at state and national level. 
 Implementation of policy and actions briefed in Agenda 21 and other international agreements. 

 Support of sustainable development in non-industrial nations. 
 SMART cities, SMART villages and SMART infrastructures to be planned accordingly and 

constructed. 
 Technology up gradation, Technology transfer, Green environment, agro based smart industries, 

Pollution free industries, Digital business and work from home must be introduced. 
 Plan for Environmental conservation. 

 Program for research monitoring for climate. 
 Steps to be taken to control harmful effects on Ozone layer. 

 Preventive measures to control emission of carbon dioxide, methane, carbon monoxide and nitric 
oxide. 

 Healthy living. 
 Protection of global natural resources by – 

o Bio diversity conservation. 
o Forest conservation. 

o Soil conservation. 
o Water conservation. 

o Mineral conservation. 
o Energy conservation. 

o Use of solar and wind power. 
o Rain water harvesting 

 One child per couple policy to be strictly followed by adopting family planning methods. 
CONCLUSION 
Until unless the human being tries to restore the global prosperity, sustainable development cannot be 
achieved. It is achieved with the co-existence of biodiversity conservation and development of human 
society by meeting with the various equity needs. The above-mentioned guide lines are needed to be strictly 
implemented to achieve 17 sustainable development goals. There should be development within environment 

The post pandemic recovery plan should be prepared and implemented to build back the better with a focus 
on green jobs in a more sustainable recovery. Use of bicycles to be encouraged during and after pandemic 
COVID-19 which will create a healthier and more sustainable future. Safe, efficient, low carbon and 
affordable mobility for all is essential. Reliable and environmentally friendly transportation bikes are to be 
recognize as the key comfort of post COVID-19 green recovery. Parallel threats of COVID-19 and climate 
change require brave, visionary and collaborative leader ship (UN chief said). As we recover, we must build 
a better future for all. With the 2030 Agenda for sustainable development and sustainable development goal 
we should need for SDG inspired solutions to share our experience, knowledge, technology and fend off 
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challenges in pursuing global goals while sharing strategies to tackle the pandemic COVID-19 and helps 
countries meet their commitments by the year 2030. 
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ABSTRACT 
Identification & Improvement of road safety at RABS (Road Accident Black Spots) through engineering 
measures is an important activity towards reduction of present high rate accidents/fatalities on NHs/ SHs/ 
MDRs. 90% of road accidents in the country are from Black Spot Account. So removing black spot & for 
safe road infrastructure is given priority by the Union Ministry of Road Transport and Highways (MORTH). 
For safe and smooth flow of traffic on non-urban highways, low cost alternative measures like signs, signals, 
road marking; slight geometric improvement can reduce the black spots. In this regard, it is important for all 
highway/safety engineers to acknowledge the key elements of safe road infrastructure design as per codal, 
safety measures & systematic approach. 3 nos of Black Spot have been considered in present scope of study 
on non-urban areas for perceiving the engineering deficiencies with permanent and temporary measures. 

Key Words: Black Spot, Safety, Accident, RABS, Road User 

1. INTRODUCTION 
Road safety is a method and measures to be used for prevent road users from accident. Road users includes 
pedestrians, cyclists, motorists, vehicle passengers, horse-riders and passengers of on public transport 
(mainly buses and trams). In India, more than half of all fatal road accidents are in rural areas, the lack of 
health facilities and safety measures their needs urgent attention. 

To get desired safety improvement, detailed investigation on spots and bringing the solution for rectification 
is required. Close co-ordination should be between Safety Audit team & concerned road authorities to 
achieve safe section/stretch within prevailing constraints. The study objective has been formulated relating to 
the road safety assessment and study of black spots in the entire project stretch approximate length (30kms) 
of NH-20. 

 
Figure 2 Black Spot Sign As per IRC 67:2012 

a) Road Safety Assessment of 3 Black Spots 

b) Development of action plan for removal of the road crash prone spots on the highway based on 
the crash data supplied by the respective police station and Executive Engineer, National 
highway Division, Cuttack, Odisha. 
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Figure 3 Index Map 

2. LITERATURE REVIEW 
Actually, there is no documented or accepted definition of a black spot. But according to Ministry of Road 
Transport & Highways, Govt. of India, Road accident black spot is stretch of about 500 m in length of 
National Highway in which either 5 Road accident (in all 3 years put together involving/grievous injuries) 
happened during the last 3 calendar years or 10 fatalities (in all three years put together) happened during the 
last 3 calendar years [1]. 

Generally, the no of crashes is affected by three factors stated below:- 

 Environment of Road 

 Condition of vehicles using the road system 

 Road users skills, concentration and physical state. 
Also Black spot safety works may be divided in to three phases 

 Targeting Hot Spot on Road 

 Safety measures on priority basis 

 Effect of treatment after safety measures 
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3. ACCIDENT & FATALITIES STATISTICS IN ODISHA 
In Odisha, the number of road accidents recorded a rise of 2.1 per cent (pc) in 2018. The data released by 
National Crime Records Bureau (NCRB) stated that 5,581 persons were killed in 5,234 road accidents 
against 4,610 deaths reported in the State in 2017 [2]. 

The State, however topped in the country for registering highest rate of hit and run cases. With a rate of 9.9 
pc, as many as 4,444 people died in 4,312 hit and run incidents in Odisha in 2018. 

There was no significant change in the overall scenario despite intensified campaign to curb road fatalities. 
Altogether, 4,610 people were killed in 4,419 road accidents in the State in 2017. The number of hit and run 
deaths was 3,908 with a rate of 8.9 pc. 

There has been constantly rising in deaths due to accidents other than hit and run. While 702 people were 
killed in 2017, the number of deaths due to other accidents reported in 2018 was 1,137. As many as 6,026 
incidents of rash driving injuring 7,403 people were also reported. 

The NCRB data indicated that Odisha is among top four States that had recorded maximum fatalities due to 
driving under influence of drug/alcohol. Uttar Pradesh topped the list with 23 pc cases followed by 
Jharkhand (16.6 pc), Rajasthan (8.7 pc) and Odisha (6.5 pc) of total deaths in such road accidents in the 
country during 2018. 

The State Government had also admitted that road accidents claimed 43,312 people between 2008 and 
September 2018 with an average annual road accident death of over 4,000 a year. Accident fatalities were on 
the rise since the past three years despite the coercive measures to bring down road deaths. 

However, when new amended Motor Vehicles (MV) Act since September 1 have been implemented, in the 
State the road accidents and fatalities are on the decline. 

As per a report released during the State Road Safety Council meet last month, the number of accidents has 
reduced by around 19 pc in October and 12 pc in September compared to the corresponding period of 2018. 

Although the fatalities from January to September, 2019 had increased by about 4.6 per cent, it reduced by 
4.33 pc from July to September. For this study, details of 3 Black Spots of NH-20 under Jajpur Jurisdictional 
Police Station are below 

Name of Location/ Place  

Jajpur 

 

Mugapal, Kelasahi 

Starting From (KM) Long:- 

Lat :- 

Lo: 86.21248 E 

La: 20.81418 N 

Ending To (KM) Long:- 

Lat :- 

Lo: 86.21683 E 

La: 20.81379 N 

No of Accidents / Fatalities 2015 A 5 

F 2 

2016 A 3 

F 2 

2017 A 2 
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F 1 

Total Fatalities  5 

 

Name of Location/ Place  

Jajpur 

 

Baramunda Chhak 

Starting From (KM) Long:- 

Lat :- 

Lo: 86.27813 E 

La: 20.81533 N 

Ending To (KM) Long:- 

Lat :- 

Lo: 86.28062 E 

La: 20.81732 N 

No of Accidents / Fatalities 2015 A 1 

F 1 

2016 A 2 

F 2 

2017 A 2 

F 0 

Total Fatalities  3 

 

Name of Location/ Place  

Jajpur 

 

Budhagada Chhak 

Starting From (KM) Long:- 

Lat :- 

Lo: 86.29138 E 

Lat: 20.82331N 

Ending To (KM) Long:- 

Lat :- 

Lo: 86.28062 E 

La: 20.82547 N 

No of Accidents / Fatalities 2015 A 4 

F 2 

2016 A 1 

F 1 
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2017 A 0 

F 0 

Total Fatalities  3 

The fatalities number in 2015 - 2016 is high in the above black spots; hence it should be reduced by 
improving road safety by improving road infrastructure with traffic calming. 

 
Figure 4 Fatalities by Year 

4. ANALYSIS/METHODOLOGY 
Analytical team conducted the study both during day and night times on the project corridor by driving as 
well as walking on the project corridor depending on the requirements aimed at appreciating physical and 
environmental features that required special attention of the existing road safety features provided for all 
types of road users. The existing features /facilities assessed also included the assessment of pedestrian 
facilities, road side developments and other sociological aspects that needed special attention. Appropriate 
recommendation/remedial measures for the identified safety deficiencies would be provided for each of the 
audited project corridors in independent report along with the action plan for implementation .Further 
depending upon the type of facilities, the items mentioned above would be appropriately grouped and the 
priority for their implementation will be provided. The methodology adopted for this is presented in pic. 

The Methodology for Services, Surveying and Data Collection will be carried out to cover all the scope of 
work as detailed in report. A schematic diagram is prepared to cover the important activities of the 
assignment which is self-explanatory and is shown in the figure. 

The RSA team collected all relevant data for study safety aspects as the following 

 Topographical features by using Survey Instrument Total Station / GPS / Lidar 

 Climate 

 Road Inventory, original construction year, also year of major maintenance / rehabilitation 
works; 

 Accident statistics; 

 Environmental setting and social baseline of the project. 

 Traffic surveys 
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Figure 5 Process of Data Processing 

After collecting the above survey data the team analyses and prepared the followings. 

Preparation of plan, profile, drawing layout 

 Right of way 
 Features beyond ROW/Road environment 

 Inclusion of road side features (i/c bridges) in survey 
 Dimension of road features 

 Indicate control points on drawing 
 Indicate existing Km stones on drawing 
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Capturing data: (LHS + RHS) 

 Cross Road 

 Width of road 

 Type & quantum of traffic 

 Turning movements 

 Safety conditions & implications. 

 Capturing peak time turning traffic volumes 

 Road side hazards: 

 Identify road side hazards ex. Dustbin/ electric pole. 

 Lateral distance of the hazard 

 Shops/ complexes: 

 Assess whether it can be considered as ribbon development 

 Identify issues (i/c, parking, bus stoppage etc.) 

 Pedestrian Movement: 

 Whether across or along the highway 

 Enquire about time of maximum pedestrian crossing and its location. 

 Maximum pedestrian movement at that time. 

 Exact location of pedestrian crossing movements 

 Signages / Markings: 

 Assess quality of existing pavement markings 

 When is the last time marking were provided. 

 Include checking of the quality of existing pavement markings in the minutes of the 
commencement meeting. 

 Accident Data: 

 Through local enquiry 

 Data of last 3 years FIRs obtained from concerned police stations. 

 Connect notes of FIR to actual site and results of local enquiry. Use these observations while 
recommending remedies to safety concerns. 

 Safety of Vulnerable Users: 

 If vulnerable traffic users are less: speed reduction measures can be thought of. 

 If more: service roads or other facilities can be considered. 

 Any amenity existing (footpath etc.) and condition of such amenity. 

 Are amenities (i/c footpath, bus shelters etc.,) provided in disabled friendly manner. 

 Status of cross drainage structures: 
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 Deck width 

 Structural condition 

 How it is joined with adjacent stretches: 

 Proper transition available or not. 

 Conspicuity 

 Night time visibility & vehicular interaction: 

 Whether sufficient light available or not? 

 Whether substantial activity on road side? If yes, whether impacting through traffic 

 Visibility of pavement markings during night time. 

 Road side LED advertisement boards distracting road users. 

 Geometry: 

 Sight distance availability 

 Measure speeds of running traffic and composition of traffic. 

 Sudden changes in horizontal and vertical geometry. Any unsafe conditions due to such 
changes 

 Significant shoulder drop exists? 
 Existing junctions: 

 Whether properly planned to provide safe traffic movement Conditions? 

 Assessment of local and through traffic in ribbon developed area or urban area. 

 Traffic survey to be conducted at least at 2 places, one in urban limit and other outside the 
urban limit. 

 Whether any dangerous road crossing utilities present? 
 Whether any safety concern related to drainage exists? 

 Whether any unauthorized parking causing unsafe conditions observed: 

 Limits of stretch in which such parking observed? 

 Timing during which such parking observed? 

 Whether any advertisement board etc., present which are distracting drivers? 

 Whether surface condition is safe? 

 Wide, deep and dangerous Potholes 

 Are Horizontal & vertical curves proper? 

 Is super-elevation provided safe or sufficient? 

 Presence of inappropriate & dangerous speed breakers. 

 Inappropriately located road signs. 
 Any other hazardous situation 
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5. RESULT AND DISCUSSION: 
The study section spanning 3 RABS of NH-20, the road has been developed by Odisha PWD wings 
through SHDP project, the aim of uplifting the socioeconomic condition and reducing traffic 
congestion on industrial activities of Odisha. 

1. Mugapal , Kelasahi (Stretch from Km (176/450 -176/950 of NH-20) 

a.  

 
Figure 6   Designed Plan on existing stretch 

Deficiencies 

 Sharp curve 

 Having no extra widening 

 No Signage 

Risk 

 Very High 

Recommendation 
Curve to be designed as per codal provision, super elevation, extra widening, transition length; 

SSD & OSD are to be provided with adequate set back distance, 
Improvement of road geometry with all safety devices to be installed. pavement marking, speed 
breaker painting, installation of road studs, highway lighting facilities, blinker to be provided, 
signages are to be installed as per codal provisions immediately. 

Habitation area traffic congestion causes accident. 

Calculation [4]  
Designed Speed for 2 lane Highway V= 80 Kmph 
Designed Radius of Curve R = 250m 

Coefficient of rate of change of centrifugal acceleration “C” =80/(75+V) = 0.516 

Required Transition Length 
“Ls” = 0.0215 x (V3 /CR) 

= 0.0215 x (803 / 0.516x250) 

= 85.312 ≈ 90 m 

Super elevation = 

R
ve

127
)75.0( 2
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= 11.38% 

 
= 11.34% 

As per IRC Maximum Super Elevation e max = 7% 

As per IRC Minimum Super Elevation e min= 2.5% 

So, Provided Super elevation =7% 

As per R= 250m & e=7%, 

Maximum Speed V= 60Kmph 

& Transition Length Ls= 35m 

 

Required Runoff Length    =12.857 m 

 

Extra Widening Required for Two Lane = 0.6 m 

b.  

 
Figure 7 - At Ch 176/650 Km 

Deficiencies 

 Earthen Shoulder is covered with vegetation. 

Risk 

 Very High 

Recommendation 

 Cleaning of berm either side, 

 Hazard marking and distinct road marking shall be hot applied thermoplastic materials with glass 
reflectorizing beads and design and specifications shall be as per IRC:35 latest revision, Object 
markings, speed reduction measures marking should be properly 

2. Baramunda Chhak (Stretch from Km (184/100 -184/600 of NH-20) 
a.  

R
ve

225

2



max

min*
e

eLsl 
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Figure 8 - At Ch 184/300 Km 

 
Figure 9  Junction with steep gradient at Ch 184+400 Km 

 
Figure 10 Designed Junction on Existing at Ch 184+200 Km 

 
Figure 11 Designed Junction on Existing at Ch 184+400 Km 
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Deficiencies: 

 No proper Junction. 

Risk: 

 Very High 
Recommendation: T-Junctions to be developed as 'T' junction as per drawing & Specification IRC-35-2015 
fig 3.5, IRC-67- 2012 fig V-5 & IRC-SP-73 fig 9.3 and merge on the highway in 1:50 gradient, Rumblers strip 
to be provided 20m ahead of NH on arterials road, use cross road sign , rumbles ,painting and lighting etc, 
Direction sign shall be provided in each connecting road to highway for entry and exit from highways, There 
should be followed direction information signs as per manual Fig-9.2 (IRC - SP- 73 2018), distinct pavement 
marking, road studs, black spot signage and Widening of Pavement width or dedicated cycle track to be done 
immediately. 

b.  

 
Figure 12 Damaged Shoulder at Ch 184+200 

Deficiencies: 

 Damaged Shoulder. 

Risk: 

 Very High 
Recommendation: i) Shoulder required widen, Road sign, rumblers painting and highway lighting. To 
improve the visibility in night time and wet weather conditions, Reflective Pavement Markers (RRPM) shall 
be provided. These shall be prismatic retro reflective type confirming to ASTM D 4280. It may be followed 
Table 9.1 of manual and placement details should be followed as per IRC:35. 

ii) This stretch passes through market area so repeat the speed reducing measures within the settlements to avoid 
traffic accelerating with in the speed zone as per IRC:99 

c.  

 
Figure 13 Bridge Start approach with No advance Sign 
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Deficiencies: Advance information signs are very critical for Narrow bridge for the safe operation as it 
involves stopping movements having major decision making at such points. No clear view for Hazard marker. 

 
Figure 14 Bridge Approach end with No advance Sign 

Risk: Very High 

Recommendation: 

 
Figure 15 Designed Plan at Bridge Approach at Ch 184+600 

 

Required informatory sign board for narrow Bridge. It is to be prohibited for overtaking, speed limits & etc. 
Road marking shall be as per design and specifications. Pedestrian crossing marking, stop line and give way 
marking, parking restriction marking, Object markings, speed reduction measures marking should be properly. 

3. Budhagada Chhak (Stretch from Km (185/700 -186/200 of NH-20) 

a.  

 
Figure 16 - Sharp Curve at Ch 186+000 Km 
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Deficiencies: 

 Sharp curve 

 Having no extra widening 

 No Signage 
Risk: 

 Very High 

Recommendation: 

 
Figure 17 Designed Sharp Curve as per IRC Standard 

Sharp curve to be designed as per codal provision or attached figure, Improvement of road geometry with all safety 
devices to be installed. pavement marking, speed breaker painting, installation of road studs, highway 
lighting facilities, blinker to be provided, signages are to be installed as per codal provisions immediately. 

b.  

 
Figure 18 No Adavance Information Sign at Bridge Approach 
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Figure 19 Narrow Beidge with Bushes at Edges 

Deficiencies: 

 Advance information signs are very critical for Narrow Bridge for the safe operation. 

Risk: 

 Very High 
Recommendation: 

 Required informatory sign board for narrow Bridge. It should be prohibited for overtaking; 
speed limit sign board should be required. 

 Narrow Shoulder, the pavement width and shoulder required in accordance of IRC SP-73. 
Retro reflector stickers are to be pasted on the crash Barrier 

 

Mugapal , Kelasahi 
(Stretch from Km 176/450 -176/950 of  NH-20) 
Permanent Measures Temporary Measures 

1. Widening to 2lane 
standard Road with paved 
shoulder. 

2. Geometry improvement. 

 Extra widening and Proper super elevation and improvement to transition 
length. 

 Berm cleaning 

 Distinct road marking. 

 Highway lighting and Blinker 2 Nos 

 Road Stud, 

 Parking restriction Marking 

 Object markings Installation of missing road signage 

 Speed reduction measures should be properly marked. 

 

Baramunda Chhak 
(Stretch from Km 184/100 -184/600 of NH-20) 

Permanent Measures Temporary Measures 
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1. Widening to 2lane standard Road 
with paved shoulder 

2. Improvement of Junction to 
Channelized 
3. Junction influence area 3 side 4lane 
standard with divider.  Median shall be 
depressed / flush, if no land available for 
wider median provide new jersey type 
median along with anti glare screen. 

4. Drainage and raised footpath. 

 Road marking. 

 Highway lighting and Blinker 4 Nos 

 Road Stud, 

 Safety Barrier Both side. 

 Pedestrian crossing 

 Speed breaker and marking 

 Parking restriction marking 

 Object markings 

 No overtaking zone 

 Speed limit @20km/h 

 Road signage. 

 Speed reduction measures should be properly marked. 

 

Budhagada Chhak 

(Stretch from Km 185/700 -186/200 of NH-20) 
Permanent Measures Temporary Measures 

1. Widening to 2lane standard Road with 
paved shoulder 

2. Improvement of Junction to 
Channelized 
3. Junction influence area 3 side 4lane 
standard with divider.  Median shall be 
depressed / flush, if no land available for 
wider median provide new jersey type 
median along with anti glare screen. 

4. Drainage and raised footpath. 

 Profile correction and renewal coat. 

 Berm cleaning. 

 Distinct road marking. 

 Highway lighting and Blinker 6 Nos 

 Road Stud, 

 Pedestrian crossing 

 Speed breaker and marking 

 Parking restriction marking 

 Object markings 

 No overtaking zone 

 Speed limit @20km/h 

 Installation of missing road signage. 

 Speed reduction measures should be properly marked. 

6. Conclusion: 
The methodology includes analysis and data collected for the three blackspots in Jajapur,Odisha. Also the 
comparison made with the standards given by IRC. It clearly shows that the relatively more number of 
accidents at these places were not entirely because of failure of geometrical/technological short comings, but 
because of poor lane discipline, increase number of vehicles and other factors. In a country like ours, mixed 
traffic is a very big challenge to overcome, which is deliver to have contribution for lot to the increase in 
accidents. The two selected spots are no different and host a verity of vehicles. The mixed traffic condition 
cannot be completely over turned but with a proper traffic/transportation plans, it is possible to bring it under 
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control. The regular measures to be taken advocates in support of separate lanes for separate type of vehicle 
which may not be possible with a road infrastructure this country has, such plan consume a lot of finance. 
Hence the need for planned development of road infrastructure gains a lot more importance and the need for 
alternatives. 
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ABSTRACT 
Career issues in family business has a greater significance in explaining its transgenerational sustainability. 
The career decisions of next generation members in a family business is trivial and influenced by a myriad 
factors. Growing in a family business can be both a facilitating and inhibiting factor for career choice. It 
often leads to a dilemma in either pursuing a career in the family business or outside. While many studies 
have attempted to explain the career intention of the second generation members of a family business, this 
study made an attempt to explore the dilemma involved in career decision among graduate students to either 
join their family business or start on their own. The family businesses are small and midsized. The study 
draws from the social cognitive theory and social cognitive career theory in explaining the dilemma in 
career decision making. 

Keywords: Career Dilemma, Family Business, Social cognitive Career Theory 

INTRODUCTION 
The study addresses the career decision dilemma among the next generation members in a family business. 
Considering the importance of the career choices of the successor generation and its influence of 
transgenerational sustainability for family businesses (Sharma, 2004).The topic has a lot of relevance in 
furthering the field of family business research. While most of early research focusing on career decisions 
among adolescents are directed to explore their role as an employed individual, it is necessary to understand 
the antecedents of career decisions among the young members of a family business where there is a certain 
amount of predictability in pursuing a career, either in the family business in a leadership role or to establish 
a new venture out of the family business. This may lead to a dilemma and furthering crucial decisions on 
choosing a career. Career decisions are also linked to the succession process in family firms. Thus it is 
convincing to explore further to understand how a reconciliation is made. While growing up in a family 
business, the self-employed parents become the role model and the adolescent gains vicarious experience 
through listening to family histories, narratives of incidences and occasionally engaged the business 
activities. It leads to the self- efficacy among the young members in a family business which in turn affects 
their career decisions (Davidsson, 1995). Yet the assertion is insufficient to predict the decisions to succeed 
or start their own. With several studies discussed the career choice intentions among adolescents (Murphy & 
Lambrecht, 2015; Schroder, Schmitt-Rodermund, Arnaurd, 2011; Zellweger, Sieger & Halter, 2010; Stavrou, 
1999, 1998) tried to highlight the factors responsible for the career choice intentions among adolescents with 
family business background but there is little attention understand the career decision dilemmas and the 
subsequent choice made between two equally attractive goals. 

The purpose of the study is to explore the factors leading to such a dilemma of career decision making and 
thus explain how career choices are shaped among the graduate students with family business background. 
This study will also look at the theoretical frameworks of social cognitive career theory (Lent, Hackett & 
Brown, 1994) and Social cognitive theory (Bandura, 1986). 

The study is of importance for two reasons first, it is a novel attempt to explain the dilemma in career 
decision making and how such dilemma are formed and reconciled? Secondly the study made an attempt to 
use the theoretical framework of social cognitive career theory to in explain career decision dilemma in 
context of family business. 

Family Business- An overview 

Family businesses are unique and represent the most traditional form of enterprise globally. Studies claim 
that family business represents 90% of all US business and employ over half the workforce (Astrachan & 
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Shanker, 2003). Estimates further suggests 40% of all fortune 500 companies are family owned and 
controlled. The family businesses and their predominance in the emerging economies are equally appealing. 
 It accounts for approximately 55% of large companies in India and Southeast Asia and 46% in Brazil. (BCG 
Perspectives, 2016) In India family firms account for two thirds of the nation’s GDP, contributes 90% of the 
gross industry output and generates 79% of organized private sector employment. (KPMG, 2013). The 
figures justify the burgeoning interest among researchers to explore the dynamism of family firms. As 
observed by Massis, Sharma, Chua and Chrisman. (2012) between 1996-2010 many scholarly endeavours 
are directed to explore, understand and explain several phenomenon of family business. This has led to a 
rapid increase in the number of research papers published both in exclusive journals for family business 
studies or those related closely to entrepreneurship and management. The same phenomenon is reported by 
Sorenson, Yu, Brigham and Lumpkin.(2012) in their categorization of family business outcomes by 
proposing a landscape for family business includes 34 dependent categories and 7 clusters namely; 
Governance, family business roles, family dynamics, succession, strategy ,social and economic impact and 
performance. 

In the family business context, succession is one of the most studied topics (Sharma, Chrisman & Chua, 
2003).The intra-family succession is one crucial event for the survival and continuity for family firms 
(Sharma, 2004), at the same time the transgenerational control of a family firm helps in preserving the 
financial and socio emotional endowment(Gomez-Mejia, Cruz, Berrone & De Castro, 2011). But as observed 
by Beckherd & Dyer (1983) only about 30% that survive the first generation retain family ownership to 
second generation and less than 10% retain family ownership into the third generation. The challenges for 
succession has been identified by several studies and focused on various dimensions; Successor commitment 
(Sharma and Irving, 2005), succession planning in family firms (Handler, 1994), Successor motivation 
(Carbera-Suarez, De Saa-perez, & Gracia-Almeida, 2001), and relationship issues among successor and the 
founder (Lansberg & Astrachan, 1994). In a recent study by Daspit, Holt, Chrisman &Long (2016) proposed 
a social exchange perspective for studying succession in family business. It followed the three phase model 
of succession (Le Breton-Miller, Miller & Steier, 2004) which laid emphasis on the career development of a 
successor as a significant phase in the succession process. 

A Career Perspective for Family Business A Review of Literature 

According to the oxford dictionary career is defined as “an occupation undertaken for a significant period of 
a person's life and with opportunities for progress”. 

Career issues are mainly studied in the non-family business and entrepreneurship literature.    However it is 
slowly drawing attention of researchers to study them in family businesses as well. Starvou & Swiercz 
(1998) in their study made an attempt to understand the career intention of adolescents with a family 
business background. They found the family dimension has significant impact on the offspring’s intention 
not to join the family business.  Similarly few other studies which predicted a relationship between self-
employed parents and a family business background may impact the likelihood among the next generation to 
prefer an entrepreneurial career (Carr & Sequeria, 2007; Scherer, Adams, Carley & Wiebe, 1989; Boyd and 
Vozikis, 1994; Davidsson, 1995). However these studies lack clarity in explaining how it inspires the 
potential heirs of family business to decide to succeed vs starting a new venture (Zellweger, Sieger & Halter, 
2010). In the quest to fill the gap, they have investigated the career choice intention of students from family 
business backgrounds by drawing from theory of planned behaviour and added two more dimensions to it; 
independence and innovation motives to explain the career choice intention of students from a family 
business background (Zellweger et al). In addition to the earlier studies Schroder, Schmitt-Rodermund & 
Arnaud (2011) offered a parental perspective to career choice intention among adolescents in family 
business. Another useful study conducted by Sharma et al (2004) explained the career choice of successors to 
engage in the family business by linking it to four levels of commitment. Taking a contrast from the previous 
studies on understanding career intentions among adolescent in family business, Murphy & Lambrecht 
(2015) investigated the career decision of next generation members and found the role of family business 
involvement not only influences but also alters the careers of the next generation by using grounded theory 
approach. It is observed that most of the studies followed an approach directed to examine the theory of 
planned behaviour and entrepreneurial intention and its application in family business while neglecting the 
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relevance of social cognitive career theory in explaining the career decisions for next generation members in 
a family business. 

Theoretical Foundations 

Social Cognitive career theory and career Decisions in family Business 

The social cognitive career theory (Lent, Brown & Hackette, 1994) is influential in explaining the processes 
through which career interests and choices are made. The theory tells the dynamic interaction among 
cognitive personal variables (Self-Efficacy, outcome expectations and goals) with its environment to help 
shape the career development. The SCTT is an extension of the social cognitive theory of Albert Bandura, 
who mentioned Human action, is a socially situated product of the interplay between personal (cognition, 
affect, biological events), behavioural and environmental influences (Bandura, 1999). He further said the 
interaction of the three results in a triadic reciprocity and under this approach, individuals are viewed as both 
“products and producers of their environment (Wood & Bandura, 1989, p.362). 

To analyse the SCCT In a family business scenario, career decisions can be affected by the personal 
variables of the next generation member’s age, gender, education, experience, which can be a source for self-
efficacy- is concerned with judgments of how well one can execute courses of action required to deal with 
prospective situations” (Bandura, 1982, p. 122). In addition, the belief on the positive or negative 
consequences associated with taking a decision to either remain in the family business or to move outside 
can also lead to a dilemma. The outcome expectations are thus having an influence in deciding the actions. 
Further to it, goals offer a determination to remain engaged in a particular behaviour. It thus help in 
organizing and guiding behaviour and sustain it for a long period even the absence of external reinforcement. 
In a family business context the influence of the family either distorts or create firmness in setting personal 
and professional goals. However study by Eckrich and Loughead (1996), claims children of business owners 
have less clarity on their career interest and goals which they termed as ‘vocational identity deficit’. This 
assertion call for more investigation on why such a scenario arises and the antecedents to it. In a family 
business it is evident to have a friction of the personal vs family vs Business goals and thus can lead to 
dilemma in decision making. 

The environmental dimension in family business is bifurcated into business environment (Size, nature, 
growth, profitability, competition) and the family environment (Family size, siblings, family values, trust and 
relationships). The result is a dynamic interaction among the three, and can become a source for the dilemma 
for the nexgen members to take a decision. 

Figure 1. An Extended Model of Social Cognitive career Theory in Family Business 

 
RESEARCH METHODOLOGY 
While earlier studies have followed a quantitative approach in discussing the career choice intentions, this 
study will follow a qualitative research methodology and by using case studies. Qualitative research is used 
for describing a phenomenon of study in infancy or when partial or inadequate theories exists and unable to 
describe the phenomenon fully (Cresswell, 2007). Case studies helps in an empirical inquiry that investigates 
a contemporary phenomenon within its real-life context, especially when the boundaries between the 
phenomenon and context are not clearly evident (Yin, 2003. Pg.13) The sampling for the study is purposeful 
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and the samples are chosen from students from family business background enrolled for a management 
program. Respondents are further classified in terms of their current year of the course (those who are in the 
second year of the program are chosen) and area of specialisation (either family business or new venture 
creation) in their final year. The family business are privately owned and managed by the founders or the 
second generation members in executive positions. Five case studies are designed based on a focused 
interview keeping in line with Eisenhardt (1989). The interviews were conducted during 5 months period 
between November to March 2017.The interviews are mainly kept open yet guided through conversational 
questions like, “say something about your family business” or how did you make a decision to start your own 
venture? The average time of the interviews were 43 minutes. 

Table 1:- A short Profile of the Respondents in the study 
Name of the 
Respondent 

Age Generation Industry Specialisation 

Sreehari 27 Second Metal/chemical/fibre New Venture Creation 
Pankti 26 Second Textiles New venture Creation 
Abhilash 26 Second Machine tools Family Business 
Ravi 26 Third Textiles New Venture Creation 
Sushen 28 Third Food 

processing/Entertainment 
New Venture Creation 

ANALYSIS AND DISCUSSION 
In the analysis the focus is given at three levels, the individual, his/her family and their business. The 
analysis in aligned with the Social cognitive theory and social cognitive career theory and explain the 
decision dilemma in choosing a career. For the individual the focus was on the age, gender, education and 
experience which is in a constant state of interaction with the family environment consists of the size of 
family, family values, relationship and trust among the founder and next generation member. The business 
environment consists of the nature and size of business, growth and future prospects. 

In the course of the interviews, the researcher found two students decided to join their family business. While 
the rest are unsure and wishing for a career outside their family business. Some of the statements extracted 
from the scripts, which contrast between those decided to join their family business and those who are 
undecided are given below 

Statements of those students, undecided about joining their family business 

“I do not know much about my family business and my involvement in our family business is limited” 

“Even though I wish to join our FB, I am unsure of my role there” 

“Our business processes are traditional and it is impossible to convince the previous generation for a 
change” 

“Though I am asked if I wish to join the family business yet the role will be decided by my grandfather” 

“I wanted to do something independently and I don’t think, by joining our family business, I will get that 
freedom” 

“My financial needs are not going to fulfilled by joining the family business” 

“There are issues of family conflict, for which I do not prefer to join our family business. 

“My parents will support me in starting out on my own” 

Statements from those students decided to join their family business 

“I have seen the struggles faced by my family in establishing our business” 

“My Father and I discuss elaborately on several issues of the business on day to day basis” 

“As I am the only child in my family, the survival of our family business is in my hands” 



 

Recent Research Trends in Management and Social Science 

80 

“I have started helping my father during my college days. It gave me the confidence understand the 
business” 

“I have managed to add new customers for our business on my own and that boosted my confidence” 

“I see a lot of scope related to the product we manufacture and there is a significant scope for me to use 
what I have learned. 

In addition there were times when both the groups share common concerns leading to their dilemma. 

As one female respondent who is unsure of her decision to join the family business told, 

“I can help my father to learn excel and other computer enabled financial tools for keeping our accounts in 
an efficient manner and my father learns it with great enthusiasm but it is also difficult to convince my father 
to implement a change in the business process. It is his way of running the company and he does not like 
interferences” 

The same expressions are shared by another respondent who is wishing to join the family business said “at 
times it is difficult to convince my father for bringing a change” 

It is also found from the analysis that the educational background and work experience can be source for 
dilemma for the respondents, all the respondents included for the interview had a degree in engineering 
except one who is a commerce graduate. The respondents who have shown interest in joining their family 
business had a greater exposure of working in their family firm in comparison to those who is undecided. A 
respondent said “I never get associated with our family business and after my engineering, I choose to do a 
job at an Interior designing firm”. 

Similarly a female respondent said, after my engineering, I worked for a year at Godrej and Boyce but then I 
left it. My experience of associating in our family business is limited and my father never openly offered me 
to join it” 

Even previous exposure of work lead to dilemma in one respondent from the group, who is willing to join his 
family business said, 

“During my final year of mechanical engineering, I started working in our factory and soon I realize it is 
difficult for me to match my father on his technical prowess and understanding of the operation of the 
business and it made me feel as a misfit in our family business”. When I spoke to my father about it he 
advised me to spend more time in learning it and personally helped me at the same time told me to decide the 
role where I can contribute” 

The Size of the business and the members from the family engaged in the family firm has also lead to the 
dilemma. After analysing the interviews from other respondents, it is found that when the size of the business 
is small with one or few family members who both own and manage the business, there is an interest to join 
the family firm, at the same time when the size is large with more members from the family working in the 
business, the interest declines. As one of the respondent, who is a third generation member of a family 
business said “when there are so many of your cousins working in family business, it is often difficult to find 
your space” 

In the context of the self-efficacy beliefs of the respondents, it is observed that both the groups of 
respondents possess higher self-efficacy beliefs irrespective of their career choices. One respondent said “I 
am ready with a business proposition and confident to find investors to launch my own enterprise” While 
another respondent who is going to join their family business said “I am confident on persuading new clients 
and I have generated a few customers for our family business” 

Outcome expectation are equally important for respondents, who find a hurdle in joining their family 
business. They expect more positive outcome from their own ventures (intrinsic and extrinsic rewards and 
satisfaction). As one respondent said, “If I join my family firm I have to start as an employee for a minimum 
of three years with a little remuneration of INR 3000-5000. This is not going to fulfil my financial needs and 
working under my father and grandfather I may not be able to establish my identity” Whereas the 
respondents who wish to join their family business sees positive outcomes by associating with their family 



 

Recent Research Trends in Management and Social Science 

81 

business and believes their career aspirations can be accomplished. As one respondent said “Right now I am 
working on a new product and finding the market for it, it is giving me challenges which I always expected” 

Drawing from the analysis, we can say that, the family can act either ways as a facilitator or inhibitor for 
making career choice decisions for its members. It can be either a source or solution of the dilemma. Further 
drawing from the analysis, it is found that, those students, wished to join their family business had shared 
common behavioural dispositions than those who wished to start on their own. While one dimension is the 
nucleus family type and small size helps in open communication and the next generation positively 
associates themselves through their family history it also helps in building trust. While all respondents spoke 
about the beginning and other milestones of their family business. The difference lies in the way the parent 
founder shows willingness (both explicit and implicit) to welcome the next generation on board. The 
willingness of the founder creates an obligation for those members to have a future orientation and think for 
the continuity and survival of their family business after the founding generation. It is also found that, the 
perceived self-efficacy dimension is equally high with the students, who wished to be successors. The source 
can be attributed to support and mentorship received from their parents as well as their education background 
and previous exposure to work in their family business. While this corroborates with earlier studies 
attempted to put forward the influence of the family in career choice of the nexgen members in family 
business. This study could not find any difference how self-efficacy leads to career decisions of joining the 
family business from starting on your own. This is in contrast with the findings of Zellweger et al (2011), 
which proposed with higher perceived domain related self-efficacy among students of family business, the 
founding intentions are preferred over succession intentions. This calls for further investigation. The study 
also found that members who wished to start on their own has a misalignment of their career interests and 
goal with that of their family firms. Thus it speaks in similar lines of Sharma et al, 2005 that career interest   
are contingent upon a positive alignment of the career goals and the opportunities available in the family 
business. The study also found conflicting relationship among family members creates a dilemma in the next 
generation family members to either join or stay away from their family business. 

CONCLUSION 
The study offers an insight to explain the career dilemma encountered by the students from a family business 
background which is aligned with the social cognitive theory and social cognitive career theory. The study 
prosed an extended model of the social cognitive career theory by adding the business and family 
environment dimension and tried to understand the link with the personal variables; self-efficacy, outcome 
expectation and goals suggested by the original theory. 
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ABSTRACT 
Among different nanostructures, graphene analogues (Graphene oxides, reduce graphene oxide and 
graphene) are in the limelight for their unique layer dimension with high aspect ratio, easy processability, 
ease of chemical modification, high mechanical, and thermal properties. Incorporation of nanostructural 
intermediate like graphene oxide (GO) to the polymer core via in situ polymerization approach and 
thereafter its conversion to reduced graphene oxide (r-GO) is generally performed to achieve uniform 
distribution of r-GO sheets. Graphene oxide also plays an important role in anchoring in situ formed metal 
nanoparticles on its extended surface with inhibiting of stacking behaviors. Other layer nanostructures are 
also combined with graphene oxide to achieve the desirable properties for electronic applications. 
Therefore, the fabrication of graphene based hybrid nanostructures has opened a new dimension in making 
of potent filler for polymer nanocomposites. This review article deals with the collection of various polymer 
nanocomposites, reinforced with graphene based nanostructures for their applications towards high charge 
storage capacitors, electro-active materials and gate dielectrics 

Keywords: Graphene oxide, nanocomposite, supercapacitor, dielectric properties, synergistic effect, 

INTRODUCTION: 
Graphene is generally a two dimensional nanostructure, blessed with unique physico- chemical properties 
like high electron mobility [1], extraordinary electronic properties, high mechanical strength [2], excellent 
thermal stability [3], light weight and high specific surface area [4]. Ever since its discovery in 2004 to the 
till dates, graphene has remained one of the hot topics of advanced research. These unique physicochemical 
properties of graphene make them very interesting in fabrication of polymeric nanocomposite by taking 
graphene and it’s analogous as filler [5-7]. One of the analogous of graphene is graphene oxide (GO) which 
contains various oxygen containing functional groups (i.e. hydroxyl and epoxy groups) and can be prepared 
by simple modified Hammer’s method [8]. Since GO exhibits poor electrical conductivity, it is typically 
reduced by means of chemical reaction with strong reducing agent (i.e. hydrazine) to prepare highly 
conductive reduced graphene oxide (r-GO) [9] 

Graphene based polymer nanocomposites are cited everywhere, starting from the packaging to the 
biomedical application. With the progress of advanced research, graphene based materials are widely used in 
making of electronic devices (capacitors and supercapacitors), sensing of biomolecules and purification of 
water. 

Present review mainly focuses on technological application of graphene based polymer nanocomposites 
dealing with making of electronic devices, such as supercapacitor and dielectric materials. 

2 Graphene Based Polymer Nanocomposites for Supercapacitor Materials 
The term “supercapacitor” is related to the material of enhanced capacitive performance as compared to 
conventional capacitors [10]. Conventional capacitors are formed by the combination of metal plates and 
dielectric materials (ceramic or plastic). With switching on the capacitor, the negative and positively charged 
metal plates of the capacitor introduce an electric field which in turn develops the desirable polarisability to 
the dielectric materials of the capacitor. Due to the polarization behaviour, capacitor has high charge-storing 
capacity at a given voltage. But the charge releasing capacity of solid dielectrics is very slow as compared to 
supercapacitor. Typical fabrication of supercapacitor involves the dipping of large size electrodes to the 
electrolyte solution which are then separated by a very thin layer of insulator. The separable membrane is 
generally made up with carbon, paper or plastics. Supercapacitor materials can store typically 10 to 1000 
times more energy per unit mass or volume as compared to other charge storing devices with unique 
characteristics that form a bridge between rechargeable batteries and electrolytic capacitors [11, 12]. In 
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connection to the charge storing behaviour of supercapacitor materials, two mechanisms are proposed and 
these are electrostatic double layer capacitance (EDLCs) and electrochemical pseudo-capacitance. 
Electrochemical pseudocapacitance is considered as faradaic electron charge transfer process in conjunction 
with redox reaction and electrosorption. The first supercapacitor was developed in the late 1950s using 
activated charcoal as plates. Afterward, there is a revolutionary impact of the invention and it is because of 
their higher power density than batteries, higher energy density than conventional capacitors and longer 
cycling stability. Hence, supercapacitors have exhibited the great potential for portable electronics. The 
capacitive performance of supercapacitor is highly related to the surface area and conducting nature of the 
electrode materials. As graphene possesses high electrical conductivity along with high aspect ratio, it is 
considered as a new promising material in the field of supercapacitor application [13]. Moreover, this is a 
low cost carbonaceous material which can be prepared by the simple chemical approach. Like other 
technological applications, polymeric materials are also shown their great potential towards the making of 
high performance supercapacitors. In this connection, conducting polymers like polyaniline (PANI), 
polypyrrole (PPy) and polythiophenes are stood in first position [14, 15]. It is because of their high electrical 
conductivity and easy processability.  However, there is a big issue of making high power supercapacitors 
with conducting polymers and it is because of their poor stability during charge/discharge process. 
Therefore, conducting polymers are integrated with carbon based materials to overcome this issue [16]. 

Gomez et al. [17] prepared the graphene based conducting polymer composites via the wet polymerization 
approach of aniline in presence of commercially purchased graphene platelets. The fabricated nanocomposite 
(1:2, aniline to graphene ratio by weight) with N-methyl-2- pyrrolidone (NMP) and nafion, coated on to the 
graphite electrode was used for the fabrication of the supercapacitor system in 2(M) H2SO4 solution. The 
supercapacitor system showed high specific capacitance 300-500 F/g at a current density of 0.1A/g and good 
cyclic ability. The enhanced capacitance was contributed by the change of morphology of the fabricated 
composites. Scanning electron micrographs approved the network like morphology of graphene/PANI 
nanocomposites (Figure 1-a, b), whereas; transmission electron micrographs (Figure 1-c) confirmed the 
formation of network like structure by graphene platelets in polyaniline. The network structure of graphene 
platelets was assumed to be the reason of enhanced specific capacitance. 

 
Figure 1 (a, b) SEM images of  graphene based PANI nanocomposites (doped in 0.2M HCl ) and (c) TEM 

image of the graphene based PANI nanocomposites [17]. 

As the chemically modified reduced graphene oxide (r-GO) is similar with graphene in many aspects, r-GO 
based nanocomposites also impart significant attention for the fabrication of supercapacitor materials. But 
the in situ reduction leads to the irreversible agglomerating phase of r-GO in polymer matrix due to the 
favorable π-π interaction among them. Due to such phenomenon r-GO sheets are observed to show lower 
surface area and slower electron transport. As a result of this expected capacitive performance of the r-GO 
based nanocomposites is not observed. Generally, different nanostructures are used with r-GO to avoid this 
type of agglomeration in nanocomposites in order to achieve desirable capacitive performance. 
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Najundan et al. [18] adopted the simple chemical approach to prepare reduced graphene oxide (r-O) grafted 
polyaniline for supercapacitor application. Protection and deprotection chemistry of amine group was the 
main controlling factor of preparing PANI-g-r-GO nanocomposites. Initially, amine protected 4-
aminophenol was grafted with GO and the grafted GO was then reduced during the course of reaction with 
exposure of thionyl chloride and heat. Then the process of oxidative polymerization was carried out after the 
deprotection of amine group to prepare PANI-g-r-GO nanocomposites. The formation of PANI molecules on 
the r-GO surface was evidenced through FTIR (Figure 2-a) and electron microscopic result (SEM (Figure 
2-b, c), TEM (Figure 2-d, e, f)). The synergistic contribution of conducting PANI and r-GO as single 
component improved the capacitive performance (250 F/g) and cycling ability of the materials. Interestingly, 
PANI-g-r-GO exhibited electrical double layer capacitance instead of pseudocapacitance due weak charge 
transfer processes. 

 
Figure 2 (a) FTIR Spectra of samples, (b, c) FESEM images of the surface of the PANI-g-r-GO hybrid. HR-
TEM images: (d) GO. Inset image is of a selected-area electron diffraction (SAED) pattern; (e) r-GO-NH2. 

Inset image is at higher magnification; (f) PANI-g-r-GO [18]. 

Polypyrrole is another conductive polymer which is widely used for their strong pseudocapacitance 
performance, environmental stability, good electrical conductivity and doping /dedoping characteristics. 

Yu et al. [19] fabricated the flexible solid state supercapacitor with polypyrrole nanowires decorated reduced 
graphene oxide (PPy/r-GO). The PPy/r-GO was synthesized by facile in situ technique in presence of V2O5 
seed and H2O2.  The material showed superior supercapacitive performance (434.7 F/g at current density of 1 
A/g) (Figure 3-a) along with excellent cycling ability (retention of capacitance 88.1 % after 5000 cycle) 
(Figure 3-b) and mechanical flexibility. The improved capacitance was explained as the stabilization of r-
GO sheets by PPy nanowires and their combined effect. 
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Figure 3 (a) The specific capacitances of synthesized PPy, r-GO, and PPy/r-GO composite supercapacitor 

devices at different current densities and (b) cycling stability of PPy/r-GO11 during the long-term 
charge−discharge process(synthesized PPy in the image is represented as V-PPy) [19].. 

Zhang et al. [20] fabricated the conducting polymer decorated reduced graphene oxide for supercapacitor 
application. Three well known conducting polymers such as polyaniline (PANI), polypyrrole (PPy) and 
poly(3,4-ethylenedioxythiphene) (PEDOT) were generated on the surface of r-GO via in situ polymerization 
approach. The specific capacitance of PANI/r-GO, PPy/r-GO and PEDOT/r-GO were found to be 361F/g, 
248 F/g and 108 F/g, respectively at a current density of 0.3 A/g. This fact was supported by the FESEM and 
TEM images of the PANI/r-GO, PPy/r-GO and PEDOT/r-GO nanocomposites, where nanostructures 
conducting polymers were uniformly decorated on the r-GO sheets with retaining of the paper-like 
morphology of r-GO. All the three fabricated polymer nanocomposites showed excellent specific capacitance 
as well as long cycling stability (retention of capacitance more than 80 % after 1000 charging/discharging 
process)[20] 

Graphene and its analogues show unique and improved properties due to layer by layer (L-b-L) arrangement 
of these materials. Jo et al. [21] fabricated the ultrathin supercapacitor electrode with adopting the concept of 
layer by layer assembly of reduced graphene oxides via the photo-cross-linking ability of diazoresin (DR). 
For better capacitive performance, r-GO sheets were functionalized with conducting polymers poly (3,4-
ethylene dioxythiophene) (PEDOT) and poly(styrene sulfonate) (PSS). The unique L-b-L structure was 
developed through the transformation of ionic bonds of the polymer composite to the covalent bonds.  The 
fabricated ultrathin film showed excellent specific capacitance of 354 F/ cm3 at a scan rate of 20 mV/s and 
also observed to maintain a capacitance of 300 F/ cm3 at a high scan rate 200 mV/s. 

Liu et al. [22] synthesized the graphene oxide based conductive composites for super capacitor application. 
Conducting polypyrrole had been wrapped onto the surface of chemically bonded bacterial 
cellulose/graphene oxide (PPy/GO) hybrid. The chemical attachment of bacterial cellulose on the both sides 
of the GO sheets acted as the spacer to the 3D structure, where the limitation of lower electrical conductivity 
of GO was overcome with conductive PPy coating. Asymmetric and symmetric, both type of supercapacitor 
was fabricated with PPy/BC/GO nanocomposites and observed high capacitance (556 F/g for asymmetric 
super capacitor and 482 F/g for symmetric super capacitor at a current density of 0.4 A/g) with excellent 
cycling ability (95.2 % for asymmetric super capacitor after 5000 charge/discharge cycles and 93.5 %for 
symmetric super capacitor after 2000 charge/discharge cycles). The enhanced specific capacitance for both 
of the supercapacitor was contributed by the BC/GO composites which provided a higher surface area to the 
PPy structures. 

Although conducting polymers have gained special attention in fabrication of supercapacitor material with 
graphene and its analogues, but the use of non conducting polymers are also available in the literature. It is 
generally because of their micro-sphere architectures which provide high surface area for the wrapped 
graphenes due to interlayer expansion also effectively shorten the ion diffusion path. 

Shao et al. [23] prepared the hollow spherical shells of graphene nanosheets via the initial formation of 
polystyrene/graphene (PS/GNs) nanocomposites (Figure 4-a, b) and thereafter though the removal of 
polystyrene microspheres from the PS/GNs nanocomposites (Figure 4-c,.d) 
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Figure 4 SEM and TEM images of PS/graphene nanocomposite before (a,b) and after (c, d) removal of PS 

microspheres, respectively [23].. 

Luo et al. [24] fabricated the sandwich structure of reduced graphene oxide with polystyrene microspheres 
(r-GO/PS/r-GO) via layer by layer assembly and dip coated the fabricated material on to the Ni foam for 
supercapacitor application.  It showed high specific capacitance (164.7 F/g) and outstanding rate capability. 

3. Graphene Based Polymer Nanocomposites for Dielectric Materials 
The term “dielectric” is generally defined as the insulating behavior of the material. It is also dependent on 
the polarisability of the materials which develop with the application of an external electric field. In early, 
ceramic based micro- and nano particles like BaTiO3, [25] ZrO2 [26], MgO [27], SrTiO3 [28], Pb (ZrxTil-

x)O3-PbTiO3 [29] and their mixture are used in dielectric application. It is because of their high dielectric 
constant of several hundreds. But due to the brittleness of these ceramic particles, easy processing of these 
materials is not possible. On the other hand, polymers are highly acknowledged in every field of material 
based application and it is due to their low cost, easy processability and ease of chemical modifications. 
Hence, these ceramic based nanostructures also incorporated into the polymers to achieve dielectric 
materials. But the heavy content of ceramic nanostructures to achieve desired dielectric constant in polymer 
nanocomposites causes the system to lose their flexibility and breakdown strength [30]. Hence, this attempt 
has some serious disadvantages which inhibit the fabricated polymeric nanocomposite system from their 
practical applications. Therefore, polymeric nanocomposites with conducting reinforcement have gained 
significant attention in dielectric application [31]. In connection to the Maxwell-Wagner-Siller (MWS) 
effect, the disparity between the conductivities of two adjacent materials result in polarization and charge 
accumulation at the interface.   Hence, the dielectric property of polymer nanocomposites with conductive 
fillers is greatly dependent on the nature of filler and matrix interface, the filler surface area and the inherent 
conductivity of the fillers. In addition, the filler orientation also plays significant roles in achieving high 
dielectric constant. Generally, the insulating polymers and the polymers with ability to generate polarisability 
with application of external electric fields are of high interest in dielectric application. Polyvinylidene 
fluoride (PVDF) and its copolymers, polyimide (PI), polyphenylene sulfide, epoxy resin, polypropylene 
(PP), etc are the widely used polymers in dielectric application. Among different conducting filler, graphene 
and it analogues have gained special interest in dielectric application [32].  It is because of their sp2 
hybridized carbon network in the nano dimension which provides high surface area and high electrical 
conductivity.  Graphene and its analogues are generally prepared through the low cost modified Hummer’s 
method and its subsequent modification.  Graphene, being the nonpolar carbon skeletal are not compatible 
with polar polymers and form excessive agglomeration and vacancies at interfaces instead of development of 
the homogeneous compound.  Hence, the use of intermediate graphene oxide (GO) instead of bare graphene 
is the latest way to fabricate graphene based nanocomposites with avoiding the risk of irreversible 
agglomeration and achieve better dielectric properties. The main benefits of using graphene oxide is their 
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high aqueous dispersibility due to various functionalities such as hydroxyl (-OH), carboxylic (-COOH), 
epoxy (-O-). But the incorporation of oxygenous group in place of conjugating carbon network, distract the 
inherent electrical conductivity of the graphene in graphene oxide. Therefore, to improve the electrical 
conductivity, graphene oxide should be converted to reduced graphene oxide (r-GO) by means of thermal or 
chemical modifications. 

Yousefi et al. [33] fabricated the self-aligned in situ reduced graphene oxide based epoxy nanocomposites 
via the simple aqueous casting route with aiming of dielectric and electromagnetic shielding applications. 
The concept of liquid crystalline phases (LCP) of graphene oxide with its high content and their anisotropic 
behaviour in polymer phase was adopted in making of this composite. The neat epoxy and epoxy/r-GO 
nanocomposites showed negligible dielectric permittivity with lower content of graphene (0.1 wt %) which is 
a usual observation with reported literature based on graphene based epoxy nanocomposites. With 3 wt% of 
r-GO content, system showed a percolative pattern with increment of dielectric permittivity to ~ 1500.  The 
reason was explained as the formation of self-aligning structure with higher content of reduced graphene 
oxide in epoxy matrix. The lower contents of reduced graphene oxide upto 1 wt % demonstrated the random 
distribution of the reduced graphene oxide layers in epoxy matrix. Therefore, the electrical conductivity was 
varied little with such weight variation of r-GO in epoxy nanocomposites.  The high r-GO content in epoxy, 
revealed the morphological evolution of epoxy/r-GO nanocomposites from isotropic to layered structure. At 
such morphological condition, the value of electrical conductivity was significantly varied as with the 
electron propagation in plane and through the thickness direction and achieved a high value of dielectric 
constant. The epoxy/r-GO nanocomposites with different r-GO contents (0.1 wt %, 0.5 wt %, 1 wt %, 2 wt % 
and 3 wt %) showed and maintained their high dielectric permittivity with variation of  temperature from 20 
oC to 120 oC. A certain rise in the dielectric value was observed in the temperature range of 70 oC to 80 oC, 
just near the glass transition temperature of epoxy matrix which was assigned as the molecular-α-relaxation 
of macromolecular epoxy. 

Instead of using the single conductive filler, insulating polypropylene (PP) was modified with reduced 
graphene oxide (R-GO)/ polyaniline (PANI) hybrid phase by Cho et al. [34] and used for dielectric 
application. Polyaniline is one of the most suitable conducting polymers in dielectric application. It was used 
because of their easy low cost synthetic path, redox reversibility, high electrical conductivity and high 
dielectric permittivity (ɛ′~102-103). More, interestingly nano-sized polyaniline offered larger surface area and 
smaller dimension for effective interaction with other polymeric matrix. The nanostructure polyaniline in 
polypropylene matrix was hugely reported for the fabrication of dielectric materials with high dielectric 
constant. But the fabricated PANI-PP composites were not effective for real life application due to their high 
dielectric loss and leakage current. Therefore, the nanostructures of PANI was modified with carbon based 
materials such as carbon nanotube, graphene and its analogues to modulate the charge transfer ability of the 
hybrid materials along with the improvement in their thermal and mechanical properties. Cho et al. [34] 
fabricated the PANI/r-GO hybrid phase in meta-cresol solvent. Chemical oxidative polymerization and 
secondary doping route was adopted for fabrication of polypropylene based PANI-rGO nanocomposites.  
The distribution of the hybrid phase (r-PANI/r-GO) in PP matrix was evidenced by the transmission electron 
micrographs (TEM). Figure-5 demonstrated the variation of dielectric permittivity and dielectric loss of 
polypropylene based nanocomposites, formed by the incorporation of nanostructured PANI, r-PANI, r-GO 
and r-PANI/r-GO with variation of applied frequency (100 Hz-1 MHz). The decreased value of dielectric 
permittivity with increase of frequency for PP based nanocomposites was due to the Maxwell-Wagner-Siller 
(MWS) and polarization effect. At frequency 103 Hz, the observed dielectric values for PP based 
nanocomposites with r-GO, PANI, r-PANI and r-PANI/r-GO nanofillers were 11.0, 20.7, 36.3 and 51.8, 
respectively. Interestingly, these values were much larger than the dielectric permittivity of virgin PP which 
was found to be only 2.3. The highest contribution of r-PANI/r-GO hybrid phase to dielectric permittivity of 
PP based nanocomposites was considered via the formation of a strong conductive network, formed by the 
synergistic interaction of r-PANI nanofibers and r-GO sheets. These conductive networks were assumed to 
form the numerous micro-capacitors in presence of PP matrix. The value of dielectric loss at 103 Hz were 
observed to be highest for PANI incorporated PP nanocomposites (2.5 × 10 −2) and lowest for pure PP (4.9 × 
10-4). The synergistic contribution of r-GO and r-PANI showed the highest value of dielectric permittivity 
with respect to dielectric loss. 
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Figure 5 Variation of dielectric permittivity of (a) PP nanocomposites reinforced with r-PANI/r-GO (red), r-
PANI (blue), PANI (green), Ag NWs (olive green), r-GO (purple), pristine PP (pink) and (b) PP 
nanocomposites filled with different r-PANI/r-GO cofiller content (0−12.5 vol %) on frequency from 102 to 
106 Hz ;(c) dielectric losses of PP nanocomposites filled with r-PANI/r-GO (red), r-PANI (blue), PANI 
(green), Ag NWs (olive green), r-GO (purple), pristine PP (pink) and (d) PP nanocomposites filled with 
different r-PANI/r-GO cofiller content (0−12.5 vol %) on frequency from 102 to 106 Hz [34].. 

As the generation of micro capacitors by the coverage of insulating polymeric matrix on to the conductive 
phase has greatly affected the dielelectric permittivity of the materials, several techniques were introduced to 
avoid the direct contact of conducting nanostructures in polymeric matrix. To reduce the dielectric loss of 
graphene based composites, the use of polyvinyl alcohol (PVA) and SiO2 as stabilizing medium of r-GO 
nanostructures were recently explored. The conducting and less hydrophilic nature of polyvinyl pyrrolidone 
(PVP) was motivated to use it as stabilizer of r-GO and to impart inherent conductivity to the polymer 
nanocomposites. 

Li et al. [35] prepared Poly (vinyl pyrrolidone)/graphene/ poly (vinylidene fluoride) nanocomposite film for 
dielectric application. Poly (vinylidene fluoride) (PVDF) was chosen because of its easy processability and 
electroactive behaviors of its β phase. In earlier literature, chemically modified graphene such as amine 
treated graphene nanodots and reduced graphene oxides were incorporated into the PVDF  to achieve high 
dielectric permittivity (ɛ′~60.6) at a frequency of  100 Hz. Wang et al. [36] prepared the PVDF 
nanocomposites with incorporation of quaternary phosphorous salt functionalized graphene to improve the 
dielectric permittivity of the material. Although, these phosphorus functionalized graphene containing PVDF 
nanocomposites showed the higher value of dielectric permittivity (ɛ′~60.6@1000 Hz at 12.16 wt %), but 
these were also observed with high dielectric loss (230). But the attempt of Li et al [35] was to solve this 
issue of high dielectric loss with incorporation of poly (vinyl pyrrolidone) (PVP) as a stabilizer of reduced 
graphene oxide (r-GO) in PVDF nanocomposite film. Simple solution blending technique was adopted to 
prepare unfolded PVP anchored r-GO sheets as hybrid filler of PVDF nanocomposite film. The formation of 
GO from raw graphite was confirmed through  the FTIR spectra which showed  FTIR peaks at 1730 cm-1, 
1405 cm-1 and 1040 cm-1, confirming the presence of >C=O, C-OH and C-O groups. Also the formation of r-
GO and r-GO/PVP hybrid phase was confirmed by the FTIR spectra.  A high value of dielectric constant 
(622@100 Hz) and low dielectric loss (0.2@100 Hz) was achieved by the r-GO@PVP/PVDF nanocomposite 
films with 0.0172 volume fraction of r-GO@PVP content. The dielectric permittivity of r-GO@PVP /PVDF 
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nanocomposite films of different r-GO@PVP content showed the little variation with frequency at room 
temperature. The increment in the value of dielectric permittivity was more pronounced above the 0.64 
volume fraction of the r-GO@PVP hybrid phase. The high dielectric permittivity of r-GO@PVP/PVDF 
nanocomposite film was linked with the high percolation threshold of electrical conductivity as compared to 
pure r-GO phase. This fact revealed the effective coverage of insulating PVP layers onto the r-GO sheets that 
inhibited the direct contact of conductive r-GO phase and generated large number of micro capacitors at this 
high percolation value. The fact was also supported by the scanning electron micrographs of r-
GO@PVP/PVDF nanocomposite film which showed the better dispersion of r-GO phase with PVP as 
compared to pure r-GO phase of r-GO/PVDF nanocomposite film. With increase of filler content (r-
GO@PVP) in PVDF nanocomposite, a multi-layered structure with unfolded r-GO@PVP sheet was 
observed which was found to be isolated by a thin layer of insulating PVP. This type of preferential 
orientation of r-GO nanosheets in presence of PVP was assumed to form a large number of micro capacitors 
or nano- capacitors in the PVDF nanocomposite film. The significant increase in dielectric permittivity  and 
low loss of r-GO@PVP/ PVDF nanocomposite was also verified with the X-ray diffraction (XRD) analysis  
which showed the enhancement in the XRD peak (2θ~20o) of  β-phase PVDF as compared to the 
corresponding α phase (α~ 18o). This fact was illustrated as the significant contribution of polar PVP and r-
GO nanosheets to promote the formation of polar phase in PVDF nanocomposite film. In another literature, 
Xu et al. [37] prepared the PVDF/r-GO nanocomposite film with two step process to avoid the results, 
associated with the agglomeration of GO to r-GO in composite. Instead of chemical reduction method, GO 
was converted to partially reduced graphene oxide (pr-GO) by the thermal treatment during the course of 
preparation of  PVDF nanocomposite films through solution casting and its subsequent melt compounding  
process. The graphene oxide content was varied from 0.2 to 5 wt %. Dielectric measurement revealed that 
PVDF with pr-GO content of 0.2 and 0.5 wt % showed low dielectric permittivity, whereas;  further 
enhancement in pr-GO had lead  the significant improvement in dielectric permittivity of PVDF 
nanocomposites. PVDF/pr-GO nanocomposites with 1 and 2 wt % of pr-GO exhibited high dielectric 
constant of 225 and 328, respectively which was much larger than the dielectric permittivity of pure PVDF 
(10.3). Moreover, the extra increment in pr-GO content showed the further enhancement in the value of 
dielectric permittivity (746 @ 3 wt % and 1140@5 wt % at 100 Hz).  For PVDF/r-GO nanocomposite with 1 
wt % of pr-GO content showed the relatively high dielectric permittivity (225) as compared to dielectric loss 
0.14. 

4. CONCLUSION 
The recent literature on graphene based polymer nanocomposites shows that graphene, graphene oxide and 
reduced graphene oxides; all are hugely used with conducting polymers, metal, and semiconductor and also 
with insulating polymers in order to develop supercapacitor materials with improved performances. The 
fabrication of supercapacitor material always involves the consideration of two factors.  One is the 
enhancement of the surface area to increase the interfacial interactions with the electrolytes and the other is 
to increase the conducting property of the materials. On the other hand, graphene based polymer 
nanocomposites shows that the graphene and reduced graphene oxides are excellently used with insulating 
polymer to fabricate dielectric materials for real life application. For real life application, the fabricated 
material should have high dielectric permittivity and low dielectric loss (<1). Therefore, researchers are 
trying to increase the number of micro- or nano-capacitors in the fabricated nanocomposites with proper 
combination of polymer (matrix) and graphene or reduced graphene oxide (filler). As the dielectric 
behaviour of graphene based polymer nanocomposites depends on the orientation and distribution of 
graphene nanostructures in the polymer matrix, a special attention has been given by the researchers to 
modify the graphene nanostructures as hybrid phase or adopting the unique synthetic route that avoids the 
irreversible agglomeration graphene based filler in polymer matrix. 
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ABSTRACT 
Qualitative study was carried out on a number of groundwater samples collected from Krushnaprasad 
Block, Puri district.  Krushnaprasad block is basically a saline tract having low rainfall and high 
evapotranspiration. Therefore, there is little replenishment of fresh water or rainwater. The chemical 
parameters such as Na+, K+, Ca2+, Mg2+, SO4

2-, Cl- and HCO3
- and ratio parameters such as Na/Cl, 

Cl/HCO3, Ca/Mg are used to identify the intrusion of saltwater in the coastal aquifers. The results were 
observed in each sample and were compared with standards of WHO, ICMR and ISI. The hydrochemical 
results were plotted in Piper diagrams to determine the water types prevailing in the study area and also to 
delineate various groundwater types. 

Keywords: Qualitative study, groundwater, Coastal Aquifers, saltwater 

INTRODUCTION 
Groundwater is an important and essential natural resource of the planet earth. Use of groundwater has been 
increasing in our day-to-day life. Groundwater is cheaper, more convenient to consume and less vulnerable 
to pollution as compared to fresh water. We therefore use it for different purposes like domestic, agricultural, 
drinking etc. Pollution in groundwater is less visible but more difficult to clean up than pollution in rivers 
and lakes. Now-a-days, groundwater is being polluted due to improper disposal of waste on land. Major 
sources include industrial, household, chemical, garbage landfills, excessive fertilizers and pesticides used in 
industry and agriculture. In the coastal part of Orissa, ground water is being polluted due to saltwater 
intrusion. Therefore, it is very essential to measure the quality of groundwater to have a better environment. 
The present study is undertaken to carry out qualitative study of groundwater in a systematic manner and to 
present the results to the concerned authority so that future planning can be framed accordingly. 

STUDY AREA 
The study area (Figure-1) is located between longitudes 85o 10’ 28.38’’E and 85o 37’ 50.68’’E and latitudes 
19o 28’ 00.58’’N and 19o 53’ 02.25’’N falling in Survey of India toposheet no. E45B2, E45B6, and E45B10, 
in 1:50,000 scale and cover an area of about 151 km2 in Krushanprasad, in the coastal belt of Odisha. It is 
located approximately 75.6 km east of the district headquarter Puri. Its elevation is 25 m above sea level and 
is about 174 km away from the state capital Bhubaneswar. National estimation of beach change has 
identified krushanprasad as one of the environmental hotspots and in eastern coastal tract of Odisha, the 
salinity hazard is widespread. 

 
Figure 1: Location map of Krushanprasad block 
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GEOLOGY AND GEOMORPHOLOGY OF THE STUDY AREA 
The entire Puri district can be subdivided into two natural divisions (I) the littoral tract and (ii) the alluvial 
tract. The littoral tract which takes the form of a sandy ridge varies approximately 6.5 km to a few hundred 
metres in width and lies between the alluvial tract and the Bay of Bengal. There are ridges in this tract which 
have been formed due to accumulations of windblown sand. The alluvial tract has been formed mainly due to 
the deposition of the southern branches of the Mahanadi River. The broad soil group of the eastern and 
southeastern coastal plain of Odisha to which Krushanprasad belongs is essentially deltaic alluvial and 
lateritic. The study area forms part of Mahanadi delta and it is underlain by unconsolidated alluvial 
sediments of sub-Recent to Recent periods. According to Mahalik (2000), the sediments comprise mainly of 
sand, clay, gravel and silt of varying proportions. The sand and gravel layers generally form potential 
aquifers. The sediments deposited are in heterogeneous pattern due to several phases of marine transgression 
and regression and depositional environments. 

The Quaternary period consists of laterites and alluvium. While the laterite occurs only in the western and 
north-western parts, major parts of the area are covered by alluvium of varying thickness. The older alluvium 
is generally exposed in the north-western parts including a sequence of sand, clay and kankars of grey to 
brown in colour. The younger alluvium, which covers nearly 90% of the area, occurs as floodplain deposits 
along the course of major rivers and streams. These sediments consist of an admixture of silt, sand, gravel 
and pebble in varying proportions. These layers increase in thickness towards the sea, showing a gentle dip. 
Discontinuous ridges of sand dunes occur along the coast and are formed due to wind action. 

(i) Areas underlain by alluvium. 
(ii) Areas underlain by fractured, fissured and consolidated basement rock formations. 
A few ash beds of volcanic origin have been recorded in Mahanadi river valleys. It is believed that they are 
belonging to an age of 74,000 years. Besides the above, Quaternary sediments are met with in both coastal 
tracts and upland river valley.  Hydro geologically, the Puri district can be sub-divided into 3 broad regions 
viz; unconsolidated formation, consolidated formation and the hilly areas. The unconsolidated formation 
comprises of sand, silt, clay and 30% of the district is underlain by this formation. The groundwater in near 
surface shallow aquifer occurs under phreatic conditions, even down to a depth of 135m below ground level. 

METHODOLOGY 
Sixty water samples were collected from different sites of Krushanprasad block in clean, well dried plastic 
bottles during the pre-monsoon period. Water samples were analysed for temperature, pH, Electrical 
conductivity (EC), Total Dissolved solids (TDS), bicarbonate, total hardness, calcium, magnesium, chloride, 
sulphate, sodium, and potassium. Electrical conductivity and pH of the water samples were measured in the 
field instantaneously with portable Systronics pH and EC meters. Ca2+ and Mg2+ were determined by titrating 
with standard EDTA. Cl- was estimated titrimetrically using standard AgNO3 solution. Na+ and K+ were 
determined using a Systronics flame photometer of type 128. SO4

2- was determined by the turbidimetric 
method (Clesceri et.al.1998). The collection, preservation and the analysis of various physico-chemical 
parameters were analysed according to APHA (1985) guidelines. 

RESULTS 
The results of chemical analysis of the groundwater samples are presented in Table-1, and Table-2 shows the 
range in values along with World Health Organization (WHO, 1993) standards. The data show that the 
samples are enriched in Na, Ca, Mg, Cl and HCO3 ions as compared to K and SO4 ions. 

Table. 1.Water Quality Parameters and their concentrations (in mg/l) 
LOCATION Ca Mg Na K HCO3 Cl SO4 TDS Na/Cl Cl/HCO3 Mg/Ca TH %Na 
Alanda 190.08 170 736.86 550.4 760.12 1507.49 643.51 4562 0.75 3.41 1.48 320 66.27 
Alandapatana 130 143.15 567.31 184.2 771.14 898.26 176.67 2882 0.97 2.01 1.82 430 61.67 
Jamuna 73.71 12.13 198.74 22.5 344.23 87.15 168.96 918 3.52 0.44 0.27 320 66.35 
Tichhini 150 290 691.8 238 1248.23 1168.00 201.63 3991 0.91 1.61 3.19 440 53.58 
Arakhakuda 159.90 45.49 313.6 18.2 662.65 81.51 153.6 1451 5.93 0.21 0.47 172 54.61 
Gopinathpurpatana 4.96 195 457.55 20.1 96.65 952.14 134.6 1869 0.74 16.96 64.81 220 55.62 
Manikapatana 55 169.02 746.95 18.6 160.94 1523.45 134.4 2816 0.76 16.29 5.07 450 66.44 
Barhajharh 125.43 5.46 193.6 135.9 464.71 87.15 159.36 1184 3.43 0.32 0.07 390 63.94 
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Gobaradhuli 50 21.18 92.6 41.4 223.75 58.10 109.44 603 2.46 0.45 0.7 290 54.55 
Golapur 28 260.17 798.01 294.5 151.76 1995.57 134.4 3672 0.62 22.63 15.32 450 64.94 
Jenapur 235.11 12.13 90.50 40.9 779.15 45.89 113.4 1327 3.04 0.10 0.09 700 28.13 
Barhadanda 838.53 35.18 135.19 21.5 2612.25 91.03 113.28 3851 2.29 0.06 0.07 360 12.56 
Barha Anla 64 176 791 23.6 358.44 1431.73 117.12 2972 0.85 6.88 4.53 230 66.45 
Uthannikuda 126.12 19.89 127.85 36.2 439.05 48.27 124.8 932 4.08 0.19 0.26 560 44.99 
Bajrakot 272.40 14.68 144.99 10.3 968.48 98.77 126.72 1642 2.26 0.18 0.09 500 30.74 
pitisal 39.88 93.53 467.63 31.2 103.34 838.00 161.28 1744 0.86 13.96 3.87 230 68.58 
Talatala 75 199.12 461.4 18.4 161.01 1170.76 144 2233 0.61 12.52 4.38 420 50.51 
Udayagiri 16 87.74 221.15 242.1 175 562.690 144 1458 0.61 5.53 9.04 580 66.35 
Brahmapur 12 99.96 261.32 40.9 62.97 477.24 136.32 1098 0.84 13.04 13.73 270 58.45 
Maensa 618.34 18.19 233.88 23.8 1979.34 92.96 142.08 3116 3.88 0.08 0.05 320 24.99 
Budhibar 8 272 859.03 36.8 205.93 1924.28 163.2 3475 0.69 16.08 56.05 280 62.71 
Sahabajpur 15.96 276.16 722.6 29.7 136.96 1753.39 147.84 3093 0.64 22.04 28.52 300 57.79 
Gambhari 32 83.23 1168.6 21.1 275.01 1842.89 144 3576 0.98 11.53 4.29 650 85.88 
Alipur 31 83.97 1416.49 26.6 223.01 2313.45 82.56 4187 0.94 17.86 4.47 780 88.05 
Gomundia 14.88 169.71 753 44.73 165 1483.97 149.76 2791 0.78 15.48 18.80 500 69.74 
Samantrapur 345.44 37.24 463.30 15.93 1889.37 131.86 140.16 3034 5.42 0.12 0.18 370 50.31 
Tubuka 150.20 17.65 134.88 72.99 694.72 48.66 132.48 1261 4.28 0.12 0.19 250 46.36 
Krushnaprasad 
Garh 

4.96 71.33 803.68 13.34 146 1248.55 140.16 2438 0.99 14.72 23.71 450 85.23 

Iping 12 42.04 601.34 17.34 88.83 960.83 63.33 1795 0.97 18.62 5.78 330 86.76 
Sana anla 19 68.98 1699.66 15.87 178 2655.04 61.38 4707 0.99 25.67 5.99 440 91.82 
Maluda 19.96 117.38 1506.10 154.3 117.97 2655.23 124.8 4702 0.88 38.74 9.7 440 86.70 
Mundabar 120.22 16.43 94.73 19.91 486.07 39.55 136.32 923 3.69 0.14 0.23 180 38.64 
Naba 239.03 33.36 106.9 6.61 774.52 78.96 94.08 1344 2.09 0.18 0.23 200 24.72 
Brahmapara 312.36 31.96 114.80 14.1 1045.16 122.01 144 1795 1.45 0.20 0.17 1250 22.71 
Manika 16 234 1199.40 80.04 164 2438.97 115.2 4248 0.76 25.6 24.11 1050 73.01 
Nuaparha 12 87.23 969.38 154.9 175.1 1658.24 153.2 3222 0.90 16.3 11.98 1050 85.57 
Janhikauda 475.92 14.02 132.76 11.4 1570.46 65.52 153.6 2433 3.13 0.07 0.05 260 19.59 
Panasapada 3.92 200.31 861.67 21.13 89.01 1741.95 147.84 3076 0.76 33.68 84.24 220 69.51 
Gola 15.92 218.31 666.63 5.94 180.50 1473.52 132.48 2708 0.7 14.05 22.61 250 60.85 
Siaro 334.29 34.58 174.02 20.6 1115.55 196.40 149.76 2035 1.37 0.30 0.17 380 29.31 
Pirijipur 18.8 144.47 1831.75 70.71 175.94 3164.98 37.94 5448 0.89 30.96 12.67 630 86.40 
Gorapur 11 199 572 60.13 166.90 1349.80 119.04 2487 0.65 13.92 29.82 250 60.96 
Santarapur 22 93.07 828.27 205.5 125.34 1603.27 63.36 2948 0.8 22.02 6.97 460 82.50 
Rameshwarpur 25 111.87 757.04 24.5 124.93 1391.59 101.28 2546 0.84 19.17 7.38 380 76.25 
Balipatapur 416.26 47.36 86.03 18.18 1419.07 37.14 101.76 2135 3.57 0.05 0.19 560 14.57 
Nandala 236.44 20.68 85.68 29.6 771.14 53.66 147.84 1356 2.46 0.12 0.14 450 24.93 
Paiksai 60 274.98 1002.24 64.12 235.17 2237.87 157.44 4041 0.69 16.38 7.56 590 63.84 
Brahmanadeo 774.05 16.98 237.67 72.6 2759.93 91.91 153.6 4115 3.99 0.06 0.04 178 23.35 
Kuanrpur 158.24 23.76 31.31 55.13 496.13 63.66 28.86 867 0.76 0.22 0.25 800 21.95 
Sataparha 30 400 800.45 67.12 243.66 2252.34 96 3892 0.55 15.91 21.98 765 51.50 
Sahjanpur 824.43 48.86 100.94 82.18 2623.16 98.77 149.76 3938 1.58 0.07 0.10 588 12.57 
Nuagan 36 80.06 1208.37 62.1 195.2 1942.42 90.24 3625 0.96 17.13 3.67 675 86.59 
Siala 55 136.16 1371 75.2 177.07 2435.09 117.12 4376 0.87 23.67 4.08 780 81.53 
Kumpuri 25 104.15 831.10 82.3 171.96 1577.24 20.74 2823 0.81 15.79 6.87 120 79.58 
Morada 29.04 114.71 903.37 92.2 139.22 1664.35 105.6 3057 0.84 20.58 6.51 380 79.28 
Siandi 1089.81 13.34 100.78 145.2 3418.37 175.52 120.96 5072 0.89 0.09 0.02 440 12.73 
Gopalpur 278.79 31.74 68.82 25.2 883.97 95.95 128.64 1524 1.11 0.19 0.19 625 18.04 
Anua 339.98 23.05 295.80 38.9 1764.74 35.80 36.32 2546 12.74 0.04 0.11 675 42.36 
Titipa 39.98 303.43 801.14 39.6 163.05 2019.73 56.5 3432 0.61 21.32 12.51 525 57.08 
Phulabari 1002.66 48.41 202.12 45.2 3311.66 175.12 105.5 4896 1.78 0.09 0.08 480 15.55 

Table 2: Water Quality Standards of various agencies: 
Sl. 
No. 

Parameters Observed 
Range of 

values 

ISI Maximum 
Permissible 

limits 

ICMR Maximum 
Permissible 

limits 

WHO 
Guidelines 

1 Colour - 10 25  
2 Test - Agreeable Unobjectionable  
3 Odor - Unobjectionable Unobjectionable  
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4 Turbidity - 10 NTU 25 JTU  
5 pH 7.02-8.9 6.5 – 8.5 6.5 – 9.2  
6 TDS (in mg/l) 603-5448 500 1500-3000  
7 TH (in mg/l) 120-1250 300 600  
8 Ca (in mg/l) 3.91-1089 75 200 200 
9 Mg (in mg/l) 5.46-400 30   

10 Fe (in mg/l) - 0.3 1.0 10 (Total Iron) 
11 Cu (in mg/l) - 0.05 1.5 1.5 
12 Mn (in mg/l) - 0.1 0.5 0.5 
13 SO4 (in mg/l) 20.94-643.50 150 400 400 
14 Cl (in mg/l) 35.49-3164.97 250 1000 250 
15 NO3 (in mg/l) - 45 100 10 
16 F (in mg/l) - 0.6 – 1.2 1.5 1.5 
17 Hg (in mg/l) - 0.001 0.001  
18 Cd (in mg/l) - 0.01 0.01  
19 As (in mg/l) - 0.05 0.05  
20 Cn (in mg/l) - 0.05 0.05  
21 Pb (in mg/l) - 0.1 0.05  
22 Zn (in mg/l) - 0.5 0.10  
23 Cr (in mg/l) - 0.05   
24 Na (in mg/l) 31.31-1831 -  200 

 

The concentration of all the major ions ranged between wide limits. Chemical analysis results indicate that 
the concentration Ca, Mg, Na and K ions varied from 3.91 mg/l to1089 mg/l, 5.46 mg/l to 400 mg/l, 
31.31mg/l to 1831 mg/l and 5.94 mg/l to 550.4 mg/l respectively. On the other hand, the anions such as Cl, 
HCO3, and SO4. showed variation from 35.49mg/l to 3164mg/l, 62.97 mg/l to 3418.37mg/l, and 20.94mg/l to 
643.506mg/l, respectively. The concentration of Na++ at locations, Gambhari, Alipur, SanaAnla, Maluda, 
Manika, Pirijipur, paiksai, Nuagan, Siala, and that of Cl-at locations Alanda, Tichhini, Manikapatana, 
Golapur, Barna Anla, Talatala, Budhibar, Sahabajpur, Gambhari, Alipur, Gomudia, Krushnaprasad Garh, 
Sana Anla, Maluda, Manika, Nuaparha, Panasapada, Pirijipur, Gorapur Gola, Santarapur, Rameshwarpur, 
Paiksai, Sataparha, Nuagan, Siala, Kumpuri, Morada and Titipa Showed higher values than what is 
recommended ,by WHO as Maximum permissible limit for drinking water. 

Total hardness (TH) indicates the trend in the concentration of Ca and Mg with a value ranging from 
120mg/l-1250 mg/l. The total dissolved solids (TDS) values, representing the total salt content in the water, 
ranged between 603 mg/l and 5448 mg/l, amongst which at locations Alanda, Alandapatan, Tichhini, 
Arakhakuda, Gopinathpurpatana, Manikapatana, Barhajharh, Golapur, Jenapur, Barnadanda, Barna Anla, 
Bajrakot, Pitisal, Talatala, Udayagiri, Brahmapur, Manensa, Budhibar, Sahabajpur, Gambhari ,Alipur, 
Gomudia, Samantrapur, Tubuka, KrushnaprasadGarh, Iping, Sana Anla, Maluda, Naba, Brahmapara, 
Manika, Nuaparha, Janikauda, Panasapada, Gola, Siaro, Gorapur, Pirijipur, Santarapur, Rameshwarpur, 
Balipatapur, Nandala, Paiksai, Bramanadeo, Sataparha, Sahjanpur, Nuagan, Siala, Kumpuri, Morada, Siandi, 
Gopalpur, Anua, Titipa, and Phulabari the values were higher than the recommended value of 1000 mg/l, the 
maximum permissible limit for water. Drinking water standards are generally based on two main criteria 
(Davis and De Wiest, 1966): (1) presence of objectionable tastes, odor and color and (2) presence of 
substances with adverse physiological (health effects) characteristics. 

DISCUSSION 
The study area is entirely situated in an island and is geomorphologically situated in the continental shelf of 
East Coast of India. The geology is dominated by Quaternary sediments which are reworked several times 
before they rest finally to form the island. So, it can be deciphered that the sediments are ultimately 
deposited here which once upon a time were exposed in the mainland. It, therefore, can be concluded that the 
major ions have been derived from the rock forming minerals constituting the lithology of the terrestrial 
domain. In normal conditions also, the regional geology determines the hydrochemistry of groundwater 
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(Amadi, 1987). However, the erratic concentrations of the major ions observed in the water samples can be 
attributed to cations exchange process involving the aquifer materials (Mercado, 1985). However, a major 
trend that has been observed in this work is the elevated level of chloride, magnesium and sodium ions which 
are much much higher in content in the central regions of the island. Another feature of the hydrochemistry 
is that most of the water samples have their TDS greater than 1000 mg/l which indicates that the water is not 
normal, rather they are affected by seawater intrusion. 

The phenomenon of seawater intrusion has been elaborately observed by Lusezynski and Swarzenski (1966) 
who opined that concentration of chloride greater than 50 mg/l indicates saltwater intrusion. Similarly, 
Trembley et al. (1973) during ther research survey in the summer side area of Prince Edward Island opined 
that the concentration level of chloride greater than 40 mg/l indicates saltwater intrusion. 

Amadi (1989) during his work in Niger delta found that the chloride concentration greater than 50 mg/l 
points towards seawater intrusion. In the present study, the groundwater sample collected from the coastal 
parts of the island and also in the inland areas have recorded greater level of TDS, chloride and magnesium. 
The occurrence of seawater intrusion is also confirmed  by the fact that they showed higher value Cl-/ HCO3

- 

(Table 1) where in value greater than 2 indicates saltwater intrusion which have been  prevalent at Alanda, 
Alandapatana, Gopinathpurpatana, Manikapatana, Golapur, Barha Anla, Pitisal, Talatala, Udayagiri, 
Brahmapur, Budhibar, Sahabajpur, Gambhari, Alipur, Gomundia, Krushnaprasad Garh, Iping, Sana anla, 
Maluda, Manika, Nuaparha, Panasapada, Gola, Pirijipur, Gorapur, Santarapur, Rameshwarpur, Paikasai, 
Sataparha, Nuagan, Siala, Kumpuri, Morada, Titipa. Only at locations Alandapatana, Jamuna, Arakhakuda, 
Gopinathpurpatana, Barhajharh, Gobaradhuli, Jenapura, Barhadanda, Uthanikuda, Bajrakuta, Pitisala, 
Udayagiri, Brahmapur, Maensa, Samantarapur, Tubuka, Iping, Mundabara, Naba, Barhmapara, Janhikauda, 
Siaro, Balipatapura, Nandala, Brahmanadeo, Kuanrpur, Sahajanpur, Siandi and Anua, the level of chloride is 
less and the level of HCO3 is high indicating very less influence of saltwater intrusion. At all the above 
locations where the level of Na, Cl and TDS is very high, the groundwater is not fit for drinking purpose. 
Similar works have been carried out by Dalai et al. (2019) in Ersama coast and by Panda et al. (2020) in 
Kendrapada coast wherein they adopted the TDS and ratio parameter methods to identify and delineate sea 
water intrusion into fresh water aquifers. 

Suitability of groundwater for drinking purpose 
It has been observed that at most have location the TDS is greater than 1000 mg/l with which this maximum 
permissible limit of salinity set by WHO. Similarly, the concentration of Na is also appreciable to the extent 
that they have crossed limit of 50 mg/l which is the limit set WHO. The concentration of Cl is also of almost 
importance since it, along with Na and TDS has greater health implications. Analysis results show that, the 
concentration of Cl at many locations has recorded more than the maximum permissible limit of 50 mg/l. In 
combination, the locations which show higher concentration of TDS, Na and Cl are Gambhari, Alipur, 
Sanaanla, Maluda, Manika, Pirijipur, paiksai, Nuagan, Siala, Alanda, Tichhini, Manikapatana, Golapur, 
Barnaanla, Talatala, Budhibar, Sahabajpur,  Gomudia, Krushnaprasad Garh  ,  Panasapada,  Gorapur Gola,  
Rameshwarpur, Sataparha , Kumpuri, Morada, Titipa,  Alandapatana,   Arakhakuda Gopinathpurpatana, 
Barhajharh,  Jenapur, Barnadanda,  Bajrakot, Pitisal, Udayagiri, Brahmapur, Manensa,    Gomundia, 
Samantrapur, Tubuka, Iping,  Naba, Brahmapara, Nuaparha, Janikauda,  Siaro, Santarapur, Balipatapur, 
Nandala, Bramanadeo,   Sahjanpur,   Siandi, Gopalpur, Anua, and Phulabari. 

Groundwater of these places are not at all potable. Only very few places have recorded their TDS less than 
1000 mg/l. They are Jamuna, Gobaradhuli, Uthannikuda, Mundabara and Kuanrpur. Groundwater at these 
locations is safe to drink. 

Suitability for agriculture use 
In addition to drinking water, the groundwater is also used for irrigation in the coastal areas. Since the study 
area is an island, the effect of seawater on groundwater in changing its hydrochemistry is important from the 
point of view of irrigation. For irrigation, it is very much important to observe the concentration of sodium 
(Na) in the groundwater because it acts as a soil conditioner and determines the capacity of the plant roots to 
suck water from the ground for its ultimate use by the plant. Basing on Na%, Wilcox (1995) classified the 
groundwater into five categories such as excellent, good, permissible, doubtful and unsuitable.  The %Na is 
calculated by the formula 
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%Na  

Here the ions are expressed in meq/l. The %Na of the groundwaters are presented in Table-1. Observation of 
the figures in the table indicate that the groundwater is excellent at location nos.12, 45, 51, 56, 57and 60 
having %Na <20. The groundwater categories as ‘Good’ are seen at location nos.11, 16, 20, 32, 33, 34, 37, 
40, 46, 48 and 49 which are having %Na 20-40. The groundwater is permissible at location nos.4, 5, 6, 9, 10, 
14, 15, 17, 19, 22, 26, 27, 50, 58 and 59 which are having %Na 40-60. The groundwater is categorized as 
‘Doubtful’ (%Na 60-80) at location nos.1, 2, 3, 7, 8, 13, 18, 21, 25, 35, 38, 39, 42, 44, 54 and 55. However, 
at most of the locations the groundwater is ‘Unsuitable’ because they are having %Na >80. These locations 
are nos. 23, 24, 28, 29, 30, 31, 36, 41, 43, 47, 52 and 53. 

CONCLUSION 
Groundwater samples were collected from different groundwater points in the island Krushnaprasad Block. 
Groundwater samples, collected from the villages which are adjacent to the coast showed variable TDS and 
also, they are found to be enriched in Na, Mg and Cl ions as compared to Ca, K, SO4 ions. Higher 
concentration of TDS in the groundwater indicated saltwater intrusion from all the sides resulting in the 
salinization of the freshwater domain whichever is present in the island block. The effect of saltwater 
intrusion is also verified by the ratio Cl-/HCO3

- whose value >2 indicates saltwater intrusion. The 
groundwater at location nos.1, 2, 4, 5, 6, 7, 8, 10, 11, 12, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 
29, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59 
and 60 have their TDS more than 1000 mg/l. In addition to that, the groundwater at location nos.1, 2,  3, 4, 5, 
6,  7, 8, 10, 13, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, 29, 30, 31, 35, 36, 38, 39, 41, 42, 43, 44, 47, 48, 
50, 52, 53, 54, 55, 58, 59 and 60 have their Na value more than 200 mg/l and location nos.1, 2, 4, 6, 7, 10, 
13, 16, 17, 18, 19, 21, 22, 23, 24, 25, 28, 29, 30, 31, 35, 36, 38, 39, 41, 42, 43, 44, 47, 50, 52, 53, 54, 55, 56 
and 59 have their Cl value more than 200 mg/l. These places are having their groundwater unfit for drinking 
because all these places have their concentration levels more than the WHO specified limits. The 
contribution Na and Cl to the groundwater is mostly from the seawater as compared to the formations that 
hold the groundwater itself. In addition to this it was also determined that the groundwater should be verified 
from the irrigation point of view. For this purpose, %Na was taken into consideration. It has been observed 
that a few samples come in the category of ‘Excellent’ and ‘Good’. Most of the groundwater come under 
‘Unsuitable’ and ‘Doubtful’ category. In precise, it can be concluded that a major part of the aquifers is 
completely affected by seawater intrusion to such an extent that most of the groundwater are unsuitable for 
drinking and irrigation. Consumption of such groundwater by human beings may lead to deleterious health 
effects and the same for irrigation may lead to complete plant hazard. So, the government should think over 
alternate arrangement of drinking water in form of piped water supply and the government should also look 
for other source of groundwater or surface water for irrigation. 
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ABSTRACT 
Biodiversity sustains human livelihoods and life itself. An estimated 40 per cent of the global economy is 
based on biological products and processes. As the biodiversity harbors a great amount of diversity with 
respect to species diversity, crop diversity, etc. which provides a rich amount of a well evolved system over 
time background support forrichresources. In Angul-Talcher area, in recent years, intervention of human 
activities has been very much noticed. Mining is onrise for last few decadesinthearea, covering huge belt of 
land and eventually also harming the forest cover of the Angul- Talcher forest division. Environmental 
Impact Assessment is a study of the effect of a proposed mining project, plan or program on the 
environment. The present paper attemptstorevealthebaselineenvironmentalqualityandsocio-
economicsettinginand around such mining sites with special reference to the effects on the biodiversity, air, 
water, changes of land use pattern and occupational health effects of mine workersetc. 

Keywords:- Angul-Talcher, Biodiversity, EIA, Fauna, Flora, Minning 

INTRODUCTION 
The Angul - Talcher in India is a land rich in variety of resources and dense forests. 
Environmentalimpactassessmentisanobjectiveanalysisoftheprobablechangesinthe physical, bio-physical, and 
socio-economic characteristics of the environment. The 
predictionandevaluationoftheenvironmentalconsequenceenablestheplannerstoplan better so as to avoid 
irreparable damage to biodiversity and to ensure sustainable development[1]. Mining tends to make a notable 
impact on the environment, the impact 
varyinginseveritydependingonwhetherthemineisworkingorabandoned,themining 
methodsused,andthegeologicalcondition (Laura J., Sonter, December 5, 
2008).Itcausesmassivedamagetolandscapeand biological communities of the earth. The unscientific way of 
mining possess a serious threat to the biodiversity, resulting in the reduction of forest cover, erosion of soil 
in a greater scale, pollution of water, air and land and reduction in forests. The problems of waste rock 
dumps become devastation to the landscape around mining areas. Mining is achieved through several 
activities from exploration through exploitation to processing 
andfinallytotheconsumer.Througheveryphaseoftheminingactivity,extensiveman- made damage is caused to 
the environment. Due to improper planning and negligence of regulations, mining activities results in an 
appreciable damage, degradation and 
deteriorationofthebiodiversity,somemedicinalplantsandecologicaldamagetowater, air and soiloccurs[5]. 

STUDY AREA 
Angul, a centrally located district of Odisha covers a geographical area of 6232 square kilometers and lies 
between 20° 31' N and 20° 40' N Latitude, 84° 15' E and 85° 23' E 
Longitude.ThestudyareaislocatedinAngul-Talcherforestdivisioninthecentralpart of Odisha. The coalfields are 
present in different area which are named as Jagannath area, Bharatpur area, Lingaraj area, Hingula area and 
Talcher area. The present study primarily focuses on the impacts of opencast coal mining in the mining 
affectedareas. 

MATERIALS AND METHODS 
Field studies were conducted from time to time during both winter and summer. Data 
andliteratureweregatheredfromvarioussources.Theinformationrelatedtothestatus of health of the inhabitants 
and socio-economic impacts were collected by using structured questionnaires. The respondents include 
randomly selected mine workers and head of families residing in mine areas. The present paper is aimed at 
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studying of the Environment Impacts of mining on biodiversity of the Angul-Talcher, one of the mineral rich 
regions in India. Also the paper focuses on other impacts of the long 
standingmininginthestudysitesuchastheimpactsonthequalityofair,water,rivers and forests, etc. There is 
theoretical agreement that EIA methodologies are important and are gradually becoming an integral part of 
environmental planning and major development projects. The brief methodology is being discussedbelow: 

Floralenvironment 
The vegetation was studied by laying nested quadrats of varying sizes. For example trees were sampled in 
20m x 20m quadrats, shrubs in 5m x 5m quadrats and herbs/grassesin1mx1mquadrats. However, 
thesizeandshapesofthesamplingplots were modified according to the terrain, area and the requirement of the 
study. The vegetationgrowthinthedifferentareaswithprogressingageofrestorationwasstudied. 

Airenvironment 
The surface meteorological data like wind speed, wind direction, relative humidity, rainfall, ambient 
temperature etc. were collected. Measurement of 24 hourly average background concentrations of SPM, 
RSPM (size<10µm), SO2, NOX and hydrocarbon were also done by following standard methods. 

Noiseenvironment 
Existing status of noise levels in residential, commercial, industrial areas and silence zones within the core 
and buffer zone have been establish. 

Waterenvironment 
Water is an essential constituent or intergradient of all the animal and plant life. A river admits tributaries 
play an important role in industrial and social development. Growing population, accelerating 
industrialization and intensification of agriculture and also urbanization exert heavy pressure on our vast but 
limited water resources. 

Waste water from mining and other related industries are the most common source of water pollution and it 
is increasing day by day (Reza and Singh, 2010). The effluents from mines and industries have a great deal 
of influence on the pollution of the water body; these effluents can alter the physical, chemical and 
biological nature of the receiving water body (Sangodoyin, 1991) Analyses of water quality were done by 
collecting water samples from hand pumps and ponds located in and around mining area during pre-
monsoon, monsoon and post-monsoon. The hand pumps were operated 10 minutes before collecting the 
samples. Samples were collected in clean polythene bottles having air tight stoppers. 

Anticipated environmentalimpacts:Identification of Environmental Impacts associated with exploratory 
drilling was made. Adverse impacts due to activities related to proposed exploratory drilling was predicted 
through modeling or advance mathematical tools. Quantification assessment of adverse impacts due to the 
proposed activity on air, land, and water, biological and on human interests was also done. 

Landenvironment: Mining activities cannot be started start without land acquisition and land is an 
important asset for the people. Without land, any project be it mining, river water project, infrastructure etc. 
cannot commence. Representative soil samples within the study area were collected and the status of the soil 
pollution was assessed. The productivity and fertility of soil found within the study area have also been 
assessed by following standard methods. In the sample villages it was observed that the land of the villagers 
have been completely acquired by the mining companies. Earlier villagers used the land for cultivation but 
now the situation has changed. The following table reflects about the extent of land acquisition in the sample 
villages. 

The above table shows that around 84% of the sample population has lost their land due to mining in the 
village of Hensmul whereas around 94% of the sample population has lost their land due to the inception of 
mining in the village of Jambubahali. Land acquisition is the central reason because of which only a few 
percentages of villagers have cultivation as their occupation. 
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OBSERVATIONS AND DISCUSSION 

There are number of activities which are associated with coal mining that includes 
blasting,drilling,loading,unloading,transportationofcoaletc.Theseactivitiesgiverise 
topollutantswhichaffectnotonlytheenvironmentbutthehealthofthelocalinhabitants in general. There is 
considerable impact of opencast coal mining when it comes to 
environment.Theoverburdendumps,mineswasteaftercombustiongivesoutsulphurous fumes which are 
poisonous (Lloyd,2004). 

EnvironmentandHealthareinter-related.Theharmfulimpactofcoalminingdegradesthe environment in 
particular, and the human being is well surrounded by the environment; so any damage cost to the 
environment will result in health degradation of the people. The present chapter primarily focuses on the 
impact of coal mining on environment and health in the two sample villages ofTalcher. 

People of the study sites had a complain that from growing three crops a year earlier are reduced to none. 
Even their cashew plantations are affected due to the dust by mining. Plants do not yield any fruits. Villagers 
in Bainda, Debipatnapur, Kakudia and Badabirabarapur have their fields rendereduseless, which are choking 
with mining rejects, while dairy farming has been unsustainable since there is no fodder or adequate water 
available for their animals. In mining areas the agricultural lands, plantations and other vegetation’s that 
thrived in abundance previously are struggling to grow ever since the onset of mining. Mining in Angul-
Talcher region are mainly carried out by open cast extraction method. Open cast mining involves the 
removal of overburden including the valuable top soil as well as the natural vegetative cover. These activities 
are associated with harmful effects to the local environment and also biodiversity. Mining activities are 
carried out in various stages, each of them involving specific environmental impacts. The emerging 
environmental hazards associated with open cast mining practices are many but the major problems may be 
summarized asfollows: 

Loss of flora 
The reserve forests in the buffer zone are found to be degraded due to biotic interference and forest fire. 
Occurrence of dense forest is very rare. During the course of investigation it was found that some trees 
denote an evolving or expanding population, which needs to be maintained. The unsustainable way of coal 
mining destroys flora including some important medicinal plants such as:-Oroxylumindicum- 
Gloriosasuperba- Rauvolfia serpentine- Andrographispaniculata- Calotropisproce-Urariapicta - 
Saracaasoca- 

The loss of these valuable medicinal plants needs to be checked to maintain the favourable population 
structure. The riverine vegetation patch was dominated by valuable tree species such as Syzygiumcumini 
Mangiferaindica Terminalia arjuna 

Due to open cast mining activities these above floral patches will also be destroyed. 

Loss of aquatic habitat 
Habitat destruction is the process in which natural habitat is rendered unable to support the species present. 
In this process, the organisms that previously used the site are displaced or destroyed, reducing biodiversity. 
Aquatic habitat of BankuliNala is the home to a variety of frogs, fishes, crustaceans, crabs etc. Gentle slopes 
provide access 

to large wild animals. With the steep lined diversion channels will lead to inaccessibility of large wild 
animals. The plankton life will be lost. Recovery of aquatic life in changed scene will beslow. 

Soil erosion 
The soil erosion will be because of clayey nature of soil, poor vegetal cover and general surface drainage to 
north east side. Soil erosion will take place on external overburden (OB) dumps which will be 5 m high to 
begin with but ultimately will be 30 m high. 
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Forest fire 
Forest fire is mainly controlled by active participation of VSS members in forest protection particularly of 
Bainda, Debipatnapur, Kakudia and Badabirabarapur. Reason of fire is due to man. Intensive use of the area 
by labourer and transport contractor from outside will pose a threat of frequent fires. Accidental fires may 
occur in coal stacks spreading to forest/plantations which will cause damage to plantation/regeneration of 
forest growth. Natural regeneration from stool of wild animals, root suckers and fallen seed may also be 
affected. 

Noise pollution 
Exploration of minerals includes number of process. In the context of coal, the major activities includes 
blasting, drilling. Blasting and drilling works which takes place at the mining sites have disrupted the quality 
of lives not only for the mine workers but also for the villagers who are living nearby. Blasting has a 
tremendous impact in the nearby villages. Villagers reported that when blasting takes place in the quarry, the 
surface of the land shakes along with the ground which has made the villagers annoyed. Drilling activities, 
which take place in the mine, produces loud noise which has raised discontentment. 

One of the side effects of the blasting that has emerged is house cracking. It was observed that most of the 
house in the villages had cracks in its structure. Villagers are very much disgruntled about the fact that their 
money spent in house constructions are going in vain. It came to light that the elected village representatives 
along with the villagers have complained about the ill effects of blasting to the Project Manager and the 
General Manager in person but the reply and action which the authority has taken is not convincing, the 
villagers said. House cracking has resulted in irreparable loss to the villagers. 

Children in particular are the worst affected. The constant loading and unloading works, moving of heavy 
vehicles, has created mayhem and parents reported that children are unable to concentrate in their studies. 
Noise pollution has resulted in mentaldisturbance and the people are not happy with it. 

 

 

 

 

 

(Different types of problems faced by household due to noise pollution) 

The above table shows the different types of problems, which the villagers face due to noise pollution. 
Around 64% of the respondents stated that they have 

house cracks in their house due to vibration which comes out from blastingand drilling. Around 26% of the 
respondents answered that student’s study has been greatly disturbed by noise pollution. Around 7% of the 
respondents replied that they are suffering from mental disturbance and around 3% of the respondents said 
that they suffer from hearing problem. It is very ridiculous that where the MCL lauds that they are using 
blast-less technology but the so called blast-less technology has ruined the life of the villagers. Noise 
pollution has resulted in serious implication for the nearbyvillagers. 

Drilling, blasting, movement of shovel, dumper and water pumps etc. will create noise. Similar noise will be 
produced in adjacent coal blocks. Such noise and vibration will repel out most of the animals from this area. 

Water pollution 
Villagers are very much concerned with the pollution of water bodies in their areas. Villagers claimed that 
the dirty water which consists of coal sludge and coal waste are left out in the water bodies which not only 
makes water unfit for drinking but also makes water unfit for any domestic work such as cleansing, bathing 
etc. Prior to the inception of mining, villagers used to take bath in the community pond which at the present 
point of time has either dried up due to extremes of temperature or has turned into pond full of dust and filth. 
It was observed in the villages that heaps of coal waste and soil often got mixed up with the water bodies. 

Problem faced due to noise pollution Frequency 
Hearing 3 
Mental disturbances 7 
Student study disturb 26 
House cracking 64 
Total 100 
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Villagers are very much troubled by the impact of coal mining on water, in particular the women and 
children. Women in general carries out household work and use much of the water resources for domestic 
purpose. Run-off water from OB dumps to ground levels may increase turbidity of water. Water may also 
get contaminated by fine dust of coal. Most Nalla water is alkaline in the area. This mine will minimize 
water pollution as no coal washing is envisaged. Polluted water spells doom for all animals’ particularly 
aquatic life. 

Sl 
no 

 
Name of the industry Public 

/Privat 
e sector 

Category Effluent 
recipient 

Concerned 
river 

1 NALCO,CPP,Angul(industrial 
effluent and ash pond 

Public 
sector 

Thermal 
power 

Nandira 
river 

Brahmani 
 overflow,ashpond water is 

completely reused) 
    

2 NTPC,kanhia Public 
sector 

Do Tikira 
river 

Brahmani 

3 NTPC ,kanhia Public 
sector 

Do Tikira 
river Brahmani 

4 TTPS,talcher Public 
sector 

Do Nandira 
jhor Brahmani 

5 TTPS,talcher Public 
sector 

Do Nandira 
jhor Brahmani 

(Major Polluting Industries and their concerned river in Angul Talcher region) 

Organic pollutants (Mostly chemicals manufactured artificially by man) are also becoming an important 
water quality issue. They enter rivers as point and non-point sources. Uncontrolled discharge of industrial 
wastewater often causes pollution due to toxic metals. Other sources of metal pollution are leachates from 
ash ponds, urban solid waste landfills and mining waste dumps [3]. 

Impact on Health 
Different types of coal related exercises have brought about the disturbance in the ecology which has hit the 
well-being status of the villagers. Environment degradation has not only given a big jolt to the Nature, but 
has also affected the villager’s health disproportionately. When the different sample households were asked 
about the health problems after the inception of mining, they were very much apprehensive about their 
health status. For instance, villagers exclaimed that, due to environmental pollution and their prolonged 
exposure to the polluted environment their health status is not at all good. There’s always skin irritation, 
different allergies, eye irritations, and the occurrence of harmful diseases has more than doubled. Breathing 
in of air toxins is activating asthma assaults, respiratory diseases, or changes in lung capacity. Mining of coal 
has uncovered the specialists and neighborhood groups to perilous coal dust, and diesel emanations from 
coal transport which has sick consequences for the wellbeing state of the villagers. 

Villagers exclaimed that women and children in particular are facing the dire consequences of mining. There 
has been increase in the number of cases of hospitalizations, medical expenses, stress, trauma, physical 
exploitation etc. More than 80% of the sample households guaranteed that recurrence of women and children 
to different maladies have expanded tremendously after post mining. Because of consistent introduction of 
dust particles they are more inclined to the infections like skin contaminations furthermore encountering 
failing of different tactile organs, which have a long haul effect on their conceptive wellbeing. 

The condition of the family members of a nonemployee of MCL is of worst kind. A non-employee of MCL 
does not get all the privilege vis-à-vis the employee of MCL and as a result of which they are suffering a lot. 
Due to financial constraint a non- employees family, women of the family along with the other family 
members chooses to uncover themselves and their children to 35.Serious wellbeing dangers, which 
undermines their lives. As indicated by the villagers the recurrence of ailments likewise expanded in 
complex periods i.e. tuberculosis,hack and frosty, fever, skin maladies, looseness of the bowels, recoloring 
of teeth, joints torment, joint pain, dormancy are currently the habitually happening illnesses in the mining 
influenced towns. 
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DISEASES HOUSEHOLD AFFECTED 
Gastric disorder 16 
Fever 19 
Skin disorder 20 
TB 18 
Eye allergy 10 
Arthritis 09 
Asthma 08 
Total number of households suffer 100 

 

(Major health problems faced by households in talcher coalfield) 

The above table reflects about the various types of diseases which are faced bythe household after the 
inception of mining. 

Other Health Problems 
More than 60% of the villagers reported that the incidence of diarrhea, dysentery and eosinophil has 
increased to a very great extent due to the fact that mining company has failed in its attempt to deter 
different sources of pollution. Most of the children in the villages were seen having white spots around their 
body. Livestock were seen drinking polluted water and villagers exclaimed that they have stopped 
domesticating livestock because they are becoming succumbed to the excess pollution. Cows in the affected 
villages eat plastic in the absence of grass, villagers said. The sources of water have decreased which has 
affected the women in particular. 

CONCLUSION 
Mining activity in Angul-Talcher should make several changes in the way it is done. The Open-cast method 
is one of the destructive methods in the industrialized world which is substantially proved by the mining 
sector of that area. This demands a replacement by a suitable method which will be less harmful to the 
environment and surrounding forests, other biodiversity areas and also for the agriculture and human health. 
Mining and transportation of mineral ore needs to be carefully done to avoid any kind of harmful hazards 
and pollution being created that would adversely affect the well-being of the society in the state[4]. Also 
there needs to be a proper storage of overburden once it is removed. If it is left untreated it results in washing 
off into fields and river basins due to the rainfall. The effects have been experienced severely in Angul-
Talcher area, where several agricultural fields and rivers have beenpolluted. 

Water being one of the scarce resources needs to be conserved properly for biodiversity which is dependent 
on equal balance in the nature of all the existing resources[7]. In order to maintain or increase the 
biodiversity of the area following measures should be employed in the area. 

The mining area has a number of exotic species. Though the existing species should be allowed to grow, 
introducing and adding new species should be avoided in the mining area as they are affecting the survival 
of the native plants[6]. The exotic plant provide food and shelter to a number of insects that are harmful to 
the native plants as well as human wellbeing. 

The mining area has a good number of exotic species saplings which should be replaced by the native fruit 
and flower bearing species to increase the insect (butterfly) and bird life. Moreover, there are some areas in 
the buffer zone like the hill side where plantation of native species can be undertaken. Even if plantation is 
not undertaken the existing flora can be conserved by avoiding construction in places that have a healthy 
plant life. 

The survey area especially buffer zone has several vegetation. These vegetation patches should be 
conserved, and can be enclosed by proper biological fences which will help the faunal movement at the same 
time restrict anthropogenic activities. The area can have several interpretation zones e.g. Butterfly zone, herb 
and shrub zone, bird watching zone, etc. 
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ABSTRACT 
Malnutrition is a big problem in India and other parts of the world. We can use various microbes for 
production of single cell protein to solve malnutrition problem. Single cell protein (SCP) has many 
applications in food and feed industries. The microorganisms which can be used as SCP include a variety of 
bacteria, microalgae, yeasts and molds. Production of SCP using cheap materials as substrate provides an 
economically feasible source of protein for use in animal feed or the processing of products for human 
consumption, as it often meets dietary requirements for protein. Many microorganisms have been used to 
convert various substrates into biomass. The Protein content vary with different microorganisms used for 
production of SCP. The maximum percentage was obtained from bacterial source i,e 50-83%. SCP 
production technologies arose as a promising way to solve the problem of worldwide protein shortage. They 
evolved as bioconversion processes which turned low-value by-products into products with added nutritional 
and market value and since SCP belongs to one of the cheapest protein products in the market, its 
production is profitable. 

Keywords:- Single Cell Protein(SCP),Nutritional Supplements,Organic Waste,Protein Deficiency,Biomass 

INTRODUCTION 
With the world population reaching 9 billion by 2050, there is strong evidence that agriculture will not be 
able to meet demandand that there is serious risk of food shortage.Autotrophic SCP represents options of 
fail-safe mass food-production which can produce food reliably even under harsh climate conditions.With 
the world population reaching 9 billion by 2050, there is strong evidence that agriculture will not be able to 
meet demandand that there is serious risk of food shortage.Autotrophic SCP(single cell protein) represents 
options of fail-safe mass food-production which can produce food reliably even under harsh climate 
conditions. 

Microorganisms have an ability to upgrade low protein content and this phenomenon was employed during 
First World War other bacteria were used to replace the conventional food materials. The production and 
utilization of microbial biomass as a source of food proteins gained particular interest as an alternative 
source for proteins of agricultural origin due to its high content of protein. In addition to proteins, scp 
contents other nutrients such as lipids and vitamins. 

Single cell proteins or SCP refers to source of proteins which are extracted from single cell organisms like 
algae,yeast, bacteria and fungi.SCPs are a good source of proteins to sources like soymeal and 
fishmeal.Single cell proteincan play a major role in alleviating protein deficieny.(Ghasem D.najafpour,2007) 

The single cell protein(scp) concept is applied to the massive growth of microorganisms for human or animal 
consumption.Single cell protein is a generic term for crude or refined protein whose origin is 
bacteria,yeasts,molds or algae,microorganisms that usually contain above 40% of crude protein on dry 
weight bases.Yeasts and bacteria have been particularly important for scp production and easily acceptable 
as their biomass has been consumed by man since ancient times in the form of fermented foods.The 
production of scp has important advantages over other sources of proteins,such as its considerably shorter 
doubling time,the small land requirement. 

The determinants of the utility of scp product for application as food for  human beings and feed for animals 
differ.It shows nutritional value of food proteins from different sources.For human beings,protein 
digestibility and protein efficiency ratio(PER),biological value or net protein utilization(NPU),determined in 
rats ,are the parameters for food application,whereas for animals,metabolizable energy,protein digestibility 
and feed conversation ratio(weight of ratio consumer/weight gain) are the measures or performance in 
broiler,chickens,swine and calves(and egg laying in hens). 
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LITERATURE SURVEY 
In 1781, processes for preparing highly concentrated forms of yeast were established. Research on Single 
Cell Protein Technology started a century ago when Max Delbrück and his colleagues found out the high 
value of surplus brewer’s yeast as a feeding supplement for animals.[  During World War I and World War 
II, yeast-SCP was employed on a large scale in Germany to counteract food shortages during the war. 
Inventions for SCP production often represented milestones for biotechnology in general: for example, in 
1919, Sak in Denmark and Hayduck in Germany invented a method named, “Zulaufverfahren”, (fed-batch) 
in which sugar solution was fed continuously to an aerated suspension of yeast instead of adding yeast to 
diluted sugar solution once (batch). In post war period, the Food and Agriculture Organization of the United 
Nations (FAO) emphasized on hunger and malnutrition problems of the world in 1960 and introduced the 
concept of protein gap, showing that 25% of the world population had a deficiency of protein intake in their 
diet. It was also feared that agricultural production would fail to meet the increasing demands of food by 
humanity. By the mid 60’s, almost quarter of a million tons of food yeast were being produced in different 
parts of the world and Soviet Union alone produced some 900,000 tons by 1970 of food and fodder yeast. 

In the 1960s, researchers at British Petroleum developed what they called "proteins-from-oil process": a 
technology for producing single-cell protein by yeast fed by waxy n-paraffins, a byproduct of oil refineries. 
Initial research work was done by Alfred Champagnat at BP's Lavera Oil Refinery in France; a small pilot 
plant there started operations in March 1963, and the same construction of the second pilot plant, at 
Grangemouth Oil Refinery in Britain, was authorized.The term SCP was coined in 1966 by Carroll L. 
Wilson of MIT. 

Microbes employed include: 
•Yeast: Saccharomyces cerevisiae, Pichia pastoris, Candida utilis, Torulopsis, Geotrichum candidum 

•Fungi (Mycoprotein): Aspergillus oryzae, Fusarium venenatum, Sclerotium rolfsii, Polyporus, Trichoderma, 
Scytalidium acidophilum 

•Bacteria: Rhodobacter capsulatus and Algae: spirulina (dietary supplement), Chlorella 

Table 1: The comparison chart shows the composition of SCP from the respective organisms. 
Component Percentage composition of 

Weight 
Alge Fungi Bcteria 

True Protein 40-60 30-70 50-83 
Total nitrogen 
(Protein + 
nucleicacids) 

45-65 35-50 60-80 

Lysin 4.6-7.0 6.5-7.8 4.3-5.8 
Methionine 1.4-2.6 1.4-2.6 2.2-3.0 
Fats/Lipids 5-10 5-13 8-10 
Carbohydrte 9 N N 
Bile pigments 
and Chlorophyll 

6 N N 

Nucleic acids 4-6 9.70 15-16 
Minerl acids 7 6.6 8.6 
amino acids N 54 65 
Moisture 6.0 4.5- 

6.0 
2.8 

Fiber 3 N N 
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Fig 2: Microorganisms used for SCP production 

Application of single cell protein 
 Single Cell proteins are dried cells of microorganisms or extracted from pure or mixed cultures 

of algae, yeasts, fungi or bacteria. They can use as feed supplement and protein supplement for 
humans. Earlier it was known as Microbial Protein.  Pruteen was first commercial SCP used as 
an animal feed additive. 

 Single cell proteins have application in animal nutrition as: fattening calves, poultry, pigs and 
fish breading. In food it is used as : aroma carriers, vitamin carrier, emulsifying aids and to 
improve the nutritive value of baked products, in soups, in ready-to-serve-meals, in diet recipes 
and in the technical field in : paper processing, leather processing and as foam stabilizers 

 Industrial agriculture is marked by a high water footprint, high land use, biodiversity destruction, 
general environmental degradation[2] and contributes to climate change by emission of a third of 
all greenhouse gases,[3] production of SCP does not necessarily exhibit any of these serious 
drawbacks. As of today, SCP is commonly grown on agricultural waste products, and as such 
inherits the ecological footprint and water footprint of industrial agriculture. However, SCP may 
also be produced entirely independent of agricultural waste products through autotrophic growth 
(Challinor et al 2014) 

 It is of great nutritional value because it contains a high protein, lipid, and vitamins etc which 
provide great health benefits to the people.Example: Spirulina is a single cell protein, which is 
given to people to enrich them with the vitamin. It prevents the accumulation of cholesterol in 
the human body and lowers the blood sugar level. It is often used by the astronauts and actress. 
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1. Used in therapeutic and natural medicines for: 
1. Controlling obesity. 

2. Lowers blood sugar level in diabetic patients. 

3. Reducing body weight, cholesterol and stress 

4. Prevents accumulation of cholesterol in the body. 

2. Used in Cosmetics products for: 
o Maintaining healthy hair. 

o Production of different herbal beauty products, like- Biolipstics, herbal face cream, etc. 

3. Used in Poultry: As it serves as the excellent and convenient source of proteins and other 
nutrients, it is widely used for feeding cattle, birds, fishes etc 

Update on Industrial Production of SCP—Players and Capacities 
A short description of some active companies is given below. 

Algaeon Inc. produces β-glucan and whole cell products from the photosynthetic protist Euglena gracillis. 
Algaeon was started in 2011 and is based in the U.S.A. 

BlueBioTech Int. GmbH, a microalgal biotechnology company, which has operated for more than 10 years, 
producing large quantities of Spirulina and Chlorella. 

Calysta Inc. was founded as a private company in 2011. It produces FeedKind® from methane at a pilot 
facility in the UK, and began distributing commercial samples in 2017. It plans to open a larger facility 
(producing up to 20,000 tonnes per year) in the U.S.A. in 2019. 

Cangzhou Tianyu Feed Additive Co., Ltd is a manufacturer and trading company located in Hebei, China 
since 2004. Their main products are Yeast Powder, Choline Chloride, Betaine, and Allicin having markets in 
Southeast Asia, Eastern Asia, Oceania, South Asia, and South America. The company employs 50 people 
and their total revenue is 5–10 million USA.. 

Technical Contribution-1 
Microbial protein is generally referred to as single cell protein (SCP), although some of the producing 
microbes, such as filamentous fungi or filamentous algae, may be multicellular. In addition to direct use as 
SCP, microbes contribute to protein demand when they are used to upgrade the protein content or quality of 
fermented foods (Bourdichon et al., 2012). Although, microbial protein provides a relatively small 
proportion of current human nutrition, the growing global demand for protein is likely to make SCP 
increasingly important (Boland et al., 2013). High growth rates or ability to utilise unique substrates, such as 
CO2or methane, result in processes which offer much higher efficiency and/or sustainability than is possible 
from traditional agriculture. SCP is currently produced from a limited number of microbial species, 
particularly when considering human consumption. 

Sources of Single Cell Proteins 
The range of sources for SCP used in animal feed is broader than that approved for human consumption and 
is expanding. As is reviewed below, products derived from algae, fungi (including yeast) and bacteria are all 
in use or under development. SCP for human consumption is generally produced from food grade substrates, 
but there is hope that processes will be developed to produce SCP from inexpensive waste materials from the 
food and beverage processing industries, as well as directly from forestry and agricultural sources (Anbuselvi 
et al., 2014). Regulatory issues must always be taken into account. With the introduction of algae to 
microbial protein providers, production from CO2 has become possible, while the greenhouse gas methane is 
providing a novel source of carbon for SCP from bacteria(Ritalala et al 2017). The various source are: 

1. Certain microbes which have high protein content are considered to be very much beneficial for the 
production of SCP. Such prepared biomass can be utilized for the human consumption as protein rich food. 
Generally, these microbes can grow in an industrial bioreactor with the utilization of common wastes such as 
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sewage, animal excreta, agricultural wastes, petroleum wastes, crude oil waste, paper and textile industry 
wastes, saw mill wastes, starchy waste from potato industry, beverage industrial wastes and distilleries 
waste. 

2. The production of SCP from various microbes, particularly from fungi and bacteria has received 
considerable attention, in contrast, only a few studies have dealt with the feasibility of using SCP from micro 
algae. 

3. Comprehensive analysis and nutritional studies have demonstrated that these algal proteins are of high 
quality and comparable to conventional vegetable proteins. However, due to high production costs as well as 
technical difficulties to incorporate the algal material into palatable food preparations, the propagation of 
algal proteins is still in its infancy 

4. New advance in biotechnological techniques have made potentially effective and economic use of wastes 
into valuable products including single cell protein (SCP). Increasing concern about pollution caused by the 
agri-wastes has also stimulated the interest for conversion of these wastes into commercially valuable 
products. One of the most promising ways is to use such wastes as substrates for the cultivation of yeast for 
the production of protein rich single cell biomass. The agri-wastes contain cellulose, lignin, and 
hemicelluloses and can be converted into fermentable sugars which then serve as substrate for growth of 
different enzymes producing microbes. The biomass of bacteria and yeast is termed as single cell protein 
(SCP) which is an excellent protein source and might be used as a promising alternative to other 
conventional protein sources (Kurbanoglu and Algur, 2001; Khan and Dahot, 2010; Qazi et al., 2012). The 
bioconversion of wastes into SCP is a cheaper and economically feasible way to overcome the protein 
scarcity (Anupma and Ravindra, 2000). 

5. Various fruit wastes being particularly rich in sugars and Polysaccharides represent very appealing 
substrates for cultivating microbial (bacteria and yeast) biomass. Rapid growth rate, high protein content and 
their ability to utilize inexpensive feed stocks as carbon and energy sources for growth have made micro 
organisms’ prime candidates for animal as well as animal protein supplements. Yeast biomass is easy to 
harvest due to larger cell size, high protein content, flocculating ability and less nucleic acid contents as 
compared to bacterial cells (Wolf et al., 2003). The SCP biomass produced may serve as an ideal supplement 
for aqua feeds. (Khan and Dahot, 2010). Microbes have 46% of crude protein content processing large 
quantities of essential amino acids. (Rao et al., 2003). 

6. A wide variety of agri industrial wastes such as peels of orange, mangoes and rice straw, corn straw and 
sugarcane bagasse have been investigated for SCP production (Nigam et al., 2000; Zhao et al., 2010a). These 
wastes are present abundantly in nature and may serve as a sole carbon and nitrogen source for the 
production of SCP by micro-organisms. The agro industrial wastes including straw, bagasse, molasses. Fruit 
and vegetables peels are locally produced in higher amounts and increase the pollution level to a significant 
level. Thus these wastes can be utilized for SCP, thereby causing a reduction in pollution level as well as 
producing SCP biomass. Hence bioconversion of wastes into SCP is a cheaper and economically feasible 
way to overcome the protein scarcity. Micro-organisms can utilize waste materials that cause pollution 
problem and also sanitary hazards. 

7. The use of wastes would help in controlling pollution and also in solving waste disposal problem to some 
extent. Single cell protein (SCP) production has the potential for feeding the ever increasing world 
population at cheaper rates (Baldasso et al., 2011). The protein comes from a number of vegetables, cereals 
and fruits, often not affordable by a common man and therefore microbial proteins can be an alternative 
source to feed economically down communities in the world in general and India in particular. In other 
words proteins are the essence of life processes and are important for proper growth and development of all 
the living beings. Its deficiency may lead to a number of health disorders. 

Technical Contribution 2 
Production of Single-Cell Protein 
The process of SCP production from any microorganism or substrate would have thefollowing basic steps 

 Selection of suitable strain 
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 preparation of nutrient media 

 Fermentation. 

 Harvesting. 

 Post harvest treatment. 

 SCP processing for food. 

 Like any other microbial culture, production of pure microbial cultures for desired protein products 
requires a carbon source, 

 Addition, to the carbon source, of sources of nitrogen, phosphorus and other nutrients needed to 
support optimal growth of the selected microorganism. 

 Prevention of contamination by maintaining sterile or hygienic conditions. The 
mediumcomponents may be heated or sterilized by filtration and fermentation equipments maybe 
sterilized. 

 The selected microorganism is inoculated in a pure state. 

 SCP processes are highly aerobic (except those using algae). Therefore, adequate aeration must 
be provided. In addition,cooling is necessary as considerable heat is generated. 

 The microbial biomass is recovered from the medium. 

 Processing of the biomass for enhancing its usefulness and/or storability Single-cell proteins 
develop when microbes ferment waste materials (including wood, straw, cannery, and food-
processing wastes, residues from alcohol production, hydrocarbons, or human and animal 
excreta). The problem with extracting single-cell proteins from the wastes is the dilution and 
cost. They are found in very low concentrations, usually less than 5%. Engineers have developed 
ways to increase the concentrations including centrifugation, flotation, precipitation, coagulation, 
and filtration, or the use of semi-permeable membrane 

 
Fig1: Production of SCP 
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1.Productionof Single Cell Protein In Yeast 
SCP produced using yeast is a high nutrient feed substitute (Burgents et al, 2004). Among these most popular 
are yeast species Candida (Bozakouk, 2002), Hansenula, Pitchia, Torulopsis and Saccharomyces. The 
production of single cell protein using Saccharomyces cerevisiae grown on various fruit waste is also 
reported (Tanveer, 2010). The typical oily yeasts genera include Yarrowia, Candida, Rhodotorula, 
Rhodosporidium, Cryptococcus, Trichosporon and Lipomyces. Cucumber and orange peels were evaluated 
for the production of single cell protein using Saccharomyces cerevisiae by submerged fermentation 
(Sengupta et al., 2006). No mention of SCP production using yeast on soya agrowaste was found in 
literature. 

2. Production Of Single Cell Protein In Algae 
Since ancient times, Spirulina was cultivated by people near Lake Chad in Africa and the Aztecs near 
Texcoco in Mexico. They used it as a food after drying it. Spirulina is the most widely used algae so much 
that even astronauts take it to space during their space travel. Similarly, biomass obtained from Chlorella and 
Senedessmus has been harvested and used as source of food by tribal communities in certain parts of the 
world. Alga is used as a food in many different ways and its advantages include simple cultivation, effective 
utilization of solar energy, faster growth and high protein content. The algae Spirulina has been considered 
for use as a supplementary protein (Raja et al., 2008). It is a blue green algae having strong antioxidant 
activity and provokes a free radical scavenging enzyme system. A diet enriched with Spirulina and other 
nutraceuticals may help protect the stem/progenitor cells. Spirulina maxima prevent fatty liver development 
induced by carbon tetrachloride (CCl4). It is concluded that the use of Spirulina should be encouraged in 
patients suffering from malnutrition, immune suppression, hepatic and neural compromise, etc. although 
further investigations on the antiviral effects of this alga and its clinical implications are strongly needed. 
Single cell protein (SCP) production by five strains of Chlorella species (M109, M121, M122, M138, and 
M150), isolated from different habitats, and was studied under the influence of eight environmental factors 
(Mahasneh, 2005). 

Table2: Recent reports of the protein content of some algae that are of interest as SCP 

 
3.  Production Of Single Cell Protein In Fungi 
Many fungal species are used as a source of protein rich food (Bhalla et al, 2007). Many other filamentous 
species are also used as source of single cell protein. In 1973, in second international conference convened at 
MIT, it was reported that Actinomycetes and filamentous fungi produced protein from various substrates. 
During the World War II, trials were made to utilize the cultures of Fusarium and Rhizopus (Yousuf, 2012) 
grown in fermentation as a source of protein food. The inoculums of Aspergillus oryzae (Anupama and 
Ravindra, 2000) or Rhizopus arrhizus were selected because of their non-toxic nature. Saprophytic fungi 
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grow on complex organic compounds and convert them into simple structures. High amount of fungal 
biomass is produced as a result of growth. Mycelia yield vary greatly which depends upon organisms and 
substrates. There are some species of moulds, for example, Aspergillus niger (Yabaya and Ado, 2008). A. 
fumigates, Fusarium graminearum which are very dangerous to human, therefore, such fungi, must not be 
used or toxicological evaluations should be done before recommending using as SCP. Very recently, SCP 
technology is using fungal species for bioconversion of lignocellulosic wastes (Lenihan et al, 2010). The 
filamentous fungi that have been used include Chaetomium Celluloliticum, Fusarium Graminearum (Zubi, 
2005), Aspergillus fumigates, A. niger, A.oryzae, Cephalosporium cichorniae, Penicillum cyclopium, 
Rhizopuschinesis, Scytalidum aciduphlium, Tricoderma viridae, and Tricoderma alba Paecilomyces varioti 
(Jaganmohan et al., 2013). 

Table3:  substrate used for single cell protein production 

Microorganism Substrate 

Fungi  

Aspergillus fumigatus Maltose, Glucose 

Aspergillus niger, A.oryzae, 

Cephalosporiumeichhorniae, 

Chaetomiumcellulolyticum 

Cellulose,Hemicellulose 

Penicillium cyclopium Glucose, Lactose,Galactose 

Rhizopus chinensis Glucose, Maltose 

Scytalidiumaciduphilium, 

Thricoderma viridae,Thricoderma alba 

Cellulose, Pentose 

Paecilomyces varioti Sulphite wasteLiquor 

Fusarium graminearum Starch, Glucose 

4. Production Of Single Cell Protein In Bacteria 
Characteristics that make bacteria suitable for SCP production include rapid growth of bacteria, short 
generation time and can double their cell mass in 20 minutes to 2 hours. They are also capable of growing on 
a variety of raw materials that range from carbohydrates such as starch and sugars to gaseous and liquid 
hydrocarbons which include methane and petroleum fractions (Bamberg, 2000) to petrochemicals such as 
methanol and ethanol, nitrogen sources which are useful for bacterial growth include ammonia, ammonium 
salts, urea, nitrates, and the organic nitrogen in wastes, also it is suggested to add mineral nutrient 
supplement to the bacterial culture medium to fulfil deficiency of nutrients that may be absent in natural 
waters in concentration sufficient to support growth. Potential phototrophic bacterial strains are 
recommended for single cell protein production. Some researchers also suggest use of methanotrophic and 
other bacterial species for single cell protein production (Arora et al., 1991). Generation time of 
Methylophilusis about 2 hours is used in animal feed and in general produces a more favourable protein 
composition than yeast or fungi. Therefore, the large quantities of single cell protein animal feed can be 
produced using bacteria like Brevibacterium (Adedayo et al., 2011) Methylophilus methylitropous, 
Acromobacter delvaevate, Acinetobacter calcoacenticus, Aeromonas hydrophilla, Bacillus megaterium, 
Bacillus subtilis (Gomashe et al., 2014), Lactobacillus species, Cellulomonas species, Methylomonas 
methylotrophus (Piper,2004), Pseudomonas fluorescens, Rhodopseudomonas capsulate, Flavobacterium 
species, Thermomonospora fusca (Dhanasekaran et al., 2011). 
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Table4:Recent reports of the protein content of some bacteria that are of interest as SCP 

 
Processing of SCP 
Depending on the substrate material and intended food/feed application, various processing steps are 
required prior to formulation of the final SCP product. In the following section we review the most relevant 
processing needs for SCP. 

Cell Wall Degradation in Single Cell Protein Products 
Some SCP are used as whole cell preparations, while in others the cell wall may be broken down to make the 
protein more accessible. SCP, such as Quorn™, may be consumed without degradation of the cell wall, in 
which case chitin and glucan from fungal cell walls contribute fibre to the diet (Wiebe, 2004). SCP derived 
from Euglena does not require dirsuption since the cells have proteinaceous pellicles, rather than cell walls, 
making it more readily digestible. 

Various methods have been used to disrupt the cell wall, including mechanical forces (crushing, crumbling, 
grinding, pressure homogenization, or ultra-sonication), hydrolytic enzymes (endogenous or exogenous), 
chemical disruption with detergents, or combinations of these methods (reviewed in Nasseri et al., 2011). 
Cell disruption may affect the quality and quantity of protein and other components in the SCP. Products 
such as Marmite® and Vegemite® are cell extracts, generated by heating the cells to 45–50°C long enough 
for intracellular enzymes to partially hydrolyse the cell wall; the proteins are also reduced to smaller peptides 
(Trevelyan, 1976; Ugalde and Castrillo, 2002). 

Nucleic Acid Removal in Single Cell Protein Products 
Although algae generally have low nucleic acid content, the rapidly proliferating bacterial and fungal species 
have high nucleic acid (RNA) content. RNA content and degradation are affected by growth conditions, 
growth rate, and the carbon-nitrogen ratio (Trevelyan, 1976). When SCP is produced for human 
consumption, high nucleic acid content is a problem because ingestion of purine compounds derived from 
RNA breakdown increases uric acid concentrations in plasma, which can cause gout and kidney stones 
(Edelman et al., 1983). SCP with high nucleic acid content which is intended as animal feed is recommended 
only for feeding animals with short life spans (Strong et al., 2015). 

Various methods to decrease the RNA content in SCP have been developed (Sinskey and Tannenbaum, 
1975) and continue to be in use. Endogenous RNA degrading enzymes (ribonucleases) can be exploited in 
degradation of RNA, after activation with heat treatment (60–70°C) as used in the production of Quorn™ 
(Anderson and Solomons, 1984). Ribonucleases can also be added to the process or used as immobilized 
enzymes (Martinez et al., 1990; Hameş and Demir, 2015). Degraded RNA components diffuse out of the 
cells, but biomass loss (35–38%) also occurs. The process was improved by using higher temperatures (72–
74°C) for 30–45 min, with less loss of biomass (30–33% loss; Ward, 1998). The temperature increase 
requires steam input, which is a cost factor, but heat is also needed for final treatment of the biomass at 90°C 
after the RNAse activation (Knight et al., 2001). 
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Alkaline hydrolysis and chemical extraction methods have also been studied. Viikari and Linko (1977) used 
an alkali treatment to reduce RNA in P. varioti biomass, used in for Pekilo-process, to below 2%. Treatment 
at 65°C, pH 7.5–8.5, to activate endogenous ribonuclease, also reduced the RNA content to <2%, while the 
protein content stayed at 50%. 

CONCLUSION AND FUTURE WORKS 
SCP initially gained importance in human nutrition during times of war, when traditional sources of protein 
became scarce. It again became of interest during the latter half of the twentieth century because of concern 
about meeting the protein demands of the world's ever increasing population. These concerns were global, 
but when we consider current interest in SCP, we observe that the countries now driving research and 
development of new SCP are generally those with large populations (e.g., China and India) and problems 
with malnutrition. Most recent patents related to SCP have been filed from China, indicating the importance 
of SCP for future food and feed there. Fast growth of SCP products can be expected in China and perhaps in 
the whole of Asia. Development of algal SCP forms an exception to this observation—since many 
companies have been established around the world in recent years to develop products which can exploit the 
current excess availability of CO2. The drivers for development of algal SCP are thus somewhat different 
from those for the development of bacterial and fungal SCP. Production of SCP from methane shares this 
environmental concern and opportunity with the algal developments. 

In addition, the forms in which SCP may be consumed are continuing to evolve. Yeast SCP has been 
consumed for decades as a cell extract in the form of pastes which can be spread on bread, whereas the 
fungal SCP which is used in Quorn™ was deliberately developed as a product which could be formulated 
into chunks and slices which would more closely resemble meat. More recently developed products are often 
formulated as dry powders or flours, which are intended to be mixed with other ingredients to create 
products in which the individual components are not perceived. Such products are suitable for incorporation 
into protein bars and beverages such as smoothies, which are currently popular. 

It is clear from above discussion and critical review of available literature that various microbes could be 
used for production of single cell protein to solve protein malnutrition problem in India and other parts of the 
world. Various studies have described production of SCP using many waste products and microbial organism 
and presented their advantages and disadvantages. Every method of production is suitable for particular 
need. In this we found that soya agro-industry waste using yeast as microbe is promising field and much 
work can be done in this field.field 
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ABSTRACT 
Anemia affects one fourth of the world's population, and iron deficiency is the most common cause of 
anemia. Iron deficiency anemia is only a part of the spectrum of iron deficiency syndrome. In this review we 
are discussing about the evaluation and management of iron deficiency anemia. 

Keywords: iron deficiency, serum ferritin, refractory iron deficiency anemia, obscure GI bleed 

INTRODUCTION 
Iron deficiency anemia (IDA) is the most prevalent forms of anemia. Globally it accounts for approximately 
50% of anemia. In developing countries 30-70% of the population is iron deficient. IDA is thought to affect 
the health of more than 1 billion people worldwide [1]. 

Iron metabolism 
Duodenum and proximal jejunum is the major sites of iron absorption.  Adult men have about 1 g of storage 
iron mostly in liver, spleen, and bone marrow. Only a small amount of iron enters and leaves the body on a 
daily basis [2].  Most iron is recycled from the breakdown of old red blood cells by macrophages of the 
reticuloendothelial system. (See Figure 1) 

 
Figure 1: Iron metabolism and mechanism of iron deficiency anemia 

The normal iron content of the body is approximately 3 to 4 g. It is distributed in the body as follows: 

1. Hemoglobin in circulating red cells and developing erythroblasts - about 2.5 g 

2. Iron-containing proteins (eg, myoglobin, cytochromes, catalase) - 400 mg 
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3. Plasma transferrin-bound iron - 3 to 7 mg 

4. The remainder is storage iron in the form of ferritin or hemosiderin Causes of iron deficiency 

Common causes of iron deficiency includes [3]: 

a) Increased demand for iron - Infancy, adolescence, pregnancy, erythropoietin therapy 

b) Increased loss of iron - Blood loss, menses, phlebotomy 

c) Decreased supply of iron - Poor dietary intake, malabsorption Stages of iron deficiency anemia 

Progression of iron deficiency to anemia can be divided into three stages. The 1st stage is the stage of 
negative iron balance, where the iron demand exceeds body's ability to absorb iron from the diet. This may 
be due to blood loss, pregnancy, rapid growth spurts during adolescence or decreased dietary intake [4]. 
During this period iron stores are depleted. Serum ferritin and stainable iron stores in the bone marrow (BM) 
are reduced. 

With continued deficiency serum ferritin begins to fall and once the serum ferritin falls <15ug/dl, the iron 
stores become depleted. Once transferrin saturation falls to 15 - 20%, hemoglobin synthesis become 
defective. This stage is called as the stage of iron-deficient erythropoiesis [5]. 

With further declines in iron level, hemoglobin level begins to fall and this stage is called as the stage of iron 
deficiency anemia. At this point transferrin saturation usually falls to 10-15%. (Table 1) 

Table 1: Stages of iron deficiency anaemia and iron studies  

 
Early iron stores depletion can be assessed by measuring marrow iron stores, serum ferritin and TIBC. Iron 
deficient erythropoesis can be recognized from additional abnormalities in serum iron, percent transferrin 
saturation and red cell protoporphyrin level. 

clinical presentation of Fe deficiency anemia 
Common symptoms of IDA include tiredness, easy fatigability, breathlessness on exertion, giddiness, leg 
pain, hair fall and worsening of co-existing disease such as angina. Restless legs syndrome (RLS) or Willis-
Ekbom disease is also associated with iron deficiency. Common signs include mucous membrane pallor, 
tachypnoea, tachycardia, postural hypotension, ankle oedema and presence of flow murmurs. Koilonychia 
and cheilosis are signs of advanced iron deficiency. Pica is commonly seen in children. Pica is perverted 
appetite for substance not fit as food. Clinical features of iron deficiency depend on the severity and 
chronicity of anaemia [6]. Sometime symptoms related to the cause of iron deficiency will be there like 
abdominal pain, menorrhagia or bleeding per rectum. 
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Differential diagnosis 
In patients presenting with iron deficiency anemia, other causes of microcytosis should be considered as 
differential diagnosis (Table 2). The diagnostic workup include two steps; that is confirmation of the 
diagnosis of iron deficiency anemia from other microcytic anemia and identifying the cause for iron 
deficiency especially when the cause of anemia is not clinically evident. 

Table 2: Causes of microcytic anemia 

 
Investigations 
1.  Complete blood count 

Complete blood count shows low hemoglobin and red cell counts. MCV and MCH are also reduced. The 
mean corpuscular volume (MCV) is the volume of the "average" red blood cell, stated in femtoliters (fL). 
MCV can be calculated as: 

MCV  (femtoliters) = 10 x HCT(percent) ÷ RBC (millions/µL) 

The normal range for the MCV in adults is 80 to 96 fL. RBCs are considered microcytic if MCV <80 fL. 

2. Red blood cell distribution width (RDW) 

RDW determine the dispersion of RBC size about the mean. It is calculated as follows: 

RDW =   Standard deviation of RBC size  ÷  MCV 

The  normal  range  for  the  RDW  is  11.5  to  14.5  percent. An increased RDW indicates the presence of 
increased variability in red cell size (anisocytosis). An increased RDW is commonly found when there is a 
nutritional deficiency like iron, folate, and vitamin B12 deficiency (Table 3). This is because the nutrient 
levels available to red cell precursors may vary widely during any 24 hour period, resulting in variability in 
red cell endowment and, therefore, size [7]. 

Table 3: Causes of high RDW 

 
3. Reticulocyte production index (RPI) 
Reticulocyte production index (RPI) is a measure of the marrow response to anemia. It involves two 
corrections to the reticulocyte count, one for the degree of anemia (normalized to a HCT of 45 percent or Hb 
of 15) and another for the reticulocyte maturation time (RMT), which varies from 1.0 days for a hematocrit 
of 45 percent to 2.5 days for a hematocrit of 15 percent. 

RPI = Reticulocytes (percent) x (HCT ÷ 45) or (Hb ÷ 15) x (1 ÷ RMT) 
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The normal RPI is approximately 1.0. RPI in excess of 2.0 is considered increased, representing an adequate 
marrow response to anemia. If RPI is < 2 in patients with anemia, a defect in the erythroid marrow 
proliferation or maturation must be present. 

Common causes of Microcytic anemia with RPI < 2 are given in Table 4 

Table 4: Common causes of microcytic anemia with RPI < 2 

 
 

4. Peripheral smear 
Peripheral smear shows microcytic hypochromic blood picture. Unlike thalassemia, target cells are not 
usually present and anisocytosis and poikilocytosis are not marked. It lacks intra-erythrocytic crystals (rod-
shaped cells containing hemoglobin C crystals) seen in hemoglobin C disorders. 

Combined folate deficiency and iron deficiency shows a population of macrocytes mixed with microcytic 
hypochromic cells. This condition can normalize MCV. Platelet count is usually increased [8]. 

5. Serum Ferritin 
Ferritin is the chief iron - storage protein in the body. Serum ferritin measurement is helpful in the diagnosis 
of iron deficiency or excess, which correlate with total body iron stores. It is decreased in iron deficiency 
anemia. Normal levels are 15-400 ng/ml in males and 10-200 ng/dl in females. For ferritin levels in the range 
from 50 to 500 ng/mL, there appears to be a direct quantitative relationship between the ferritin 
concentration and iron stores as follows: 

Iron stores (mg) ≅ (8 to 10) x ferritin (ng/mL) 

It is an acute phase reactant. Elevated or normal serum ferritin level can be seen in patients having iron 
deficiency with co-existent illness like liver disease, infection, inflammation and malignancy. The effect of 
inflammation is to elevate serum ferritin approximately three fold. So divide serum ferritin value by 3 and if 
the resulting value is 20 or less it might suggest concomitant iron deficiency in patients with other acute 
illness [9]. 

6. Serum iron 
Serum iron level reflects Fe3+ bound to transferrin. Normal value is 56-150ug/dl and it is decreased in IDA, 
anemia due to infection and anemia of chronic disease. Serum iron level shows diurnal variation - higher 
values in the mid morning, low values in the mid afternoon and very low values near midnight. 

7. Serum transferrin 
Transferrin is the iron binding glycoprotein that determines the level of free iron in the body. Transferin 
transports circulating Fe3+ molecules, normally only about 13 of iron - binding sites are occupied. The 
remainder is called unsaturated iron binding capacity. S.Transferin levels are increased in IDA and decreased 
in iron overload states. 

8. Total iron binding capacity 
TIBC is an indirect measure of the circulating transferin. It is calculated as follows 

TIBC = transferin (mg/L) x 0.025 . 
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The difference between TIBC and S.iron (ug/dl) indicate unsaturated iron-binding capacity (UIBC). TIBC 
normal value is 250 – 370ug/dl. It is increased in IDA. 

9. S. Transferin saturation 
It is calculated as follows 

Transferin saturation = (S.iron/TIBC) x 100 

Normal transferrin saturation is 25-50%. This figure represents the amount of iron - binding sites that are 
occupied. Iron deficiency status is usually associated with levels less than 18%. 

10. Bone marrow iron 
In iron deficiency, BM iron stores are absent. But S.ferritin measurement has largely supplanted bone 
marrow examination for determination of iron stores [10]. 

11. Soluble transferrin receptor 
It is an indirect measure of erythropoiesis and is increased in patients with iron deficiency anemia. It is the 
cleaved extracellular portion of transferrin receptor 1 that is released into serum. It is unaffected by 
inflammatory states and can help to identify concomitant iron deficiency anemia in patients with anemia of 
chronic disease. Thus it is helpful in conditions where there is increased inflammation and serum ferritin 
measurement is unreliable. 

12. Erythrocyte protoporhyrin level 
Its levels are increased in iron deficiency anemia. Erythrocyte protoporphyrin is a heme precursor and 
accumulates in the absence of adequate iron stores.Differentiating features of iron deficiency anemia from 
other microcytic anemia are given in Table 5. 

 
Table 5: Differentiating features of iron deficiency anemia from other microcytic anemia 

Treatment of iron deficiency in anemia 
The cause of anemia should be identified and corrected along with the administration of iron. Empirical 
deworming appears justified in view of high prevalence of hook work infection, which is the commonest 
cause of occult GI blood loss. 

Oral iron therapy 
It is the treatment of choice and the most economical and effective medication in the treatment of iron 
deficiency anaemia. Among the various iron salts, ferrous sulphate is most commonly used. The 
recommended daily dose for the treatment of iron deficiency in adults is about 150 to 200 mg/day of 
elemental iron. Prophylactic dose is 30 mg daily. 

Common iron preparations are: 
Ferrous fumarate - which contain 106 mg elemental iron/tablet 

Ferrous sulfate - which contain 65 mg elemental iron/tablet 

Ferrous gluconate - which contain 28 to 36 mg iron/tablet 

Other oral iron preparations includes colloidal ferric hydroxide, ferrous succinate, ferrous aminoate etc. 
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There is no evidence that one iron preparation is more effective than another for the treatment of iron 
deficiency anaemia. The reported low incidence of side effects for some preparations can be explained by 
their low elemental iron content. 

A single 325 mg ferrous sulfate tablet taken orally three times daily between meals provides 195 mg of 
elemental iron per day. This regimen should lead to a modest reticulocytosis beginning in approximately 
seven days and a rise in the haemoglobin concentration of approximately 2 g/dL over the ensuing three 
weeks. 

There is no clear recommendation regarding the duration of treatment. Some stop treatment with iron when 
the haemoglobin level becomes normal, but some others prefer to treat for at least six months after the 
haemoglobin has normalized to replenish the iron stores in the body. 

Iron is absorbed best from the duodenum and proximal jejunum. Therefore, enteric coated or sustained 
release capsules, which release iron further down, are less efficient sources of iron. 

Iron salts should not be given with food because phosphates, phytates, and tannates in food bind with iron 
and impair its absorption. Iron should be given two hours before, or four hours after, ingestion of antacids. 

Common side effects of oral iron therapy include nausea, constipation, epigastric discomfort and vomiting. 
Gastrointestinal tract symptoms are directly related to the amount of elemental iron ingested. Patients with 
persistent gastric intolerance to oral iron tablets may tolerate ferrous sulfate elixir, which provides 44 mg of 
elemental iron per 5 mL. Patients can titrate the dose up or down to the level at which the gastrointestinal 
symptoms become acceptable [11]. 

Recently there has been a thought that oral iron intake should be once a day on alternate days as compared to 
multiple daily doses. It is believed that iron intake causes an increase in serum hepcidin levels which block 
iron absorption on the next day and hence fractional absorption of iron is decreased [13]. 

Parenteral iron therapy 

It is expensive and has greater morbidity than oral preparations of iron therapy. Indications for parenteral 
iron therapy are: 

1. Unable to absorb oral iron 

2. Increasing anaemia despite adequate doses of oral iron 

3. Level of continued bleeding, exceeds the ability of the gastrointestinal tract to absorb iron 

4. Unable to tolerate even modest doses of oral iron 

5. Patients on dialysis 

6. Cancer patients with anaemia receiving treatment with erythropoietin. 

Dose of parentral iron can be calculated as follows: 

Total iron deficit (mg) = BW [Kg] x (Target Hb - Acutal Hb) [g/dl] x (0.24) +500 mg 

or 

Total iron deficit (mg) = BW [Kg] x (Target Hb - Acutal Hb) [g/dl] x (2.145) 

The volume of iron injection can be calculated as follows: 

Volume of product required (mL) = BW x (14 - Hgb) x (2.145) ÷ C 

Where C is the concentration of iron preparation in mg/ml 

Common Iron preparations are: 

1. Iron dextran can be given either IM or IV 

2. Ferric gluconate complex only approved for IV use 
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3. Iron sucrose only approved for IV use 

4. Ferric carboxymaltose is a novel stable iron complex for IV use 

Intravenous iron is commonly administered and Intramuscular iron is less preferred because of slow and 
occasionally incomplete mobilization of iron from intramuscular sites. Iron sucrose and sodium ferric 
gluconate (Ferrlecit) have greater bio-availability and a lower incidence of life-threatening anaphylaxis 
compared with iron dextran [12]. 

Blood transfusion 

Blood transfusion is indicated only if the 

1. Patient is symptomatic with extreme fatigue or dyspnoea on exertion 

2. Patient has cardiac illness and Hb <8 g/dl even if asymptomatic 

3. Patients with anemia undergoing emergency surgical intervention 

4. Transfusion is recommended in pregnant women with hemoglobin levels of less than 6 g per dL because 
of potentially abnormal fetal oxygenation resulting in non-reassuring fetal heart tracings, low amniotic fluid 
volumes, fetal cerebral vasodilatation, and fetal death. 

Each unit of packed cells with a volume of 300 mL contains approximately 200 mL of red cells and 200 mg 
of iron in the form of heme. Transfusion of one such unit to an adult will raise the hematocrit by roughly 3 to 
4 percentage points (and the hemoglobin by about 1 gm/dl) unless there is continued bleeding. 

Therapeutic trial of iron 

A presumptive diagnosis of iron deficiency anemia is made in a patient with anemia, if there is a positive 
response to a trail of oral iron therapy, characterized by a modest reticulocytos is beginning about 5- 7 days, 
followed by an increase in hemoglobin at a rate of about 2-4g/dl every 3 weeks until the hemoglobin 
concentration is normal. Hb increase by 0.25 - 0.4g/dl /day in the 1st 7-10 day followed by 0.1g/dl /day 
subsequently to reach level > 11g/dl in 3-4 wks. Usually IDA will be about half corrected in 3 wks and fully 
corrected by 8 weeks. In most patients with IDA who respond to iron supplementation, hemoglobin 
concentration usually returns to normal level by 2 months. But it may take up to 4 months for body iron 
stores to return to normal. 

The limitation of this approach occurs if there is no response, or the response is incomplete. In this setting, 
we cannot differentiate among poor patient compliance, inability to absorb the iron preparation, an incorrect 
diagnosis, continued bleeding, or a coexisting condition such as the anemia of chronic disease or renal failure 
that blocks the full reticulocyte response [14]. The common causes for failure to respond to iron therapy are 
given in Table 6. 
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Table 6: Causes for failure to respond to therapeutic trial of iron 

 
Refractory iron deficiency anemia (RIDA) 

IDA is a common health issue resulting in microcytic blood picture. Even though most of them are due to 
decreased intake in comparison to iron requirement, some cases are now recognized where dietary intake is 
adequate but the deficiency occurs due to some defect in absorption of iron or mobilization of iron from 
stores. Two important causes are sideroblastic anemia and iron refractory iron deficiency anemia (IRIDA). 

RIDA is defined as IDA persisting despite adequate oral iron intake for at least 3 months. It accounts for 
about 15% of all IDA. 

Possible cause of refractory iron deficiency anemia 

1. Inadequate / inappropriate iron intake or non-compliance 

2. Obscure bleed 

3. Disorders of iron malabsorption 

4. Genetic mutation 

5. Wrong diagnosis 

6. Adult celiac disease 

7. Autoimmune atrophic gastritis 

8. Mutation of TMPRSS6 gene 

9. H. pylori infection [15] 

Hersh et al identified celiac disease, autoimmune gastritis, H pylori infection, poor drug compliance, diet rich 
in tannates like tea, medicines that rise gastric pH like antacids as a cause of RIDA [16]. Annibale et al could 
establish causes in 85% cases with RIDA, 37% were related to bleeding and rest due to iron malabsorption 
[17]. 

Obscure GI bleed 
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In patients with bleeding from gastrointestinal tract, where the cause cannot be found out after extensive 
investigations including upper endoscopy, colonoscopy, and radiologic evaluation of the small bowel is 
called Obscure GI bleed. Obscure bleeding is subdivided into overt or occult, depending upon the presence 
or absence of clinically evident bleeding. Patients with occult bleeding presents with a positive fecal occult 
blood test (FOBT) result and iron-deficiency anemia (IDA), in the absence of any evidence of visible blood 
loss [16].  It could be due to lesions that are overlooked in esophagus, stomach or colon. The small intestine 
accounts for majority of potential site of bleed in patients with negative examination of colon and upper GIT. 
Capsule endoscopy may be helpful in identifying small bowel pathologies like vascular ectasia, ulcers and 
mass lesions. 

A complete GI evaluation is obligatory in all adult males and post menopausal females with unexplained 
IDA. All subjects with moderate to severe iron deficiency anemia not responding to oral iron needs 
evaluation for occult blood loss [17]. 

Iron malabsorption 

Diseases which can lead to iron malabsorption include celiac disease, autoimmune gastritis and H. Pylori 
infection. Diagnosis can be made by non invasive tests like anti endomysial antibodies, gastric and parietal 
cell antibodies and urease breath test. 

Four serologic studies have been described to aid in the diagnosis of celiac disease: 

1. IgA endomysial antibody (IgA EMA) 

2. IgA tissue transglutaminase antibody (IgA tTG) 

3. IgA antigliadin antibody (IgA AGA) 

4. IgG antigliadin antibody (IgG AGA). 

Serum IgA endomysial and tissue transglutaminase antibody testing have the highest diagnostic accuracy. 

Urea breath testing: Urea breath testing (U.B.T) is based upon the hydrolysis of urea by H. pylori to produce 
CO2 and ammonia. A labeled carbon isotope is given by mouth; H. pylori liberate tagged CO2, which can be 
detected in breath samples. It can be performed in 15 to 20 minutes. The sensitivity and specificity of UBT is 
approximately 88 to 95 and 95 to 100 percent, respectively [18]. 

Possible mechanism of IDA secondary to H.pylori infection include occult GI bleed (due to hemorrhagic 
gastritis, peptic ulcer disease and gastric adenocarcinoma), competition for dietary iron by the bacteria, 
decrease in gastric acidity and impaired absorption. 

Another group of microcytic anemia is atypical inherited microcytic anemia which is due to (i) defects of 
intestinal iron absorption (ii) impaired erythroblast iron uptake due to disorders of the transferrin receptor 
cycle (iii) defects of mitochondrial iron utilization for haem or iron sulphur cluster synthesis and (iv) defects 
of iron recycling [19]. 

Mutation of TMPRSS6 gene 
It is a rare cause of iron refractory iron deficiency anemia (IRIDA). The transmembrane protease serine 6 
(TMPRSS6) gene is located on chromosome 22 and encodes matriptase-2, a transmembrane type II serine 
protease, mainly expressed by hepatocytes that suppresses hepcidin secretion by cleaving membrane-bound 
hemojuvelin (mHJV), a surface co-receptor in BMP-6-SMAD signaling pathway. Hepcidin blocks the 
exportation of iron from hepatocytes, macrophages and from the GIT, by binding to ferroportin (FP 1) 
resulting its degradation. TMPRSS6 is essential for normal systemic iron homeostasis in humans [20]. About 
40 different mutations have been described in this gene. A genetic mutation as a cause of refractory iron 
deficiency anemia can be suspected when there is a relatively early onset of iron deficiency, history of family 
members or siblings with iron deficiency, very low MCV and MCH compared to the degree of anemia, 
absence of organomegaly and other stigmata of iron deficiency. Treatment includes oral iron and vitamin C 
for six to eight weeks. Consider intravenous iron therapy if not responding. 
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Iron deficiency anemia during pregnancy 
Iron deficiency anemia in pregnancy is an important public health issue in both developed and developing 
countries. The chance of development of iron deficiency during pregnancy depends upon the pre pregnancy 
status of the female and the amount of iron absorbed during pregnancy. The iron requirement increases 
during pregnancy but it is not uniform.  In the first trimester the iron requirement actually decreases and it is 
increased to between 4 and 6 milligram per day during second and third trimester of pregnancy. In the last 6 
to 8 weeks it increases as much as 10 milligram per day. 

The increased iron requirement during pregnancy is to meet the increased demand due to increase in the fetal 
blood volume, requirement of growing fetus and placenta and the blood loss during delivery. 

Iron deficiency anemia is very common in pregnancy and postpartum period which can lead to serious 
maternal and fetal complications. Measuring serum ferritin is the most sensitive and specific test to diagnose 
IDA, provided there is no associated inflammation. When serum ferritin and Hb is low a diagnosis of iron 
deficiency anemia can be made. If serum ferritin is normal inflammatory pathologies has to be ruled out. 
Also when serum ferritin is normal and MCV is low it can be thalassemia, which can be confirmed with 
further evaluation. 

Most of the pregnant women are asymptomatic and symptoms develop when the severity increases. Most 
commonly they present as fatigue, low physical capacity, leg cramps, palpitation, breathlessness, mucosal 
paleness and angular stomatitis. Various maternal and fetal problems due to anemia during pregnancy is 
given in Table 7. 

Table 7: Maternal and fetal problems due to anemia during pregnancy 

 
Prophylactic oral iron is given to all pregnant women even with normal Hemoglobin levels to meet the 
increased demand during pregnancy. Oral iron preparations are preferred for IDA, but in certain 
circumstances parenteral iron is indicated like severe anemia associated risk of fetus and if emergency 
treatment is required, in non-compliance or intolerance to oral iron and inadequate response to oral iron. Oral 
preparation can be used throughout pregnancy but intravenous iron is recommended during second and third 
trimesters. 

Discussions 
Iron deficiency anemia is a common health issue that has to be differentiated from other anemia like anemia 
of chronic disease, sideroblastic anemia etc which have similar blood picture. IDA not responding to iron 
therapy is a challenging clinical situation where further evaluation is required. 
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 ABSTRACT 
“A study to assess the effectiveness of structured teaching programme on knowledge regarding postpartum 
psychosis among pregnant women in community area. 

A study is conducted among the pregnant women in community area. Sample size was 30, were selected 
through non probability convenient sampling technique. The finding shows that the pregnant women have 
good knowledge regarding postpartum psychosis. 

Keywords: Structured teaching,  postpartum psychosis, Pregnancy , pregnant women 

METHODOLOGY 
The research approach used for study was descriptive study designs. The dependable variables were 
effectiveness of structured teaching programme on knowledge regarding postpartum psychosis. 

The setting of the study was done in a community area of sambalpur district. Non probability convenient 
sampling size was 30 pregnant women. 

The tool used for this study constitutes two sections:- 

Section 1: 

It consist of demographic data of age, educational qualification, occupation, religion, mental status, type of 
family, no. of pregnancy, food habits, types of community, sources of previous knowledge. 

Section 2: 

It consists of standardized tool of postpartum psychosis of 30 item questionnaires scale. 

Expert gave content validity of the standardized tool and it found to be reliable and feasible during the pilot 
study. 

The data collection was done. The gathered data was analyzed and interpreted in terms of objectives of the 
study. 

THE RESULT OF THE STUDY 
The result of the study indicates that there is good knowledge level regarding postpartum psychosis among 
pregnant women. After the standardized questionnaires applied the score was among the pregnant women, 
majority of them have good knowledge 53.3%, 3.3% are having average knowledge and 43.3% are having 
excellent knowledge. 

Analysis reveals that, majority of the good knowledge regarding postpartum psychosis among pregnant 
women. Data analysis reveals that there is no significant relationship between the postpartum psychosis and 
demographic variables. 

CONCLUSION AND RECOMMENDATION 
The finding of the study shows that there is level of knowledge is good among the pregnant women after the 
structured teaching programme. 

1. Present study shows that the level of knowledge is good among pregnant women. 

2. Data analysis reveals that there is no significant relationship between the knowledge on 
postpartum psychosis and demographic variable. 
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INTRODUCTION 
BACKGROUND OF THE STUDY 
Pregnancy is the unique, exciting and often joyous time in women life as it highlights the women amazing 
creative and nurturing power while providing a bridge to the future. Pregnancy comes with some cost, 
however for a pregnant women needs to be more responsible so as to support the health of her future child. 
Pregnancy can be different from women to women and even for the same from one pregnancy to another 
pregnancy(1). Child birth is a universally celebrated event, an occasion for dancing, fireworks, flowers or 
gifts. Yet, for some women each day, childbirth is experienced not as joyful event as it should be but, as a 
private hell and agony that may even end in death. Ball (1994) described that transition to motherhood as a 
life crisis, an emotional watershed, a period of heightened sensitivity when the woman will be extremely 
vulnerable. 

Childbirth is a process involving pregnancy, labour and puerperium. In all these stages many women find 
coping with the physiological adaptation first to pregnancy. Labour also poses its own challenges in relation 
to the birth companion, pain management, intervention, technology and the actual process of birth. During 
puerperium, parents may find coping with the demands of a new baby, like infant feeding, the financial 
constraints and adjusting to changes in their roles and relationship. Johnstone (1994) viewed puerperium as 
the “fourth trimester” and by definition as a period from birth to 6-8 weeks post-partum, when the woman is 
readjusting physiologically and psychologically to motherhood. Her emotional response may be just as 
intense and powerful for experienced, as well as for new mothers. 

Psychosis refers to an abnormal condition of the mind described as involving a loss of contact with the 
reality, disorganized thought and speech, false belief that are not based on reality, hearing, seeing or feeling 
that are not  actually there. The term “Psychosis” is very broad and can mean anything from relatively 
normal aberrant experiences through the complex and catatonic expressions of schizophrenia and bipolar 
type 1 disorder(4). 

Postpartum psychosis (PPP) was described by Hippocrates in 400 BC in a case of confusion, hallucinations, 
and insomnia occurring six days after a woman gave birth to twins. People experiencing psychosis may 
exhibit some personality changes and thought disorder. Postpartum psychosis or puerperal psychosis is a 
group of mental illness with the sudden onset of psychiatric symptoms characterized by maternal depression, 
delusion and thought of harming either herself or her infant, fatigue, insomnia, restlessness, fearfulness, 
emotional liability later on suspiciousness, confusion, incoherence, irrational statement and obsessive 
concern about the baby’s health. 

Hultman M.C (2009) found a direct correlation between age and risk for postpartum psychosis, so that 
women age 35 years or older were 2.4 times more likely to have a psychotic episode than first-time mothers 
who were 19 years or younger. On the other hand, high birth weight and maternal diabetes appeared to have 
a protective effect. 

Postpartum psychosis is considered as an emergency that necessitates an urgent evaluation, psychiatric 
referral, and possible hospitalization. The initial evaluation requires a thorough history, physical 
examination, and laboratory investigations to exclude an organic cause for acute psychosis. Careful and 
complete investigation of the psychopathology of any woman with a postpartum mood disorder may 
determine the presence of psychosis and prevent infanticide. 

Proper management of postpartum illnesses by clinical or public health intervention requires reliable 
identification of the risk factors. Various studies have highlighted several risk factors such as primiparity, 
pregnancy complications, obstetric complications, cesarean section, female baby, lack of social support, 
history of affective illness, stressful life events, estrogen withdrawal, family history of psychosis, sleep loss, 
and many others. 

The treatment must be adjusted to the type and severity of the psychosis. Some women will recover 
spontaneously in their homes with the support of relatives and with outpatient care services. Others may need 
admission to a psychiatric hospital and, if possible, together with her newborn child. If psychosis gets more 
serious, electric convulsive therapy (ECT) might be considered, especially if the woman is suicidal. There is 
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growing evidence that cognitive behavior therapy and family therapy can be effective in managing psychotic 
symptoms. 

The prognosis is good in the case of good treatment. In spite of the severity of postpartum psychosis, they 
frequently resolve relative quickly over 2-4 weeks. However initial recovery is often fragile and relapses are 
common in the first few weeks. As the psychosis resolves, it is common for all women to pass through a 
phase of depression and anxiety and pre occupation with their past experiences and the implications of these 
memories for their future mental health and their role as a mother. The overwhelming majority of women 
will have completely recovered by 3-6 months postpartum. However, they face at least a 50% risk of a 
recurrence should they have another child and some may go on to have bipolar illness at another time. 

NEED FOR THE STUDY 
Studies by Jones and Craddock (2001) indicated that 85% of women develop some form of post-partum 
mental illness and up to half of nulliparous women with manic depression develop an episode of severe 
psychiatric disturbance with a few days after giving birth. 

Hultman M.C (2009) indicate that the incidence of postpartum psychoses within 90 days postpartum is 1.2 
per 1000 births overall and 0.6 per 1000 births in mothers without previous psychiatric hospitalization. The 
incidence of psychoses after 90 days postpartum is 0.65 per 1000 person overall and 0.49 per 1000 person in 
mothers without previous psychiatric hospitalization. During the first 90 days postpartum, the risk for 
psychoses in mothers without previous psychiatric hospitalization is increased with maternal age of at least 
35 years and is decreased with birth weight at least 4500 g and diabetes. 

Postpartum psychosis has a world-wide prevalence. Its incidence is less than 1 in 1000 deliveries. It is more 
common in first time mothers. Of the women who develop a postpartum psychosis, research has suggested 
that there is approximately a 5% suicide rate and a 4% infanticide rate associated with the illness. Puerperal 
psychosis is rare but acute mental illness which has a sudden onset within the first few weeks (usually within 
the first 10 days) following childbirth, and most prevalent among new mothers. It can develop suddenly, 
within a few hours. Over 80% of the cases are effective in type and the onset is usually within the first two 
weeks following delivery. 

Harlow et al (2007) postpartum psychotic or bipolar episodes occurred in 14% of women with previous 
psychiatric hospitalizations versus 0.05% of women without previous psychiatric hospitalizations. The role 
of maternal and obstetric factors is not clear. 

Cohen (1995) observed that approximately, 2-3 women per 1000 births are affected with puerperal 
psychosis. The consistent evidence in medical research studies over 100 years show that it affects 2-3 women 
per every 1000 births leading to psychiatric admission. Although the least common of the post-partum 
syndromes, puerperal psychosis is regarded as the most severe and dramatic of the psychiatric disturbances 
to occur in the post-partum period. 

In general the prevalence of postpartum psychosis (0.1% - 0.2%) which is significantly lower than the 
prevalence of postpartum blues (50-75%), depression (10-13%), and postpartum psychosis is one of the 
rarest psychiatric disorder, yet it is almost always considered a psychiatric emergency because of the rapid 
onset of severe maternal symptoms and the potential for catastrophic outcomes, such as infanticide or 
suicide. 

Almost 10% of women hospitalized for psychiatric morbidity before delivery develop postpartum psychosis 
after their first birth. Postpartum psychosis is difficult to predict in women with no antecedent history and is 
associated with a high rate of subsequent puerperal and non-puerperal illness. Risk of further illness needs to 
be conveyed in order to make fully informed decisions regarding future pregnancies. 

The postpartum is a high risk period for the development of acute psychotic disorders. In India the frequency 
of postpartum psychoses is evaluated at 1 to 2 per 1,000 births but it is dangerous for mother and child, with 
greater risk of self-harm and suicide. Symptoms often have an abrupt onset, within days to weeks of 
delivery. 

Research in post-partum psychiatric disorders in India, though limited, has followed two parallel streams. 
Community-based studies have focused mainly on post-partum depression (PPD), while hospital-based 
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studies have focused mainly on clinical descriptions of post-partum psychosis. These studies have been 
extremely important in estimating the prevalence and identifying risk factors for the disorder and have also 
highlighted specific cultural and social factors that increase risk for the disorder in India. 

In India there is a high prevalence of suicidal ideation and suicide attempts in women with postpartum 
psychosis due the common factors like limited social support, and a personal history of abuse. Depressive 
symptoms in post-partum psychosis appear to be the most important risk factor predicting suicidal ideation 
and attempts. Neonaticide (murder of the infant in the first day of life) generally is not related to postpartum 
psychosis because postpartum psychosis usually does not begin until after the day of delivery. 

Inadequate postpartum care contributes to organic factor in participating or worsening psychosis. There are 
very few studies that assessed mother-infant interaction patterns, including harm to the baby and neglect, 
which is important consequences of postpartum psychosis. 

Postpartum psychosis symptoms usually appear quite suddenly; in 80% of cases, the psychosis occurs three 
to 14 days after a symptom-free period. Additionally, women who have had a past incidence of postpartum 
psychosis are between 20% and 50% more likely of experiencing it again in a future pregnancy. 

Studies have suggested that hormonal and other physiological changes in perinatal period may play an 
important role in its development of postpartum psychosis. Most studies have highlighted the importance of 
social factor, specifically poverty and gender of the infant as a major reason. 

Maternal education, on the other hand, appear to be a protective factor. So the researchers doing this research 
to find out the knowledge of pregnant woman regarding postpartum psychosis and to provide awareness to 
the pregnant woman. 

PROBLEM STATEMENT 
A quasi experimental study to evaluate the effectiveness of structured teaching programme on knowledge 
regarding postpartum psychosis among pregnant woman in selected community, Sambalpur, Odisha. 

OBJECTIVES 
1. To assess the knowledge level of pregnant woman regarding postpartum psychosis. 

2. To compare the level of knowledge with the selected demographic variables. 
HYPOTHESIS 
H0: There will be no significant relation between the demographic variable and postpartum psychosis. 

H1: There will be a significant relation between the demographic variable and postpartum psychosis. 

OPERATIONAL DEFINITIONS 
1. Evaluate 
Evaluation refers to identification of difference between the pretest and posttest level of knowledge and 
judge the effectiveness of structured teaching programme among pregnant woman regarding postpartum 
psychosis. 

2. Effectiveness 
Effectiveness is the significant improvement in the knowledge level after structured teaching programme 
among pregnant woman regarding postpartum psychosis within study group and can be measured by 
comparing with control group. 

3. Knowledge 
It refers to response given by the pregnant woman for the structured questionnaire regarding postpartum 
psychosis. 

4. Structured teaching programme: 
It refers to systematically planned group instruction designed to provide information regarding postpartum 
psychosis to pregnant woman. 
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5. Postpartum psychosis 
Postpartum psychosis is a mental disorder that occurs in women following child birth with unusual behavior 
and disconnection with reality. 

6. Pregnant woman 
The people residing in Themra village of Sambalpur district above the age of 18 years. 

REVIEW OF LITERATURE 
Review of related literature is an integral compound of any study or research project. It enhance the depth of 
the knowledge and inspires a clear insight of the problem. 

Review of literature is defined as a critical summary of review on a topic of interest, often prepared to put a 
research problem in contest. (Polit & Beck, 2006). 

The review of literature in the research report is a summary of current knowledge about a particular practice 
problem and includes what is known and not known about the problem. The literature is reviewed to 
summarize knowledge for use in practices or to provide a basis for conducting a study. (Burns, 1997) 

The purpose of review of literature is to obtain comprehensive knowledge and in depth information about 
postpartum psychosis. 

The literatures are presented in the following sub headings: 

1. Studies related to of postpartum psychosis. 

2. Studies related to knowledge regarding postpartum psychosis. 
3. Studies related to effectiveness of structured teaching programme on knowledge regarding 

postpartum psychosis. 
Section A - Studies related to of postpartum psychosis. 
Susan Hatters Friedman, and Renee Sorrentino, MD (2012): This study was conducted find the NGRI 
evaluations, the mother’s motive should be considered. Our study in Michigan (ALI test) and Ohio 
(M’Naughtenstate) of those found NGRI for filicide yielded 39 women. Most (72%) had prior mental health 
treatment, and the majority (56%) Friedman and Sorrentino 327 suicide with the filicide. Half (49%) were 
depressed at the time, and more were psychotic.74percent were delusional and 69 percent were experiencing 
auditory hallucinations. Over four-fifths (82%) were diagnosed with a psychotic disorder or a mood disorder 
with psychosis. The rate of PPP was significantly higher than general population rates. Most (54%) had an 
altruistic motive, and one-third (33%) had an acutely psychotic motive. Other motives were also represented 
(5% fatal maltreatment and 2% unwanted child), but in those cases, the court found the woman NGRI despite 
a court appointed evaluator who opined that she was sane. 

Lee DT (2011):- Conducted a study to identify    psychosocial risk    factors for postnatal psychosis among 
Hong Kong Chinese women. Participants consist of 220 consecutive Chinese women who were admitted to 
the postnatal ward of the department of obstetrics and gynecology, university teaching hospital, Hong Kong. 
Psychiatric diagnosis was established   using the clinician – administered structured clinical   interview for 
the diagnosis & statistical manual of mental disorders Psycho social risk factors were ascertained by 
conducting face to face interview and using psychometric, rating scales. To help identify women who are at 
particularly high risk of developing postnatal psychosis, obstetricians and midwives in Hong Kong should 
consider codifying the identified risk factors into a check list. 

Florence Mirembe, Seggane Musisi et.al (2008): A study was conducted to determine the incidence and 
associated factors for postnatal psychosis in the Bucaramanga, Colombia, and Metropolitan area.  The  study 
was  conducted  on 286 puerperal women from  11 health  centers at different  levels,  women  were  
monitored for 6 weeks, Information was obtained by a semi structured  clinical interview, on social 
demographic and obstetric variables, psychiatric history variables concerning the newborn, satisfaction  with 
delivery, and breast  feeding. Result shows that the incidence rate of postnatal psychosis was 1 case per 1000 
days/ person monitored (95% CI,  0.5 – 1.7) and factors were  associated with  postnatal  psychosis;  
psychosis background , HR 3.87 ( 95%  CI, 1.02 – 14.7), absence of  prenatal monitoring , HR 3.87 (95 % 
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CI, 1.1 – 13.2) and back ground  of dysphoria , HR 15.13  (95% CI,  1.9- 118.2). Postnatal psychosis is as 
major public health problem, where an appropriate prenatal monitoring, follow – up programme for mother 
and child would help its early diagnosis and management. 

Claude DT et al (2007): Conducted a study on ‘quality of life, postnatal depression and Baby gender’. The 
main aim of this study was to assess the impact of postnatal psychosis on the quality of life of young French 
mothers and to evaluate if the gender of this child influences this. This study was carried out during two 
months period. Data were collected by interview and questionnaire. The authors compared the prevalence 
rate of PND and life quality in a cohort of 181 women and measured the short term impact of the child’s 
birth. This suggests that the baby’s gender (having a boy) also significantly reduces quality of life, 
irrespective of depressive State.   There is a relationship between baby gender and postnatal psychosis.  The 
importance of the impairment of quality of the care of postnatal depression as well as its effect on Mother-
child interaction, could justify prevention programs and early psychotherapeutic care. 

Janet Nakigudde, Anna Ehnvall (2006): A study was conducted to assess the effect of psychosocial and 
psychological interventions compared with usual antepartum, intrapartum or postpartum care on the risk of 
postnatal psychosis. Fifteen trials with 7697 pregnant women or new mothers less than six weeks postpartum 
were included in the study. The result shows that there was no overall statistically significant effect on the 
prevention of postnatal psychosis in the meta-analysis of all types of interventions (15 trials, n=7697; relative 
risk 0.81, 95% CI: 0.65 to 1.02), these results suggest a potential reduction in postnatal psychosis. The only 
intervention to have a clear preventive effect was intensive postpartum support provided by a health 
professional (0.68, 0.55 to 0.84). Identifying women at risk assisted in the prevention of postnatal psychosis 
(0.67, 0.51 to 0.89). Interventions with only a postnatal component were more beneficial (0.76, 0.58 to 0.98) 
than interventions that incorporated an antenatal component. In addition, individually based interventions 
were more effective (0.76, 0.59 to 1.00) than group based interventions (1.03, 0.65 to 1.63). The most 
promising intervention is the provision of intensive, professionally based postpartum support. 

Juliet EM et al (2006): Conducted a study to determine the prevalence and associated factors of postpartum 
psychosis 544 women attending an urban health Centre were investigated in a cross-sectional study. These 
women were screened using the twenty five-item self-reporting questionnaire, while   psychosis was 
confirmed using the mini international neuron-psychiatric intervention. The point prevalence of psychosis at 
six weeks postpartum was 6.1% psychiatric disorders was significantly associated with young age, being 
single, negative life events, unplanned pregnancy, unwanted  Sex of Baby  and current physical illness in 
both Mother and newborn. There is indication for routine screening of at risk women in the perinatal period 
to avoid, recognize and manage postpartum psychiatric morbidity and its consequence on mothers and these 
developing children. 

Appleby, et.al (2004): This study was conducted to in UK, a 10-item screening questionnaire was 
constructed from previous reports of postpartum psychosis risk factors the predictive ability of the tool was 
tested among 165 women attending an antenatal clinic at 36 weeks gestation who were then assessed for 
postpartum depression using the EPDS at 8 weeks postpartum. One hundred and twenty-six (77%) mothers 
returned the EPDS, 13% of whom had a score above 11. Neither the Antenatal Screening Questionnaire as a 
whole, nor groups of items, was able to discriminate well between women who later developed depressive 
symptomatology nor the predictive ability of the questionnaire accounted for only 6% of the variance in 
EPDS scores. Although the antenatal questionnaire scores weakly correlated with postpartum EPDS scores, 
this was largely because the questionnaire was able to identify correctly those who would not become 
depressed. In a study comparing correlates of paternal and maternal depression, 54 Portuguese primiparous 
mothers attending obstetric services participated in a longitudinal study of their mental health. 

Jeannette Milgrom (2004): A Study revealed that the Puerperium is a particularly vulnerable time for a 
depressive Psychotic breakdowns, with important consequences for both mother and child while generally 
Psychiatric experience helps in the overall management, Psychoanalytic insights help towards understanding 
the central Psychopathology. Based on hospital admission rates, Puerperal Psychosis is regarded   as a rate 
condition (one in 500 deliveries) but the evidence is given to suggest that Puerperal Psychosis is a for 
common condition (3 in 100 deliveries) and that many less-severe cases remain undetected and untreated in 
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the community it is argued that understanding interventions in these cases can be therapeutic for the mother 
as well as having major implications for the baby’s development. 

Section B - Studies related to knowledge of pregnant mother regarding postpartum psychosis. 

Steven A. Kushner (2012): A computer-assisted telephone survey was conducted by the Population Health 
Laboratory (University of Alberta) with a random sample of pregnant mothers in Canada. Questions were 
drawn from the perinatal psychosis Monitor, an Australian population-based survey on perinatal mental 
health; additional questions were developed and tested to reflect the Canadian context. Descriptive and 
multivariable regression analyses were conducted. Among the 1207 respondents, 74.7% had post-secondary 
education, 16.3% were in childbearing years, and over half (57.4%) reported knowing a woman who had 
experienced postpartum psychosis. Significantly more respondents had high levels of knowledge of postnatal 
(87.4%) than prenatal (70.5%) mental health (p < .01). Only 26.6% of respondents accurately identified that 
prenatal anxiety/psychosis could negatively impact child development. Personal knowledge of a woman with 
postpartum psychosis was a significant predictor of prenatal and postnatal mental health knowledge. 

Highet NJ Gemmill AW, Milgrom J (2009): This study was conducted to establish a benchmark of 
awareness, knowledge and attitudes of pregnant mother in Australia in relation to psychosis and its treatment 
in the perinatal period, and to identify demographic factors associated with perinatal mental health literacy. 
A cross-sectional telephone survey (n = 1201) of a randomly selected sample of pregnant women in each 
State and Territory of Australia. Psychosis was the most frequently cited general health problem for women 
after childbirth (43.6% of spontaneous responses), in contrast to previous findings of low awareness of 
psychosis generally. A total of 94% of pregnant mothers believed that postnatal psychosis requires 
specialized treatment. Although well recognized as a specific mental health issue, as a general health issue 
antenatal psychosis had low recognition and was viewed by 52% of respondents as 'normal'. Community 
beliefs about perinatal rates of psychosis appeared realistic. Difficulty in mother-infant bonding was seen as 
a common sign of postnatal depression, particularly by women. Most commonly, postnatal psychosis was 
perceived as having a biological rather than psychosocial etiology (41% of women). . 

Lepper HS (2005): A study of 725 obstetric nurses and 204 obstetricians was conducted using a reliable 
two-factor scale to measure their knowledge and awareness of postpartum depression. Nurses were more 
aware than physicians of the emotional impact of postpartum depression. Nurses who demonstrated more 
empathy and who believed education of postpartum depression does not increase a mother's risk were more 
aware of the postpartum phenomenon than nurses who were less empathic and who did not hold the same 
belief. These findings offer potential use in the training of perinatal health care professionals and in the 
education of pregnant women about postpartum depression. 

Section C - Studies related to effectiveness of structured teaching programme on knowledge regarding 
postpartum psychosis. 

Hopkins et.al (2002): A study was conducted to assess the effect of psychosocial and psychological 
interventions compared with usual antepartum, intrapartum or postpartum care on the risk of postnatal 

psychosis. Fifteen trials with 7697 pregnant women or new mothers less than six weeks postpartum were 
included in the study. The result shows that there was no overall statistically significant effect on the 
prevention of postnatal psychosis in the meta-analysis of all types of interventions (15 trials, n=7697; relative 
risk 0.81, 95% CI: 0.65 to 1.02), these results suggest a potential reduction in postnatal psychosis. The only 
intervention to have a clear preventive effect was intensive postpartum support provided by a health 
professional (0.68, 0.55 to 0.84). Identifying women at risk assisted in the prevention of postnatal psychosis 
(0.67, 0.51 to 0.89). Interventions with only a postnatal component were more beneficial (0.76, 0.58 to 0.98) 
than interventions that incorporated an antenatal component. In addition, individually based interventions 
were more effective (0.76, 0.59 to 1.00) than group based interventions (1.03, 0.65 to 1.63). The most 
promising intervention is the provision of intensive, professionally based postpartum support. 

RESEARCH METHODOLOGY 
This chapter deals with the methodology adapted to this study. It includes research approach, research 
design, variables, settings, population, sample, sample size, and criteria for sample selection, sampling 
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technique, and description of tool, content validity, reliability, and pilot study, method of data collection and 
plan for data analysis. 

RESEARCH APPROACH 
Researcher used quantitative research approach for this study. 

RESEARCH DESIGN 
Quasi experimental design was used for the present study, were pre-test and post- test control group design 
was selected to evaluate the effectiveness of structured teaching programme on level of knowledge regarding 
postpartum psychosis among pregnant woman. 

Fig: 3.1: Diagrammatic representation of research design 
Community People Pre-test Intervention Post-test 
Study group O1 X O2 

Control Group O1 - O2 

Symbols used, 

X    : Structured teaching programme 

O1    : Pretest  assessment of level of knowledge regarding postpartum psychosis 

among pregnant woman in study group and control group. 

O2   : Posttest assessment of level of knowledge regarding postpartum psychosis among pregnant woman 
in study group and control group. 

Setting: 
The study was conducted in Themra village which was Nearly 2500 families are residing in Themra village. 

Population: 

Accessible Population: 

Pregnant woman above 18 years of age residing at Themra village, Sambalpur District. 

Sample size: 

30 people were selected from Themra village, Sambalpur district. 30 people for study group and for control 
group. 

Sampling criteria: 

Inclusion Criteria 
 People who are above 18 years of age. 
 People who are available during data collection. 
Exclusion Criteria 
 People who are not willing to participate in the study. 

 People who have visual and auditory impairment. 

 People who are not mentally stable. 
Description of tool 
Part-I 

Demographic variable consist of age, religion, education, occupation, marital status, type of family, type of 
community, no of pregnancy, food habits and source of previous knowledge. [Annexure -] 

Part-II 

A self-structured questionnaire to evaluate the Knowledge of pregnant woman on postpartum psychosis. 
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Score interpretation 
0 -10  - Inadequate Knowledge 
11 – 20 - Moderate Knowledge 

21 – 30 - Adequate Knowledge 
Reliability 
The reliability of the tool was elicited by test-retest method and the reliability for the structured tool was r 
=0.9. 

Plan for data analysis: 
Data collected was analyzed using both descriptive and inferential statistics such as mean, standard 
deviation, chi square, and paired t test. 

Descriptive statistics 
 Frequency and percentage distribution of sample according to demographic variables of community 

peoples. 

 Frequency and percentage distribution were used to assess the level of knowledge. 

 Mean and standard deviation were used to assess the effectiveness of structured teaching programme in 
improving the level of knowledge. 

Inferential statistics 
 Paired‘t’ test was used to compare pre-test and post-test level of knowledge among the community people 

in the study and control group. 

 Unpaired‘t’ test was used to compare posttest of both control group and study group. 

 Chi square test was used to find out the association of posttest level of knowledge of people with their 
demographic variables. 
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RESULT 

DATA ANALYSIS AND INTERPRETATION 
This chapter deals with the interpretation of collected data from the pregnant women residing at sambalpur 
district to assess the effectiveness of structured teaching programme on knowledge regarding post partum 
psychosis among them. The data collected were grouped and analyzed by using descriptive method. 

Section-A: Distribution of demographic variables. 

Section-B: Level of knowledge about postpartum psychosis among pregnant women. 

Section-C: Association of demographic variable among pregnant women 

SECTION-1 
Description of the community people according to their demographic variable 

Demographic data collected from 30 samples are tabulated and summarized using frequencies ad percentage. 
The data described in this section include the demographic variable of community people that are age, 
educational qualification, occupation, religion, marital status, type of family, number of pregnancy, type of 
food habits, and type of community and sources of previous knowledge about postpartum psychosis. 

1.AGE: 

Age Frequency Percentage 

18-24 5 16.6% 

24-30 11 36.6% 

30-39 9 30% 

Above 39 5 16.6% 

Table No.1: Frequency & percentage distribution of sample according to age. 

INTERPRETATION 
The data present in table no. 1 reveals that 16.6% of the sample belongs to the age group of 18-24 yrs, 36.6% 
of the sample belongs to 24-30 yrs, 30% of the sample belongs to 30-39 yrs and 16.6% of the samples are 
above 39 yrs of age. 

 
INFERENCE 
From this figure it is inferred that majority of the sample belongs to the age group of 24-30 yrs. 
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1. EDUCATIONAL QUALIFICATION 
Educational qualification Frequency Percentage 

Illiterate 12 40% 

School education 14 46.6% 

Graduate 3 10% 

Professional 1 3.3% 

Table No.2: Frequency and percentage distribution of samples according to educational qualification 

INTERPRETATION 
The data present in table no.2 shows that 40% of the sample are illiterate, 46.6% of the samples are having 
school education, 10% of the samples are graduate and 3.3% of the samples are professionals. 

 
INFERENCE 
From this figure it is inferred that majority of the sample are having school education. 

2. OCCUPATION 
Occupation Frequency Percentage 

Labourer 13 43.3% 

Sedentary worker 11 36.6% 

Moderate worker 5 16.6% 

Heavy worker 1 3.3% 

Table No.3: Frequency and percentage distribution of samples according to occupation. 

INTERPRETATION 
The data present in table no.3 shows that 43.3% of the samples are laborers, 36.6% of the samples are 
sedentary workers, 16.6% of the samples are moderate workers and 3.3% of the samples are heavy workers 
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INFERENCE 
From this figure it is inferred that majority of the samples are laborers. 

3. RELIGION 
Religion Frequency Percentage 

Hindu 30 100% 

Muslim 0 0 

Christian 0 0 

Others 0 0 
Table No.4: Frequency and Percentage distribution of sample according to religion. 

INTERPRETATION 
The data present in table no.4 shows that 100% of the samples are Hindu. 
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INFERENCE 
From this figure it is inferred that all the samples are Hindu. 

4. MARITAL STATUS 
Marital status Frequency Percentage 

Married 21 70% 

Widow 8 26.6% 

Divorced 1 3.3% 

Table No.5: Frequency and Percentage distribution of sample according to marital status. 

INTERPRETATION 
The data present in table no.5 shows that the 70 % of the samples are married, 26.6% of the samples are 
widow and 3.3 % of the samples are divorced. 

 
INFERENCE 
From this figure it is inferred that majority of the samples are married. 

5. TYPE OF FAMILY: 
Type of 
family 

Frequency Percentage 

Small family 23 76.6% 

Joint family 7 23.3% 

Table No.6: Frequency and percentage distribution of sample according to type of family. 

INTERPRETATION 
The data present in table no 6 shows that 76.6 % of the sample belongs to small family and 23.3% of the 
sample belongs to joint family. 
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INFERENCE 
From this figure it is inferred that majority of the sample are belongs to small family. 

NO. OF PREGNANCY 

No. of 
pregnancy 

Frequency Percentage 

Primigravida 22 73.3% 

Multipara 8 26.6% 

Table No. 7: Frequency and percentage distribution of sample according to no. of pregnancy. 
INTERPRETATION 
The data present in table no. 7 shows that 73.3 % of the sample are primigravida and 26.6 % of the 

sample are multipara. 

 
INFERENCE 

From this figure it is inferred that majority of the sample are primigravida. 

6. FOOD HABITS 
Food habits Frequency Percentage 

Vegetarian 11 36.6% 
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Non 
vegetarian 

7 23.3% 

Mixed 12 40% 

Table No. 8: Frequency and percentage distribution of sample according to food habits. 

INTERPRETATION 
The data present in table no 8 shows that 36.6% of the samples are vegetarian, 23.3% of the 
samples are non vegetarian and 40% of the samples have both food habits. 

 
INFERENCE 
From this figure it is inferred that majority of the sample are having mixed type food habits. 

8.TYPE OF COMMUNITY 
Type of 
community 

Frequency Percentage 

Urban 2 6.6% 

Rural 28 93.3% 

Table No. 9: Frequency and percentage distribution of sample according to type of 
community. 

INTERPRETATION 
The data present in table no 9 shows that 6.6% of the sample belongs to urban community and 
93.3% of the sample belongs to rural community. 
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INFERENCE 
From this figure it is inferred that majority of the sample belongs to the rural community. 

7. SOURCES OF PREVIOUS KNOWLEDGE: 
Sources of previous 
knowledge 

Frequency Percentage 

Newspaper 8 26.6% 

Friends & colleagues 9 30% 

Health professional 8 26.6% 

None 5 16.6% 

Table no. 10: Frequency and percentage distribution of sample according to sources of 
previous knowledge. 

INTERPRETATION 
The data present in table no. 10 shows that 26.6% of the samples get the knowledge from 
newspaper, 30% of the samples get the knowledge from friends and colleagues, 26.6% of the 
samples get the knowledge from health professional and 16.6% of the samples have no previous 
knowledge. 
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INFERENCE 
From this figure it is inferred that majority of the sample have previous knowledge from their 
friends and colleagues. 

SECTION- II:- ASSOCIATION OF DEMOGRAPHIC VARIABLE 
1. Association of knowledge according to age 

Age Very 
poor 

Poor Average Good Excellent Chai 
square 

Df P value 

18-24 0 0 0 3 2 1.52 12 21.03 

24-30 0 0 1 5 5 

30-39 0 0 0 4 5 

Above 
39 

0 0 0 4 1 

Table 2.1 

 
Figure 2.1 
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The data represented in the table 2.1 and figure 2.1 explain the association of pregnant women according to 
age chai square i.e. use. The two tailed P value is 21.03. By conventional criteria, this difference is 
considered to be extremely statistically not significant hence there is not significant association between the 
PPP and age of pregnant women. 

2. Association of level of knowledge according to educational qualification 
Educational 
qualification 

Very 
poor 

Poor Average Good Excellent Chai 
square 

df P value 

Illiterate 0 0 0 8 4 3.62 12 21.03 

School 
education 

0 0 1 4 9 

Graduate 0 0 0 3 0 

Professional 0 0 0 1 0 

Table 2.2 

 
Figure 2.2 

The data represent in the table 2.2 and figure 2.2 explain the association the pregnant woman according to 
educational qualification. Chai square test is used, the two tailed P value is 21.03. By conventional criteria 
this difference is considered to be extremely statistically not significant, hence there is not significant 
association between the postpartum psychosis and educational qualification of pregnant woman 

3. ASSOCIATION OF LEVEL OF KNOWLEDGE ACCORDING TO OCCUPATION 
Occupation Very 

poor 
Poor Average Good Excellent Chai 

square 
Df P value 

Labour 0 0 0 8 5 1.2 12 21.03 
Secondary 
worker 

0 0 1 4 6 

Moderate 
worker 

0 0 0 3 2 

Heavy 
worker 

0 0 0 1 0 

Table 2.3 
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Figure 2.3 

The data represented in the table 2.3 and figure2.3 explains the association of pregnant woman according to 
occupation. Chai square test is used. The two tailed P value is 21.03. By conventional criteria, this difference 
is considered to be extremely statistically not significant; hence there is not significant association between 
the postpartum psychosis and the occupation of pregnant woman. 

4. ASSOCIATION OF LEVEL OF KNOWLEDGE ACCORDING TO RELIGION 
Religion Very 

poor 
poor Average Good Excellent Chai 

square 
df P value 

Hindu 0 0 1 16 13 0 12 21.03 

Muslim 0 0 0 0 0 

Christian 0 0 0 0 0 

Other 0 0 0 0 0 

Table 2.4 

 
Figure 2.4 
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The data represented in the table 2.4 and figure2.4 explains the association of pregnant woman according to 
religion. Chai square test is used. The two tailed P value is 21.03. By conventional criteria, this difference is 
considered to be extremely statistically not significant. Hence there is not significant association between the 
postpartum psychosis and religion of pregnant woman. 

5. ASSOCIATION OF LEVEL OF KNOWELDGE ACCORDING TO MARITAL STATUS 
Marital 
status 

Very 
poor 

Poor Average Good Excellent Chai 
square 

df P value 

Married 0 0 1 9 11 1.55 8 15.51 

Widow 0 0 0 6 2 

Divorced 0 0 0 1 0 

Table 2.5 

 
Figure 2.5 

The data represented in the table 2.5 and figure2.5 explains the association of pregnant woman according to 
marital status. Chai square test is used. The two tailed P value is 15.51. By conventional criteria, this 
difference is considered to be extremely statistically not significant. There is no significant association 
between the postpartum psychosis and marital status of pregnant woman. 

4. ASSOCIATION OF LEVEL OF KNOWEDGE ACCORDING TO TYPE OF FAMILY 
Type of 
family 

Very 
poor 

Poor Average Good Excellent Chai 
square 

df P value 

Small 
family 

0 0 0 13 10 0.18 4 9.49 

Joint 
family 

0 0 1 3 3 

Table 2.6 
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Figure 2.6 

The data represented in the table 2.6 and figure2.6 explains the association of pregnant woman according to 
type of family. Chai square is used. The two tailed P value is 9.49. By conventional criteria, this difference is 
considered to be extremely statistically not significant; hence there is no significant association between the 
postpartum psychosis and type of family of pregnant woman. 

5  .ASSOCIATION OF LEVEL OF KNOWLEDGE ACCORDING TO NO OF PREGNANCY 
No of pregnancy Very poor Poor Average Good Excellent Chai square df P value 

Primigravida 0 0 1 13 8 0.5 4 9.49 

Multipara 0 0 0 3 5 

Table 2.7 

 
Figure 2.7 

The data represented in the table 2.7 and figure 2.7 explained the association of pregnant woman according 
to no of pregnancy. Chai square test is used. The two tailed P value is 9.49. By conventional criteria, this 
difference is considered to be extremely statistically not significant. Hence there is no significant association 
between the postpartum psychosis and the no of pregnancy of pregnant woman. 
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5. ASSOCIATION OFLEVEL OF KNOWELDGE ACCORDING TO FOOD HABITS 
Food habits Very 

poor 
Poor Average Good Excellent Chai 

square 
Df P value 

Vegetarian 0 0 0 9 2 3.695 8 15.51 

Non-
vegetarian 

0 0 1 1 5 

Mixed 0 0 0 6 6 

Table 2.8 

 
Figure 2.8 

The data represented in the table 2.8 and figure 2.8 explained the association of pregnant woman according 
to food habits. Chai square is used. The two tailed P value is 15.51. By conventional criteria, this difference 
is considered to be extremely statistically not significant. Hence there is no significant association between 
the postpartum and food habits of pregnant woman. 

6. ASSOCITION OF LEVEL OF KNOWELEDGE ACCORDING TYPE OF COMMUNITY 
Type of 
community 

Very 
poor 

Poor Average Good Excellent Chai 
square 

df P value 

Urban 0 0 1 0 1 1.142 4 9.49 

Rural 0 0 0 16 12 

Table 2.9 

 
Figure 2.9 
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The data represented in the table 2.9 and figure2.9 explains the association of pregnant woman according to 
type of community. Chai square is used. The two tailed P value is 9.49. By conventional criteria this 
difference is considered to be extremely statistically not significant. Hence there is no association between 
the postpartum psychosis and type of community of pregnant woman. 

7. ASSOCIATION OF LEVEL OF KNOWELDGE ACCORDING TO SOURCES OF 
PREVIOUS KNOWLEDGE 
Sources of 
previous 
knowledge 

Very 
poor 

Poor Average Good Excellent Chai 
square 

df P value 

Newspaper 0 0 1 6 1 0.896 12 21.03 

Friends & 
colleagues 

0 0 1 4 4 

Health 
professional 

0 0 0 4 4 

None 0 0 0 3 2 

Table 2.10 

 
Figure 2.10 

The data represented in the table 2.10 and figure 2.10 explained the association of pregnant woman 
according to sources of previous knowledge. Chai square is used. The two tailed P value is 21.03. By 
conventional criteria, this difference is considered to be extremely statistically not significant. Hence there is 
no significant association between the postpartum psychosis and sources of previous knowledge of pregnant 
woman. 

ASSESSMENT OF KNOWLEDGE OF POSTPARTUM PSYCHOSIS AMONG COMMUNITY 
PEOPLE. 
There are 30 maximum score to assess the level of pretest and post test knowledge score. To assess 
the level of knowledge, score are classified into categories based on the score. They are very poor 
(0-5), poor (5-10), average (10-20), good (20-25), excellent (25-30). 
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Level of knowledge Pretest Postest 

No % No % 

Very poor (0-5) 14 46.7 0 0 

Poor (5-10) 16 53.3 0 0 

Average (10-20) 0 0 1 3.3 

Good (20-25) 0 0 16 53.3 

Excellent (25-30) 0 0 13 43.4 

Table – Level of pre test and post test score. 

 
Over all distribution of level of pretest knowledge shows that majority of them have poor 
knowledge 16 or 53.3% and 14 or 46.7% are having very poor knowledge. In post test, majority of 
them have good knowledge 16 or 53.3% and 1 or 3.3% are having average knowledge and 13 or 
43.4 % are having excellent knowledge. It is seen that excellent score is in post test only. 
SUMMARY 
The study was conducted to assess the effectiveness of structured teaching programme on knowledge 
regarding postpartum psychosis among pregnant women in community area. Data were collected from 30 
samples of pregnant women. 

OBJECTIVE OF THE STUDY 
I. To assess the knowledge level of pregnant women regarding postpartum psychosis. 

II. To compare the knowledge level with the selected demographic variable. 
HYPOTHESIS OF THE STUDY 
I. There will be no significant relation between the demographic variable and postpartum 

psychosis. 

II. There will be significant relation between the demographic variable and postpartum psychosis. 
The design of the study was quasi experimental. The data was collected from 30 pregnant women 
residing at Themra, Sambalpur according to the inclusion criteria. 
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The finding shows that 3.3% of pregnant women are having average knowledge, 53.3% of pregnant 
women have good knowledge and 43.4% of pregnant women have excellent knowledge about 
postpartum psychosis. 

The finding of the present study reveals that there is no statistical association between the 
knowledge about postpartum psychosis among pregnant women and their demographic variable. 
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ABSTRACT 
Parasitism can be a driver of species divergence and thereby significantly alter species formation processes. 
While we still need to better understand how parasite-mediated speciation functions, it is even less clear how 
this process is affected by environmental change. Both rapid and gradual changes of the environment can 
modify host immune responses, parasite virulence and the specificity of their interactions. They will thereby 
change host–parasite evolutionary trajectories and the potential for speciation in both hosts and parasites. 
Here, we summarise mechanisms of host–parasite interactions affecting speciation and subsequently 
consider their susceptibility to environmental changes. We mainly focus on the effects of temperature change 
and nutrient input to ecosystems as they are major environmental stressors. There is evidence for both 
disruptive and accelerating effects of those pressures on speciation that seem to be context-dependent. A 
prerequisite for parasite-driven host speciation is that parasites significantly alter the host’s Darwinian 
fitness. 

Keywords: Parasitism, environmental, ecosystems, parasites 

1. INTRODUCTION 
Current biodiversity studies focus on species extinction rates and how they are amplified by human-mediated 
environmental change. Whether changing environments affect the processes that give rise to new species is, 
however, rarely considered Host–parasite interactions represent one such evolutionary process. They are 
major parts of ecosystems and as such vary with ecological settings and environmental change . Ecological 
settings can entail, but are not restricted to, the presence and abundance of intermediate and final hosts for 
the different parasite species, but also further ecological interactions such as predation or competition. 
Global change affects individuals, e.g. by affecting the trade-offs for the host involving immunity and 
defence strategies or transmission pathways for the parasite  the interaction between hosts and parasites ; and 
the ecological settings when host or parasite community composition or population structure change. The 
consequences of all these alterations depend on the specific characteristics of the “disease triangle”: (i) the 
host corner includes the variation of its life history traits, its immunity innate and/or acquired) and its 
abundance; (ii) the parasite corner comprises its transmission rates, its ability to accomplish its life cycle and 
its virulence. Lastly, (iii) the environment corner represents the ecosystem in which the host and the parasite 
live − and the initial source of  change . 

Reciprocal feedbacks between ecological settings and evolutionary dynamics are the topic of eco-
evolutionary research  and such dynamics may well play an important role in shaping host and parasite 
evolution through time. However, as these mechanisms are not yet well understood it would be too 
speculative to describe how they may shape speciation at this point. We have therefore excluded eco-
evolutionary dynamics from further discussion in this review. 
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Environmental change affects disease ecology 
Rising temperatures 
Current climate models predict a global average increase of air temperatures in the range of 1–4 °C a pace 
exceeding that of past climatic modifications. Change in temperature is expected to influence species 
occurrence and distribution with up to 37% of all extant species “committed to extinction” due to climate 
change . Those predictions, however, do not include species interactions and evolutionary change which will 
significantly alter the fate of species . It is therefore important to improve our understanding of host–parasite 
interactions and subsequent evolution in response to environmental changes in general and temperature 
changes in particular 

Increases in parasite virulence and transmission rates are the most commonly described responses to rising 
temperatures . 

So far it has not been directly tested how evolutionary trajectories of host resistance change under elevated 
temperatures. However, it has been observed that perch (Perca fluviatilis) living in an experimental lake 
have evolved towards increased resistance to the trematode Diplostomum baeri over several years of 
warming due to the effluents of a nuclear power plants . Even though performed in natura and hence 
associated with several confounding factors, this study shows that adaptation to increased water temperature 
may also lead to increased resistance. Several mechanisms can contribute to such rapid changes: (i) 
Increased variation in host life history traits upon parasite exposure at a higher temperature may 
reveal genetic variation in the population and make it available for selection (ii) Temperature increases can 
reinforce selection on immune genes, thereby accelerating host adaptation. (iii) Hosts further experience 
changes in immune parameters (e.g., immune cell counts, immune gene expression) as a response to 
temperature variation . As of yet, it is unclear what these changes translate into, as most observed changes 
are redistributions of investment in different immune parameters rather than clear reductions or increases in 
immune response. Even when a clear directional effect is visible, such as a reduction in immune cell counts, 
this does not necessarily lead to changes in host–parasite interactions .Furthermore, host resistance can be 
improved through plastic effects such as (iv) maternal effects, when mothers stressed by warmer 
environments produce more resistant offspring .And finally, (v) host behaviours such as foraging strategies 
or habitat choice can shift under climate change, interacting with simultaneous effects of climate change on 
parasites . 

In addition to direct effects on hosts and/or parasites, global warming can also affect their interactions This 
will be particularly prominent if change in parasite virulence and change in host resistance are asynchronous 
or mismatched. We predict such effects for systems where both parasite and host fitness are affected.  
Thus, it is clear that integrated studies of temperature stress effects on host genotypes and parasite genotypes 
(G × G × E) are needed to understand the net effects of temperature changes on host–parasite interactions 
and predict their evolutionary outcomes. The development of models that integrate environmental effects 
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on physiological factors into epidemiology will allow the broad use of future experimental data for more 
predictive power . 

In general, temperature increases tend to reinforce parasite virulence and selection for host resistance , 
thereby likely accelerating host–parasite coevolution, either through (recurrent) allele sweeps or Red Queen 
dynamics. On the adaptive landscape, accelerated rates of coevolution would lead to more pronounced 
adaptive peaks and thereby to reduced gene flow between them. It is important to note, though, 
that directional selection imposed by global warming is also predicted to be accompanied by extreme 
climatic events and temperature fluctuations . Extreme events may further support recurrent selective 
sweeps. Possible resulting antagonistic pleiotropic effects of affected genes are likely to be revealed after the 
climatic event. Furthermore, fluctuating conditions can favour phenotypic plasticity as discussed in 
Section 6 of the present review. 

2.2. Eutrophication 
Anthropogenic eutrophication is a major threat to aquatic ecosystems. Eutrophication from urbanisation or 
agriculture can force a switch between alternative stable states , modify trophic cascades and reduce 
biodiversity by, for instance, enhancing speciation reversal . 

Under eutrophic conditions, there is an overall tendency for increased parasite virulence and densities, 
especially for generalist parasites . These effects are often driven by increased densities of intermediate 
hosts, effectively changing parasite life history On the host side, variation in nutrient levels can force 
physiological modification as defence mechanisms are traded off against homeostasis and metabolism. This 
could either impair or promote local adaptation of the host: on the one hand, increased nutrient load may be 
associated with relaxed parasite-mediated selection on the host if susceptible individuals can compensate 
costs of immunity and survive long enough to reproduce. Furthermore, eutrophication can affect host 
behaviour, including interference with mate choice due to breakdown of cues, whether visual or olfactory . 
One the other hand, insufficient nutrient supply can impair the specificity of host defences if investments into 
defence mechanisms are reduced . 

An increase in nutrient availability can also affect the specificity or type of host–parasite interactions 
Productivity of natural systems often varies throughout the year and the seasons, which alters the effective 
strength of selection Fluctuating productivity can constrain coevolution when fluctuation frequency is faster 
than selective sweeps as shown in experimental coevolution of bacteria and phages. This suggests 
that seasonal variation or recurring spikes of nutrients may disrupt the potential for local adaptation inherent 
to host–parasite interactions. 

Influences of host–parasite interactions on host speciation 
Parasites were recognised as a major evolutionary force more than 60 years ago and research efforts to 
understand their contribution to host evolution have increased ever since. Nowadays, they are seen as “agents 
promoting diversity” supporting the maintenance of genetic variation via mechanisms such as coevolutionary 
arms races, cycling allele frequencies and by selecting for the maintenance of sexual reproduction 

Table 2. Major theoretical proposals and experimental evidence of parasite-mediated host speciation. 

Study type Main conclusion Proposed speciation 
mechanism Reference 

Theory 
Mathematical 
model 

Parasite pressure should 
accelerate host evolution and 
promote population divergence 
by selecting for resistant 
genotypes. 
Close association of host and 
parasite species should lead to 
antagonistic cycling of 
population densities. 

Parasite-mediated host 
population divergence. 
Change in population 
density opens up niches for 
speciation. 

Haldane, 1949 
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Study type Main conclusion Proposed speciation 
mechanism Reference 

Experiment 

Parasite pressure promotes 
host diversification in 
allopatry and limits it in 
sympatry. 

Parasite-mediated host 
population divergence 

Buckling and 
Rainey, 2002 

Review 

Lack of empirical evidence for 
host speciation. 
Host speciation should be 
favoured when host is ahead in 
coevolutionary arms race. 

Local adaptation of host can 
promote population 
divergence. 

Summers et al., 
2003 

Mathematical 
model 

Assortative mating can evolve 
from host–parasite interaction 
in a matching allele mode of 
resistance. 

Assortative mating can 
promote population 
divergence in host parasite 
coevolution. 

Nuismer et al., 
2008 

Meta-analysis 
Theoretical 
approach 

Language diversity 
(behavioural barrier) is 
correlated with parasite 
diversity. 
Parasites can promote host 
speciation through selection 
for assortative sociality and 
philopatry (behavioural 
barriers). 

Parasite-driven-wedge 
model. 

Fincher and 
Thornhill, 2008 

Mathematical 
model 

MHC genes underlie a magic 
trait involved in both natural 
and sexual modes of selection. 

MHC as magic trait. 
Reduced hybrid/migrant 
fitness. 

Eizaguirre et al., 
2009 

Review 

Parasites may counteract 
biodiversity increase by 
preventing secondary contact 
of sister taxa. 

Parasites depress 
diversification by preventing 
secondary contact. 

Ricklefs, 2010 

Review 
Multiple parasite-mediated 
selection mechanisms can 
support ecological speciation. 

Host local adaptation as 
basis of population 
divergence. 
MHC encodes a magic trait. 

Eizaguirre and 
Lenz, 2010 

Mathematical 
model 

Antagonistic coevolution of 
hosts and parasites can 
promote phenotypic 
diversification. 

Host–parasite coevolution 
can support diversification 
across a metapopulation. 

Yoder and 
Nuismer, 2010 

Review 

Many case studies show 
parasites’ contribution to 
divergence via three 
mechanisms but integration 
with general theory of 
ecological speciation still 
missing. 

Magic trait (assortative 
mating by pleiotropy). 
Ecology-based sexual 
selection (parasite-driven-
wedge). 
Reduced hybrid/immigrant 
fitness. 

Karvonen and 
Seehausen, 2012 

Review The broad spectrum of host Multiple, including MHC Loker, 2012 
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Study type Main conclusion Proposed speciation 
mechanism Reference 

defence mechanisms 
represents a major part of 
animal diversity and 
immunological divergence 
helps explain 
macroevolutionary divides. 

encoding a magic trait and 
parasite-driven-wedge. 

Experiment 
MHC genotypes are locally 
adapted both in allelic 
diversity and specificity. 

Local adaptation of adaptive 
immunity. 

Eizaguirre et al., 
2012b 

Experiment 

Reproductive isolation is 
greater after coevolution with 
parasite compared to evolution 
without parasite. 

Coevolution accelerates 
population divergence. 

Bérénos et al., 
2012 

 

Even though parasites have long been associated with population divergence and the maintenance of genetic 
diversity in their host, their potential to contribute to speciation processes has only recently been 
conceptualised . These conceptual studies propose multiple, not mutually exclusive selective mechanisms − 
all relying on local differences in parasite communities. Notably, the concepts available to date were mostly 
developed for vertebrate hosts, and corresponding mechanisms remain to be studied for invertebrate hosts. 

How can environmental change interact with host–parasite interactions in their effect on speciation 
dynamics? 

Individual-based effects 
Several studies have shown that, following environmental change, parasites tend to be ahead in the arms race 
with their hosts, at least immediately after a temperature increase or eutrophication event . However, 
increased resistance as a by-product of adaptation to a warming environment illustrates that hosts may also 
benefit from increased temperatures . Such effects, whether increased virulence of the parasite or increased 
resistance of the host, are typical for arms race dynamics and should accelerate progress towards speciation if 
slight differences between populations lead to different evolutionary trajectories. These individual effects 
represent the capacity of hosts and parasites to track adaptive peaks of their respective fitness landscape. 

In relation to behavioural mechanisms, environmental change can result in relaxed selection on mate choice: 
for instance, eutrophication decreases visibility in aquatic habitats and investment of male three-
spined sticklebacks in nuptial colouration becomes maladaptive as it is costly but does not lead to increased 
mating success anymore. Relaxed selection may allow more infected individuals to reproduce as females 
cannot detect parasitised males based on nuptial colour. Many systems also rely on olfactory cues , which 
may be damaged under eutrophication and increased pH . Altogether, this may result in the maintenance of 
susceptibility alleles in the population and may break down the process of local adaptation. Since mate 
choice is central to both major theories of parasite-mediated host speciation, relaxed sexual selection has the 
potential to strongly disrupt the progress towards speciation. 

Change in host–parasite interactions and ecological settings 
The potential of environmental change to interfere with fine-tuned host–parasite specificity could be 
particularly problematic for speciation. If coevolutionary dynamics, which promote local adaptation, are part 
of the basis of ongoing speciation, disruption of these mechanisms would hinder the progress towards 
divergence. To date, evidence for such disruption (i.e. G × G × E effects) comes exclusively from studies 
focusing on one host generation .Using mathematical models, found potential for environmental change to 
either disrupt or promote classic Red Queen dynamics depending on the genetic basis of host–parasite 
specificity affected by the environmental change. 
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Modifications of species distributions and assemblages are one of the major consequences of climate change 
that will affect host–parasite interactions. Environmental stress can increase parasite numbers if it 
promotes host susceptibility or increases host density and thereby also transmission potential. Reversely, 
parasite numbers can decrease if the parasite is more affected by the environmental change than the host and 
has a reduced infection potential. This leads to changes in parasite communities and dynamics, altering the 
selection pressures they exert on their host populations. If these effects differ locally and lead to increasingly 
distinct parasite communities of different host populations, this could support parasite-driven host speciation 
either via magic traits or by the parasite-driven-wedge model. Such divergence of parasite communities 
would correspond to a divergence of adaptive peaks in the fitness landscape, thereby promoting divergence 
of the host populations and reducing gene flow between them as they track these adaptive peaks. 

Reciprocally, modifications of host communities could increase opportunities for parasite speciation via host 
switches. This is based on increased niche opportunities when the original host’s distribution range expands 
or shifts and contact with potential new hosts is increased. Host switches and subsequent parasite speciation 
are further promoted by ecological fitting, the principle by which a species persists in whichever habitat (in 
this case on whichever host) is suitable for its survival. The most recent evidence from 
parasite phylogenies suggests that ecological fitting opportunities are very frequent, supporting the view that 
host switches are a major part of parasite diversification, especially in changing environments . 

From the perspective of a parasite’s fitness landscape, environmental change may (i) bring adaptive peaks 
(representing different host species) closer together, thereby facilitating switches to a new peak by part of the 
population, followed by local adaptation of each resulting subpopulation, but also (ii) create new peaks with 
more species becoming potential hosts suitable for ecological fitting of the parasite. In the latter case, 
previously maladaptive alleles may become beneficial under global change. 

When does environmental change promote host or parasite speciation? 
While most research on parasites and global change is concerned with epidemics and their link to extinction 
risks, there may also be potential for speciation. Parasites’ diversification potential may be aided by 
ecological fitting in response to environmental change. This could further drive diversification in their hosts 
as parasite communities diverge between populations and thereby increase divergent selection. However, this 
potential is contingent on host species surviving the environmental change and retaining some evolutionary 
potential (i.e., genetic diversity). Rapid evolutionary dynamics of host–parasite systems in changing 
environments are therefore a double-edged sword for biodiversity conservation: they can support 
host genetic diversity (existing and arising) and thereby buffer the effects of environmental change and even 
support, in some cases, the formation of new species. At the same time, environmental change can favour 
disease outbreaks which will threaten host populations and species, especially if stress is exacerbated by the 
need for physiological adaptation to the new environmen. Ultimately, this could increase extinction rates. 

Global change is predicted to increase frequencies of extreme events, which could have different effects on 
evolutionary trajectories of host–parasite interactions: one rapid shift or gradual change in the environment 
should lead to continuous selection in a predictable direction likely reinforcing selection in the host–parasite 
interaction , whereas multiple changes in the environment would repeatedly alter the defence–exploitation 
balance of host–parasite interactions. We propose two possible evolutionary outcomes for recurrent changes 
based on fitness landscape modifications. Firstly, the need for hosts and parasites to readapt to moving 
adaptive peaks over and over could promote population divergence as these recurrent events of strong 
selection would promote local adaptation, through recurrent sweeps, with varying evolutionary trajectories in 
varying habitats/niches . This outcome is likely if the events of environmental change are separated by 
enough evolutionary time (i.e., at least one generation turnover of host and parasite each) to allow the fitness 
landscape to change. Importantly, this reinforcement scenario relies on the assumption that coevolution and 
adaptation to a changing environment are synchronous or overlapping. The second scenario would see an 
increase in phenotypic plasticity as adaptive peaks keep moving and the ability of individuals to deal with 
different environmental conditions in one lifetime is promoted by selection . 



 

Recent Research Trends in Management and Social Science 

165 

Concluding remarks 
Overall, environmental change can clearly affect host/parasite-mediated speciation. It seems that besides the 
widely acknowledged increase in species extinction rates, environmental change may also lead to increased 
speciation rates under given circumstances. One reinforced speciation driver may be host–parasite 
interactions. Much further research is required to determine whether this will result in a generally increased 
turnover of species or if one of these mechanisms strongly outweighs the other. Two of the most pressing 
questions regarding host/parasite-mediated speciation are: what are the conditions promoting speciation over 
the maintenance of polymorphism and what is the role of plasticity in speciation, particularly under rapidly 
changing environmental conditions? From the literature to date, it appears that the responses to those 
questions will be system-specific, i.e. context- dependent, and the more studies will be conducted on this 
topic, the more predictive power will produced . 
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ABSTRACT 
Caffeic acid (CA) is a phenolic compound synthesized by all plant species and is present in foods such as 
coffee, wine, tea, and popular medicines such as propolis. This phenolic acid and its derivatives have 
antioxidant, anti-inflammatory and anticarcinogenic activity. In vitro and in vivo studies have demonstrated 
the anticarcinogenic activity of this compound against an important type of cancer, hepatocarcinoma 
(HCC), considered to be of high incidence, highly aggressive and causing considerable mortality across the 
world. The anticancer properties of CA are associated with its antioxidant and pro-oxidant capacity, 
attributed to its chemical structure that has free phenolic hydroxyls, the number and position of OH in the 
catechol group and the double bond in the carbonic chain. Pharmacokinetic studies indicate that this 
compound is hydrolyzed by the microflora of colonies and metabolized mainly in the intestinal mucosa 
through phase II enzymes, submitted to conjugation and methylation processes, forming sulphated, 
glucuronic and/or methylated conjugates by the action of sulfotransferases, UDP-glucotransferases, and o-
methyltransferases, respectively. The transmembrane flux of CA in intestinal cells occurs through active 
transport mediated by monocarboxylic acid carriers. CA can act by preventing the production of ROS 
(reactive oxygen species), inducing DNA oxidation of cancer cells, as well as reducing tumor cell 
angiogenesis, blocking STATS (transcription factor and signal translation 3) and suppression of MMP2 and 
MMP-9 (collagen IV metalloproteases). Thus, this review provides an overview of the chemical and 
pharmacological parameters of CA and its derivatives, demonstrating its mechanism of action and 
pharmacokinetic aspects, as well as a critical analysis of its action in the fight against hepatocarcinoma. 

Keywords:- Caffeic acid, Hepatocarcinoma, Phenolic compound,  carcinogenesis,  UV- B 

INTRODUCTION 
Caffeic acid (CA) is a polyphenol produced through the secondary metabolism of vegetables, including 
olives, coffee beans, fruits, potatoes, carrots and propolis, and constitutes the main hydroxycinnamic acid 
found in the diet of humans . This phenolic compound is found in the simple form (monomers) as organic 
acid esters, sugar esters, amides and glycosides, or in more complex forms such as dimers, trimers and 
flavonoid derivatives, or they may also be bound to proteins and other polymers in the cell wall of the 
vegetable. CA participates in the defense mechanism of plants against predators, pests and infections, as it 
has an inhibitory effect on the growth of insects, fungi and bacteria and also promote the protection of plant 
leaves against ultraviolet radiation B (UV-B). 

In vitro and in vivo experiments have been performed, proving innumerable physiological effects of CA and 
its derivatives, such as antibacterial activity, antiviral activity, antioxidant activity , anti-inflammatory 
activity, anti-atherosclerotic activity, immunostimulatory activity, antidiabetic activity, cardioprotective 
activity, antiproliferative activity, hepatoprotective activity, anticancer activity, and anti-hepatocellular 
carcinoma activity. Among these properties, anti-hepatocarcinoma activity is highlighted, because 
hepatocarcinoma (HCC) is one of the main causes of cancer mortality in the world. Therefore, further studies 
on the chemical and pharmacological aspects of CA are necessary to contribute in the future to the 
development of a new drug and consequently the expansion of therapeutic possibilities. Thus, this review 
provides an overview of the chemical and pharmacological parameters of CA and its derivatives, reporting 
its main mechanisms of action and pharmacokinetic aspects, as well as to critically analyse its performance 
in the fight against HCC. 

Chemical Aspects of Caffeic Acid 
AC (3,4-dihydroxycinnamic acid) is a hydroxycinnamic acid, belonging to the phenolic acid family, which 
has a phenylpropanoid(C6-C3) structure with a 3,4-dihydroxylated aromatic ring attached to a carboxylic 
acid through a transethylene wire. The biosynthesis of this compound in plants occurs through the 
endogenous shikimate pathway that is responsible for the production of aromatic amino acids from glucose. 
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The reaction starts with shikimic acid and undergoes three enzymatic reactions: the first is a phosphorylation 
mediated by the enzyme shikimato-kinase, followed by the conjugation of a molecule of 
phosphoenolpyruvate, mediated by 5-enolpyruvylshikimate-3-phosphate (EPSP) synthase and finally by the 
enzyme chorismate synthetase, reaching one of the most important intermediary metabolites of this pathway, 
chorismic acid. This is transformed into prephenic acid through the enzyme chorismate mutase (a precursor 
of L-phenylalanine). L-phenylalanine formation is mediated by pyridoxal phosphate (PLP) as a coenzyme in 
the deamination process and by nicotinamide adenine dinucleotide (NAD) as an electron exchanger. The 
deamination of L-phenylalanine by the enzyme phenylalanine ammonia lyase (PAL), forms cinnamic acid. It 
is then converted to p-coumaric acid by the cinnamate-4-hydroxylase (C4H) and finally to caffeic acid 
through the enzyme 4-coumarate 3-hydroxylase (C3H) (Figure 1). 

FIGURE 1 

 
Figure 1. The biosynthesis of CA begins in the endogenous shikimate pathway through three enzymatic 
reactions mediated by shikimate kinase (KS), 5-enolpyruvyl-chiquimate-3-phosphate synthase (EPSPS) and 
chorismate synthase (CS), leading to chorismic acid and then converted into prephenic acid by chorismate 
mutase. Prephenic acid is a precursor of l-phenylalanine and formed by pyridoxal phosphate (PLP) and 
nicotinamide adenine (NAD). The deamination of L-phenylalanine by the enzyme phenylalanine ammonia 
lyase (PAL) forms cinnamic acid; this is then converted to p-coumaric acid by cinnamate-4-hydroxylase 
(C4H) and finally to caffeic acid through the enzyme 4-coumarate 3-hydroxylase (C3H). This figure was 
made with ChemDraw (http://www.perkinelmer.com/category/chemdraw). 

CA is obtained from plants by solvent extraction (methanol and ethyl acetate) at high temperatures; however, 
its yield is very low, requiring large quantities of botanical material to obtain a significant yield. An 
alternative to obtain this compound in greater quantity is organic synthesis, where chemical processes 
(chemical reactions) are used that allow the formation of complex organic compounds. However, the concern 
with the generation of residues in the production of organic compounds has brought about the possibility of 
microbial synthesis of secondary metabolites such as CA. Thus, genetic modifications made in 
microorganisms, such as Escherichia coli strains, have allowed the production of two enzymes: 3-
hydroxylase hydroxyphenylacetate (4HPA3H) and tyrosine ammonia lyase (TAL) that acts on L-tyrosine 
producing p-coumaric acid and L-dopa, respectively. A new action of these enzymes on the two intermediate 
molecules leads to the generation of CA (Figure 2). 

FIGURE 2 

 
Figure 2. The synthesis of CA after genetic modification in strains of E.coli that allowed the production of 
two enzymes: 3-hydroxylase hydroxyphenylacetate (4HPA3H) and tyrosine ammonia lyase (TAL) that act 
on L-tyrosine producing p-coumaric acid and L-dopa, respectively. A new action of these enzymes on the 
two intermediate molecules leads to production of CA. This figure was made with ChemDraw 
(http://www.perkinelmer.com/category/chemdraw). 



 

Recent Research Trends in Management and Social Science 

169 

Pharmacokinetics of Caffeic Acid 
CA is a very abundant phenolic acid, found in both free and esterified forms, representing about 75 to 100% 
of the total content of hydroxycinnamic acid in fruits. However, CA is found in foods on its esterified form, 
making it difficult to be absorbed by the body. To be absorbed, the compound needs to be hydrolysed by 
colonic microflora in the intestine, because human tissues (intestinal mucosa, liver, stomach) and biological 
fluids (plasma, gastric juice, duodenal fluid) do not have enzymes, called esterases, capable of hydrolysing 
the chlorogenic acid to release CA . Thus, the pharmacokinetic process begins with the ingestion of CA in 
the bound form (esterified), arriving in the stomach, after which a small part of this compound is absorbed. 
In the colon the microbial esterases cleave the ester portion of the CA and this acid, in its free form, is then 
absorbed by the intestinal mucosa (most 95%). The transmembrane flow of CA into intestinal cells occurs 
through active transport mediated by monocarboxylic acid transporters (MCT). The maximum plasma 
concentration of this compound was observed only 1 h after ingestion of foods such as coffee and then 
plasma concentration rapidly decreased, requiring repeated doses every 2 h to maintain high concentrations . 
Immediately after absorption, CA is subjected to three main processes of enzymatic conjugation (known as 
detoxification): methylation, sulphation, and glucuronidation, through the action of sulfotransferase 
enzymes, UDP-glucotransferases and catechol-o-methyltransferases, respectively. This makes the compound 
more hydrophilic, thus reducing its toxicity and facilitating its elimination. The excretion of CA (5.9–27%) 
occurs primarily through urine. 

Anticarcinogenic Properties of Caffeic Acid 
The anticarcinogenic properties of CA have attracted the attention of the scientific community. Studies have 
shown that the consumption of CA-rich foods leads to a protective effect against carcinogenesis by 
preventing the formation of nitro compounds (nitrosamines and nitrosamides) that are the main inducers of 
this pathology. The anti-carcinogenic action of CA is mainly associated with its antioxidant and pro-oxidant 
capacities, and this is attributed to its chemical structure. Firstly, the presence of free phenolic hydroxyls 
(ortho-dihydroxyl) makes it possible to reduce the enthalpy of OH-bond dissociation and increase the 
transfer rate of H atoms for peroxyl radicals, as well as their number and position on the phenyl ring 
(catechol group). Also, the presence of a double bond in the carbon chain (the unsaturated side chain 2,3 
double bond) increases the stability of the phenolic radical. These chemical factors associated with the CA 
molecule enable the elimination of free radicals, preventing the production of ROS (reactive oxygen species) 
as well as the induction of DNA oxidation of cancer cells present in various types of cancer, such as HCC. 

Hepatocarcinoma (HCC) 
Hepatocarcinoma or Hepatocellular Carcinoma (HCC) is a dominant form of liver cancer, characterized by 
being a malignant primary solid tumor, which differs from hepatocytes, and is considered the third most 
common cause of cancer death, second only to lung and stomach cancer. HCC is a very aggressive disease, 
with approximately 782,000 new cases per year, a high mortality (600,000 deaths/year) and a short survival 
time (on average 11 months). It is thought this is because only a small proportion of the patients are 
diagnosed at the initial stage of the disease. HCC has several risk factors, such as exposure to hepatitis B 
virus (HBV) and C (HCV), aflatoxin B1 (AFB1), presence of cirrhosis, alcohol consumption, diabetes 
mellitus and obesity. These factors vary in their frequency according to geographic location. Among the 
cited causes, infection with the HBV and HCV virus is considered the main risk factor, and it is worth noting 
that 80% of cases occur in Southeast Asia and Africa while the Western world accounts for only 20% of 
cases. The high incidence of HCC in the Asian and African continent is associated with the HBV and HCV 
virus, as well as exposure to food contaminated by AFB1, especially in rural areas where there is no strict 
control on mycotoxin contamination. However, synergism among risk factors is what makes these regions 
highly prevalent to HCC. 

The mechanism of HCC pathophysiology begins with an inflammatory process mediated by Kupffer cells in 
the liver or macrophages, both of which have immunostimulatory activity, secreting pro-inflammatory 
cytokines (interleukin 6-IL6 and TNF-α-tumor necrosis factor) and immunosuppressive cytokines 
(interleukin 10-IL-10). The accumulation of these immunostimulating agents around the focus of 
inflammation in the liver induces a mitochondrial imbalance in hepatocytes (increased oxygen consumption 
and increased production of superoxide anions, hydroxyl radicals and nitric oxide), leading to the production 
of high levels of reactive oxygen species (ROS). Hepatic mitochondria control the balance between survival 
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and cell death through the regulation of membrane permeability, activating the intrinsic pathway of apoptosis 
(release of cytochrome c protein, formation of apoptosomes and activation of caspase 9). Increased ROS 
production causes oxidative damage to mitochondrial proteins (impairing ATP synthesis) and alters the 
induction of mitochondrial transition permeability pore production by making the inner membrane 
permeable to small molecules that can cause ischaemia/reperfusion injury, as well as DNA damage by 
activating the apoptotic intrinsic mechanism. This process induces recurrent cycles of cell injury, repair and 
regeneration in hepatocytes leading to the formation of nodular dysplasia (aberrant hepatocytes), which are 
precursor lesions of HCC. It also leads to genetic alterations (gene rearrangements, somatic mutations, 
changes in copy number, changes in cell signaling pathways) and epigenetic changes (DNA methylation and 
histone modification), which are directly associated with tumor progression and HCC. 

Patients with this pathology are usually asymptomatic; however, it is associated with the appearance of 
abdominal pain, fever, hyperkalaemia, hypoglycaemia, nausea, weight loss, increased ascites, spontaneous 
bacterial peritonitis, varicose veins, bleeding, jaundice, and hepatic encephalopathy. The aggravation of liver 
function is due to functional liver replacement or portal vein invasion. Treatment for HCC is limited due to 
the complex etiology of the disease and, mainly, the toxicity of the drugs to normal cells, making it necessary 
to develop new drugs for the therapy of this cancer. Thus, the investigation of mechanisms of action and 
characterization of the hepatoprotective and anticarcinogenic action of CA can help support the future 
development of new therapies to combat this disease. 

Caffeic Acid Action Mechanism in HCC 
 Antioxidant Activity Prevents ROS Production 
One of the mechanisms by which CA acts in HCC is through its potent antioxidant capacity that prevents the 
production of ROS, reducing the oxidative stress that is very common in this disease. CA acts as a primary 
and secondary antioxidant (mixed antioxidant). As a primary antioxidant it acts by interrupting the formation 
of free radicals by inhibiting chain reactions with another molecule. This process occurs when CA donates 
electrons or hydrogen to free radicals, converting them into thermodynamically stable products. These 
products present greater stability due to the electron delocalised in the aromatic ring of the CA (resonance 
effect). In contrast, as a secondary antioxidant (prooxidant), it acts as a chelating agent. It forms complexes 
with metals (mainly iron and copper), inhibiting the decomposition of peroxides, reducing the formation of 
free radicals and their attack on lipids, amino acids of proteins, double bonding of polyunsaturated fatty acids 
and bases of DNA, thus avoiding the formation of lesions and loss of cellular integrity. CA has a great 
potential for reducing metals due to its structural chemical characteristics; the compound is susceptible to 
auto-oxidation and also the oxidation caused by other biological agents. The molecular structure of CA, 
containing a catechol group with an α,β-unsaturated carboxylic acid chain, is responsible for its interaction 
with various types of oxidizing radicals. The o-dihydroxylated structure is where the o-quinone group is 
produced after the donation of an electron. The double side binding of o-quinone conjugated to the catechol 
group causes a delocalisation of electrons, increasing the stability of the o-quinone radical and the 
antioxidant activity of CA (Figure 3). 

FIGURE 3 

 
Figure 3. This process occurs when CA donates electrons or hydrogen to free radicals, converting them into 
thermodynamically stable products. These products present greater stability due to the electron delocalised in 
the aromatic ring of CA (resonance effect). The o-dihydroxylated structure is where the o-quinone group is 
produced after the donation of an electron. The double side binding of o-quinone conjugated to the catechol 
group causes a delocalisation of electrons, increasing the stability of the o-quinone radical and the 
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antioxidant activity of CA, adapted from: Damasceno et al. . This figure was made with ChemDraw 
(http://www.perkinelmer.com/category/chemdraw). 

 Pro-oxidant Activity Accelerates Lipid Peroxidation and DNA Damage 
An antioxidant agent such as CA can become a pro-oxidant through its ability to chelate metals such as 
copper (Cu) and thus induce lipid peroxidation and causing damage to the DNA of cancer cells by oxidation 
or formation of covalent adducts with DNA. CA possesses the ability to cap the endogenous Cu (II) ions of 
human peripheral lymphocytes to form the CA-Cu (II) complex. CA undergoes deprotonation in relation to 
Cu, generating an oxygen center with high electronic density. This complex undergoes intramolecular 
electron transfer (oxygen) forming the semiquinone radical anion with Cu (I). CA dissociates (deprotonation) 
to form a phenoxide, where the Cu (I) ion will be bound as a bidentate linker. At this point, the oxygen (O2) 
can react with Cu (I) to form the hydrogen peroxide (H2O2), which is converted by a Fenton reaction 
(reactions with H2O2 catalyzed by Fe ions) to the hydroxyl radical (−OH). Alternatively, the phenoxide bound 
to bidentate Cu (I) may undergo a new intramolecular transfer giving the orthohydroxyphenoxyl radical, 
which must dissociate and form ortho-semiquinone anionsz. This anion reacts with Cu (I), generating the 
final ortho-quinone product that forms a covalent adduct with the DNA of cancer cells (Figure 4). 

FIGURE 4 

 
Figure 4. CA undergoes deprotonation in relation to Cu, generating an oxygen center with high electronic 
density. This complex undergoes intramolecular electron transfer (oxygen) forming the semiquinone radical 
anion with Cu (I). CA dissociates (deprotonation) to form a phenoxide, where the Cu (I) ion will be bound as 
a bidentate linker. At this point, oxygen (O2) can react with Cu (I) to form hydrogen peroxide (H2O2), which 
is converted by a Fenton reaction (reactions with H2O2 catalyzed by Fe ions) to the hydroxyl radical (H2OH) 
or the phenoxide bound to bidentate Cu (I) may undergo a new intramolecular transfer giving the 
orthohydroxyphenoxyl radical, which must dissociate and form ortho-semiquinone anions. This anion reacts 
with Cu (I), generating the final ortho-quinone product that forms a covalent adduct with the DNA of cancer 
cells. Adapted from: Damasceno et al.. This figure was made with ChemDraw 
(http://www.perkinelmer.com/category/chemdraw). 

 Vascularisation Induced by VEGF 
CA can also act on angioneogenesis of HCC tumor cells by reducing the phosphorylation of JNK-1 (c-Jun N-
terminal kinases, a member of the MAPKs family), via decreasing the activation of HIF-1α (Hypoxia 
Inducible Factor 1). This leads to the reduction of vascularisation induced by VEGF (vascular endothelial 
growth factor), and consequently suppressing tumor growth(Figure 5). 
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FIGURE 5 

 
Figure 5. CA acts on the angioneogenesis of HCC tumor cells by reducing the phosphorylation of JNK-1, 
thus decreasing the activation of HIF-1α (Hypoxia Inducible Factor 1), causing the reduction of the intense 
vascularisation induced by VEGF (endothelial growth factor vascular). This figure used elements from 
Servier Medical Art (www.servier.com). 

HCC is a highly vascularised tumor, whose main characteristic is angioneogenesis (the origin of new blood 
vessels), and its main source of blood supply is the hepatic artery . Although this tumor is rich in 
vascularisation, hypoxia (low levels of oxygen) is very common due to the rapid proliferation of tumor cells 
and consequently the formation of large solid tumor masses, obstructing and compressing the blood vessels 
around it. Tumor cells seek to adapt to hypoxia by activating a transcription factor called HIF-1 (Hypoxia 
Inducible Factor 1) via the JNK1 signaling pathway (c-Jun N-terminal kinases, a member of the MAPKs 
family), which in turn, activates several pro-angiogenic factors, such as VEGF (vascular endothelial growth 
factor). When overexpressed VEGF leads to extravasation of blood from tumor blood vessels, causing 
hepatic bleeding. This growth factor is also one of the main factors responsible for the formation of new 
blood vessels that support the oxygen supply of tumor cells, an important factor for tumor survival. 

 Suppression of MMP-2 and MMP-9 Expression 
Another mechanism of action proposed for CA is the suppression of the expression of MMP-2 and MMP-9 
(metalloproteases 2 and 9, respectively) in HCC. MMP-2 and MMP-9 are matrix metalloproteases expressed 
in tumor cells, which degrade the extracellular matrix (ECM) type IV collagen of the basement membrane 
during cancer invasion and metastasis. PMA is a structural analog of diacylglycerol (a cellular mediator) 
capable of activating PKC (kinase C protein), which, once activated, promotes the induction of 
proinflammatory cytokines such as IL-6 (interleukin 6) and TNF-α (tumor necrosis factor α). These pro-
inflammatory agents promote the activation of growth factors, such as NFκB (nuclear factor kappa-B) 
through the c-Src (subfamily kinases)/ERK (Extracellular Signal-Regulated Protein Kinase)/NIK (NSP-
interacting kinases)/IKK (I kappa B kinase). NFkB generates increased expression of MMP-2 and MMP-9 
leading to invasion and metastasis of hepatic cells via degradation of ECM. The suppressive effect of CA on 
MMP-2 and MMP-9 is associated with blockade of the activation of NFkB, as reported in liver cancer cells 
stimulated by PMA (activating protein 1), leading to a decrease in tumor growth and invasiveness(Figure 6). 

FIGURE 6 

 
Figure 6. CA, along with its caffeic acid phenyl ester (CAPE), can act on HCC by suppressing the 
expression of MMP-2 and MMP-9 (metalloproteinases 2 and 9, respectively), which in turn block the 
activation of NFκB (Nuclear factor kappa-β) induced by PMA (activating protein 1) in liver cancer cells, 
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decreasing tumor growth and invasiveness. This figure used elements from Servier Medical Art 
(www.servier.com). 

In vitro and In vivo Studies of Caffeic Acid in Hepatocarcinoma 
 In vitro 
Dilshara et al. showed that CAPE (Caffeic acid phenethyl ester, 50 µM) significantly increased apoptosis 
(cell death) mediated by TRAIL (tumor necrosis factor-related apoptosis ligand inducer, 50 ng/ml) by 
positive regulation of DR5 (death receptor 5) mediated by CHOP (C / EBP family transcription factor) in 
Hep3B HCC cells. TRAIL is a ligand with anticancer properties capable of inducing apoptosis in cancer 
cells. This action occurs through its binding to DR5 (extrinsic pathway), which in turn interacts with Fas 
(membrane protein) by recruiting caspases 8 and caspase 3 (cysteine proteases) and promoting apoptosis. In 
this study, CAPE, a derivative of CA present in the bee propolis extract, potentiated TRAIL-mediated cell 
death, stimulating the expression of the CHOP protein, responsible for the DR5 positive regulation. 

In another experiment developed by Kim et al., the CAPE (30 µg/ml) potentiated TRAIL-induced apoptosis 
(30 ng/ml) through the positive regulation of DR5 via p38 (mitogen-activated protein kinases) and 
suppression of JNK (c-Jun N-terminal kinases) in SK-Hep1 cells of HCC. 

The combination of CAPE and TRAIL was able to generate cell death both via intrinsic pathway (via 
mitochondria) and via the extrinsic pathway (via death receptors). In the intrinsic CAPE and TRAIL 
pathway, mitochondrial membrane depolarisation stimuli were increased, resulting in the release of 
cytochrome c (internal membrane protein from mitochondria) and formation of the apoptosome (protein 
complex), and also resulting in the activation of apoptosis-inducing caspase 9. On the other hand, through the 
extrinsic pathway, CAPE and TRAIL promoted the activation of p38 by increasing the expression of 
apoptosis-inducing DR5, as well as inhibiting the phosphorylation of JNK that contributes to TRAIL 
resistance and, consequently, decreased DR5 expression. 

Wilkins et al., in their experiments, observed that CA (1 mM) blocked cell proliferation in HCC cells 
extracted from marmots. The action of this compound is associated with its involvement in the loss of 
mitochondrial integrity (intrinsic pathway), resulting in cytochrome c release, apoptosome formation, 
caspase 9 activation and cell death. 

Lee et al. showed that CAPE (12.5 µM) inhibited the invasion and expression of MMP-2 and MMP-9 
(enzymes responsible for extracellular matrix degradation and development of metastasis) in HCC cells (SK-
Hep1) blockade of NFkB (protein complex responsible for the regulation of MMP-2 and MMP-9). In other 
studies, Guerriero et al., the CA (200 µg / ml) inhibited tumor invasion and regression in HCC cells (HepG2 
and Huh7) by decreasing pro inflammatory cytokines such as TNF-α, IL-1β, and IL-8 and anti-inflammatory 
cytokines, such as IL-10. 

Li et al. showed that the conjugated CA and its precursor's cinnamic acid and p-coumaric acid to TPP cations 
(triphenylphosphonium) protected the hepatic mitochondria (key organelle in the control of apoptosis) 
against lipid peroxidation, also acting in the decrease of levels of hydrogen peroxide and the regulation of 
antioxidant enzymes. These same compounds were tested on HCC cells (HepG2), showing high toxicity 
against this cell line. Studies on CA and its effects on HCC are abundant in the literature, however, the same 
is not true for the action of CA and p-COA on HCC. 

 In vivo 
Zhang et al. investigated the action of CA (100 mg/kg) on structural changes caused by HCC in the rat 
microbiota, demonstrating that this compound reduces the changes in markers of liver injury during HCC, 
such as alanine, transaminase, aspartate aminotransferase, alkaline phosphatase, total bile acid and total 
cholesterol. The probable mechanism by which CA acts is related to inhibition of the growth of malefic 
bacteria (Rumincoccaceae UCG-004) and induction of the growth of microbiota-beneficial bacteria 
(Lachnospiraceae incertae sedis and Prevotella 9) during HCC. CA has antioxidant properties, being able to 
eliminate oxygen radicals and facilitating the survival of beneficial bacteria that are anaerobic and grow very 
well without oxygen. However, this same compound also has antimicrobial activity eliminating malefic 
bacteria of the microbiota, favoring the control of markers of liver damage. 
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In studies conducted by Wilkins et al., the CA (1 mM) improved the efficacy of transarterial embolisation 
(TAE) in rats with HCC. TAE is a therapeutic procedure used in patients with HCC to promote ischemia due 
to occlusion of the arterial blood supply, resulting in the blockage of oxygen and nutrients for the tumor. One 
of the main nutrients for HCC is lactate produced through glycolytic metabolism and is responsible for 
increasing the expression of vascular growth factors in vasculogenesis. However, if lactate levels become 
excessively high, a cycle of negative feedback on glycolysis occurs, which stops tumor growth. CA used in 
association with TAE reduced tumor burden by 70–85%, compared to TAE only with embolic agents. This 
effect is possible due to the antitumor, anti-inflammatory, antioxidant and anticancer properties of this 
phenolic compound, which is capable of generating ROS and fragmenting DNA, causing cell death in cancer 
cells.  CA may also activate the intrinsic pathway of apoptosis by altering the membrane potential of 
mitochondria. 

Chung et al. in experimental animal studies (rats) treated with CA and CAPE (5 mg/kg subcutaneous or 20 
mg/kg oral), showed that these compounds promoted suppression of tumor growth in HCC cells (HepG2) as 
well as reduction of tumor invasion at a metastatic site in the liver. The authors suggest that both CA and 
CAPE inhibit and block the enzymatic activity of MMP-9 (causing invasion and cell metastasis), by 
inhibiting NFkB function (MMP-9 regulator) . 

Macías-Pérez et al. demonstrated the chemoprotective effect of CAPE and its analogs LQM717 and 
LQM706 (20 mg / kg) on necrosis, lipid peroxidation, cell proliferation, p56 activation (protein tyrosine 
kinase, tumor suppressor) and alteration of hepatic tumors (HCC) in rats. The effects of these compounds on 
lipid peroxidation are attributed to the direct antioxidant activity (chelating properties and ROS decrease) of 
CAPE and the indirect antioxidant activity (inhibition of the metabolism or induction of the antioxidant 
system in the cells) of their analogs. In addition, the three compounds act by decreasing the activation of p53, 
NFkB activator (apoptosis-related transcription factor, proliferation and cell cycle). 

CA is a highly versatile compound with multiple biological activities impacting human health (antioxidant, 
hepatoprotection, antitumor, anti-inflammatory, antimicrobial). This fact seems to favor its action in the 
HCC, since in vitro and in vivo studies already demonstrated its performance through several mechanisms of 
action in the fight against this disease, such as: ROS prevention, prooxidant action, angiogenesis, 
suppression of MMP-2 and MMP-9, justifying the differences in the results found. 

Overall, in vitro and in vivo studies have shown that CA and its derivatives exerted their anti-
hepatocarcinoma effect, dependent on various mechanisms such as apoptosis by induction of TRAIL 
pathway and caspase 9 activation, loss of integrity and depolarization of mitochondria, release of cytochrome 
c, and formation of the apoptosome. However, these mechanisms and the parameters evaluated varied 
greatly in vitro and in vivo studies, such as different concentrations and doses (30 µg/ml, 200 µg/ml 12.5 µM, 
1 mM, 50 µM, 100 mg/kg, 20 mg/kg), different HCC cell lines (Hep3, SK-Hep1, HepG2), as well as 
different routes of administration used in vivo model (e.g., oral and subcutaneous). Although, in vitro and in 
vivo data have reaffirmed the promising role of this compound in HCC therapy, confirming the antitumor, 
anti-inflammatory, antioxidant, and anticancer properties of CA and its derivatives, but studies are needed to 
better elucidate the mechanisms and pathways involved in the performance of this compound. Accordingly, 
preclinical studies of pharmacokinetics and adverse reactions are required to determine the therapeutic index 
of CA prior to human testing in order to validate the benefits of using this compound in the control of HCC. 

CONCLUSION 
HCC is one of the most lethal types of cancer in the world, so the focus on the research of new natural agents 
capable of containing proliferation and metastasis in this pathological process represents an important 
strategy for the prevention and treatment of this disease. This study sought to elucidate knowledge about the 
chemical and pharmacological aspects of CA as well as its effects on HCC. This compound demonstrates 
activity against HCC, preventing the exaggerated formation of ROS and assisting in the killing of tumor cells 
through DNA oxidation, as well as angioneogenesis by acting to reduce VEGF-induced vascularisation and 
suppression of MMP-2 and MMP expression−9. The anticancer activity of CA seems to be associated with 
its potent antioxidant and pro-oxidant activity attributed to its chemical structure with free phenolic 
hydroxyls, the number and position of OH in the catechol group and the double bond in the carbonic chain. 
Although these data demonstrate CA anti-hepatocarcinoma activity, further studies are needed to explain 
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aspects of toxicity, interactions and efficacy that demonstrate safety in the use of this phenolic compound as 
a possible candidate in the treatment of HCC. 

Therefore, we critically analyze and suggest that CA demonstrate an anti-hepatocarcinoma action; however, 
the HCC can change multiple pathways, and then, there is a need that the CA to act simultaneously for 
crosstalk between inhibitory and regulatory pathways to provide improvements in the development and 
progression of HCC. In addition, caution is required in therapies with natural products, as CA and 
resveratrol, due to the lack of studies have addressed the efficacy of CA in hepatocarcinoma in humans and 
animals model, making it difficult to obtain concrete evidence of the effect of this antioxidant. Thereby, 
these outcomes are limited by lack of standardization in the design and duration of treatment, and the lack of 
agreement on the effective and tolerated dose, intrinsic aspects of the patient, environmental factors, and 
characteristics of the compound studied are important for efficacy and therapeutic success. In addition, the 
major limitation currently facing is the lack of information from clinical studies that is weak and largely 
inconclusive. Thus, clinical trials are mainly conducted with volunteers, not reflecting the target population, 
the participants' age is quite broad, sample size is rarely calculated as reported by our group in previous 
work. Thus, we conclude that, to date, evidence based on in vivo studies in human and animals model are 
still insufficient, contradictory, and inconclusive, so we recommend that more studies and clinical trials 
should be performed to fully elucidate the beneficial effects of caffeic acid supplementation on 
hepatocarcinoma and in the body, as well as its toxic effects on human health. However, we emphasize that 
caffeic acid is promising in health promotion, not only for its antioxidant activities but also for its preventing 
the angioneogenesis and MMP-2 and MMP-9 expression. Thereby, further studies assessing other routes of 
administration or pharmaceutical formulations (i.e., nanoencapsulation) are required to improve the tissue-
targeting concentration and allow caffeic acid to exert its biological activities in HCC. 
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ABSTRACT 
In this real business world, the demand for items are fluctuating in each cycle of time, that is, for a specific 
business cycle time it may  decrease, increase or stable. Due to this scenario the supplier allowed to delay in 
payment, retailer enhances to buy more products at a time, for which the retailers need extra storage. 
Moreover, the retailer wants to sell the items before the expire date. This article deals with  an inventory  
model for single deteriorating items having decreasing time dependent demand with variable holding cost 
with  two  separate warehouse having different  protect facilities under  trade credit offer has been 
developed. Further, to illustrate mathematical model, to test the validity of the model, and its solution 
procedure is discussed in fuzzy environment in order to obtain the optimal retrieval cost and time. Finally, 
numerical examples are provided to justify the validity of the proposed model, Sensitivity analyses has been 
performed to describe the effect of   the major parameters. 

MSC Code: 90B05, 03E72. 
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1. INTRODUCTION 
The main focus of any business management is to earn more profit by expanding their business and creating 
new jobs to fulfil customers ‘requirement for which they will increasing their market value. In this purpose 
the inventory management system plays a vital role in any business affairs. It depends on different 
parameters such as deterioration, shortages, demands, inflations, backlogs, holding cost and trade credit, etc. 

The present globalization and modernization of the world, Most of the traders offers a price discount facility 
or trade credit financing. Which enhances retailers to purchase more than that of the existing capacity of own 
warehouse. In this regards the retailer may hire new storage for rental basis, some retailers buy a huge 
amount of products that cannot be stored in existing warehouse when a new product is launched in the 
market and having high demand or some seasonal  products arrives into the market or before big  festival  
offer  time .In fact, retailers of many items (Cosmetics, footwear, tiles, instruments, furniture’s, etc.) uses 
their own warehouse at a suitable place in a busy market  and that has been furnished with basic facilities to 
fascinate the buyer  to the improvement of their business. Also, retailers can use to rent a secondary 
warehouse to store the items in some other place by avoiding heavy rent. 

Trade credit offer plays major role in inventory management. Allowing the trade credit offer by the supplier 
to retailers, supplier gets additional orders from existing customers and also fascinate the new customers.  
For this regards, sales of the supplier increases and in-hand stock level decrease speedily. Thus, the trade 
credit policy is helpful for the supplier to get more profit by decreasing the inventory cost. On the other hand, 
by availing trade credit facility retailer can order more quantity with minimal ordering cost and less 
investment capital. Also, retailer earns the interest on revenue accumulated by selling the items during the 
credit period. 

While developing inventory models most of the authors assume the holding costs as constant. But it is 
observed that in some real inventory management, the holding cost of items in a rented warehouse (RW) 
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increases over time or it is proportional to the demand of the rented warehouse (RW). For deteriorating 
items, the holding cost depends on the availing facility in the rented warehouse. In the real business world, 
different costs associated with inventory models are imprecision in nature. That is to say, the holding cost, 
ordering cost, the interest rate and other associated costs are fluctuating over time. Thus, to deal with such 
inventory problems, fuzzy set theory has been an excellent tool. 

Practically, various deteriorating inventory models have different deterioration patterns. For instance, in 
cloth items, electronic gadgets, construction materials, fruits, dry fruits, cold drinks, health drinks, medicines, 
different type of agricultural products, plastic products and metals have different deterioration patterns. 
Moreover, it has been observed that most of the daily needs have stipulated life span. For example, milk 
products, vegetables, cool drinks, packed foods, medicines etc. has short life span. Thus, retailer dealing with 
these type of items has always planned to sell them before they get expire. 

Considering the above mentioned facts, here we develop an inventory model having decreasing time 
dependant demand pattern with variable holding cost for Two-Storage facility under acceptable delay in 
payment. Moreover, the model is discussed in fuzzy environment by taking the parameters as trapezoidal 
fuzzy numbers. The objective of the work is to minimize the total cost of inventory by obtaining the optimal 
inventory time for both the warehouses in crisp and fuzzy environment, and thereafter to study the effect on 
the optimal solutions subject to the small changes in the associated parameters. 

2. LITERATURE SURVEY 
In the year 1976, Hartley [8] initially framed a Two-warehouse inventory problem. Whereas, the concept of 
trade credit financing in inventory was initiated by Haley and Higgins [7] in the year 1973. The two-
warehouse inventory problem together with trade credit financing was developed by many researchers. 
Recently, Liang and Zhou [18], Liao et al. ([19], [20]), Bhunia et al. [4], Tiwari et al. [28], and Jaggi et al. 
[10] considered demand and holding cost as constant in their two warehouse inventory problems under 
permissible delay in payment. Further, the demand function is taken as stock & selling price dependent by 
Guchhait et al. [6], selling price dependent by Jaggi et al. ([12], [13]) and Sing and Kumar [26], 
exponentially increasing by Kaliraman et al. [14], and Rajan and Uthaya kumar [22] and ramp-type by 
Chakraborty et al. [5] with constant holding cost in their credit financing problem having two storage 
facility. But, Sett et al. [24], Yang [29], and Khurana [17] proposed two warehouse inventory models without 
trade credit financing by considering constant holding cost with different demands. Also, Khanna et al. ([16] 
[15]) and Jaggi et al. [11] presented inventory models for single warehouse problems under allowable delay 
in payment with different demand patterns. 

The different types of time dependent holding costs have been considered by Barik et al. ([3], [2]), Alfares 
[1], Mishra and Mishra [21], and Routray et al. [23] for their single warehouse problem. But, Yu [30] 
considered decreasing holding cost of rented warehouse in his two warehouse inventory model having 
constant demand under trade credit offer. 

In present scenario, most of the researchers using Fuzzy concept in their inventory model to deal the 
imprecise parameters. Recently, Singh et al. [27] developed a two warehouse inventory model for non-
deteriorating items with fuzzy demand and fuzzy holding cost without trade credit, Shabani et al. [25] 
considered fuzzy demand and constant holding cost for their two warehouse inventory problem under 
permissible delay in payment, Indrajitsingha et al. [9] developed two warehouse problem for items having 
selling price dependent demand and constant holding cost in fuzzy environment. Esmaeili et al. [32] an 
inventory model for single vendor multi retailer supply chain under inflationary conditions and trade credit. 

From the above mentioned literature, we found that most of the authors considered different types of demand 
for their single or two warehouse problems with or without trade credit financing. Among all the authors, 
Jaggi et al. [11] considered exponentially decreasing demand, but no author considered time varying 
decreasing demand. Again, most of the authors considered constant holding cost. Whereas, Barik et al. ([3], 
[2]), Alfares [1], Mishra and Mishra [21], Routray et al. [23] assumed variable holding cost for their single 
warehouse inventory problems and Yu [30] assumed decreasing holding cost for two-warehouse inventory 
problem. B. kumar et al [31] developed to storage fuzzy inventory model with time dependent demand and 
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holding cost under acceptable delay in payment. Bhunia et al.[] developed two warehouse inventory model 
for deteriorating  items under permissible delay in payment with partial backlogging. 

But, no one can develop an increasing holding cost. Furthermore, some authors developed their inventory 
models in fuzzy environment. Motivated essentially by the above mentioned results, here we investigate an 
optimal result for inventory items which follow decreasing demand and increasing rental cost with two 
warehouse facility under trade credit financing. Further, the model is treated in fuzzy environment to 
overcome the imprecision of associated costs. In Tab. 1, the precise comparison of the present model and the 
different models discussed in the literature are provided. 

Table 1. Major characteristics of recent inventory models discussed in the literature. 
Author(s) Year Demand type Deterioration Holding 

cost 
warehouses Trade 

Credit 
Fuzzy 
Model 

Singh et al. [27] 2011 fuzzy No Constant 
&fuzzy 

Two Yes Yes 

Liang and Zhou 
[18] 

 

2011 Constant Yes Constant Two Yes No 

Liao et al. [20] 2012 constant Yes Constant Two Yes No 

Sett et al. [24] 2012 Quadratic Yes Constant Two No No 

Yang H-L [29] 2012 Constant Yes Constant Two No No 

Guchhait et al. 
[6] 

2013 Stock & 
selling price 
dependent 

Yes Constant Two Yes Yes 

Liao et al. [19] 2013 Constant Yes Constant Two Yes No 

Bhunia et al. [4] 2014 Constant Yes Constant Two Yes No 

Jaggi et al. [12] 2014 selling price 
dependent 

Yes Constant Two Yes No 

Shabani et al. 
[25] 

2015 Fuzzy Yes Constant Two Yes Yes 

Rajan and 
Uthayakumar 

[22] 

2015 Exponential 
increasing 

Yes Constant Two Yes No 

Khurana [17] 2015 Time and 
stock 

dependent 

Yes Constant Two No No 

Khanna et al. 
[15] 

2016 Constant Yes Constant One Yes No 

Tiwari et al. 
[28] 

2016 Constant Yes Constant Two Yes No 
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Khanna et al. 
[16] 

2017 selling price 
dependent 

Yes Constant One Yes No 

Jaggi et al. [13] 2017 selling price 
dependent 

Yes Constant Two Yes No 

Jaggi et al. [10] 2017 Constant Yes Constant Two Yes No 

Kaliraman et al. 
[14] 

2017 Exponential 
increasing 

Yes Constant Two Yes No 

Jaggi et al. [11] 2018 Exponentially 
decreasing 

Yes Constant One Yes No 

Chakraborty et 
al.[5] 

2018 Ramp Type Yes Constant Two Yes No 

Singh  & 
kumar[26] 

2018 selling price 
dependent 

Yes Constant Two Yes No 

Yu [30] 2019 Constant Yes decreasing Two Yes No 

Indrajitsingha et 
al.[9] 

2019 selling price 
dependent 

Yes Constant Two No Yes 

B.A.Kumar et 
al[31] 

2020 Time variable 
decreasing 

No Variable two yes yes 

Esmaeili et 
al.[32] 

2020 Selling price 
dependent 

yes constant two yes yes 

Present Paper  Time 
Dependant 

No Variable 
and 

Linear 

Two Yes Yes 

3. ASSUMPTIONS 
The following assumptions are carried out to develop the present model. 

(i) The homogeneous (or single) item is considered. 

(ii) The demand rate is decreasing over time. 

(iii)The associated items have a greater life span than that of cycle time T, and the number of items   
deteriorated during cycle is very negligible as compared to the stock in inventory. 

(iv) The instant Replenishment facility is available, that is, lead time is zero. 

(v) During the Inventory cycle, stock is available without any backlog, that is, shortages are not  
 allowed. 

(vi) Two-storage facility is considered. Owned storage (OS) is the retailer's outlet and rented storage  
 (RS) is away from the owned storage (OS). Moreover, the OS has limited storage capacity, and  
  RS has unlimited capacity. 

(vii) The items in RS depletes _rst than that of the OS in order to reduce the cost of inventory. 
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(viii) The holding cost of the OS is constant, but it varies with time for RS. Also, holding cost of RS  
          is more than that of the OS (the holding cost of the RS includes transportation cost from RS  
          to OS, loading and unloading costs). 

(ix) Supplier accepts the delay in payment by the retailer. 

4. NOTATIONS 
The following notations are used in the proposed model. 

   : Demand rate 

 , where   is the demand parameter. 

         :   Ordering cost per cycle. 

  :   Purchasing cost per unit item. 

       : Selling price per unit item. 

    : Holding cost per unit item. 

        : Constant for OW and  , variable for RS,  

    : W: The maximum number of items can be ordered at the beginning of the cycle (at most,W1   
           items  are kept in the OW, remaining in RW). 

 : The inventory level at any time t in RW. 

  : The inventory level at any time t in OW. 

        : Acceptable delay period offered by the supplier to the retailer. 

          : The rate of interest earned by the retailer on the amount obtained by selling the items during  
               the acceptable delay of the payment period. 

           : The rate of interest payable by the retailer on the amount of stock left in the inventory after  
              an acceptable delay of the payment period. 

          : Time at which inventory in RS falls to zero. 

         :  Time at which inventory in OS falls to zero, that is, both the storages are empty. 

     : Total cost of inventory cycle. 

 : Total cost of inventory for  

   : Total cost of inventory for  

   : Total cost of inventory for  

Now,  ,  , ,  ,  and are used for , ,  , , , ,  

and  respectively in fuzzy environment. Also,  , , and are 
used to represent defuzzified total costs. 

3 MATHEMATICAL FORMULATION 
In this model, initially  amount of items ordered to the supplier. As the lead time is zero, the  items (  
items are kept in OW and remaining   in RW) are delivered instantly to the retailer. To reduce the 
cost of inventory the retailer sells the items in RW first, then OW. So during the interval , the inventory 
in RW is gradually reduces due to demand of the items, and is vanishing at time After RW is 
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empty,the  inventory in OW gradually decreases during the interval , and is vanishing at time 
.That means both the warehouse are empty at  time . Figure-1 shows the inventory level at any 

time  . During the time , the inventory in RW is gradually decreases, and reaches at 0 at . 

 
Figure-1 .Inventory level at any time   in both Warehouses 

The inventory level in RW is governed by the differential equation 

      (0<  

Under the boundary condition solving this equation, we have 

 
Next, during the time , the inventory in OW becomes constant, and for  it gradually 
decreases and vanishes at .The inventory level in OW is governed by the differential equation 

      (  <  

Under the condition   . Solving this equation, we have 

 
At time  the amount of inventory in OW is .Thus, we have 

 
Solving the above equation for T, we have 

                                                          (1) 

Based on the above model, the total inventory cost includes the ordering cost, holding cost, interest earned 
on sales amount during the trade credit period and interest payable on stock in the inventory after allowable 
delay time. Now the cost are calculated as follows. 

(i) Ordering Cost:  OC  
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(ii) Total Holding Cost: 

 

=  

. 

(iii) Interest payable by Retailer: there arise three cases: 

Case-1  

 

. 

Case-2 : 

 

. 

Case-3 : 

. 

(iv) Interest earned by retailer; it arise two cases: 

Case-1 : 

. 

Case-2 : 

 

 
Therefore the total fuzzy inventory cost per year is given by 

 
 

 
Here, we have 
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. 

. 

. 

In above functions, use  

Let us take fuzzy parameters  , ,  as Trapezoidal fuzzy numbers  
,  

 and   respectively. Thus, the total cost function 
(fuzzy) after defuzzification by Graded Mean Integration Representation Method, we get 

 for  

4. SOLUTION PROCEDURE 
The objective of present model is to find the optimal value of  such that  is minimum are 

 and  the working rule is as follows: 

(i) Solve  and if so, find  from equation (1) and set =  

This  can be optimal value for . 

(ii) Solve  and if so, find  from equation (1) and set =  

This  can be optimal value for . 

(iii)Solve  and if so, find  from equation (1) and set =  

This  can be optimal value for . 

 

Algorithm to find the optimal solution 

Step-1 If , then set   ,  .Find  otherwise go to step-2. 
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Step-2 If , then set   ,  .Find  otherwise go to step-3. 

Step-3 If , then set   ,  .Find  otherwise go to step-4. 

Step-4 If all the above cases fail, then and 

 can be obtained from the corresponding  

Then the optimal solutions are and  for the fuzzy model. 

5. NUMERICAL EXAMPLES: 
Solutions of the following numerical examples are find out by using Mathematica 11.1.1 software. 

Example-1[case-1.  

 

 
. 

Solution 

 

 

 
Optimal solution is      

 

Example-2[case-2.  

 

 
. 

Solution: 

 

 

 
Optimal solution is     . 

Example-3[case-3.  

 

 
. 

Solution: 
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Optimal solution is     . 

Example-4[Special Case] 

 

 
. 

Solution 

 

 

 
Optimal solution is      

6. SENSITIVITY ANALYSIS 
Sensitivity of parameter   

From the table 2 and Figure 2 and 3, we conclude that the holding cost of RW ( is very sensitive as the 
increase in  results the increase in total inventory cost; but decreasing vanishing time  as well as  total 
cycle time  of RW. 

Table-2. Sensitivity of   on inventory model. 
Parameters    

 (5,7,9,11) 0.504517 0.852635 3482.47 

(7,9,11,13) 0.485775 0.829468 3522.88 

(9,11,13,15) 0.469523 0.809301 3560.66 

(11,13,15,17) 0.455218 0.791484 3596.21 

(13,15,17,19) 0.442472 0.775557 3629.83 

 
Figure 2. Sensitivity Effect Of Parameter  On Invebntory 

Sensitivity of parameter   
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From the table 2 and Figure 4 and 5, we conclude that the holding cost of OW ( is very sensitive as the 
increase in  results the increase in total inventory cost; but decreasing vanishing time  as well as  total 
cycle time  of RW 

Table-3. Sensitivity of   on inventory model. 
Parameters    

 (0,2,4,6) 0.504517 0.852635 3482.47 

(1,3,5,7) 0.499503 0.846447 3659.84 

(2,4,6,8) 0.494489 0.840252 3837.02 

(3,5,7,9) 0.489475 0.83405 4014 

(4,6,8,10) 0.484461 0.827841 4190.78 

 

 
Figure -3.  Sensitivity Effect Of Parameter  On Invebntory 

Sensitivity of parameter   
From the table 4 and Figure 6 and 7, we conclude that the interest payable ( ) is very sensitive as the 
increase in  results the increase in total inventory cost; but decreasing vanishing time  as well as  total 
cycle time  of RW 

Table-4. Sensitivity of  on inventory model. 
Parameters    

 (0.18,0.20,0.22,0.24) 0.504517 0.852635 3482.47 

(0.20,0.22,0.24,0.26) 0.495458 0.84145 3536.88 

(0.22,0.24,0.26,0.28) 0.486776 0.830709 3590.67 

(0.24,0.26,0.28,0.30) 0.478452 0.82039 3643.86 

(0.26,0.28,0.30,0.32) 0.470466 0.810473 3696.46 
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Figure 4.  Sensitivity Effect Of Parameter  On Invebntory 

Sensitivity of parameter   
From the table 5 and Figure 8 and 9, we conclude that the interest earned ( is very sensitive as the increase 
in  results the decrease in total inventory cost, decreasing vanishing time  as well as  total cycle time  of 
RW. 

Table-5. Sensitivity of   on inventory model. 
Parameters    

 (0.10,0.12,0.14,0.16) 0.504517 0.852635 3482.47 

(0.12,0.14,0.16,0.18) 0.501866 0.849364 3468.4 

(0.14,0.16,0.18,0.20) 0.499205 0.846079 3454.28 

(0.16,0.18,0.20,0.22) 0.496533 0.842778 3440.1 

(0.18,0.20,0.22,0.24) 0.493851 0.839463 3425.87 

 

 
Figure 5. Sensitivity Effect Of Parameter  On Invebntory 

7. CONCLUSIONS 
The inventory management having two warehouse service under admissible delay in payment is fully 
appropriate in many business organizations. In this article, a two warehouse inventory model for single 
deteriorating items under permissible delay in payment for items having time dependent demand with 
holding cost developed successfully in fuzzy environment. While developing the model, we can observed 
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that the inventory manager always look for the best result to minimize the inventory cost. For this purpose, 
we suggest that fuzzy inventory model is one of the best for real time inventory problems. Furthermore, 
trapezoidal fuzzy numbers and Graded Mean Integration Representation (GMIR) Method is used. The 
Mathematical model is validated with appropriate examples in different cases arise due to trade credit 
finance. Moreover, the sensitivity behaviour of different parameters are draw in the form of figures and 
tables. This article can be extended by different directions like shortages with allowance of backlogging. 
Also one choose different types of demand functions with deterioration can be considered. 
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ABSTRACT 
Spatial Data Infrastructure (SDI) has been emerged as one of the important framework for sharing, analysis 
and processing of geospatial data. The Cloud computing is a paradigm where it helps to increase throughput 
and reduce latency at the edge of the client for storing and various geospatial analysis. The present research 
paper proposed and developed a Cloud computing based SDI named as Cloud SDI Model which is 
combining the technology effort of cloud computing and SDI; for sharing, analysis and processing of 
geospatial data particularly in coastal management in India. The main purpose of the Cloud SDI Model is to 
integrate all the geospatial information of coastal districts of India that can help the decision maker/ planner 
or common user. The present Cloud SDI Model has been used Quantum GIS for geospatial database 
creations where as QGIS Plugin has been linked with Quantum GIS for invoking cloud computing 
environment. The present Model has been validated by taking selective area of Odisha coast, India as case 
study. 

Keywords: SDI, Cloud computing, geospatial data, Odisha coast, geospatial analysis 

INTRODUCTION 
Spatial Data Infrastructure (SDI) has been facilitated the sharing and exchanging of geospatial data holding 
by different stakeholders. It has already initiated to create an environment that enable a wide variety of users 
to access, retrieve and disseminate geospatial as well as non spatial data in secure way1,2. The technological 
growing need to organise the data across various disciplines and organisations and also the need to create 
multi-participant, decision-supported environments have resulted in the concept of SDI. It enable users to 
save resources, time and effort when trying to acquire new datasets by avoiding duplication of expenses 
associated with generation and maintenance of geospatial data3,4. 

SDI can be used for decision making, storage of various kinds of geostial data, bringing data and maps to a 
common scale as per the user needs, superimposing, querying and analyzing the  data and designing/ 
presenting final maps/ reports to the administrators and planners5,6&7. The utility of SDI for decision making 
and planning of land resources has become widely popular and are being used for a wide range of 
applications8,9. There are five important components of SDI Model which has been encapsulated and has 
shown in Fig. 1. In the dynamic nature of SDI Model, Technologies, polices and accessing network are the 
core dynamic components where as people and data are the static components1. 

 

Fig. 1—Component of SDI Model. 
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SDI Model can play an important role in various applications such as environmental monitoring, 
natural resource management, healthcare, land use planning and urban planning. SDI integrates 
common database operations such as query formation, statistical computations and overlay analysis 
with unique visualization and geographical functionalities. These characteristics distinguish SDI 
from other information systems and make it valuable to a wide range of public and private 
enterprises for explaining events, predicting outcomes and designing strategies10,11. 
SDI has also played an important role in coastal management in which it has potential to share and 
analysis all the coastal related geospatial data in a common platform. SDI Model has the posssiblity 
to improve the spatial dimention of coastal zone management. SDI Model can allow to access 
interoperability of data from coastal, marine and terrestrial environments12,13&14. For seemless 
development of any SDI model, it has been integrated with cloud computing which has been 
merged to perform a value added services that give rise to geospatial cloud computing. The 
geospatial data have rich information about temporal as well as spatial distributions. In traditional 
setup, we send the data to the cloud where these are going for further processing and analysis15, 16. 
For the development and implementation of SDI Model, there are many open source software available as 
compete with the proprietary software 17,18. Developers have created many Open Source Libraries and Plugin 
to handle huge geospatial data. Open Geospatial Consortium (OGC) aims to strengthen utility of 
development of community-led projects and Open Source GIS Standards 19, 20. For the development of 
seemless SDI Model, the geospatial web services, geospatial database creation and geospatial modeling 
services are required.  So for implementing these services, it can use the open source GIS software 21. 

In the present scenario, SDI Model can be implemented in cloud computing environments which 
formulated as Cloud SDI Model. It provides high processing capabilties and infrastructes that can 
increase throughput and reduces latency near the edge of the geospatial clients. Cloud SDI Model 
also reduces the storage needed for geospatial data in the cloud. In addition, reduction in the 
required transmission power results in overall improvement in efficiency. 
In this research paper, we let the geospatial data be processed at the edge using Cloud SDI 
environment. The present paper made the following contributions to the Cloud SD Model in coastal 
management scenario: 

 Cloud SDI Model is proposed for improved throughput and reduced latency for stroring and 
analysis of coastal geospatial data 

 Geospatial data analysis scheme and overlay analysis in thick, thin and mobile clients 
environments was performed 

 It has been performed a case study of four districts of Odisha coast, India. 
So by integrating cloud computing and SDI Model, the need of the hour is to provide easy to perceive and 
use coastal information network for the common public in India. This should also fulfil the much awaited 
need those are wish to pursue the analysis on coastal manament. The transparent working of this network 
should also put pressure on the decision makers for proper management of coastal area. This has necessitated 
the design, development and implementation of Cloud SDI Model for coastal information network. 

NEED OF SDI MODEL FOR COASTAL INFORMATION INFRASTRUCTURE NETWORK 
With the integration of mobile, web and spatial technology, it has been a greater potential for numerous 
functionality in terms of geospatial data sharing over internet. It can offer a dynamic way and real time to 
represent information through maps. Therefore, there is an urgent need to establish a well organised SDI 
Model which is a geo portal where each and every stakeholder can use, exchange and access spatial data for 
economic, social and environmental application. Geospatial Web Services are the key technologies which are 
required for development and implementation of SDI 22,23. 
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Design and implementation of SDI is used Cloud computing technology which it is used for sharing the 
information about the coastal infromation details of four districts of Odisha, India. It enables data analyst and 
naive user to quickly look into the problem and gets the information according to their need. Thus, the next 
section describes the details of related works which has been done with the Cloud SDI Model. 

RELATED WORK 
Cloud computing environment has been provided an enormous computable assets and store for 
implementation of various geospatial analyses. The cloud computing Model provides a transition from 
desktop to computable web servers. Cloud computing and other web processing architectures have delivered 
an open environment in web to share assets24,25. 

 

Fig. 2—Overview about Cloud Computing layers24. 

 

Fig. 3 Cloud computing service Models 25 

Cloud computing has delivered four different kinds of services: Database as a Service (DaaS), Software as a 
Service (SaaS), Platform as a Service (PaaS) and Infrastructure as a service (IaaS) 26. Fig. 2 and Fig. 3 have 
shown the graphical representation of the different service Models and their components. These different 
services are available to the users in a Pay per-use-on-demand Model. 

Cloud SDI Model delivers a platform in which organizations interrelate with technologies, tools and 
expertise to nurture deeds for producing, handling and using geographical statistics and data. SDI also 
defines the cumulative of technology, standards, strategies, policies and manpower required to attain, allot, 
sustain, process, use and reserve spatial data. The basic constituents of SDI have been observed as data, 
networking, public, policy and standards. Further, SDI Model can be implemented through Service Oriented 
Architecture (SOA) or Cloud Computing technologies for better and efficient use. The SOA tries to construct 
dynamic, distributed and flexible facility system over the web that can meet information and service 
requirements for development of SDI. The components in the SOA based SDI are geospatial web services 
i.e. a well-structured set of activities which are  stateless, self-confined, and independent upon the state of 
other services 27,28. 



 

Recent Research Trends in Management and Social Science 

194 

Likewise, Cloud SDI Model deploys a unique-instance, multitenant design and permitting more than one 
client to contribute assets without disrupting each other. This integrated hosted service method helps 
installing patches and application advancements for user’s transparency. Geospatial Cloud another 
characteristic is embrace of web services and SOA, a wholly established architectural methodology in the 
engineering (Morris, 2006). Many Cloud platforms uncover the applications statistics and functionalities via 
web service. This permits a client to query/update different types of cloud services and applications data 
programmatically, along with the provision of a standard mechanism to assimilate different cloud 
applications in the software cloud with enterprise SOA infrastructure29,30. Fig. 4 illustrates the system 
architecture for Cloud SDI Model. 

 

Fig. 4 System architecture for Cloud SDI Model 26. 

The client tier layer consists of thick clients, thin clients and mobile clients for capabilities of visualising the 
spatial information. Mobile clients are those users those are operating through the mobile devices. The users 
those are working on the simple web browsers is defined as thin clients. In thin clients, users do not require 
any additional software for the operation. Thick clients are those users, which are processing or visualising 
the spatial data in standalone system where it requires additional software for full phase operation. The 
Application Tier comprises the main geospatial services executed by servers. It enables intermediate 
amongst the different clients and providers.  In top of the application tier, dedicated server for application has 
been operated for different services i.e. Web Map Service (WMS), Web Coverage Service (WCS), Web 
Features Service (WFS), Catalog service for Web (CS-W) and Web Processing Service (WPS). The 
dedicated application server is responsible for requests to and response from client to application server. In 
addition, application services include three types of server application i.e. catalog servers, data servers and 
processing servers. 

Catalog severs are used to search the metadata information regarding the stored spatial data. Catalog server is 
one of the important system components for controlling spatial information in cloud environment. In the 
catalog service, a standard publish-find-bind service framework are implemented which has been defined by 
OGC web service architecture. Data server deals with the WMS, WCS and WFS31. 

Processing server offers geospatial processes, which allows different clients to smearin WPS standard spatial 
data. The detail explanation of every processes done by client request, forward the desire processing service 
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with input of several factors, specifies and provides definite region in leaping box and feedbacks with 
composite standards. Data tier Layer comprises of the various data in spatial form and related info. System 
utilizes the layer to store, recover, manipulate and update the spatial data for further analysis. Data providers 
can be store in different open source DBMS packages, simple file system or international organizations (e.g., 
Bhuvan, USGS). 

Several open source projects are running on the cloud computing platforms in OGC WPS specification 
standards for contributing to the society. OpenGeo suite 32 is operating in Amazon EC2 and Skygone Cloud 
platform whereas Quantum GIS 33 also deployed in the cloud for various GWS. The flexible, ascendable & 
sustainable environment in cloud computing construct using Docker which act open-source lightweight 
technology in cloud computing container with Linux OS. Open-source software deployed are IPython, 
NumPy, GDAL, and Grass GIS etc 34. 

In the era of mobile cloud computing with spatial technology, several architectures has been proposed for 
visualization of spatial data in wide range of application areas with OSS resources 35, 36.  Mobile GIS 
applications entail an effectual collaboration frame for web services in mobile Spatial Data Infrastructure 
(SDI) Model. SDI applications in Mobile executed in dispersed environment by support of client-server 
Model 37, 38, 39 &40. Mobile Data Service (MDS) is architecture for implementing web services of geo-spatial 
data in mobile client 41. J2ME and mobile scalable vector graphics (SVG) based light mobile GIS framework 
proposed and implemented where the specification of mobile SVG, mobile XML and the rules for spatial 
data organizing is used 42. 

Several designing architectures implemented in SDI Model based on mobile cloud computing. Several 
system architectures has been proposed and implemented in android app to display the geospatial data 
visualisation of spatial and non-spatial data and for the data acquisition 43, 44. It has been perceived that 
mobile computing with cloud devices have great potential for geospatial data visualization and collection in 
diverse field. In forest inventory management, mobile mapping with high resolution remote sensing images, 
grid maps and vector maps used for data processing and surveying, those are essential tools for the forestry 
science workers 45. Air pollution mobile app has also developed with the help of open source software for air 
quality management, greenhouse gases and emission of air pollutants by California Environmental Protection 
Agency and United States Environmental Protection Agency 46,47. 

SDI has been one of the important requirements for geo-scientist for accurate raw data collection48.  
EpiCollect and Creek Watch are two examples of mobile apps and are popular for SDI Models in Mobile in 
field of environmental monitoring and watershed management 48,49. It is benefitted for the general people in 
health sector. m-health has been developed and implemented as a mobile app for public health information 
collection. With the help of earth observation data, an android based mobile app also developed for the 
accurate dispersal of rainfall estimations 50,51. From these several reviewing of the research works, it has been 
summarized that Cloud SDI Model in thick, thin and mobile users, is the need of the hour. 

OBJECTIVE OF PRESENT STUDY 
By going through several related studies, the objective of the present study is to development and 
implementation of prototype based on Cloud SDI Model for Coastal Information Infrastructure Network in 
India.  It has also proposed the system architecture of cloud SDI Model particularly on desktop, web browser 
and mobile environment. It has also proposed a robust step by step approach for the development of 
geospatial database for Coastal Information Infrastructure Network with the help of Quantum GIS Ver 
2.14.3. In the present study, it has used the case study of four district of Odisha, India. It has also collected 
related district wise geomrophological detail information. 

The area selected for the present study is a 283 km long coastal stretch on the east coast of India, covering 
selective regions of Odisha viz. Baleswar, Bhadrak, Kendrapara and Jagatsinghpur, adjoining Bay of Bengal 
which has shown in Fig. 5.The western end of the study area is well drained by major rivers namely, 
Subarnarekha, Budhabalanga, Baitarani and Mahanadi which are the major sources of sediment supply to the 
study region. Bhitarakanika mangrove forest is an important eco-tourist destination. Paradeep port and 
Dhamara port are situated in the boundary of the study area. It lies between 17 0 49’ N and 220 34’ N 
latitudes and 810 27’ E and 870 29’ E longitudes. It is pitiable that these coastal areas of Odisha experience 
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periodic loss of lives and severe damages from several coastal hazards such as sever riverine flooding, 
tropical cyclones and coastal storm surges originating in the Bay of Bengal. Thus, next section discusses 
about the proposed system architecture of Cloud SDI Model. 

 

Fig. 5— Location map depict of the study area. 

PROPOSED ARCHITECTURE OF CLOUD SDI MODEL 
The architecture of Cloud SDI Model is classified into three important layers. Initial phase of the layer is 
data tier layer. In this layer, geospatial database have been developed with the help of Quantum GIS and 
Map Window GIS. There are several data providers i.e. Google and Open Street map have been used with 
the developed database for further analysis. In application layer, catalog services for searching of desired 
services have been maintained by catalog service. For invocation of different services such as WMS and 
WFS, data server has been maintained thorough the QGIS Cloud Provider. QGIS Cloud Provider is overall 
responsible for the management of application tier layer. Finally, the client tier layer is the layer in which the 
three categories of users have been used the developed Model. The Fig. 6 has shown the proposed system 
architecture of the Cloud SDI Model. 

 

Fig. 6—Proposed System architecture of Cloud SDI Model. 
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METHODOLOGY ADOPTED 
For creation of geospatial database, the prime emphasis has been on the real-world approach to discover and 
spread the thought of geospatial database creation in academics sector. The established geospatial database 
has to provide a proficient means of allocation of geospatial and non geospatial data in Cloud SDI Model. 
The prototype is based on Object Oriented Software Engineering (OOSE) proposed by Jacobson’s method to 
combine the time critical nature and strong user focus2. Fig. 7 represents the fully spiral model procedure for 
creation of geospatial database creation. 

 
Fig. 7 Spiral Model approaches for prototype development. 

In addition, it is expected that each phase would reveal unique features related to the requirements of the 
underlying infrastructure based web services and enable exploration of the interfaces between SDI 
components. The flow of processes in the system is captured in the form of state chart diagram that need to 
be translated into design element of the software. In design phase, sequence diagram describe the workflow 
behaviour of Cloud SDI Model and is shown in Fig. 8. 

 
Fig. 8 Sequence Diagram for Cloud SDI Model (Best Case Scenario). 

The Cloud SDI Model consists of three main functional phases. Module I provides the database created for 
the geospatial database for Coastal Information Infrastructure Network in India application cases in GIS 
environment. Module II emphasizes on the development of various OGC compliant services such as WMS 
and WFS. It also describes the integration of these services with respect to the QGIS Cloud Providers. 
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Module III describes the integration of the developed Model with the different types of users.  From the 
above analysis and designing phase, the core issue is to select the optimized adoption of Open Source GIS 
for complete development of Cloud SDI Model.  In addition, it is expected that each phase would reveal 
unique features related to the requirements of the underlying infrastructure based web services and enable 
exploration of the interfaces between SDI Model components. 

MODULE INTEGRATIONS 
The procedure Model of geospatial database creation is recurring or frequent in nature and each operation 
improves the study and strategy steps through assessment and testing of a completed component. In complete 
component, Quantum GIS Open Source GIS software has set up the database for Coastal Information 
Infrastructure Network in India by the help of Servey of India toposheet. Quantum GIS Ver. 2.14.10 is used 
for integrated geospatial database creation for Coastal Information Infrastructure Network of four district of 
Odisha, India that has shown in Fig. 9.  For universal, coordinate system, WGS-84 with EPSG: 4326 
coordinate reference system has been chosen in the developed geospatial database. 

 

Fig. 9 Integration of Coastal Geospatial Database. 

RESULTS AND DISCUSSIONS 
In this section, data analysis particularly overlay analysis has been done. Overlay Analysis is one of the 
important data analysis in which we can superimpose various geospatial data in a common platform for 
better analysis by geospatial data analyst with raster and vector geospatial data. 

It has been observed that overlay analysis of various vector data and raster data of particular area has been 
performed. Initially, the developed geospatial databases have been opened with Quantum GIS and performed 
some join operations. The desired overlay operation has been done with web browser, are known as thin 
client operation. In Quantum GIS, plugin named as QGISCloud has been installed. The said plugin has the 
capability of storing various raster and vector data set in cloud database for further overlay analysis. After 
storing in cloud database, it also generates the mobile and thin client link for visualisation of both vector and 
raster data set. 

Fig. 10 and Fig. 11 show the overlay operation on thin client and mobile client environment in Cloud SDI 
Model respectively 53, 54. 
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Fig. 10—Integration of Coastal Information Infrastructure Network of Odisha, India on thin client 

environment 

 
Fig. 11—Integration of Coastal Information Infrastructure Network of Odisha, India on mobile client 

environment 

CONCLUSIONS 
In the present research paper, it has been developed and validated Cloud SDI Model that employed a 
gateway in a cloud GIS model. The developed Model has been a great scope to integrate all the coastal state 
of India into common platform and has the potential to share the coastal information infrastructre. The 
present study has been used the geosptial database of four districts of Odisha. This Model also introduces the 
edge intelligence in geospatial cloud environment. In future, we would like to add more intelligent 
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processing at the cloud GIS layer in mobile client environments. It will plan to develop this model in Fog 
computing environment and likely to expand more geospatial web services features with extend of its 
geospatial database in different coastal state of India. 
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ABSTRACT 
Groundwater  is considered as  the preferred source of water  for meeting domestic,  industrial and  
agricultural  requirements,  due  to  its  longer  residence  time  in  the  ground,  low  level  of contamination, 
wide distribution, and availability within  the reach of  the end user. In case the natural recharge is not 
sufficient, it has to be met through artificial recharge. To provide scientifically, appropriate locations for 
constructing artificial recharge structures, each hydro-geomorphic unit will be evaluated for its recharge 
potential and suitably a map showing such groundwater recharge potential zones for appropriate recharge 
will be prepared. Using remote sensing and geographic information system (GIS) it is possible to take 
number of different thematic maps of the same area and overlay them on top of one another to form a new 
integrated layer. This study was aimed to identify  the  groundwater  recharge  potential  zones,  to  be  used  
for  better  and  improved groundwater resources. The thematic layers considered in this study are 
geomorphology, land use land cover, drainage density that were prepared using satellite imagery and other 
conventional data. The  thematic  layers were  first digitized from satellite imagery, supported by ancillary 
data such as toposheets,  finally  all  thematic  layers  were  integrated  using  ArcGIS 9.3 software  to  
identify  the groundwater  potential zones  for  the  study area and generate a map  showing  these 
groundwater  potential  zones  namely  ‘poorly  suitable’,  to ‘high suitable’ on knowledge based weightage 
factors. 

Keywords: Groundwater, LULC, Geomorphology, Rainfall 

INTRODUCTION 
Groundwater is a most important natural resource of the earth and is required for drinking, irrigation and 
industrialization. The resource can be optimally used and sustained only when quantity and quality of 
groundwater is assessed. It has been observed that lack of standardization of methodology in estimating the 
groundwater and improper tools for handling the same, leads to miscalculation of estimation of 
groundwater. It is essential to maintain a proper balance between the groundwater quantity and its 
exploitation. Otherwise it leads to large scale decline of groundwater levels, which ultimately cause a 
serious problem for sustainable agricultural production (Baldev et al., 1991, Chaturvedi et al., 1983, Elewa et 
al., 2010, Gustafson, P. 1993). A possible solution for such problems is micro level planning, and use of 
standard methodology for assessing the groundwater. Groundwater resources are dynamic in nature as they 
grow with the expansion of irrigation activities, industrialization, urbanization etc. As it is the largest 
available source of fresh water lying beneath the ground it has become crucial not only for targeting of 
groundwater  potential  zones,  but  also  monitoring  and  conserving  this  important  resource.  The 
expenditure and labour incurred in developing surface water is much more compared to groundwater, hence 
more emphasis is placed on the utilization of groundwater,  whic h  can be developed within a short time. 
Besides targeting groundwater potential zones it is also important to identify suitable sites for artificial 
recharge usage cycle. Groundwater recharge refers to the entry of water from the unsaturated zone below the 
water table surface, together with the associated flow from the water table within the saturated zone.  
Groundwater recharge occurs when water flows past the groundwater level and infiltrates into the saturated 
zone. Field  investigations help  to explain  the process of groundwater  recharge and  evaluate  the  spatial-
temporal  difference  in  the  study  area. 

In  recent  times  remote sensing  and  geographic  information  system  technique  is  proved  to  be  
a  cost  effective  and time saving tool to produce valuable data on geomorphology, geology, land 
use/ land cover, slope, lineament density, drainage density, etc. which helps to decipher 
groundwater recharge potential zones. Apart from visual interpretation, many researchers for 
deriving geological, structural and geomorphological details use digital techniques. The various 
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thematic layers generated using remote sensing data like lithology/structural, geomorphology, 
landuse/landcover, lineaments etc, can be integrated with slope, drainage density and other 
collateral data in a Geographic Information system (GIS) framework and analyzed using a model 
developed with logical conditions to derive at groundwater zones as well as artificial recharge sites. 
Digital enhancement techniques are found to be suitable since they improve the feature sharpness 
and contrast for simple interpretation. 
STUDY AREA 
Kendrapara district is one of the thickly populated coastal districts of Orissa in the eastern part underlain by 
alluvial deposits, which resulted fertile agricultural land. Agriculture is the mainstay of the people and 
economy of the district is mainly based on agricultural production. The district has a total geographical area 
of 2644 sq km. with a total population of 1,439,891. Kendrapara district lies between East longitudes 86o 14’ 
and 87o 03’ and North latitudes 20o 21’ and 20o 47,’ falling in survey of India toposheet no. 73L and 73P in 
1: 50,000 scale. It is bounded in north by Bhadrak district, in the north- east by Jajpur district and Cuttack 
district in the west, in the south by the Jagatsinghpur district and in the east by the Bay of Bengal. The river 
Mahanadi, Brahmani and Baitarani along with their distributaries form the drainage system of the district 
with mostly anastomosing drainage pattern in nature. The southwest monsoon is the principal source of 
rainfall in the district. The district is characterized by a tropical monsoon climate having three distinct 
seasons in a year viz. winter, summer and rainy seasons. The Bay of Bengal, which forms the eastern 
boundary of the district, plays a vital role in controlling the climate of the district. The normal rainfall of the 
district is 1501.3 mm. 

 
Fig.1 Location map of the study Area 
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METHODOLOGY 
The ortho rectified satellite data was acquired from National Aeronautics and space  Administration (NASA) 
and download from United States Geological Survey    (http//www.earthexplorer.usgs.gov) site. The satellite 
image used for this study was acquired by the sensor Landsat TM and ETM+ on board of Landsat 7 and 
LISS IV data from NRSC. The study area is falling under path row of 143/54 & 142/54.  
Advancement  in  technology  and with  help  of  software’s  it was most  useful  for  planner  in decision-
making in locating the ground water recharge zones. Remote sensing is one such recent technology that is 
very useful for groundwater studies. Using this technology and with help of GIS, different thematic maps 
were generated. First SOI toposheets are geocoded with the help of known ground control points (GCPs) on 
it. These geocoded toposheets are then mosaiced to create the boundary map of study area with relevant  
details,  in  the  form  of  shape  file  using  ArcGIS  software.  Clipping operation is carried out for obtaining 
required details for study area from the mosaic toposheets.  Using map to image registration technique 
provided by the ArcGIS software, the LISSIV satellite image is geometrically rectified and registered with 
SOI toposheets on 1:50000 scale. The false colour composite generated from red, green and blue spectral 
bands (1, 2 and 3). To  enhance  the  satellite  imagery  linear,  equalization  and  root  enhancement 
techniques have been used  for better  interpretation of  the geomorphological,  soil,  structural and other 
information for preparation of thematic maps from it.  For digitization, editing, and Topology creation of 
various features ArcGIS software has been used. The most  important work of assignment of  rank and 
weightage  to different  features  /  themes and classes within theme was carried out and then integration of 
multi-thematic information is done to identify groundwater recharged area zones  and  to  generate map  for  
the  same. The  groundwater  recharge potential  zones map,  thus generated  through  remote  sensing  and 
GIS  technique, with  three zones viz. ‘Poorly suitable’, ‘moderately suitable’ and ‘most suitable’. The 
process of  study of  locations of geographic phenomena  together with  their dimensions and  attributes,  
classification,  polygon  classification,  rank  and  weightage  assignment  to individual  class  and  feature  
class  respectively,  is  significant  and  important.  The  various thematic maps,  such  as geomorphology,  
soil,  slope  and  land use  land  cover map, Drainage density  and  lineament  density  have  been  prepared  
and  duly  assigned  ranks  for  individual class and weightage to each theme depending upon its influence on 
groundwater occurrence and movement  and  also more  importantly  infiltration  and  runoff. For example 
slope plays prominent role in runoff process; as the slope is steeper more is the runoff. Similar is the case of 
geomorphology, which causes more holding capacity for groundwater than other factors once infiltration 
takes place. 

Further identification of groundwater recharge potential zones has  been  carried  out  with  the  prior  
knowledge  of  ranks  and  weightages  assigned  to  the various  features  /  themes  as  explained  above.  
The  thematic  maps  of  (i)  Slope,  (ii) Geomorphology,  (iii)  Land  Use  and  Land  Cover,  (v)  Drainage  
density  and  (vi) Lineament density, along with well locations data, have been prepared on the scale 1:50000 
using remote sensing data, and using  ArcGIS  software.  From CARTOSAT DEM 10m, a thematic percent 
slope map has been generated. SOI toposheets and LISS-IV satellite image has been used to prepare various 
thematic maps in ArcGIS environment. Each theme provides certain clue regarding groundwater occurrence, 
holding and recharge in study area, which is evident from the initial readings and study. These thematic 
layers, such as geomorphology, land use land cover and slope map, etc., are used for multi-criteria or 
weighted overlay analysis by intersecting polygons. Using weighted overlay analysis a new integrated  map  
indicating  groundwater  recharge  potential  zones  is  generated,  which  is integration of various  feature 
classes  from different  thematic maps and combining all  these features  from  various  thematic  maps  into  
one  map.  Thus  final  composite  map  for groundwater  recharge potential zones  is obtained  showing  
class wise groundwater  recharge potential  for  a  watershed  of  the  study  area.  According  to  their  
respective  influence  or prominence on groundwater recharge, various themes have been considered in 
assigning the final weightages  to  the  layers  in  the  form of polygons, during weighted overlay analysis,  to 
integrate various thematic maps. Weighted overlay analysis is a GIS technique to be applied for divergent 
input themes to bring them into the unique convergent output. The groundwater recharge  potential  zones 
map  has  been  generated  through  this weighted  overlay analysis  and  has  been  categorized  into  three  
zones  viz.  ‘Poorly suitable’, ‘moderately suitable’ and ‘most suitable’, from groundwater recharge potential 
zone. Then prepared groundwater recharged area map. Flowchart showing methodology adopted for this 
study is represented as Figure 2. 
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Fig. 2 Flowchart depict the methodology 

RESULT AND DISCUSSIONS 

GEOMORPHOLOGY 
The  identification and characterization of various  landforms and structural  features  in  the study  area was  
very  important  from  geomorphological  study  point  of  view. Many  of  these features  are  favorable  for  
occurrence  and  recharge  of  groundwater  and  are  classified  in terms of groundwater recharge 
potentiality. Geomorphologic units are delineated based on the image characteristics such as tone, texture, 
shape, colour and associations. By overlapping the base  map  over  the  geocoded  FCC  image,  the  
geomorphologic  units  and  landforms,  the structural information and structural trend lines are incorporated. 
Structural hills are observed on South and west part of the study area, which are the linear or acute hills 
exhibiting definite trend  lines  and mostly  act  as  runoff  zones  due  to  its  sloping  topography. This 
shows poor potentiality for groundwater occurrence and recharge. Valleys are  low  lying depressions  
formed  longitudinally along  the streams  or  amongst  the  ridge  portions,  which  shows  excellent  
potential  for  groundwater occurrence  and  recharge. Weathered Pediplain are broad gently sloping or 
nearly flat erosion surface or plain of low relief, typically developed by running water; it is considered as 
moderate for groundwater occurrence and recharge. By extraction of various  classes  of  geomorphology,  a  
thematic map  for  geomorphology  is  generated  as  per figure  4  below.  The  ranks  were  assigned  to  the  
individual  landform,  according  to  its respective influence of groundwater occurrence, holding and 
recharge, as per table 1 below. 
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Table 1: Area and Ranking of geomorphological unit 

Sl. No. GEOMORPHIC UNIT Ranking 
(In word) 

Ranking 
(In number) 

1 Deltaic Plain Poor 4 
2 Flood Plain Semi Moderate 8 
3 Old Coastal Plain Semi Moderate 7 
4 Waterbody Good 9 
5 Young Coastal Plain Moderate 7 

 

 
Fig. 3 Geomorphology map of the study area 

LITHOLOGY 
As explained above groundwater normally has a higher concentration of salts than that of the surface water 
bodies due to their greater exposure to geologic strata. The concentration and nature of salts are related to the 
mineralogical characteristics of the aquifer and their solubility as well. A detailed geological investigation of 
the study area from the Geological Survey of India map illustrates the presence of two types of geologic 
formations covering the region including Burahbalang formation and the Bankigarh formation. Both types of 
formations belong to the deltaic and marine sedimentary deposits. The two formations practically divided the 
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region into two halves in a north south direction. The Bankigarh formation occupies a considerable part of 
the southern and northeastern part of the study area and consists of old sand dunes, marine clay, fluvial silt or 
clay and deltaic deposits. The northern region of the study area points to the presence of a distinct belt of 
Burahbalang formation where the stratigraphy consists of sand silt in alternating flood plain layers, recent 
sand dunes and marine deposits. Previous research by different government agencies as well as independent 
researchers has established salt-water intrusion along the east coast of Odisha. 

TABLE 2: Area and Ranking for Lithology 
SL. NO Lithology Unit Ranking 

(In word) 
Ranking 

(In Number) 
1 Unconsolidated Good 8 

 

 
Fig. 4 Geology map of the study area 

LANDUSE AND LANDCOVER 
Landuse and land cover  features  control  the  occurrence  of  groundwater  and  also  causes  for infiltration  
for  recharge, with variety of classes among  itself. Remote  sensing data and GIS technique  provide  
reliable,  accurate  baseline  information  for  land  use  land  cover mapping, which plays vital role in 
determining land use pattern and changes therein on different times. 

The effect of land use land cover is manifested either by reducing runoff and facilitating, or by trapping 
water on their leaf. By  extraction  of  various  classes  of  land  use  land  cover,  a thematic map was 
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generated as per figure 6 below. The  ranks  were  assigned  to  the  individual  rock type,  according  to  its 
respective influence of groundwater occurrence, holding and recharge, as per table 4 below. 

TABLE 3: Area and Ranking for Land use/ Land cover 
Sr. 
No. 

Landuse/ landcover Ranking  (In word) Ranking (In 
number) 

 Agricultural Land Semi Moderate 6 
2 Built up Area Poor 2 
3 Forest Semi Moderate 5 
4 Wastelands Semi Poor 4 
5 Waterbody High 9 
6 Wetland Semi Poor 4 

 

 
Fig. 5 LULC map of the study area 

DRAINAGE AND DRAINAGE DENSITY 
The drainage of the study area is hilly with steep slope on NW - SE part.  A drainage basin is a natural unit 
draining runoff water to a common point. This map consists of water bodies, rivers, tributaries, perennial & 
ephemeral streams, ponds. Drainage network helps in delineation of groundwater recharged area. Drainage 
density and type of drainage gives information related to runoff, infiltration relief and permeability. The 
coarse drainage texture indicates highly porous and permeable rock formations; whereas fine drainage 
texture is more common in less pervious formations. Flow of groundwater along these week zones is an 
established fact. Drainage pattern reflects surface characteristics as well as subsurface formation. Drainage 
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density (in terms of Km/Km2) indicates closeness of spacing of channel as well as the nature of surface 
material, thus providing a quantitative measure of average length of stream channel for whole basin. It has 
been observed from drainage density measurement made over a wide range of geologic and climatic type 
that a low drainage density is more likely to occur in region and highly resistant of highly permeable subsoil 
material under dense vegetative cover and where relief is low. High drainage density is the resultant of weak 
or impermeable subsurface material, sparse vegetation and mountainous relief. Low drainage density leads to 
coarse drainage texture while high drainage density leads to fine drainage texture. The drainage density 
characterizes the runoff in an area or in other words, the quantum of relative rainwater that could have 
infiltrated. Hence the lesser the drainage density, the higher is the probability of groundwater recharge zone. 
By extraction of drainage features, a thematic map generated drainage showing in fig 5. 

 
Fig. 6 Drainage map of the study area 

Rainfall 
Rainfall is the main source of groundwater recharge. In the present study, the thematic layer of rainfall has 
been developed on the basis of 12 points data by the use of Inverse Distance Weighted (IDW) method in Arc 
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GIS platform. Figure 6 illustrates the rainfall map of the study area.  The total area is depicted as coming 
under three rainfall zones. The area 990-1207.66 mm rainfall falls into Poor for groundwater storage 
categories. The areas with 1208 – 1420 mm rainfall are considered as Highly Moderate categories. The area 
having a rainfall of 1421.49 – 1785.85 mm are slotted under relatively High category for groundwater 
recharge. 

 
Fig. 7 Rainfall map of the study area 

GROUNDWATER POTENTIONAL ZONE 
Being a hidden resource, ground water is not directly amenable to remote sensing. However, remote sensing 
data provide integrated information on several factors, which directly or indirectly control the movement and 
occurrence of water below the ground. The synopticity of the satellite data helps in mapping different 
lithologic, structural and morphological units in their correct spatial relationship, and multispectral data 
provides certain additional information which is not otherwise easily observable on the ground (Taylor et al. 
, 2013). The satellite data provide information on different factors that control the groundwater regime and 
offers a common database for integrated study of all the factors to evaluate the groundwater potential and 
prospects besides understanding the relative significance of each factor. By integrating the information on 
the above factors i.e. lithology, geological structural and recharge conditions, ultimately the ground water 
prospects map has to be prepared. 

Integration of Thematic Layers Using Weightage Overlay Analysis Model 
Depending on the groundwater potentiality, each class of the main eight thematic layers (Geomorphology, 
Geology, LULC, Soil, Drainage Density, Lineament Density, slope and rainfall) are qualitatively placed in 
one of the categories viz. Very High, High, Highly Moderate, Moderate, Poor and Very Poor.  The weights 
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and ranks have been chosen basing on the judgment of works carried out by researchers or knowledge of 
expert gained through similar work on groundwater potentiality mapping (Krishnamurthy et al, 1996; Saraf 
& Chowdhary, 1998; Elewa and Qaddah, 2010 and Samy and Mohamed, 2013). All the thematic maps are 
converted into raster format and superimposed by weighted overlay method (rank and weight wise thematic 
maps and integrated with one another through in GIS software). For assigning the weight, the 
geomorphology and geology were assigned higher weight whereas the drainage density and lineaments were 
assigned lower weights. After assigning weights to different parameters, individual ranks were given for sub 
variable. The maximum value is given to the feature indicating highest groundwater potentiality and the 
minimum given to the lowest groundwater potentiality. 

In LULC, the highest rank values are given to water body and low rank values are assigned to build up area. 
Similarly in geology, highest values are assigned to charnockites and lowest values to sand and silt. Among 
the various lineament density classes, the very high lineament density categories are assigned higher rank 
values as this category has greater chances of groundwater infiltration. In landforms, water body has highest 
rank 9 and structural hill has lowest rank 1. The overlay analysis is tabulated in Table. 1. All the thematic 
maps have been integrated using Groundwater Potential Index (GWPI) formula in GIS. A final groundwater 
Potential map is prepared based on the above technique. In the present study, the groundwater Potential 
zones have been categorized into three type’s viz. Excellent, Good and Poor. Table 2 gives the upper and 
lower limits of weights considered for demarcating these three types of groundwater prospective areas. 

Table.4 Weightage Range of Groundwater Potential Zone 
Groundwater Category Weightage Table Value 
Excellent >740 
Moderate 620-740 
Poor 480-620 

 

 
Fig. 8: Groundwater Potential Index map of the study area 
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CONCLUSION 
This study produced a groundwater recharge potential map for study area. The results indicate that the most 
effective groundwater recharge potential zone is located on the map of the study area. In most suitable 
region, weathered pediplain and agricultural land have high infiltration ability. Also the concentration of 
drainage also indicates the ability of stream flow to recharge the groundwater system. The poorly suitable of 
study area is least effective for groundwater recharge, mainly due to its steep sloping topography.  The  
occurrence  and  recharge  of  groundwater  in  the  study  area  is  prominently controlled by  the  
geomorphology,  land use  land  cover  and  slope  (%)  as  revealed from GIS  analysis. Remote  sensing  
and GIS  technique  used  to  integrate  various  thematic maps  proves  to  be  very  important  to map  the  
groundwater  occurrence  and movement  for recharge  potential  mapping  and  management  plan  on  a  
scientific  basis.  Overall  result demonstrates  that  the  use  of  remote  sensing  and GIS  technique  
provides  powerful  tool  to study  groundwater  resources  and  design  a  suitable  exploration  plan  for  
recharge  of groundwater in study area. The integrated groundwater recharge potential zones map for the 
study area has been categorized into ‘poorly suitable’, to ‘most suitable’, on the basis of the ranks and 
weightages assigned to different features of the thematic maps. From this study it is observed that remote 
sensing and GIS technique can be used effectively to delineate groundwater recharge potential zones map, 
which can be used for improvement in the groundwater recharge and holding for the study area and later on 
may be  for  various  purposes  like  identification  of  location  of  structures  for  artificial  recharge, 
locations  of  new  tube  wells  and  efficient  groundwater management  for  betterment  of  the society. 
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ABSTRACT 
Current organic agriculture performs well in several sustainability domains, like animal welfare, farm 
profitability and low pesticide use, but yields are commonly lower than in conventional farming. Now we are 
interested for more organic food.  Because organic food is good for our health. So now we are trying to yield 
more organic food by organic farming. Here, we review risks and opportunities related to a broad range of 
sustainability domains associated with increasing yields in organic agriculture. We identify increased N 
input, weed, disease and pest control, improved livestock feeding, breeding for higher yields and reduced 
losses as the main measures for yield increases. We review the implications of their implementation for 
biodiversity, greenhouse gas emissions, nutrient losses, soil fertility, animal health and welfare, human 
nutrition and health and farm profitability. In this review our analysis reveal by using which strategies we 
can increase yield with less negative effects and we give high priority to that strategies. For example, 
increased N inputs in cropping carry many risks and few opportunities, whereas there are many risk-free 
opportunities for improved pest control through the management of ecosystem services. For most yield 
increasing strategies, both risks and opportunities arise, and the actual effect depends on management 
including active mitigation of side-effects. Our review shows that there must be some driving force and 
certain principles in organic agriculture by which we can increase our food system. Novel plant nutrient 
sources, including increased nutrient recycling in society, and in some cases mineral nitrogen fertilizers 
from renewable sources, and truly alternative animal production systems may need to be developed and 
accepted. 

Keyword : Organic agriculture, Crop Yield , Biodiversity, Soil fertility, Animal welfare 

I. INTRODUCTION 
Consumer demand for organic products has increased dramatically in the recent past, with global sales 
increasing more than threefold (although from low levels) since the turn of the century (Reganold and 
Wachter 2016). Some countries in Northern Europe are currently witnessing a boom in sales of organic 
foods. In Sweden, sales increased by 18% in 2016 compared with the previous year, with organic products 
now constituting 8.7% of total food sales (Ekoweb 2017). The main criticism of organic agriculture is its 
lower productivity at a time when food production has to increase substantially to feed a growing, more 
affluent global population. 

Critics consider organic agriculture inefficient, especially in terms of land use.With the rising global demand 
for food, they point out that current agricultural land will not sufficent and further expansion of agricultural 
land into pristine ecosystems will result from the expansion of organic agriculture (Kirchmann et al. 2009, 
Connor and Mínguez 2012). 

The business of farming is inherently risky. Variation in weather, insect infestations, and plant diseases, for 
instance, can hurt crop quality and reduce yields; small changes in aggregate supply and demand for 
agricultural products can lead quickly to substantial changes in prices; and changes in regulations can alter 
farmers' production practices and costs.  Risk is generally described as "uncertainty that affects an 
individual's welfare, and is often associated with adversity and loss.”             Several studies have examined 
the relative importance of different risks and management strategies for different farms. A 1996 USDA 
survey of U.S. farmers noted that concern varied by farm enterprises and geographic regions. 

The aim of this review is to shed some light on this question. We highlight and analyse possible risks and 
opportunities related to a broad range of sustainability aspects when aiming to increase yields in organic 
agriculture. As organic agriculture varies considerably across the globe, we focus our analysis to the context 
of Northern Europe, using examples from Sweden to illustrate our case. We end this review by summarising 
our findings and critically reflecting on how organic practices based on current EU regulations (EU 2014) 
affect the possibility of sustainably increasing yields. In this review, we use the following definitions of yield 
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commonly used  in practice and in research, e.g. in field trials, breeding, evaluation of feeding strategies, 
production metrics etc. For crop production, the yield is defined as the amount of crop harvested from the 
field per unit area and year. As for livestock production, the yield concept is more complex and commonly 
include both production per animal and time and feed use (amount and type) to produce one unit of animal 
product; here we include both in our discussion. 

 
1.1 CROP PRODUCTION 
Crop production is a branch of agriculture that deals with growing crops for use as food and fiber. Degree 
programs in crop production are available at undergraduate and graduate levels. Graduates are eligible for a 
variety of agricultural careers.Crop production includes grains, cotton, tobacco, fruits, vegetables, nuts and 
plants. Different crops grow best in different areas of the country. Warmer climates are ideal for growing 
citrus crops; northern states are best for growing apples and blueberries and the Midwest is ideal for growing 
grains, including wheat. Crop producers usually work from sunrise to sunset during planting and harvesting 
seasons. They sell the crops they've produced, plan crops for the next season and repair machinery. 

Recent meta-analyses with global coverage show that organic crop yields are on average 80%(de Ponti et al. 
2012), 66–95% (Seufert et al. 2012) or 81% (Ponisio et al. 2015) of conventional yields. Yield differences 
vary considerably with growing conditions, management practices and crop types, with legumes showing a 
considerably smaller yield gap than cereals or tubers. Based on 34 studies from Sweden, Finland and 
Norway, de Ponti et al. (2012) found that organic yields in this region are 70% of conventional yields. Yield 
statistics for Sweden from 2015 show that organic cereal yields in that year ranged between 53% (winter rye 
and winter wheat) and 58% (spring wheat) of conventional yields. Organic leguminous crops yielded 69% 
(peas) and 87% (field beans) of conventional crop yields and organic leys 87% of conventional yields .  
Supply of nitrogen (N) and control of perennial weeds are two of the most important yield-limiting factors in 
organic crop production (Askegaard et al. 2011).  Yield losses due to pests and disease also affect 
theorganic-conventional yield gap. The number of crop protectionproducts approved for organic agriculture 
is verylimited (EU 2014), and although they constitute an importantinput for reducing crop losses, especially 
in somehorticultural crops (Letourneau and van Bruggen 2006),the lack of crop protection products or other 
effective crop protection  measures limits organic yields. 

Organic farmers frequently have to rely on plant varieties bred for high-input conventional systems, i.e. high-
yielding varieties with e.g. poor weed competitive abilities and shallower rooting depth (Lammerts van 
Bueren et al. 2011). In conventional production systems, these deficits are rectified by the use of herbicides 
and inorganic nutrients. Organic field crop producers said that they would like the opportunity to buy higher 
amounts of coverage, even though this would probably mean higher premium costs. The level of coverage 
under federal multiple-peril crop insurance be established like it is under private hail insurance, allowing a 
producer to select a dollar amount of coverage without relying on expected yield and price election. 
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Source
s: ( Niggli et al. (2016) describe many of these for arable crops, summarised here in Table 1.) 

1.2 LIVE STOCK PRODUCTION 
Livestock is commonly defined as domesticated animals raised in an agricultural  setting to produce labor 
and commodities such as meat, eggs, milk, fur, leather, and  wool . A study by Van Wagenberg et al. (2017) 
compared different aspects of sustainability including productivity in conventional and organic livestock 
production systems.  For dairy production, seven out of 11 studies showed that organic dairy cows produced 
4.7–32% less milk than conventional cows, while three studies did not find a significant difference. 

Reasons for this yield gap include a longer pasture season, less use of high-yielding breeds and lower levels 
of concentrate in diets. Regarding broiler chickens in organic production, the use of slower growing breeds 
compared to the fast growing breeds used in conventional production results lower yields in term of rowt in 
and feed conversion.  For pigs, productivity is mostly lower in organic production, with higher intake of feed 
in organic sows and a lower number or weaned piglets per sow.  In Swedish pig production, slaughter 
weights are 1–5% lower in organic production, but feed consumption is also higher (Wallenbeck 2012).  
Organic hens (and other free range hens) are usually less efficient in terms of feed conversion ratio (minus 
2–20%) compared with laying hens housed in aviaries or in cages and commonly show increased mortality 
due to injury and disease. 

Animal health is a key factor influencing the net yield of any livestock production system. In some regards, 
organic livestock systems perform better than conventional systems, e.g. respiratory diseases are usually 
lower in organic herds (Hansson et al. 2000).  The therapeutic medications used in organic farming are 
identical to those used in conventional farming regarding antibiotics and ant, helminthes, but the extended 
withdrawal times required in the organic regulations makes their usage less likely. In some countries, 
alternative medications (homoeopathic therapy or phytotherapeutic) are used. 

2. RISKS AND OPPORTUNITIES ASSOCIATED ORGANIC FARMING 
2.1 Risk Factors 
2.1.1 Biodiversity 
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The expansion of agricultural land, the decline in landscape heterogeneity, increased use of fertilisers and 
pesticides and conversion to systems with reduced crop diversity have had major effects on global 
biodiversity (Emmerson et al. 2016). 

Organic farming generally increases crop and landscape heterogeneity compared with conventional farming, 
which enhances biodiversity.  For example, overall species richness on organic farms is on average 34% 
(95% CI: 26–43%) higher than on conventional farms, according to one meta-analysis (Tuck et al. 2014). 
However, the magnitude of the positive effects varies widely among organism groups, e.g. for pollinators 
and predators species richness is 50% (95% CI 27– 77%) and 12% (95% CI 1–24%) higher, respectively, on 
organic farms (Tuck et al. 2014).  Some practices for increasing yields in organic crop production carry a 
risk of attenuating the current positive effects on biodiversity. For example, higher frequency of mechanical 
weeding affects floral abundance in fields (Fig. 2), and may potentially decrease the density and species 
richness of organisms at higher trophic levels, such as arthropod generalist predators (Diehl et al. 2012). 
However, restoration or conservation of refuge areas in field margins and habitats adjacent to arable fields 
may counteract negative effects on diversity at farm level and increase yields through provisioning of 
habitats for a number of organisms important for biological control.Greater inputs of nutrients aimed at 
increasing organic yields and giving denser crops may also negatively affect diversity    (Flohre et al. 2011; 
Gabriel et al. 2013) 

Increased use of chemical crop protection agents approved for organic production, which promote high yield 
levels and yield stability, may concurrently have negative effects on a range of organisms in the field and the 
agricultural landscape. Nine chemical pesticide substances are currently approved for use in organic 
agriculture in Sweden and some of these have known negative effects on non-target organisms.  Organic 
farmers today largely rely on plant varieties bred for high-input conventional systems. Future breeding for 
both increased yields and genetic diversity includes better adapted and genetically diversified crops for 
organic farming. This can  increase yields through incorporation of multiple traits such as weed competitive 
ability, disease resistance and high nutrient uptake efficiency (Lammerts van Bueren et al. 2011).  More 
varied crop rotations, intercropping, e.g. combining grain legumes and cereals (Jensen et al. 2015), cover 
crops and variety mixtures (Sapoukhina et al. 2013) may disrupt the life cycle of certain pests or control their 
population, while increasing yields and biodiversity in agricultural fields and landscape diversity. 

Developing multifunctional and mixed animal production systems by, e.g. combining high-yielding dairy 
cows with breeds suitable for grazing, or using dual-purpose breeds, could also contribute to conserving 
biodiversity. More effective agri-environmental schemes that steer production in this direction need to be 
developed and also implemented in organic regulations. 

 
Fig. 2 Mechanical weeding (a) is effective for removing weeds, but negatively affects floral abundance in 
fields (b), which may also decrease the density and species richness of other organisms 
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2.1.2 Emissions of greenhouse gases 
The climate impact from agriculture in Northern Europe arises mainly from emissions of nitrous oxide 
(N2O) from soils, driven largely by N application (44% of GHG emissions from Swedish agriculture), 
carbon dioxide (CO2) emission  from  organic soils (12%), methane (CH4) from enteric fermentation in 
ruminants (26%) and emissions of N2O and CH4 from manure management (5%) (SBA et al. 2012). Fossil 
energy use in field machinery and animal housing add to these emissions, but to a lesser extent (10% of 
GHG emissions). In conventional agriculture, the production of mineral fertilizers is also a considerable 
source of GHG. 

The yield level is influential when calculating the climate impact per unit product, as the GHG emissions 
from soils and inputs are distributed over the total output (Röös et al. 2011). Therefore, organic products are 
frequently assessed as having similar or larger climate impacts per unit product than conventional products, 
as the lower GHG emissions from avoidance of mineral fertilisers and other inputs are cancelled out by the 
lower yields (Clark and Tilman 2017). 

For N2O emissions specifically, Skinner et al. (2014) showed that for yield gaps larger than 17%, N2O 
emissions are higher for organic products than for conventional products. Hence, there is an opportunity to 
combine increased yield in organic agriculture with reduced climate impact if yield increases can be 
achieved with no or low increases in GHG emissions from fields and inputs. Management practices aimed at 
achieving higher yields by increasing plant nutrient availability, e.g. by reducing N leaching losses using 
catch crops or manure spreading techniques for reduced ammonia (NH3) emissions, are all beneficial for 
reducing N2O emissions from soils. 

Cropping systems and management practices that sequester carbon in soils and standing biomass, e.g. 
through the use of catch crops (Poeplau and  Don 2015), biochar (Kammann et al. 2017) or agroforestry 
(Fagerholm et al. 2016), can also reduce the climate impacts, while promoting soil fertility and increased 
crop yields.  Increased used of mechanical weeding increases CO2 emissions as a result of fossil fuel 
combustion. However, the climate impact from farm machinery use is usually a minor part of the climate 
impact of production (Röös et al. 2011), so the increase in yield from weed control can often compensate 
climate-wise for the increased fossil fuel use. 

Livestock diets with a higher proportion of concentrate feed increase milk yields and growth rates, and thus 
reduce methane emissions per unit product. However, emissions from feed production, including soil carbon 
sequestration or losses, influence the total climate impact of production. 

The joint production system of dairy, which produces both milk and meat, constitutes an important exception 
to the rule of thumb that increased yields reduce the climate impact. When milk yields increase, the amount 
of meat from the dairy system decreases, as fewer cows are needed and hence fewer calves are born. If this 
‘lost’ meat is replaced by beef meat from suckler herds, the total climate impact from milk and meat 
production increases, as the climate impact of beef from suckler herds is higher than that from dairy. Hence, 
the total climate impact from milk and meat production can be lower with lower-yielding dairy cows. 

2.1.3 Nutrient losses 
Loss of N and phosphorus (P) from agricultural systems to waterways is a serious problem causing 
eutrophication, particularly in coastal areas. Agriculture is also the main contributor to airborne NH3 
emissions, mainly from manure management 

(SBA et al. 2012). Increased inputs of nutrients, especially N, have great potential to increase yields in 
organic farming (Doltra et al. 2011). However, there is an increased risk of nutrient losses with higher N 
inputs that needs careful consideration. The risk is greatest when N released from organic fertilisers does not 
match crop uptake or when N fertilisation rates start to approach or exceed the ‘economic optimum level’, 
calculated from known yield response to N mineral fertilisation (Delin and Stenberg 2014). Above the 
optimum, the yield response ceases and N leaching losses increase exponentially. 

One of the main sources of N in organic systems is biological N fixation by annual and perennial legumes. 
The risk of N losses may increase with a large proportion of legumes in the crop rotation, as it is challenging 
to synchronise timing of N release with crop requirements (Olesen et al. 2009). For example, incorporation 
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of N-rich crop residues in autumn before, e.g. sowing of winter cereals increases the risk of leaching, due to 
high N mineralisation in autumn often exceeding crop N uptake (Torstensson et al. 2006). 

Spring tillage on suitable soils is another efficient strategy to decrease N leaching losses during the winter 
season (SMED 2015). However, on clay soils, in combination with cold conditions early in the growing 
season, such a measure could reduce N mineralisation rates, negatively affecting crop N  availability in 
spring and early summer and leading to lower yield. Using genetically diverse crops, including intercrops 
and variety mixtures, that have the potential to perform well under different environmental conditions also 
minimises the amount of residual available nutrients in the soil. 

 
Fig. -3- Increasing nitrogen fertilizer rates and effect on a spring oats yield response and b nitrogen leaching 
losses (data from Delin and Stenberg 2014. 

Increased use of concentrate feeds in organic livestock production to increase yields risks leading to 
increased amounts of nutrients in the manure and an increased risk of subsequent nutrient losses, especially 
of NH3 . Due to the ban on synthetic amino acids in organic production, pigs and poultry are often overfed 
with protein (+ 5–10% of crude protein in laying hens) in order to reach sufficient levels of certain amino 
acids in the feed (van Krimpen1 et al.,2016). This may lead to increased N losses to the environment, but the 
impact varies substantially from farm to farm. The need to overfeed pigs and poultry could be reduced by the 
introduction of novel protein feeds such as mussel meal  and insects (Khusro et al. 2012) and/or removal of 
the ban on synthetic amino acids in future organic regulations. 

3.1 FACTORS OF OPPORTUNITY 
3.1.1 SOIL FERTILITY 
Agricultural soils are affected by many anthropogenic pressures, such as loss of soil organic carbon (SOC), 
nutrient depletion, soil compaction and heavy metal deposition (Smith et al. 2016). In Northern Europe, 
however, the situation is not as severe as in some other parts of the world. In Sweden, cropland topsoils have 
an average organic matter content of 4% (albeit with high variation), which is considered sufficient to 
maintain soil fertility for crop production (Eriksson et al.2010a). A high SOC level is a key characteristic of 
soil fertility, as it promotes soil structure, aeration, water-holding capacity, chemical buffering capacity, soil 
microbial activity, plant root development and continuous release of plant nutrients through mineralisation. 

According to a global review by Gattinger et al. (2012), the results indicated that soils in organic cropping 
systems have significantly higher levels of SOC than those in conventional systems.  Increased yields lead to 
increased amounts of crop residues being incorporated into soils, raising SOC levels (Diacono and 
Montemurro 2010). Increasing fertiliser inputs to increase yields reduces the risk of depletion of a range of 
essential soil nutrients. This is particularly important in organic stockless systems and in systems with small 
or no external inputs of fertilisers (Watson et al. 2002). Increased use of fertilisers with high nutrient 
availability, e.g. biogas digestate, or future introduction of renewable mineral fertilisers in organic farming 
could provide the potential to increase yields through increased precision in fertiliser application. However, 
such fertilisers may not contribute to SOC building to the same extent as fertilisers rich in organic carbon. 
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A concern for soil fertility associated with spreading of liquid fertilisers, as well as mechanical weeding, is 
the risk of soil compaction. The development of lighter machinery for mechanical weeding (e.g. self-driving 
weeding robots), fertiliser spreading through pipelines and processes for reducing the water content in liquid 
fertilisers will help to reduce this problem. Nutrient recycling within the food system needs to be improved 
to maintain long-term sustainable nutrient supply and there are several promising options (Oelofse et al. 
2013). However, urban waste products may contain a number of contaminants, including heavy metals, e.g. 
Cd, which is of great concern for public health (Åkesson et al. 2014). New techniques are needed for safe 
recycling systems, e.g. by source separation of sewage (Spångberg 2014).  There are also various 
technologies to recover P from wastewater and sewage sludge by crystallisation or precipitation, with 
reduced risk of contamination compared with untreated sewage sludge. Treated sewage sludge products may 
have higher quality concerning contaminants than fertilisers approved in current organic regulations, such as 
natural phosphate rocks or even animal manures (Wollman and Möller 2015). Closing the nutrient loop is 
one of the major sustainability challenges for agriculture going forward. 

Higher proportions of concentrates in livestock diets to increase livestock yields require more annual 
cropping, which risks less SOC formation compared with leys. The importance of including clover/grass ley 
in the crop rotation for preserving carbon stocks in soils is demonstrated in Swedish monitoring datasets by 
higher organic matter content in soils on dairy farms than on pig farms which mainly grow annual crops 
(Eriksson et al. 2010a). Consequently, in order to increase yields in production systems with ruminants, 
increased forage quality through, e.g. optimising ley harvesting times (Nadeau  et al. 2015) would be more 
favourable for promoting soil fertility than introducing higher concentrate proportions. 

3.1.2 ANIMAL HEALTH AND WELFARE 
Modern industrialised livestock production systems affect the health and welfare of farm animals in many 
ways, including health problems related to breeding for high productivity (e.g. leg problems in broilers, high 
piglet mortality in pork production due to smaller and less vital piglets and mastitis in dairy cows) and 
limitations on animals expressing their natural behaviour due to being reared in confined and barren 
environments (e.g. restriction of movement due to crating of sows and the  development of injurious 
behaviours such as tail biting in pork production and feather pecking in poultry) (von Keyserlingk and 
Hotzel 2015). 

Continued breeding for high growth rates, without taking other important breeding traits such as animal 
health and behavior into account, and the use of these breeds in organic production risk aggravating current 
health problems further. For example, there is little or no difference in cow health between organic and 
conventional dairy systems in Sweden (Fall et al. 2008; Sundberg et al. 2009) due to the small differences in 
production system, i.e. same breeds and similar yield levels. Hence, Nordic organic dairy systems are among 
the most high yielding dairy systems globally, but this comes at a price. It is worth discussing whether still 
higher yields per animal are desirable and in line with organic principles; attention should perhaps focus on 
improving animal health and welfare at current production levels or even accepting lower yield per animal if 
necessary. The development of more suitable breeds should be considered, possibly using or crossbreeding 
with smaller or indigenous breeds possessing traits favourable for animal health and behaviour in the local 
environment. 

The implementation of management practices that lead to healthy animals with high fertility and without 
behavioural disturbances would also contribute to higher yields at herd level and naturally improved animal 
welfare. For dairy systems, such practices include increased milking frequency, extended 

calving interval (Österman 2003) and the use of methods for reducing parasite infestation For pigs, pasture 
and roughage allowances allow natural foraging behaviour and decrease aggressive interactions between pigs 
although pigs kept on pasture are more susceptible to diseases caused by parasites (VKM 2014). Improved 
and well-balanced livestock diets to raise yields can also improve animal welfare by e.g. preventing injurious 
behaviour and avoiding nutrient deficiencies. For exaple, problems with feather or vent pecking in laying 
hens can be reduced by feeding an optimal diet with e.g. high-quality protein and roughage allowances If 
future organic regulations were to allow supplementation of essential amino acids in livestock diets, that 
would be amajor advantage, allowing avoidance of over-feeding (Eriksson et al. 2010b; Leenstra et al. 2014). 
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Ruminants are adapted to a forage-based, fibre-rich diet and feeding high levels of concentrate may lead to 
metabolic diseases (Jorgensen et al. 2007). However, as organic regulations mandate high levels of forage in 
ruminant diets, the risk of such problems in strategies to increase yields involving higher concentrate 
proportions in organic ruminant diets is small. One way to achieve increased yields in beef production with 
few negative impacts on animal welfare is to use dairy/ beef cross-breed animals, which would allow dairy 
cows to produce calves with the good growth potential of the beef breeds. The cross-breed calves could be 
raised as heifers or steers in grazing systems, providing potential synergies for yields, biodiversity 
conservation (Section 3.1) and animal welfare. 

3.1.3 HUMAN NUTRITION AND HEALTH 
It is well known that the input levels of plant nutrients affect plant development and composition as well as 
crop yields. To some degree, yield and nutritional quality may be divergent breeding goals (Morris and 
Sands 2006), since historically, the breeding and production of high-yielding varieties has led to a decreasing 
content of certain minerals in some vegetable and cereal crops .The production system, organic or 
conventional, generally has no or only a small effect on the concentrations of most nutrients and secondary 
metabolites in crops. The exception to this is phenolic compounds, where various meta-analyses report an 
overall modestly higher concentration (14–26%) of total phenolics in organic crops (Mie et al. 2017). 
Increased N fertilisation has a negative effect on the concentration of phenolic compounds in crops. Phenolic 
compounds from plant sources are believed to carry benefits for human health, although this is not fully 
understood (Del Rio et al. 2012). 

The use of chemical pesticides is strongly restricted in organic production. Limited data indicate that 
toxicity-weighted human dietary pesticide exposure from organic foods in Sweden is far lower than exposure 
from conventional foods (Beckman 2015), and the associated health risks are small. Lowering the crop pest 
and disease burden by good management could in some cases result in lower concentrations of some plant 
defence compounds that are expressed in response to infestation. However, there is no convincing evidence 
that this effect is relevant for human nutrition. 

In a recent review, cereals in cereal-legume intercropping systems had a higher (0.33 compared with 0.27 kg 
m−2) and more stable grain yield than the mean of partner crops grown as sole crops under the same 
conditions. Cereal intercrops also had a higher protein content compared with sole crops (11.1 compared 
with 9.8%), while the legume protein content was not affected by intercropping. In animal feeds, most 
ingredients in concentrate feeds, such as cereals, contain less than 10% omega-3 fatty acids of total fatty 
acids, while grass and red clover contain between 30 and 50%omega-3 fatty acids (Woods and Fearon 2009). 
Omega-3 fatty acids are a group of fatty acids that are essential to humans and, in general, increased human 
intake is desirable (Burdge and Calder 2006). The fatty acid composition in feed largely determines the fatty 
acid composition of milk or meat, although this relationship is not linear for ruminants 

4. FARM PROFITABILITY 
The profitability in organic production varies considerably between products, regions and farms. However, 
many studies have concluded that organic farms are frequently more profitable than conventional farms due 
to higher price premiums, government support and/or lower costs (Nemes 2009). In a recent meta-analysis, 
Crowder and Reganold (2015) found that without price premiums organic farming would be significantly 
less profitable than conventional agriculture due to 10– 

18% lower yields, showing the importance of price premiums for profitability in organic farming. 

The profitability of organic farming  strongly depends on consumers being willing to pay a price premium. 
Crowder and Reganold (2015) found that a premium of 5–7% is required in order for the profits in organic 
farming to equal to those in conventional farming, while the actual premium is around 30%. Reasons for 
buying organic food include health and nutritional concerns, perceived superior taste, environmental and 
animal welfare concerns and distrust in conventional food production (Hoffmann and Wivstad 2015). 
Although higher yields per se do not necessarily affect demand, a change towards more intense practices in 
organic farming, making it more similar to conventional farming in some respects e.g. by increased use of 
fertilisers and concentrate feeds, may negatively affect the premium some  consumers are willing to pay for 
organic food (Adams and Salois 2010). 
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Variations in yield, and hence in economic returns, between organic farms have been partly explained by 
differences in management and marketing skills. Experience and knowledge influence farmer behaviour. For 
example, a flexible approach to crop rotations on organic farms in Sweden has been found to be positively 
correlated to the experience of the farmer (). Knowledge transfer between farmers is important in improving 
management skills and the ability of farmers to apply best available management practices. Yield increases 
which depend on investments in costly specialist machinery (e.g. for mechanical weed control) may create 
incentives for more extensive cooperation in sharing machines. Adoption of new technologies is becoming 
easier and less costly as the technology becomes more widespread. Thus, more widespread uptake of good 
organic practices will promote yield increases (Läpple and van Rensburg 2011). This stresses the importance 
of effective communication channels for knowledge sharing and transfer in improving yields and 
productivity in organic farming. 

5. CONCLUSION 
This review shows that in most areas, there are both risks and opportunities associated with strategies to 
increase yields in organic production. However, increased N inputs have many risks and few opportunities 
for synergies, whereas for reduced losses only opportunities, and no risks, were identified (Table 3). The 
final outcome depends largely on management, i.e. how strategies to increase yields are implemented and 
whether trade-offs are accounted for and managed. 

The ambition of  the organic farming to design high-yielding farming systems that also care for the 
environment, people and animals entails a difficult value-based balancing act. Although not discussed here, 
farming systems also need to be resilient and, inherently,   resilient systems include redundancy, which might 
counteract resource efficiency. 

One of the most important yield-limiting factors in current organic crop production, if not the most 
important, is the availability of plant-available nutrients. At the same time, a crucial characteristic of 
sustainable food systems is safe recycling of nutrients from society. According to its principles, organic 
agriculture should rely on local resources and recycling, so ideally organic agriculture should be the driving 
force for the implementation of circular food systems. Apart from recycling nutrients, ‘new’ nutrients will 
also be needed to compensate for inevitable losses from fields and manure or other organic fertilisers. 
Currently, only legumes are allowed to provide ‘new’ nitrogen in organic agriculture. 

Organic principles stipulate good care of animals and EU regulations reflect this with requirements for e.g. 
outdoor access, regulated slaughter ages and larger space allowances. However, current organic livestock 
production systems in Northern Europe commonly use high-yielding breeds, with their associated welfare 
problems, in systems managed according to organic regulations. The animals are not always adapted to these 
systems, hence introducing additional health problems (although allowing for more natural behaviours). 
Slightly provocatively, one can say that such organic livestock production systems are trying to “have their 
cake and eat it”. 

In any case, if organic farming systems are to deliver substantial amounts of food to future food systems and 
at the same time deliver multiple other benefits, as is the ambition according to the organic principles and as 
increasingly expected by consumers, the organic sector and its producers, breeding companies, advisory 
services, farmer associations and public policy all need to focus on a broad set of goals that complement 
those of crop yield per hectare and yield per animal. With this review, we show that strategies to increase 
yields in organic agriculture can bring several synergies, but there are also apparent risks that need to be 
recognised and managed. 
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NCOV ACUTE RESPIRATORY DISEASE PATIENTS OF  
ODISHA 
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ABSTRACT 
The Severe acute respiratory syndrome coronavirus-2(SARS-CoV-2) is a newly emerged infectious disease 
that led to millions of infected patients and millions of deaths. The main causal agent of this syndrome, a 
novel coronavirus termed SARS coronavirus 2 (SARS-CoV-2) has been identified. The pandemic is 
eventually being tried to bring under control still, its high fear to comorbidity, asymptomatic nature and its 
ongoing changes of strain is making it more difficult to develop effective vaccine yet to prevent the disease. 
The immune system plays a vital role in the defence against SARS-CoV-2 infection, since none of the drugs 
employed to treat SARS is able to inhibit viral replication in vivo. Studies suggest that the novel coronavirus 
presents little variability, approximately seven mutations per sample. Even common influenza has a 
variability rate that is more than double and it is detected that the virus is presumably already optimised to 
affect human beings and this shows its low evolutionary change. Strong humoral responses have been found 
in most SARS patients while certain patients are completely asymptomatic. Sera from recovered SARS-2 
patients could be used to treat newly infected individuals and passive transfer immune serum can prevent 
replication confirming the protective nature of the anti-SARS-CoV-2 serum Abs. A doubt arises whether T 
cell memory can form following SARS-CoV-2 infection or vaccination. Vaccination trial data will help us get 
to know this but the early data from recovered patients are encouraging as the memory CD4+ T cells and 
CD8+ cells were detected in 100% and 70% of patients recovered respectively. Further, defining how T cell 
memory forms in patients who experience mild symptoms of COVID-19 versus severe disease will be 
important. Moreover, the five clades detected in Odisha 19A, 19 B, 20A, 20B, 20C .19B clade was found to 
be more prevalent (17 per cent) in analyzed samples as compared to other clades reported so far in the 
country. The phylogenetic analysis of various reports showed that clades 20A and 20B evolved quite rapidly 
and are major source of disease transmission. Whereas 20C strain is rarely detected and appeared to be less 
adapted or somehow contracted at early stages of infection .These findings are thus showing the mutating 
types of the virus makes it more fascinating to hold more findings how each clade type responds and thus, 
the data of such T cell immune responses and detection of further details and symptoms of patients of each 
clade type will further give an important implication for developing SARS vaccines. 

Keywords: SARS, coronavirus, pandemic, asymptomatic, T cells, clade, vaccine. 

INTRODUCTION 
In this revolutionizing world, it is known that with various diseases coming into demand, a new disease came 
into demand in the late December 31, 2019.Since Dec 31, 2019, the Chinese city of Wuhan of Hubei 
Province has reported an outbreak of a typical pneumonia caused by the zoonotic 2019 novel coronavirus 
(2019- nCoV) which then showed multiple cases of a type of pneumonia with a mysterious and 
undetermined causes. 

Data from Dec 31, 2019 to Jan 28, 2020 were seen to export the number of cases from Wuhan internationally 
and China became one of the outbreaks epicentre as the epidemic grew slowly into pandemic by growing 
exponentially in multiple major cities of China with a lag time behind the Wuhan outbreak of about 1-2 
weeks. 

Then later various studies done in the Wuhan Lab and by WHO (World Health Organisation) confirmed that 
this typical form of pneumonia like disease is seen to be related to a certain positive stranded RNA virus 
synonymously known as the severe acute respiratory syndrome coronavirus 2, SARS-CoV-2, which is seen 
to be linked to the previous 2007 strain of it i.e., seen to have a phylogenetic similarity to the severe acute 
respiratory syndrome coronavirus (SARS-CoV) (Na Zhu et al., 2020). 
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From the initial stages of coronavirus infection stages the COVID-19 , disease was testified to have emerged 
and linked epidemiologically  to the Seafood Wholesale market , where various types of local fish and live 
wild animals were seen to be found and even many Wuhan lab experimental species were stated to have been 
taken from there(Chaoling Huang et al.,2020). 

But the above studies are being restudied by ten researchers with the expertise in virology, public health and 
animals will seek to the answer to the investigation towards the origin of the COVID pandemic. The team is 
expected to travel to China for several weeks at some point to study about the origin of the SARS-CoV-
2(Marion Koopmans, et al., 2020). 

So, as we all know that the three basic elements required for an infectious disease to gain the power of 
causing havoc and to become an epidemic are the source from the infection has developed, the transmission 
route , and the vulnerable hosts the common being the humans. Thus, the subsequent evidences suggest that 
the clinical infection SARS-CoV-2 is seen to transmit from human to human. Eliminating the source of the 
infection and cutting off the transmission route are seen to be the effective tools to block the spread of an 
infectious disease. However, as studies suggest without any intermediate host a disease is incapable of 
directly affecting the humans, So, the  carnivore-intermediary amplifying hosts are still on search of this 
SARS-CoV-2 which if identified would turn out to be a great boon to the great battle which the whole world 
is still battling with. 

But one thing came into lime light was that the primarily affected individuals of this 2019-nCoV disease 
were the consumers, buyers and the sellers of the Wuhan, Seafood, market. Certainly signalling towards a 
certain kind of food chain or a web being involved in the spread of this disease. Then the bats are always 
considered for being the reservoir of coronaviruses however, its origin still remains unknown who were the 
major amplifiers for the human hosts(Ge et.al,2013) .This makes the elimination of the disease of 
coronavirus a lot more difficult as the source is a major lead in the elimination of a certain disease.(Wang 
et.al,2020). 

The innumerable studies being done on the SARS-CoV-2 suggests that the infection is massively affecting 
the alveoli and also leading to its damage and further causing a great damage to the respiratory lining of the 
affected host and also leading to a upsurge and downfall of various cells like the lymphocytes, leucocytes, 
monocytes, macrophages , various infection-linked biomarkers , various accessory proteins, inflammatory 
cytokines and also various T-cell levels were further seen to have changed in the severe patients(Qin 
et.al,2020). 

So as the source of origin is being a great mystery so, the various scientists are thus working on how to know 
about the various genomic sequences and further get the various aspect or lab analysis view of COVID-19 
so, that the disease can be curbed if certain categories and to decrease the transmission frequency and to see 
the mutation variants that would help in knowing the immune responses and an effective vaccine production. 

A study done by Sunil Raghav et.al,2020 on the coronavirus thus, stated the five clades identified in the 
genome sequencing studies of Odisha is 19A, 19B,20A,20B and 20C.They stated this by various studies 
done on the various immigrant who were carriers of the novel coronavirus disease. So, this will be very 
helpful in the determination of the certain type of analysis done on the coronavirus responses how it shows 
responses and how to prevent the transmission of the virus. 

As we know the role of T-cell responses is incomparable so, even in the SARS-CoV-2 infection the T-cell 
responses hold a great role in the severely ill patients which is seen to be impaired ,or certainly not impaired 
but is in inappropriate numbers , and further research related to this is done and various emerging studies 
also show that the COVID-19 affected people develop either broad or strong T-cell response some have 
strong memory phenotype responses or also has the potential to show a greater longer time immunity thus, 
the role of its subsets in this disease will be helpful in the protection and pathogenesis to protect and prevent 
the COVID-19 patients in the treatment of coronavirus. 

Many diagnosis and treatment steps are been taken so that the range of spread of the SARS-Cov-2 is curbed 
and until and unless a complete analysis of this disease is known one has to do a major step that is prevent 
the contact from any person and isolation is the only prevention measure that can be taken to prevent the 
COVID-19 spread further. So, various therapies emerging like the convalescent plasma therapy is being 
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studied as an alternative to safeguard the affected patients from this mild coronavirus which is seen to be less 
fatal generally but has a higher mortality disease aspect for the elderly, diseased and the diabetic. So , this 
article aims to give a detailed information on the onset, occurrence, epidemiology, pathogenesis, clinical 
aspects, about various clades or mutated forms of the coronavirus , the T-cell responses of the coronavirus 
and the comorbidities, treatment and the factors that can be considered to get a better alternative view to 
tackle this disease or as a supressing method as to how to work on the disease causing virus genome 
transmission inhibition so that the SARS-CoV-2/novel coronavirus/COVID-19 can be stopped from 
spreading further and what all aspects to consider so, that a successful vaccine can be prepared from it. 

CORONAVIRUS 
As early from the 1930’s a certain type of acute respiratory infection was discovered from a definite brood of 
domesticated chickens which showed the first glimpse of the coronavirus in it and now known as the avian 
infectious bronchitis virus (IBV).Later in the 1960’s came the evidence of humans getting infected by the 
coronavirus and then the first human coronaviruses (HCoV) were discovered. 

Coronaviruses are considered to be found globally in the human population and the varied species of 
animals. Classification of the coronavirus basically is shown in the table-1 as follows: 

TABLE-1 

CATEGORY CORONAVIRUSES 

Realm Ribovira 

Order Nidovirales 

Suborder Cornidovirineae 

Family Coronaviridae 

Subfamily Orthocoronavirinae 

(International Committee On Taxonomy Of Viruses(ICTV)), (Ludwig & Zarbock,2020) 

There are many groups of coronaviruses but they are generally grouped under 4 genera which are the 
alpha(α) / beta(β)/gamma(γ)/delta(δ) coronaviruses among which the infection caused by : 

 beta and the alpha are primarily to infect the mammals and 

 gamma and delta are seen to cause infection in the aves. 

So, the coronaviruses are not only a challenging fact to the humans but also to the domesticated pets, 
livestock and even to the veterinary and economic distresses of the world. So, a diagrammatic representation 
is given below in the following figure-1 showing the generalised groups of coronaviruses:  

 
FIGURE-1(Steiner et.al, 2020) 



 

Recent Research Trends in Management and Social Science 

231 

So, the alpha and beta coronaviruses which are found in the humans or mammalian species are thus, 
identified by various means which is mainly classified under the type of impact it has on the humans like the 
type HCoV-229E and HCoV-OC43 which were the earlier ones to be discovered and the recent discoveries 
the HCoV-NL63 and HCoV-HKU1 are the recent discoveries found in the human coronaviruses 
classification which are thus , given the accreditation of being a mild one and these 4 mentioned HCoV-
229E, HCoV-OC43,HCoV-NL63,HCoV-HKU1  coronaviruses are thus, described as the mild, common cold 
causing, seasonal respiratory tract infections. But the severe acute respiratory syndrome coronavirus (SARS-
CoV), middle east respiratory syndrome coronavirus(MERS-CoV) and the SARS-CoV-2(severe acute 
respiratory syndrome coronavirus type 2) or the noble coronavirus or COVID-19 , are emerging as the 
deadliest or a fatal respiratory disease causing infections in these recent years with the capability of being 
highly disease causing and pathogenic as compared to the mild coronavirus category and also being able to 
infect the bronchial epithelial cells, upper respiratory tract cells in the humans and pneumocytes and acting 
as a greater risk for the elderly, pre-diseased, diabetic or to the comorbid ones and the most threatening part 
of this situation is its non-specific therapeutic treatment as no such treatment has been found till date that that 
can inhibit its mechanism and many trials are ongoing. So, such mild and severe coronaviruses categorisation 
has been shown in the following FIGURE 2 which is as follows: 

 
FIGURE -2 (Kratzel et.al, 2020) 

General Structure Of The Coronaviruses 
The coronaviruses are generally seen to be obtained from the host cell that are having an enveloped structure 
around them and have certain kind of viral proteins embedded on their surface thus, known as the “Viral 
surface proteins”. Further the structure from where there name is derived from is the proteinaceous 
structures they have over their virulent membrane called the spikes or the S protein that makes them the 
corona or crown like appearing non-living, host requiring organisms. 

Further these largest RNA genome possessing i.e., of 26.4 to 31.7 kilobases (KB) viruses have a positive 
single-stranded ribonucleic acid (ssRNA) which is always directed in the 5’to 3’ direction and  this further 
codes for the messenger RNA (m-RNA)(Patrick et.al,2009). 
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Detailed analysis of genomic organisation of CoV 
Presence of many non-structural proteins and the presence of the untranslated region on the 5’ cap of the 
genome of the virus is the major causative agent of RNA replication and translation continual and mainly 
there are three antigenic relationship providing spike(S) part, membrane(M) , nucleocapsid (N) part that 
combine to form a complete coronavirus genome which forms a coronavirus genomic organisation as the 5’-
leader-UTR replicase-S-M-N-3’ UTR-poly(A) tail part with the auxiliary genes interposed within the 
structural genes at the 3’end of the CoV genome and these are necessary there non-proteinaceous , non-
structural part are major viral pathogenesis causing portions of the coronavirus(Anthony &Perlman , 2015). 

CoV virion organisation and its structural framework 
The coronavirus virions show the presence of a spherically, helically symmetrical nucleocapsid that are seen 
to contain four major structural proteins which are as follows: 

 The spike(S) 

 The membrane(M) 

 The envelope(E) 

 The nucleocapsid proteins(N) 

 Hemagglutinin protein(basically only found in the beta coronaviruses only) 

The S protein with an approximate 150 kDa, is a certain kind of fusion protein whose major host attachment 
activity is there (Bosch, 2003) and present at the N-terminal is linked to the ER, and also glycosylated to it. 
This protein also codes for various homotrimers encoded S which make up for its distinguishing surface 
spike of the virus (Beniac, 2006) (Delmas & Laude, 1990). 2 parts of S protein is where S1 functions as the 
large receptor-binding domain of the S protein, whereas the S2 forms the spike molecule stalk (Groot et.al, 
1987). 
Another most abundant structural  M protein in the virion  is a small 25 to 30 kDa protein with 3 
transmembrane domains and provides shape to the virion. A smaller N-terminal glycosylated ectodomain 
and a much larger C-terminal endodomain  of 6 to 8 nm is seen and do not contain a signal sequence and also 
exists as a dimer in the virion, and may adopt two different conformations, allowing it to promote membrane 
curvature as well as to bind to the nucleocapsid (Neuman et.al,2011). 

The rare E protein of 8 to 12 kDa within the virion are extremely contradictory but have a common 
architecture. Amid various half researches suggest it is a transmembrane protein. With domains similar like 
M protein i.e., N-terminal ectodomain and a C-terminal endodomain with ion channel activity. This protein 
simplifies the assembly and release of the virus but also has other functions. For instance, the ion channel 
activity in SARS-CoV E protein is not required for viral replication but is required for pathogenesis (Torres 
et.al,2014). 

The only protein present in the nucleocapsid and also made up of two separate RNA binding domains, an N-
terminal domain (NTD) and a C-terminal domain (CTD is the N protein. It is a heavily phosphorylated, and 
phosphorylation has been suggested to trigger a structural change enhancing the affinity for viral versus 
nonviral RNA. It binds the viral genome in a beads-on-a-string type conformation. Two specific RNA 
substrates have been identified for N protein; the TRSs and the genomic packaging signal. These N protein 
interactions likely help tether the viral genome to the replicase–transcriptase complex (RTC), and 
subsequently package the encapsulated genome into viral particles (Anthony & Perlman, 2015). 

Last fifth protein being the hemagglutinin-esterase (HE), found in some of β-coronaviruses. That acts as a 
hemagglutinin, binds sialic acids on surface glycoproteins, and contains acetyl-esterase activity. These 
activities are thought to enhance S protein-mediated cell entry and virus spread through the mucosa. 
Interestingly, HE enhances murine hepatitis virus (MHV) neurovirulence; however, it is selected against in 
tissue culture for unknown reasons (Lissenberg et.al,2005). 

Severe Acute Respiratory Syndrome Coronavirus-2 
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SARS-CoV-2 onset 

Since Dec 31, 2019, the Chinese city of Wuhan of the Hubei province of China has reported an outbreak of a 
distinctive pneumonia type syndrome caused by the zoonotic 2019 novel coronavirus (2019- nCoV). 

Data from Dec 31, 2019 to Jan 28, 2020 were seen to export the number of cases from Wuhan internationally 
and China became one of the outbreaks epicentre as the epidemic grew slowly into pandemic by growing 
exponentially in multiple major cities of China with a lag time behind the Wuhan outbreak of about 1-2 
weeks (Zhu et.al, 2020). 

 

 

 

 
 

(Adapted from Na Zhu et.al, 2020(http://doi.org/10.1056/NEJMoa2001017)) 

SARS-CoV-2 genetics and transmission 
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According to a study done by the  Na Zhu et.al, stated that the novel CoV(2019) which was found by them in 
certain hospitalised patients of Wuhan of China in December 2019 they found that the samples of 3 affected 
patients Broncho alveolar -lavage fluid (BLF), portions from Wuhan Hospital on December 30, 2019. 

A kit called RespiFinderSmart22kit was used by them which showed no specific pathogens of any human 
So, they then first extracted RNA from the BLF from the patients which was used as a template to clone and 
sequence a genome using a combination of processes like  Illumina sequencing* and the nanopore 
sequencing**. 

*Illumina dye sequencing is defined as certain molecular technique i.e.; used for the determination of a 
series of base pairs in DNA, which is otherwise also known as DNA sequencing which was discovered by 
Shankar Balasubramanian and David Klenerman of Cambridge University, who are also the Founders of 
Solexa, a company later taken by Illumina.  

This method uses a certain type of reversible dye-terminators which helps in the identification of single bases 
which are newly found in the DNA strands and also used in the analysis of a whole-genome and specific 
region sequencing transcriptome analysis, sRNA discovery, methylation profiling, and genome-wide 
protein–nucleic acid interaction analysis. This innovation found a broad area of application in genomics, 
transcriptomics, and epigenomics (Ram et.al,2018). 

**Nanopore sequencing is defined as a sequencing technology in which various single molecule sequencing 
with the additional potential of detecting epigenetic modifications such as the 5-methylcytosine and 5-
hydroxymethylcytosine as well as abasic sites and it’s referred to as a third generation approach in which 
without the chemical labelling of the sample the DNA or RNA is sequenced for knowing the various 
structures of biopolymers (Okoniewski et.al, 2016). 

They had studied approximately around 20,000 viral individual specimens which indicated the genome from 
lineage B of the genus beta-coronaviruses which matched as much as 85% identity with a bat SARS-like 
CoV (bat-SL-CoVZC45, MG772933.1) genome published previously. They also acquired positive results 
with real-time RT-PCR assay for RNA targeting to a consensus RNA dependent RNA polymerase(RdRp) 
region of pan β-CoV (although the cycle threshold value was higher than 34 for detected samples). Virus 
isolation In the human airway epithelial cells virus isolation was done and also along the Vero E6 and Huh-7 
cell lines. Later the isolated virus was named 2019-nCoV. 

They also analysed the COVID-19 infected human airway epithelial cultures were examined with light 
microscopy daily and with transmission electron microscopy 6 days after inoculation to determine the 
presence of virus particles and along with it the cytopathic effects were also observed 96 hours after 
inoculation on surface layers of human airway epithelial cells; a lack of cilium beating was seen with light 
microscopy in the centre of the focus .But no specific cytopathic effects were observed in the Vero E6 and 
Huh-7 cell lines until 6 days after inoculation. 
But the genetic analysis of the structure of SARS-CoV-2 virus was done by the scientists by the electron 
micrographs of negative-stained noble virus particles which appeared as follows: 

 SHAPE: Spherical generally with some pleomorphic features. 

 DIAMETER : Varied between 60 to 140 nm. 

 EXTERNAL FEATURES: Distinctive spikes which was of 9 to 12 nm, and gave virions the appearance 
of a solar corona. 

 The human airway epithelial ultrathin sections which were similar like the general  Coronaviridae 
family having the extracellular free virus particles and inclusion bodies filled with virus particles in 
membrane-bound vesicles in cytoplasm . 

According to a study done by novel genome sequencing was done by the de novo sequencing of 2019-nCoV 
genome of the BLF and human airway epithelial cell virus thus they stated that  the novel coronavirus was 
identified from all three patients. Two nearly full-length coronavirus sequences were obtained from 
bronchoalveolar-lavage fluid (BetaCoV/Wuhan/IVDC-HB-04/2020, BetaCoV/Wuhan/IVDC-HB-
05/2020|EPI_ISL_402121), and one full-length sequence was obtained from a virus isolated from a patient 
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(BetaCoV/Wuhan/IVDC-HB-01/2020|EPI_ISL_402119). Complete genome sequences of the three novel 
coronaviruses were submitted to GISAID (BetaCoV/Wuhan/IVDC-HB-01/2019, accession ID: 
EPI_ISL_402119; BetaCoV/Wuhan/IVDC-HB-04/2020, accession ID: EPI_ISL_402120; 
BetaCoV/Wuhan/IVDC-HB-05/2019, accession ID: EPI_ISL_402121) and have a 86.9% nucleotide 
sequence identity to a previously published bat SARS-like CoV (bat-SL-CoVZC45, MG772933.1) genome. 

The three COVID-19 genomes clustered together within the sarbecovirus subgenus, which shows the 
characteristic features of the betacoronavirus organization: 

a 5′ untranslated region (UTR), replicase complex (orf1ab), S gene, E gene, M gene, N gene, 3′ UTR, and 
several unidentified non-structural open reading frames. 
Studies showed that the similarities of this novel coronavirus were with the beta coronaviruses confirming it 
to be a HCoV where as it shown differences from the other severe SARS viruses which are SARS-CoV and 
MERS-CoV. The studies done by the scientists from the three 2019-nCoV coronaviruses from Wuhan, 
together with two bat-derived SARS-like strains, ZC45 and ZXC21, showed them to form a distinct clade. 

SARS-CoV strains from humans and genetically similar SARS-like coronaviruses from bats collected from 
southwestern China formed another clade within the subgenus sarbecovirus. Since the studies suggested the 
sequence identity in conserved replicase domains (ORF 1ab) to be less than 90% between COVID-19 and 
other members of betacoronavirus, the COVID-19 — the possible causative agent of the viral pneumonia in 
Wuhan —  which was thus confirmed to be a novel betacoronavirus belonging to the sarbecovirus subgenus 
of Coronaviridae family. Thus, the studies done by various researchers thus, labelled the Wuhan isolated 
virus as a novel coronavirus from patients with the pneumonia in China isolated from 2019, thus being 
different from the all isolated HCoV thus, labelled as SARS-CoV-2(Na Zhu et al., 2019). 

The virus particles once inhaled leads to a greater infection rate in the upper respiratory tract (URT), lungs, 
or both – a function of the spreading of virus-binding receptors. H1N1 was seen to infect the URT and is 
seen to be a communicable disease as it spread through the droplets expelled by cough or sneeze which 
carried a high load of the virus when it did so whereas the similar beta coronavirus type the SARS 
coronavirus infected only the lungs and was not seen to be easily transmitted but here the SARS-CoV-2 
infects both the URT and lungs, and is hence easily transmissible, like influenza. Transmission happens 
during close contact, via droplets of oral/nasal fluids disseminated by cough/sneeze that are then inhaled by 
those in the vicinity, and via fomites, viruses deposited on surfaces, carried by fingers after touching door 
handles, table tops, towels, etc., and self-inoculating by touching one’s nose, eyes or mouth. Fortunately, it is 
less virulent, with a case fatality rate of 2-3% in Wuhan, China, the epidemic’s epicentre, and about 1% or 
lower outside China 
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SARS-CoV-2 trail for becoming pandemic from epidemic 

On 11 March 2020, the mystery was declared as pandemic as the symptoms issued by  Centre For Disease 
Control And Prevention (CDC ) like fever, cold ,lung infiltration , etc. as the SARS-CoV-2 

 mutated very fast 

 could sustain in plastic or metal surface for 2 days 

 could sustain in air for few hours 

So, it became very tough to restrict the spreading and thus, a situation arose called Community spread, which 
can spread in a chain rule within 3-4 weeks .China and World Health Organisation (WHO) warnings went 
unheard and Italy’s 40,000 crowd in The Union of European Football Associations (UEFA) lead to outbreak. 
Thus, being the serious threat for the first world countries like Italy, United States of America, etc.  The 
human cost of coronavirus which according to various statistics continued to mount , with more than 
19.3million cases confirmed globally and with more than 7,00,000 people known to have died thus, having 
spread to more than 200 countries thus , declaring a pandemic with severe public health and economic 
consequences as shown in the figure below. 
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SARS-CoV-2 imprints on India 
As the information suggested that on February 2, 2020, SARS-Cov-2 or COVID-19 had already trapped 24 
countries outside of mainland China, Hong Kong and Macau. Within week Kerala reported the first case of 
covid-19 infection in INDIA where around 3 were already detected with that disease. 

By the end of February, the number amplified to 43 countries and in the first week of March to 78. Early in 
the second week in March, the number of infected countries had already increased to over 100.But to just 
control the spread the procedures like screening and quarantining infected persons slowed the pace of the 
spreading virus, which is now happening at a furious rate, and in some places, furtively. 

Community transmission, without contact with persons with COVID-19, is already a recognised threat in 
Singapore and the US. The number of infections is increasing rapidly in India too; as of March 11, 63 
infected people had been detected. As the virus adapts more to humans over time, we expect its virulence 
declining but infectiousness increasing. It is likely that the virus will spread universally, reminiscent of a 
pandemic flu, and finally become endemic. This projection is not comforting as mortality depends on spread, 
virulence and healthcare standards. 

The case fatality rate in India needs to be monitored well. If the standard of care is not as good as in other 
countries, our case fatality rate will be higher, as illustrated below and by the H1N1 experience. We are 1.3 
billion in number, with 800 million adults. Children seem to be mostly spared but that may be just illusory in 
the absence of good epidemiology and robust data. If 10% of adults get infected (80 million) and 10% of 
them developed severe illness (8 million; in particular, the elderly, those with diabetes, chronic lung diseases, 
etc. who are more vulnerable), 80,000 may die at a 1% case fatality rate, and 160,000 at a 2% case fatality 
rate, all in one year. We can only imagine the magnitude of problems if more people get infected, say 20% or 
even 50-60%. In addition, healthcare workers have an unfair burden of infection, accounting for some 2% of 
all cases in China. If the same were to befall health workers in India, our ability to handle patients in 
hospitals would be under severe stress. Our economy too, already not robust, will further fall. This is not a 
forecast but just an estimation for planning responses. 

The analysis of spread in India and its highly affected top 5 states can be seen in the figure below: (Source-
covid19india.org) 
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(SOURCE-www.covid19india.org) 

SARS-CoV-2 analysis of Odisha and its enhanced numbers due to immigration 

As an immediate initiative by the Odisha government had shut down five coastal districts in the first phase 
on March 21 keeping in view the number of foreign returnees to these places. Another nine districts were put 
under lockdown on Monday and in the figure we can see the analysis of Odisha corona situation which had 
confirmed its first COVID-19 case on 16th March 2020 who was a 31 year old man from Bhubaneswar who 
was an Italy returnee, subsequently a 72 year old from Bhubaneswar was the first of Odisha to die by Covid-
19.So, the following picture depicts the SARS-CoV-2 status in Odisha. 

A group of researchers named Aswin kumar rauta,Yerra sankar rao, Jangyadatta behera developed a model 
to give an analytical and numerical clarifications of result and the stability behaviour of the SARS-CoV-2 
disease in Odisha using different theorems that are supported by numerical simulation and graphs. It was 
found that the stability is characterised by migrant workers of the state. The absence of quarantine lead to the 
system to be very unstable. Both endemic and diseases free equilibriums were derived from the equations 
done and the study shows that the system is stable at disease free equilibrium point when basic reproduction 
number (R0) is less than one and is unstable for R0 greater than one which persist to endemic or pandemic. 
Routh-Hurtwz condition is used for showing the stability of the differential equations at disease free and 
endemic equilibrium points. The endemic of disease is felt for certain period of time but global stability is 
achieved in long terms as per Dulac’s criteria. The investigation done by them showed that the prevalence of 
COVID-19 will remain nearly 250 to 300 days in Odisha as for as the infected migrants would have been 
entering to the state as per the current trends. So, in order to reduce the spread of the disease, it is suggested 
that the proper screening of immigrants, more testing of susceptible as well as contact tracing of infection 
spreaders. Thus, this study suggested the influx of migrants in causing an imbalance in the Odisha covid-19 
management status. 
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As on 7th August, 2020 (SOURCE: statedashboard.odisha.gov.in) 

 
(immigrants in Odisha as on 7th August 2020) 
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 ACTIVE CASES- 13560 

 CONFIRMED –    42,550 

 RECOVERED –    28,698 

 DECEASED-         247 

Study of clades of Odisha 
Since none of the drugs employed to treat SARS is able to inhibit viral replication in vivo. 

Studies suggest that the novel coronavirus presents little variability, approximately seven mutations per 
sample. Strong humoral responses have been found in most SARS patients while certain patients are 
completely asymptomatic. Sera from recovered SARS-2 patients could be used to treat newly infected 
individuals and passive transfer immune serum can prevent replication confirming the protective nature of 
the anti-SARS-CoV-2 serum Abs. 

A doubt arises whether T cell memory can form following SARS-CoV-2 infection or vaccination. 
Vaccination trial data will help us get to know this but the early data from recovered patients are encouraging 
as the memory CD4+ T cells and CD8+ cells were detected in 100% and 70% of patients recovered 
respectively. 

Further, defining how T cell memory forms in patients who experience mild symptoms of COVID-19 versus 
severe disease will be important and significant in finding various progressive inputs going on for vaccine. 

Moreover, the five clades detected in Odisha 19A, 19 B, 20A, 20B, 20C 

19B clade was found to be more prevalent (17 per cent) in analyzed samples as compared to other clades 
reported so far in the country.  The phylogenetic analysis of various reports showed that clades 20A and 20B 
evolved quite rapidly and are major source of disease transmission. Whereas 20C strain is rarely detected and 
appeared to be less adapted or somehow contracted at early stages of infection .These findings are thus 
showing the mutating types of the virus making it more fascinating to hold more findings how each clade 
type responds and thus, the data of such T cell immune responses and detection of further details and 
symptoms of patients of each clade type will further give an important implication for developing SARS 
vaccines. 

Ageing affects T cell repertoire diversity, both for CD4
+
 T cells

 
and for CD8

+
 T cells. Advanced age can also 

be associated with T cell senescence, which perhaps contributes to ineffective responses to infections
. 
Older 

patients experience more severe lymphopenia during COVID-19 although it is not clear whether ageing-
associated lymphopenia is causal to disease severity or vice versa. 

Men with COVID-19 have higher rates of hospitalization and mortality than women, and among severe cases 
of making the role of sex hormones in regulating immune responses. Thus , giving another aspect to study 
while making vaccines related to sex and T cell responses. Thus ,the precise role of T cells in driving the 
coagulopathies or inflammation that are characteristic of severe COVID-19 in patients with cardiovascular 
co-morbidities is unclear. 

Therefore , the research of T cells in relation to these aspects will help get a clearer and long term vaccine 
which would be according to the specified immune responses of the individual. 
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(SOURCE: Raghav et.al,2020) 

CONCLUSION 
This war with COVID -19 still has miles to finish thus, we are the ones who can minimize infection rate and 
help in flattening the curve  by various protective measures. Extensive research in understanding the 
differentiation of antibody clonality of both infected and non – infected subjects will further give an insight 
to further predict this dangerous host’s adaptations, mutations , transmission and pathogenicity. Further 
,research in the following will further accelerate the SARS-2 vaccine effectiveness by following 

Quantification and characterisation of memory CD4+ and CD8+ T cells which will help in the perfect 
mapping of various immuno-dominant traits of SARS-CoV-2 . 

Analysing sub-population or various clade based T cell immuno-responses. 

The vaccine if released also will show many variations related to its effectiveness and the ride for a faster 
vaccine is a necessity but a qualitative approach is more important as it will lead to its proper implicative 
approach of winning against this long time war against SARS-CoV-2 or COVID-19. 
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INTRODUCTION 
The name Danio is derived from the Hindi word Dhan which means paddy. The use of zebrafish (Danio 
rerio) as a model organism began in the 1960s.The name Zebrafish comes from the blue stripes that run 
horizontally on each side of their bodies. Zebrafish (Danio rerio) are small, tropical freshwater fish that are 
part of the minnow family. 

Danio rerio was first described by Francis Hamilton, a surgeon with the British East India Company 
stationed principally in West Bengal at the beginning of the nineteenth century. He published an account of 
the fishes found in the river Ganges and its branches in 1822 that included ten Danio species. 

They are popular aquarium fish as they are robust and hardy, as well as pretty on the eyes. They are often the 
most abundant fish in the waters they inhabit. They are native to South Asia (Nepal, India, etc). 

 
Fig 1- Zebrafish (Danio rerio) 

 
Fig 2- Zebrafish (Danio rerio) in a watch glass 

Classification of zebrafish (Danio rerio) 

 Kingdom:Animalia 

 Phylum: Chordata 

 Class: Teleostei 

 Subclass: Actinopterygii 

 Order: Cypriniformes 



 

Recent Research Trends in Management and Social Science 

245 

 Family: Cyprinidae 

 Genus: Danio 

Zebrafish characteristics (Appearance and Morphology) 

The zebra fish is about 2.5 cm to 4 cm long. In its larval stages it is transparent which allows researchers to 
easily examine the development of internal structures. 

In addition to a moderately elongated body that gives them the classic fish shape, zebrafish have a mouth that 
forms slightly upwards and a dorsally compressed head. They lack oral teeth (on their jaws) but Zebrafish 
have teeth attached to their fifth brachial arch consisting of a dentine layer, an enamel coating as well as a 
pulp core. 

Zebrafish also have two pairs of skin sensory appendages known as barbels. These include the rostal (nasal) 
barbels that extend to the orbit's anterior margin and the long maxillary barbels on either side of the mouth 
that act as taste buds and are also used to search for food. 

Although zebrafish are generally silvery white in color, they have about 5 horizontal lines (blue in color) on 
either side of their body extending to the caudal fin. Moreover, the upper (dorsal) part and belly part may 
appear pale yellow in color causing some Zebrafish to appear more golden. 

Some of the pigments that give Zebrafish their color include: 

1. The dark blue melanophores - Responsible for the blue stripes 

2. Iridescent iridophores 

3. Gold xanthophores - Gives the pale yellow color of the dorsal and belly part of the fish 

DIET 

As they are omnivorous organisms, they only feed on a range of organisms such as various plant matters in 
their environment and insects, worms and zooplankton. The majority of insects identified in these studies 
were aquatic species, or aquatic larval forms of terrestrial species, particularly dipterans. 

It has been suggested that zebrafish may have some value in mosquito control. The high proportion of 
planktonic items in their diet indicates that zebrafish feed primarily in the water column, however, terrestrial 
insects and arachnids are also consumed, suggesting surface feeding. 

 
Fig 3- Zebrafishes in aquarium in laboratory 

The difference between male and female zebrafish 

2. Males are slender and torpedo-shaped usually with a pink or yellow tinge. 

3. Female zebrafish tend to be larger in size with a rounded belly (whitish in color) male zebrafish are 
more slender with a golden appearance on their belly 
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4. Females tend to be less pink than the males and are fatter due to the eggs they carry sequence of the 
zebrafish was published in 2013. 

5. Males also have a golden appearance on their pelvic and ventral fin. 

6. Females (adult) have a small genital papilla located in front of the anal fin. 

 
Fig 4 and 5-Male and female zebrafish 

SEXUAL SELECTION 

Female zebrafish prefer the odor of unrelated males to unfamiliar brothers. In the zebrafish mating system, 
the two mechanisms of sexual selection, male male competition and female preference, may operate in 
opposition. 

If females do not prefer dominant males, their preferences may undermine the ability of dominant males to 
monopolisematings. Further, competition among males for mating opportunities may be balanced by similar 
competition among females 

Although zebrafish have no economic importance as a source of food, they have become increasingly 
important in research studies as model systems through which researchers are trying to understand the 
genetic and neurological behavior. As such, they are particularly important in developmental biology, 
biomedicine and neurophysiology are model organisms. 

Zebrafish genome compared to human 

Zebrafish have 25 chromosomes and their genome consists of about 1.5 x 10 billion basepairs, compared 
with mammalian genome sizes of about 3 x 10 billion base pairs. This is rather incredible as they are such a 
small organism compared to many of the mammalian organisms out there. 

Genetic mutations in human beings have been associated with various conditions. However, a researcher 
may wish to determine whether any loss of function of the gene does indeed cause a condition observed in an 
individual.To do this, a similar gene is mutated in the fish (zebrafish) to observe the outcome. In some cases, 
the mutated gene in the human being with the condition may be introduced into the DNA of the fish. 
Through such genetic studies, it would be possible to learn more about the condition and thus how to 
proceed. 
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Given that zebrafish are able to produce many offspring, this presents a significant advantage in that many 
zebrafish can be used in the study to determine the percentage of organisms that may have benefited from the 
treatment. 

A number of human diseases have been successfully modeled in zebrafish, these include: 

4. Duchenne muscular dystrophy 

5. Human melanoma 

6. Human neurodegenerative diseases 

Although zebrafish have many advantages for modeling human diseases, some of the disadvantages include: 

1. They lack mammalian organs because they are not mammals (e.g., lungs and mammary gland etc) 

2. Some of the diseases caused by orthologous genes vary significantly between fish and human beings. 

3. The genome of zebrafish contains many gene duplications. This has been shown to result in 
subfunctionalization and neofunctionalization. 

 
Fig 6- Zebrafishes in beaker in laboratory. 

USE OF ZEBRAFISH IN RESEARCH 

Zebrafish have a number of characteristics that have made them some of the most ideal organisms for 
research purposes in fields of genetics, developmental biology, and neurophysiology among others. 

As a vertebrate, the zebrafish has the same major organs and tissues as humans. Their muscle, blood, kidney 
and eyes share many features with human systems. Zebrafish have the unique ability to repair heart muscle. 
For example, if part of their heart is removed they can grow it back in a matter of weeks. Scientists are 
working to find out the specific factors involved in this process to see if this will help us to develop ways of 
repairing the heart in humans with heart failure or who have suffered heart attacks. 

Apart from the fact that zebrafish share much of their genome with human beings, some of the other facts 
that make them ideal for research studies in genetic manipulation include: 

1. They lay many eggs which is ideal for research studies 

2. They can be easily bred in the laboratory with all the necessary material and other equipment 

3. They are not expensive to breed and maintain 

4. The transparent larvae of zebrafish allow for easier imaging of their neuronal structure and function (of 
live organisms) 

5. Compared to other research subjects like mice, adult zebrafish prefer to be housed together in groups 
and thus consume less space 

6. Eggs are released and fertilized externally thus making it easier to study or manipulate from this early 
stage. 
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CONCLUSION 
The research mentioned in this review on zebrafish as an biomedical organism is focused on zebrafish 
(Danio rerio) appear to be primarily a floodplain species, inhabitingshallow ponds and ditches or the slower 
reaches of streams. Theyare an abundant species and are among the smallest fish speciesThatare widely 
utilized as a model species for neuroscience research, they alsopossess several qualities that make them 
particularly useful for studying stress and anxiety-related behaviors. 

As previously mentioned, zebrafish share a significant about 70 percent of human genes can be found in 
zebrafish. 

Based on this understanding, studying the genetic material of zebrafish can better help understand various 
diseases and conditions in human beings and even possibly discover how to treat such diseases and it 
becomes possible for researchers to test new drugs on the fish and determine whether they would work on 
human beings. 
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Abstract 
Flavonoids are a large and diverse group of polyphenolic compounds with antioxidant effects, and onion 
(Allium cepa L.) is one of the richest sources of dietary flavonoids. Flavonoid content is affected by 
endogenous factors—genotype and agro-environmental conditions. Considerable research has been directed 
toward understanding the nature of polyphenols in different products and the factors influencing their 
accumulation. This review examines the impacts of pre- and postharvest factors on onions’ flavonoid 
content, highlighting how this knowledge may be used to modulate their composition and the potential use of 
onion by-products. 

Keywords:- (polyphenols,  plant foods , Allium cepa,  preharvest factors , harvest handling, genotype). 

Introduction 
Phenolic compounds are responsible for the major organoleptic characteristics of plant-derived foods and 
beverages, particularly color and taste properties, and they also contribute to the nutritional qualities of fruits 
and vegetables [1, 2]. 

Plants present diverse defense mechanisms, including physical and chemical barriers. Phenolic compounds 
are particularly abundant and play an important role in both strategies, as monomers for the synthesis of 
lignin and as chemical agents. Flavonoids are one of the most relevant secondary compounds in plants and 
currently more than 9000 being identified [3]. A most significant function of the flavonoids, especially the 
anthocyanins, together with flavones and flavonols as copigments, is their contribution to flower and fruit 
colors. This is important for attracting pollinators and seed-dispersing animals. Phenolics may influence the 
competition among plants “allelopathy.” They act in plant defense mechanisms against herbivores or 
pathogens, contributing to the disease resistance mechanisms in plants, and act as supporting materials of cell 
walls as photoprotectors against UV radiation and plant-microbe symbiosis and involved in the repair of 
wounds and contribute to healing by lignifications of damaged areas. Stress conditions such as excessive UV 
light, wounding, or infection induce the biosynthesis of phenolic compounds [66, 67]. 

Plants composition can be affected by pre-harvest factors, including genotype (cultivar and variety), maturity 
at harvest and tissue distribution, and exogenous factors, including climate, soil micro-environment, and pest 
and disease attack [4, 5]. Environmental factors have a major effect on polyphenol content. These factors 
may be pedoclimatic (soil type, sun exposure, and rainfall) or agronomic (culture in greenhouses or fields, 
biological culture, hydroponic culture, fruit yield per tree, etc.). With the current state of knowledge, it is 
difficult to determine for each family of plant products the key variables that are responsible for the 
polyphenol variability. A huge amount of analysis would be required to obtain this information [10]. 

This paper reviews recent literature on the main factors affecting the flavonoid content in onion, as well as 
different approaches aiming to increase the accumulation of these compounds in onions, which provide an 
added functional value. 

Occurrence and identity of flavonoids in onions 
Onion has been reported as one of the major sources of dietary flavonoids in many countries [6–9], 
contributing to a large extent to the overall intake of flavonoids [10, 11]. Two flavonoid classes are mainly 
found in onion, the anthocyanins, which impart a red/purple color to some varieties, and flavonols such as 
quercetin and its derivatives, responsible for the yellow and brown skins of many other varieties (see Table 
1). 

Flavonols are the most ubiquitous flavonoids in onions. At least 25 different flavonols have been 
characterized in onion, being quercetin derivatives the most important ones in all onion cultivars [11]. 
Quercetin 4′-glucoside and quercetin 3,4′-diglucoside are reported as the main flavonols in onions, 
accounting for about 80–95% of total flavonols [12–26]. 
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The quantitative content of anthocyanins in some red onion cultivars has been reported to be approximately 
10% of the total flavonoid content or 39–240 mg kg−1 FW [11]. In red onions more than 50% of 
anthocyanins are cyanidin glucosides non-acylated or acylated with malonic acid. Delphinidin and petunidin 
do not have malonyl derivatives in detectable amounts, indicating that the presence of malonylated 
derivatives seems to occur only in the cyanidin derivatives [27]. Some of these pigments facilitate unique 
structural features like 4′-glycosylation and unusual substitution patterns of sugar moieties. Altogether at 
least 25 different anthocyanins have been reported from red onions, including 2 novel 5-
carboxypyranocyanidin-derivatives [28]. 

Flavonoids comprise a generous portion of the total antioxidant activity in onions [29]. Elhassaneen and 
Sanad [30], in a study with Egyptian onion varieties, concluded that phenolic compounds, particularly the 
flavonol quercetin, beside other factors including selenium and sulfur-containing amino acids, play the major 
role in the antioxidant activity of onion bulbs. 

Approaches for the accumulation of antioxidant flavonoids in onions 
Flavonoids play a lot of roles in plant physiology, mainly related to plant resistance [31, 32], in defense 
mechanisms against herbivore and pathogen attacks, UV radiation protection, plant-microbe symbiosis. They 
contribute, as copigments, to flower and fruit colors, especially the anthocyanins, flavones, and flavonols 
[33], important plant characteristic for attracting pollinators or seed-dispersing animals and allelopathy [34]. 
Flavonoids have also been shown to modulate transport of the phytohormone auxin [35] as well as the levels 
of reactive oxygen species (ROS) [36]. 

Thus, the strategies applied to obtain plant foods with higher level of flavonoids, increasing their functional 
value, must be based on the manipulation of interacting factors (genetic, environmental conditions, and 
agronomic practices) that are known to affect their content [4, 129]. 

The great challenge, due to the vast variables involved (intraspecific chemodiversity, genetic and ontogeny, 
postharvest, and biotic and abiotic factors) [129], is the implementation of a large-scale and low-cost suitable 
production systems to obtain onions rich in flavonoids with the maintenance of balance between 
phytochemical content and agro-production. An interdisciplinary overview and data collection, analysis, and 
evaluation of scattered data regarding the diverse factors involved in the optimization of plant production and 
postharvest and processing management are fundamental [37]. 

The plant needs to recognize the agro-environmental stimuli , which is dependent on the sensitivity of organs 
and tissues and influences the metabolic response, depending on the gene expression transcribed to 
functional enzymes. Then, metabolic channeling may induce the accumulation of the target product. The 
agronomic activities, including climate modeling, modifying secondary metabolism, and the correspondent 
bioactive compound produced, may change plant physiological activity and affect their development and 
productivity . 

Occurrence and identity of flavonoids in onions 
Onion has been reported as one of the major sources of dietary flavonoids in many countries [6–9], 
contributing to a large extent to the overall intake of flavonoids [10, 11]. Two flavonoid classes are mainly 
found in onion, the anthocyanins, which impart a red/purple color to some varieties, and flavonols such as 
quercetin and its derivatives, responsible for the yellow and brown skins of many other varieties . 

Flavonols are the most ubiquitous flavonoids in onions. At least 25 different flavonols have been 
characterized in onion, being quercetin derivatives the most important ones in all onion cultivars [11]. 
Quercetin 4′-glucoside and quercetin 3,4′-diglucoside are reported as the main flavonols in onions, 
accounting for about 80–95% of total flavonols [12–26]. 

The quantitative content of anthocyanins in some red onion cultivars has been reported to be approximately 
10% of the total flavonoid content or 39–240 mg kg−1 FW [11]. In red onions more than 50% of 
anthocyanins are cyanidin glucosides non-acylated or acylated with malonic acid. Delphinidin and petunidin 
do not have malonyl derivatives in detectable amounts, indicating that the presence of malonylated 
derivatives seems to occur only in the cyanidin derivatives [27]. Some of these pigments facilitate unique 
structural features like 4′-glycosylation and unusual substitution patterns of sugar moieties. Altogether at 
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least 25 different anthocyanins have been reported from red onions, including 2 novel 5-
carboxypyranocyanidin-derivatives [28]. 

Flavonoids comprise a generous portion of the total antioxidant activity in onions [29]. Elhassaneen and 
Sanad [30], in a study with Egyptian onion varieties, concluded that phenolic compounds, particularly the 
flavonol quercetin, beside other factors including selenium and sulfur-containing amino acids, play the major 
role in the antioxidant activity of onion bulbs. 

Approaches for the accumulation of antioxidant flavonoids in onions 
Flavonoids play a lot of roles in plant physiology, mainly related to plant resistance [31, 32], in defense 
mechanisms against herbivore and pathogen attacks, UV radiation protection, plant-microbe symbiosis. They 
contribute, as copigments, to flower and fruit colors, especially the anthocyanins, flavones, and flavonols 
[33], important plant characteristic for attracting pollinators or seed-dispersing animals and allelopathy [34]. 
Flavonoids have also been shown to modulate transport of the phytohormone auxin [35] as well as the levels 
of reactive oxygen species (ROS) [36]. 

Thus, the strategies applied to obtain plant foods with higher level of flavonoids, increasing their functional 
value, must be based on the manipulation of interacting factors (genetic, environmental conditions, and 
agronomic practices) that are known to affect their content [4, 129]. 

The great challenge, due to the vast variables involved (intraspecific chemodiversity, genetic and ontogeny, 
postharvest, and biotic and abiotic factors) [129], is the implementation of a large-scale and low-cost suitable 
production systems to obtain onions rich in flavonoids with the maintenance of balance between 
phytochemical content and agro-production. An interdisciplinary overview and data collection, analysis, and 
evaluation of scattered data regarding the diverse factors involved in the optimization of plant production and 
postharvest and processing management are fundamental [37]. 

The plant needs to recognize the agro-environmental stimuli (see exogenous factors in Table 3), which is 
dependent on the sensitivity of organs and tissues and influences the metabolic response, depending on the 
gene expression transcribed to functional enzymes. Then, metabolic channeling may induce the 
accumulation of the target product. The agronomic activities, including climate modeling, modifying 
secondary metabolism, and the correspondent bioactive compound produced, may change plant 
physiological activity and affect their development and productivity 

Approaches based on endogenous factors 
Research on genetics and plant metabolism has started, in the last years, to become interested in crop 
development with enhanced phytochemical concentrations. Although the genetic impact seems to be greater 
than the external factors, the synergistic effect of genetics with specific agronomic approaches could have a 
stronger capacity on improving certain phytochemicals. However, it is extremely complex to implement 
preharvest strategies to maximize the biosynthesis of specific phytochemicals and simultaneously maintain 
the level of productivity and other qualitative parameters of the products. Progress toward understanding the 
impact of key strategies will allow their integration into sustainable agricultural production systems aimed to 
alter the content and/or profile of phytochemicals in new crop varieties 

Cultivar selection 
Onion flavonoid content is highly explained by genetic factors [15], probably due to the diversity of onion 
cultivars, hybrids, and open pollinated. The genetic makeup of the onion varieties needs to be factored in 
when differences in flavonoids content and antioxidant activity are considered [29, 134]. 

Lee and Mitchell [40] studied six commercial onion varieties in which quercetin content ranged up to 18-fold 
between 93 and 1703 mg/100 g DW. The highest level has detected in a yellow, early, and long-day variety 
“milestone.” 

The flavonoid profile affects the color of onion bulbs. Red cultivars generally contain higher total flavonoid 
content [11, 20, 30, 41–43], because they are richer in flavonols but also contain anthocyanins, unlike white 
varieties. Dalamu et al. [44] evaluated 34 onion genotypes and verified great variation in total phenolic 
content between white (165.0), pink (702.0 mg kg−1), and red varieties (867.8 mg kg−1) which means an 
overall more than fivefold variation. Red onions, with highest levels of phenolics, also have about three 
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times higher antioxidant activity than white onions. The quercetin content in these 34 genotypes ranges from 
22.0 to 890.5 mg kg−1. The largest variation occurred in yellow cultivars [11]. Patil et al. [45], in a study 
with 55 cultivars of yellow onions, verified a variation from 54 to 286 mg kg−1 FW in quercetin content. 
Grzelak et al. [12] also reported differences between three yellow onion varieties in flavonol glucosides and 
total flavonol content but no statistical differences between harvest seasons. 

Quantitative data compilation presented in Tables 1–3 indicates a great diversity in flavonoid content among 
the cultivars surveyed. Total phenolic content in onion genotype seems to present a definite hierarchy, 
highest in red and lowest in white. In contrast, Crozier et al. [46] reported the opposite but only for quercetin; 
they found only 201 mg kg−1 of quercetin in edible parts of red onion but much higher quercetin amount in 
white onions (185–634 mg kg−1). Marotti and Piccaglia [15] also found higher levels of total flavonoids in a 
golden variety “Dorata Density,” in relation to other different color varieties (including red onion). 

There are many reports in the scientific literature on how resistant cultivars of different crops contained more 
phenolic compounds than susceptible ones suggesting that these compounds play an important role in the 
defense mechanism [47, 48]. Lachman et al. [49] found different profiles in polyphenol content between 
susceptible and resistant onion cultivars. Yang et al. [29] concluded that onion varieties, which have strong, 
bitter, and pungent flavors and high sugar contents, exhibited higher antioxidant and antiproliferative 
activities. Vågen and Slimestad [50], in 15 cultivars studied, also detected a positive correlation between 
pungency, amounts of fructooligosaccharides (FOS) and flavonols, and the highest Trolox equivalent 
antioxidant capacity (TEAC) values. 

Okamoto et al. [51] reported differences in quercetin content between short-day and long-day onion 
cultivars. The long-day cultivars from Northern Europe and their close relatives contain higher 
concentrations of quercetin glucosides than those of Japanese and North American. In long-day cultivars, 
total quercetin content was higher than in short-day cultivars being independent of the growing origin [51, 
52]. 

Tissue selection 
Although flavonoids are derived from the same biosynthetic pathway, they accumulate differentially in plant 
tissues, depending on the developmental stage and the environmental conditions, since they fulfill different 
physiological functions [53]. The plant prioritization defense strategy to allocate defense compounds to the 
most valuable tissues can explain why young leaves have more phenolics than mature leaves. Tissues such as 
skin scales, with protective function, appear to have the same strategy. Similarly, ontogenetic changes in 
defensive allocation in seedling and juvenile plants may also be an evolutionary response to herbivore at this 
particularly susceptible stage of a plant’s life cycle [54]. 

The outer onion skin-dry peel scales have more total flavonoids than the edible flesh scales [27, 55, 56]. 
Hirota et al. [57] found that outer scales and the upper portions of the edible scales had higher levels of 4′-
Qmg and 3,4′-Qdg and Qag than lower (internal) scales. 

The flavonol glucoside hydrolysis during the peel formation can explain why aglycones are the main 
flavonoids present in the peel [22, 58]. Quercetin is concentrated in the dry skin of most onions where its 
oxidation products, 3,4-dihydroxybenzoic acid, and 2,4,6-trihydroxyphenylglycosilic acid impart the brown 
color and provide the onion bulb protection from the soil microbial infection [58, 59]. Bilyk et al. [55] 
observed that as much as 53% of the total quercetin in onion skin was present as aglycon, occurring great 
differences between dry skin and edible scales. The dry skin of onion bulbs of red and pink varieties is richer 
in flavonols and anthocyanins, mainly in aglycon forms. In red onion, the dry skins contain ~63% of total 
anthocyanins present in bulb. It means that only 27% of the total anthocyanins will be consumed after bulb 
peeling [27]. 

Slimestad and Vågen [60], in edible scales, detected higher quantities of flavonols and fructose and 
simultaneously the highest antioxidant capacity in the outer fresh scales. An abrupt drop in flavonol quantity 
occurred from the first to the second scale, followed by a slight decrease further inward. Grzelak et al. [12] 
also reported that outer edible fresh scales of the bulb have threefold of mono- and diglucosides of quercetin 
and isorhamnetin than inner scales. Outer scales of triglycosides have ca. 1.5-fold greater in the middle 
scales. A graduated decrease in flavonoids, from the first to the seventh scale, was also observed in onion 
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bulb [61]. Inversely to other authors, Beesk et al. [62] verified the following distribution order in scales of 
the flavonoid content: middle layers > outer scales > inner layers. Qdg was the major flavonoid in the inner 
layers, Qdg and Qmg were in equal amounts in the middle layers, and quercetin was the major flavonoid in 
outer scales followed by Qmg. Trammell and Peterson [63], considering vertical distribution, found that the 
flavonoid is presented in higher amounts (by twofold) in top than bottom (disk) of the bulbs. A two- to 
threefold increase in concentration from the center of the bulb outward is observed in a horizontal bulb 
distribution. The least pigmented line showed a 17-fold increase and had 56% of its total flavonols in the 
outer scale compared with about 30% for the other lines. Mogren et al. [64, 65] and Lee et al. [61] reported 
comparable gradient in total quercetin composition in the edible onion scales indicating that 90% of total 
flavonols are in epidermal tissue. Parenchymous storage tissue, the bulk of a bulb, only contains around 10% 
of the total pigment. It follows that any factors which modify the ratio of epidermal to storage tissue scale, 
including thickness, could indirectly change gross flavonol concentration. 

In onion, quercetin concentration does not appear to be affected by bulb size or weight, and small bulbs 
contain the proportional quercetin concentration as larger bulbs [45]. Mogren et al. [64] obtained results that 
showed minor or no differences in quercetin glucoside content among small-, medium-, or large-sized 
onions, although Lee et al. [61] and Pérez-Gregorio et al. [20] detected higher flavonoid content in small 
onions than in large ones . 

Approaches based on exogenous factors 
In addition to genetics, other factors can affect the onion bulbs’ flavonoid contents, mainly related with 
pedoclimatic conditions, agronomic practices, and postharvest handling and processing. Being secondary 
metabolism an integral part of the plant capacity to adaptation to the surrounding environment, it is not 
surprising that these factors can modulate its phytochemical profile. 

As polyphenolic compounds are part of a complex defense mechanism of plants, environmental stress factors 
such as pests and diseases, ozone and UV light, cold, and nutritional stress can induce their biosynthesis [66, 
67]. Therefore, regulating environmental stresses provides an opportunity to enhance the flavonoid content 
of plants. Nevertheless, because of their potential adverse effects on crop growth, yield, and even in 
commercial quality (sensorial attributes), such approach should be considered with caution. 

Treutter [38] made a compilation of agricultural technologies influencing the biosynthesis and accumulation 
of phenolic compounds in plants, including remarks on the effects of temperature light, mineral and organic 
nutrition, water availability and moisture stress, grafting, atmospheric CO2, growth and differentiation of the 
plant and application of stimulating agents, elicitors, and plant activators. 

Soil nutrient status 
Accumulation of phenolic compounds in plant can be influenced by mineral, being a limited nitrogen supply 
generally linked with higher levels of phenolics [10]. This reaction can be explained by the activity increase 
of phenylalanine ammonia lyase (PAL) enzyme to obtain ammonia from phenylalanine, as a source of 
nitrogen for amino acid metabolism. Cinnamic acid, as a result of the deamination process, is also released 
and further incorporated into the phenylpropanoid synthetic pathway, increasing the phenolic synthesis [68]. 
On the other hand, nitrogen limitation will affect photosynthesis, decreasing chlorophyll availability and 
disrupting photosynthetic membranes due to starch accumulation, which can explain the increased sensitivity 
to light intensity. Synthesis of photoprotective pigments such as anthocyanins and flavonols may give 
protection against light-induced oxidative damage [69]. 

Patil et al. [70] observed higher amounts of quercetin in onions growing under nitrogen limitation in both 
clay and sandy loam soils. Despite this, the location of growth, more than soil type or growth stage, is a key 
environmental factor for quercetin levels in onion. 

Mogren et al. [64, 65, 71] compared diverse applications of organic fertilizers, and it was found that the 
nitrogen fertilization did not affect the yield or quercetin glucoside content in the onion. Additionally, it did 
not find significant differences between onions with or without nitrogen fertilization in quercetin glucoside 
content. High levels of nitrogen (80 kg ha−1) do not improve yield or quercetin glucoside levels in the 
onions. Thus, it is preferable to fractionally apply small amounts of nitrogen fertilizers because it reduces the 
risk of leaching of mineral nutrients without reducing the crop yield or quercetin content of onion bulbs. 
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Perner et al. [72] studied the effect of mycorrhizal colonization and different ammonium/nitrate ratios as 
nitrogen fertilizer on onion yield and nutritional characteristics. It was concluded that the organosulfur 
compounds, quercetin glycosides, and antioxidant activity can be increased in suitably supplied onion plants 
if nitrate is dominant. Quercetin glycosides and antioxidant activity are also increased with mycorrhizal 
colonization. This was possibly due to amplified precursor production and induced defense mechanisms. 

As these compounds are produced as part of plant defense mechanisms against stress factors, water 
availability and regulated deficit irrigation might also modulate metabolic pathway and considerably affect 
plant phenolic composition [4]. Mohamed and Aly [163] observed that seawater salt stress causes a reduction 
in the total phenolic compounds. 

Light 
The intensity, quality, and photoperiod of light (sunlight spectrum and proportion of ultraviolet and the 
red/far-red ratio) are the main environmental factors affecting the flavonoid synthesis. The regulation of 
expression of several genes that encode the activity of enzymes participating in the phenylpropanoid 
pathway such as cinnamate 4-hydroxylase (C4H) or PAL, is affected by light conditions during plant 
development and storage, playing an important role in the phenolic compounds [1]. 

Flavonoids protect against UV radiation and accumulate mainly in the epidermal cells of plant tissues [73]. 
However, the response to UV radiation, of various plant species, can vary substantially in terms of flavonoid 
synthesis [67]. The synthesis of specific flavonoids and other phenolics can be differently regulated in 
response to UV light depending of plant species, and the contribution to UV stress protection can vary 
between phenolics [74]. Light stimulates flavonoid synthesis, particularly anthocyanins and flavones, being 
PAL the major inducible enzyme [66, 75]. 

The levels of quercetin glucosides in the external dry skins, exposed to light, are less than 10% of the levels 
in fleshy and partly dried scales. The probable mechanism is that quercetin is formed by deglucosidation of 
quercetin glucosides on the border between drying and dried brown areas on individual scales [57, 76]. 

In the end of onion bulb growth, the global radiation seems to be one of the major determinants on quercetin 
glucoside content [17–20, 23, 25]. Mogren et al. [64] observed that the lower the global radiation in the last 
month of bulb growth, the lower the content of quercetin. Postharvest treatment of onion bulbs with UV light 
or fluorescent light lamps can induce quercetin production [77]. Exposure of onion bulbs to fluorescent light 
for 24 and 48 h induced time-dependent increases in the flavonoid content [61]. 

Organic versus conventional production 
Manach et al. [10] verified that vegetables produced by organic or sustainable agriculture contain higher 
polyphenol content than vegetables grown in conventional production or hydroponic systems. Two main 
hypotheses have been proposed to explain the potential increases in polyphenol compounds in organic versus 
conventional production of vegetables. One hypothesis considers the influences of nutrient management and 
fertilizer application on plant metabolism. Synthetic fertilizers, used in conventional agriculture, normally 
present higher availability nitrogen that may accelerate plant growth more than organic fertilizers. 
Consequently, plant resources are allocated mainly for growth, and the plant tends to invest less in the 
production of secondary metabolites such as amino and organic acids and polyphenols. The second 
hypothesis considers the plant reactions to biotic stress such as pests and diseases and weed competition. 
Organic production methods, which limit the use of agrochemicals such as insecticides, herbicides, and 
fungicides, may induce greater stresses on plants that tend to allocate more resources toward the synthesis of 
their own chemical defense compounds [161]. 

Ren et al. [78] detected 1.3–10.4 times higher levels of flavonoids, quercitrin, caffeic acid, and baicalein and 
in various organic vegetables onion than conventional, suggesting the influence of cultivation techniques. All 
green vegetables tested also had greater antioxidant activity in organic production. 

Grinder-Pedersen et al. [79] verified differences in quercetin levels between organic and conventional 
onions, but because different cultivars in the two different production systems were studied, it cannot be 
ruled out that the differences were due to cultivar (genetic factor). 
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Mogren et al. [80] did not find significant differences on quercetin glucoside levels between onions 
organically produced and onion treated with chemical fertilizers. The conclusion could be that the nitrogen 
source, organic or inorganic, and the absence of chemical fungicides seemed to have no effect on quercetin 
biosynthesis. 

Faller and Fialho [81] suggest that the effect of organic practices results in different effect patterns according 
to the plant species analyzed, with fruits being more susceptible to the induction of polyphenol synthesis than 
vegetables. Organic onion pulp had higher antioxidant capacity than conventional [81]. 

Søltoft et al. [82] also did not find significant differences in the flavonoid level between organic and 
conventional onions. 

In Lee et al. [83] study the organic onions usually start bulbing later than conventional onions because of 
black plastic film and delayed nitrogen mineralization. That might be an important cause of the lower level 
of phenolics in organic onions. 

Chemical treatments 
Herbicide and, to a lesser extent, insecticide and fungicide application can also affect the synthesis of 
phenolic compounds in plants. Diphenyl ethers (e.g., acifluorfen) act as herbicide mainly by oxidative 
damages (singlet oxygen of protoporphyrin). Plants, when treated with herbicides, as a possible defensive 
reaction to the oxidative damages, increase the PAL synthesis and produce more flavonoids. The risks of the 
combined natural and pesticide-induced modulating effects on human health and environmental protection 
should be evaluated [84]. Kamal et al. [85] observed that onion plants treated with di-potassium phosphate 
and benzothiadiazole (Bion) presented significantly higher PAL and PO activity and phenolic contents than 
the untreated plants. It was concluded that application of chemical solutions such as di-potassium phosphate 
and benzothiadiazole applied for pathogenic control can enhance phenolic compounds in onion plants [85]. 
But, the risks of the combined natural and pesticide-induced modulating effects on human health and 
environmental protection should be further evaluated [84]. 

Harvest time and postharvest treatments 
Many phytochemicals are synthesized in parallel with the overall development and maturation of fruits and 
vegetables. Therefore, their content in plants can considerably vary with different stages of maturity [10]. 

Total flavonol content increased as spring onion plants matured (226–538 mg/100 g at 14 and 77 days, 
respectively) [86]. In bulbs, harvest date has been reported to have almost no effect to onion bulbs [70]. 

Mogren et al. [71] found that late lifting of onions (80% fallen leaves) leads up to 45% higher concentrations 
of quercetin glucosides compared with early lifting (50% fallen leaves). 

Onions left in the field, to curing, after harvest accumulates more flavonols [70]. Mogren et al. [64] also 
detected a dramatic increase in quercetin glucoside content during field curing (between 100 and 300%, 
during the 10–14 days of curing). Price et al. [21] demonstrated a 50% loss in quercetin monoglucoside 
during the initial curing process. Flavonol and anthocyanin levels in onions cured in the dark were similar to 
those obtained in bulbs cured in the light [23]. Mogren et al. [64] observed that field curing onions presented 
an increase in quercetin content significantly higher compared to the onions stored in dark conditions. 
Removal of the foliage to the bulb, before the process of field curing, did not affect quercetin content, 
suggesting that no transport occurs, in mature bulbs, between the foliage and scales. During field curing an 
increase in quercetin content occurred, particularly when the flavonol concentrations were low at lifting [23]. 

Rodrigues et al. [24] observed that total flavonols increased during storage of onion bulbs, but when stored 
under traditional storage (without controlled temperature) showed higher increases of flavonoid levels than 
those stored under refrigeration. Bulbs stored in the field (at fluctuating ambient temperature) reached higher 
levels of flavonoids (64% maximum) than refrigerated onions (40% maximum). Regarding anthocyanins, 
after 7 months in both conditions (refrigeration and traditional treatment), the whole anthocyanin content was 
reduced to more than 40%. Gennaro et al. [27] also observed a decrease to 64–73% of total anthocyanins in 
onions stored under domestic conditions, which seems to indicate that flavonol glucosides are more resistant 
than anthocyanins during storage. Ethylene accumulated during onion storage can stimulate activity of 
phenylalanine ammonia lyase (PAL), a key enzyme in biosynthesis of phenolic compounds and 



 

Recent Research Trends in Management and Social Science 

256 

accumulation of phenolic constituents [87, 88], and justify the significant increase in flavonols observed 
during storage [24]. Benkeblia [87] reported a positive relationship between PAL activity and total phenolic 
variations in long-term stored onion bulbs. 

The effect of onion bulbs’ storage conditions in the composition of flavonoids was studied by several 
authors. Price et al. [21], apart from a 50% loss of quercetin 4-monoglucoside during the initial drying 
process (after curing at 28°C), observed little change in composition over 6 months of bulbs storage. 
Benkeblia [87] evaluated total phenolics in onion bulb during storage at 4 and 20°C and observed a variation 
in phenolics relatively regular at both temperatures. Lachman et al. [42] observed an increase of total 
flavonoids, especially at higher temperatures, at the end of 36 weeks of storage, in red and yellow onion 
varieties. Gennaro et al. [27] concluded that home storage habits resulted in a decrease to 64–73% of total 
anthocyanins, but degradation is slower when onions are refrigerated. Rodrigues et al. [24] also observed that 
after 7 months of storage, total anthocyanin content was reduced between 40 and 60%. 

Processing 
Onion flavonoid effects of domestic treatments like slicing [89–91], cooking [23, 92], or frozen [19, 93] 
were also studied. Onion products could be processed before consuming, but processing may result in losses 
in those valuable flavonoids. As was already referred, some researches focused on the effect of domestic 
processing techniques such as chopping, shredding, peeling, roasting, cooking, or boiling on flavonoid 
content, and depending on the severity of heat treatment, losses were evident. Furthermore, onion could be 
also industrially processed. Thus, industrial processing not only includes all domestic treatments referred but 
also includes the effect of sanitizing technologies as well as freezing, freeze-drying, dehydration, packaging, 
and stored processes. Through this section how these applications and storage affect the flavonoid content 
and profile will be described. 

Fresh-cut technology 
Fresh-cut fruit and vegetable products hardly increase their presence in the marketplace due to demand by 
the consumer. In the coming years, it is commonly perceived that the fresh-cut food industry will have 
unprecedented growth. However, processors of fresh-cut fruit products face numerous challenges not 
commonly encountered during fresh-cut vegetable processing. The difficulties encountered with fresh-cut 
fruit, while not insurmountable, require a new and higher level of technical and operational sophistication. 
Physical changes resulting of minimally processed food production could induce physiological and therefore 
compositional changes that could affect the final food quality. The effect on flavonoid content of minimally 
processed onion will be discussed in each step of food processing. 

Cutting 
Wounding stress was largely studied as increasing the phenolic content and antioxidant activity of vegetables 
[94–96]. According with Cantos et al. [90], the three most important enzymes related to phenolic 
metabolism, polyphenol oxidase, peroxidase, and phenylalanine ammonia lyase, activity remain unaltered 
after wounding. Reyes et al. [97] further verified that the effect of this stress depends on the type of 
vegetable. In sliced onions, wounding was found to increase phenolic content and antioxidant activity [17]. 

Given the distribution of onion flavonoids in the bulb tissues, the wounding effect is also affected by the 
cutting technology. Hence, generally, the outer leafs contain the highest flavonoid levels, whereas inner 
layers have the lowest amount of flavonoids [17, 98, 99]. The greatest loss was during preprocessing steps 
such as peeling and trimming. Keeping in mind that onion human consumption is limited to edible part, the 
brown outer leafs are not actually being under consideration. As referred, flavonoid distribution was 
described as not homogeneous in edible onion bulb. Hence, the initial flavonoid content and evolution could 
depend on the cutting technique. Overall, trending to increasing the initial flavonoid content was generally 
observed in chopped onion [17] and sliced onion [100]. However onions could be also cut into half onion 
rings, onion rings, diced onions, and julienne strips. Recent studies evaluated the effect of the type of cutting 
in the flavonoid contents [89]. They found that slicing led to greater anthocyanin content in comparison to 
dicing. Another controversy could be extracted from the research about how cutting affects onion flavonoid 
content. Temperature, light presence or absence, and storage time have normally been studied in parallel to 
cut effect. Some authors attribute the only effect of storage time [89], whereas other authors verified 
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differences promoted by temperature changes [17]. Further studies are needed to verify the differences in the 
flavonoid evolution and their mechanisms depending on the tissue analyzed. 

Sanitizing technologies 
Different sanitizing technologies emerged in food science to disinfect fresh-cut food prior to package. Fresh-
cut or minimally processed food has been described by the USDA and FDA like fruits and vegetables cut, 
washed, packaged, and further maintained under refrigeration conditions. Fresh-cut products are therefore 
raw. Even though minimally processed food remains in a fresh state, it could be physically altered from the 
original form. Fresh-cut food is ready to eat or cook, without freezing, thermal processing, or treatments with 
additives or preservatives [101]. Given the nature of fresh-cut products which are not subjected to thermal 
processing, it is necessary to include some sanitizing technologies to maintain the hygienic quality of the raw 
food. Washing is one of the most important processing operations and uses physical and chemical treatments 
to eliminate, or at least reduce, the population of pathogenic and spoilage-inducing microorganisms. 
However, according with Perez-Gregorio et al. [102], the main effect contributing to the loss of flavonols in 
fresh-cut onion slices is their solubility in immersion in water leading to losses from 17 to 23% of flavonoids 
at 4 or 50°C. Despite that sodium hypochlorite is not allowed as sanitizer of fresh-cut vegetables in some 
European countries, it is still the most used for being inexpensive and easy to use and for having a broad 
spectrum of activity [102]. Chlorine can oxidize organic matter in foods or in water, and in the latter case, 
by-products such haloforms and haloacetic acids, which are potentially carcinogenic and mutagenic, can be 
formed [103]. Searching for organic chlorinated products (sodium dichloroisocyanurate, potassium 
dichloroisocyanurate, dichloroisocyanuric acid, and trichloroisocyanuric acid) as alternative sanitizing agents 
gained interest in recent years [104]; nevertheless the antimicrobial efficacy in onions of these sanitizers was 
lower than the others like hydrogen peroxide [105]. It was verified that onion flavonoid content experienced 
a significantly decrease for chlorine, organic chlorine, or hydrogen peroxide treatment [102]. Alternative 
treatment like nisin and citric acid in combination was also tested as sanitizer in fresh-cut onion 
manufacturer. Nisin and citric acid are generally recognized as safe (GRAS) for use as food ingredients [106] 
which is an advantage in the use of nisin and citric acid in the microbial cleaning of fresh-cut onions. Cheng 
et al. [100] verified an increase of total phenolics and antioxidant activity after using niacin and citric acid to 
wash fresh-cut onions. It was therefore highlighted that it might be used as a safe preservative for fresh-cut 
onions, whereas the phenolic content will be improved. Among the chemical methods for controlling 
postharvest diseases, other treatments as UV-C irradiation were assayed. UV radiation in the range of 250–
260 nm is lethal to most microorganisms, including bacteria, viruses, protozoa, mycelial fungi, yeasts, and 
algae and also leads to increase the onion flavonoid content [102]. Other treatments like ozone [107] were 
also used as sanitizer agent; however, no scientific paper has been found to evaluate the effect of this 
treatment in onion flavonoid content. 

Packaging: atmosphere and package material 
As already referred, fresh-cut technology could promote several physiological changes that could induce 
microbial spoilage. Furthermore, color changes, softening, surface dehydration, water loss, translucency, and 
off-flavor and off-odor development are other frequent causes of quality loss in fresh-cut products. The use 
of innovative modified atmospheres as well as edible coatings is nowadays standing out against 
revolutionary techniques to control the food safety; likewise the fresh state was maintained. Even though 
some studies have already demonstrated the effectiveness of these proceedings, more studies are required to 
better keep the minimally processed organoleptic properties. Moreover, further studies about how packaging 
might affect onion flavonoids are still required. Little scientific information is available to better know the 
effect of “ready-to-eat” packaging onion in its flavonoid content. Flavonoid stability was evaluated during 
fresh-cut onion storage in perforated films [108] or polyethylene and polyethylene terephthalate cups [17]. 
Overall, the onions experienced changes in flavonoid content during storage time. Storage conditions like 
light presence or absence, temperature, and storage time marked the onion flavonoid evolution. Hence, 
anthocyanins increase under light but experienced a decrease under dark storage conditions [17]. Moreover, 
the individual flavonoid stability was very different, the malonated anthocyanins being much more stable 
than the corresponding non-acylated pigments [108]. In addition, the arabinosides were shown to be less 
stable than the corresponding glucosides [108]. 
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There is still a gap in the knowledge as how the package material affects the onion flavonoid evolution 
during storage time. It is also necessary to deepen the study of package atmosphere influence or what is the 
best type of package in order to maintain the levels of onion flavonoids 

Cooking: frying, microwaving, baking, and boiling 
The impact of common domestic and technological treatments on flavonoid composition in onions was 
studied [23, 91–93, 109–111]. During technological and culinary treatments, important chemical and 
biochemical reactions occur in onion tissue. Such reactions may have an impact on the flavonoid structure, 
resulting in changes of the bioavailability and activity of these compounds [112]. In general, papers report 
that cooking of onions led to a decrease in total flavonol content, but these losses vary depending on the 
culinary treatment (frying, boiling, roasting, etc.) and on the length of exposure to this treatment. Overall, 
slight conditions did not affect to the flavonol content, but intense treatments cause flavonol losses from 16 
to 30% [23]. Boiling onions led higher losses of quercetin glycosides, which leached to the boiling water 
until 53% in intense treatments [23]. Quercetin degradation was higher for diglucosides than 
monoglycosilated quercetin derivatives, whereas anthocyanins experienced the greater losses under cooking 
temperature exposure [23]. 

Frozen onion 
In addition to ready-to-use vegetables, the trend to find a higher number of preprocessing vegetables is 
increasing in the commercial areas. The modern lifestyle drives to a high consumption not only in minimally 
processed food but also in frozen vegetables that are ready to cook and cheaper than fresh vegetables. Frozen 
storage has also an economic advantage for manufacturers since the wastage of unused products is reduced 
and the shelf life increases. However, the freezing process could affect the food quality, and this is a 
worrisome point for consumers. It is well known that frozen vegetables may have a lower nutritional value 
than their respective commodities. Little knowledge is highlighted about how this technology could affect to 
onion flavonoid content. However few authors concluded that frozen onions lead to an increase of onion 
flavonoid content [23, 113]. This could be a potent strategy to increase the consumption of frozen vegetables 

Dehydrating and freeze-dried onion powder 
Industry often carries out processes based in the food water extraction such us freezing and drying to achieve 
the objective of long-term storage. However, the health-promoting ability and nutritional attributes of fruits 
and vegetables depend on the type of processing employed. Onions can be marketed as powder for cooking 
purposes after drying processes [114]. Drying technological developments are driven by consumer who 
demands for healthy, fresh-like, and convenient food. The trending in consumer demand has increased for 
processed products that are ready to use, cook, and eat but keeping more of their original characteristics. The 
development of operations that minimize the adverse effects of processing is therefore required by an 
industrial point of view. The main concern in food drying is related to a loss of volatiles and flavors, changes 
in color and texture, and a decrease in nutritional value associated with the process. Hence, the effect of 
dehydration on onion quality was studied [115]. Mass production of dried foods is often accomplished 
through the use of convective dryers. This drying process suffers from quality losses regarding color, flavor 
(taste and aroma), and texture, while rehydration is often poor. Freeze-drying process produces the highest-
quality dried food product since the food structure is not damaged during sublimation. Nevertheless the 
freeze-dried process has a strong disadvantage, is much more expensive than convective drying, and is 
therefore only used for the production of a minor volume of high-value products. 

Valorization of onion by-products 
The production of onion worldwide increased by a 25% over the past 10 years, with a production of about 83 
million tons nowadays [116], which makes onions as the second most important world horticultural crop 
after tomatoes. This high level of production gives as a result more than 500,000 tons of onion skin waste 
(OSW) which are discarded within the European Union every year [117]. Therefore, the resulting wastes and 
by-products have become a major problem [118]. They include onion skins, the outer two fleshy scales, and 
roots generated during industrial peeling but also undersized, malformed, or damaged onion bulbs. They are 
not suitable as fodder because of their strong characteristic aroma and neither as an organic fertilizer due to 
the rapid development of phytopathogenic agents such as Sclerotium cepivorum [119]. Their disposal 
commonly involves landfill with high economical costs and important environmental impact [120]. 
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The recovery of valuable phytochemicals with high potential for the pharmaceutical, food, and cosmetics 
manufacturing is of key importance [121]. The onion waste has been identified as a potential source of flavor 
compounds, dietary fiber components, nonstructural carbohydrates like fructans and fructooligosaccharides, 
and flavonoids particularly quercetin glycosides [117, 122]. Most of the studies have been performed at a 
laboratory scale, so further research is necessary in order to scale up these processes to the industry 
requirements, assessing their economical viability. Onion composition is variable and depends on cultivar, 
stage of maturation, environment, agronomic conditions, storage time, and bulb section. 

It is key to know the composition of each industrial onion waste to know its potential health benefits. 
Quercetin 4′-glucoside and quercetin 3,4′-diglucoside are in most cases reported as the main flavonols of the 
flesh, whereas onion skins contain higher concentrations of quercetin aglycon [123, 124]. There is a big 
potential opportunity given the increasing demand of consumers for substituting synthetic compounds by 
natural substances [125]. The presence of these flavonoids in onion products confers them some healthy 
properties. Flavonoids are shown to have antioxidant activity, free radical scavenging capacity, coronary 
heart disease prevention, and anticancer activity. Some flavonoids exhibit potential for antihuman 
immunodeficiency virus functions. Quercetin is known for its anticancer, anti-inflammatory, and antiviral 
activity [126]. Future investigations on the bioactivity, bioavailability, and toxicology of onion product 
phytochemicals [127] and their stability and interactions with other food ingredients [128] should be 
performed and carefully assessed by in vitro and in vivo studies. Functional foods represent an important, 
innovative, and rapidly growing part of the overall food market. 

Conclusion:- 
Phenolic compounds can affect sensory attributes such as color, flavor, bitterness, and texture affecting the 
consumer assessment. The identification of specific compounds in different onion cultivars and agronomic 
practices would lead to a better understanding of the physiological responses to onion consumption [17–20, 
23–25]. This would aid the development of onion production systems that provide an increased health 
benefit [56] and the development of guidelines for the consumption of these compounds. An interesting and 
challenging aspect for future research is to clarify the interactions between genotype and agro-environmental 
factors on the flavonoid composition in onions [129]. 

The production of fresh “functional food” with defined health claims may be favorable for a premium market 
segment. In the future, the minimum quality of plant foods could be defined on the base of their content of 
bioactive components [130]. One of the projects that have been awarded over the years is given below as an 
example of the fruit and vegetables research community [131] to generate successful applications in the calls 
published by the EU Commission: FLAVO is the project for “flavonoids in fruits and vegetables: their 
impact on food quality, nutrition and human health.” The project is centered on fruits widely available to 
Europeans—apple, grape, and strawberry—together with their derivatives. FLAVO aimed to monitor the 
flavonoids in fruits and vegetables and to optimize their beneficial effects. This action was promoted by the 
European Fruit Research Institutes Network (EUFRIN), and a similar project would be desirable for the 
vegetable sector with the support of the European Vegetable Research Institutes Network (EUVRIN) to 
cover areas such as (a) the study of consumer behavior about new products, (b) selection of improved plant 
foods by breeding, (c) the choice of agronomic techniques to maximize flavonoids, (d) knowledge on the 
appropriate dose of flavonoids for beneficial effects, and (e) the dissemination of the results to consumers 
and other stakeholders. 

Reference :- 
https://www.intechopen.com/books/flavonoids-from-biosynthesis-to-human-health/onions-a-source-of-
flavonoids. 
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ABSTRACT 
Hyperthyroidism is a condition where the thyroid gland produces and secretes inappropriately high amounts 
of thyroid hormone which can lead to thyrotoxicosis. There are many different causes of hyperthyroidism, 
and the most common causes include Graves’ disease (GD), toxic multinodular goiter and toxic adenoma. 
The diagnosis can be made based on clinical findings and confirmed with biochemical tests and imaging 
techniques including ultrasound and radioactive iodine uptake scans. This condition impacts many different 
systems of the body including the integument, musculoskeletal, immune, ophthalmic, reproductive, 
gastrointestinal and cardiovascular systems. Management options for hyperthyroidism include anti-thyroid 
medications, radioactive iodine, and surgery. Anti-thyroid medications are often used temporarily to treat 
thyrotoxicosis in preparation for more definitive treatment with radioactive iodine or surgery, but in select 
cases, patients can remain on antithyroid medications long-term. Radioactive iodine is a successful 
treatment for hyperthyroidism but should not be used in GD with ophthalmic manifestations. Recent studies 
have shown an increased concern for the development of secondary cancers as a result of radioactive iodine 
treatment. In the small percentage of patients who are not successfully treated with radioactive iodine, they 
can undergo re-treatment or surgery. Surgery includes a total thyroidectomy for GD and toxic multinodular 
goiters and a thyroid lobectomy for toxic adenomas. Surgery should be considered for those who have a 
concurrent cancer, in pregnancy, for compressive symptoms and in GD with ophthalmic manifestations. 
Surgery is cost effective with a high-volume surgeon. Preoperatively, patients should be on anti-thyroid 
medications to establish a euthyroid state and on beta blockers for any cardiovascular manifestations. 
Thyroid storm is a rare but life-threatening condition that can occur with thyrotoxicosis that must be treated 
with a multidisciplinary approach and ultimately, definitive treatment of the hyperthyroidism. 

Keywords: Hyperthyroidism; Graves’ disease (GD); toxic multinodular goiter; toxic adenoma; surgery; 
radioactive iodine (RAI) 

INTRODUCTION 
Hyperthyroidism is a pathological disorder in which excess thyroid hormone is synthesized and secreted by 
the thyroid gland. Thyrotoxicosis is the clinical condition where the effect of excess thyroid hormone on the 
tissues causes systemic clinical manifestations (Ross DS, Burch HB, Cooper DS, et al. 2016 American 
Thyroid Association Guidelines for Diagnosis and Management of Hyperthyroidism and Other Causes of 
Thyrotoxicosis. Thyroid 2016;26:1343-421. 10.1089/thy.2016.0229 [PubMed] [CrossRef] [Google 
Scholar]). Hyperthyroidism can be overt or subclinical. Overt hyperthyroidism is characterised by low serum 
thyroid-stimulating hormone (TSH) concentrations and raised serum concentrations of thyroid hormones: 
thyroxine (T4 ), tri-iodothyronine (T3 ), or both. Subclinical hyperthyroidism is characterised by low serum 
TSH, but normal serum T4 and T3 concentrations.(De Leo S, Lee SY, Braverman 
LE. Hyperthyroidism. Lancet 2016;388:906-18. 10.1016/S0140-6736(16)00278-6 [PMC free 
article] [PubMed] [CrossRef] [Google Scholar])We do not discuss subclinical hyperthyroidism here, but it 
was recently reviewed in another Lancet Seminar.2 . 

OBJECTIVE 
To discuss the causes of hyperthyroidism, the clinical manifestations and how to diagnose it, and the 
different management options for the most common types of hyperthyroidism, including thyroid storm (TS), 
a rare but serious complication of hyperthyroidism. 

Epidemiology 
The prevalence of hyperthyroidism in the United States is 1.2% with overt hyperthyroidism accounting for 
0.5% and subclinical hyperthyroidism accounting for 0.7%( Wartofsky L. Hyperthyroidism. In: Diseases 
NIoDaDaK. editor. NIDDK. Bethesda, MD: National Endocrine and Metabolic Diseases Information 
Service, 2012. [Google Scholar]). Hyperthyroidism increases with age and is more frequent in women. Data 
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for ethnic differences are scarce, but hyperthyroidism seems to be slightly more frequent in white people 
than in other races.( Garmendia Madariaga A, Santos Palacios S, Guillén-Grima F, Galofré JC. The 
incidence and prevalence of thyroid dysfunction in Europe: a meta-analysis. J Clin Endocrinol 
Metab. 2014;99:923–31. [PubMed] [Google Scholar]).The incidence of mild hyperthyroidism is also 
reported to be higher in iodine-deficient areas than in iodine-sufficient areas, and to decrease after 
introduction of universal salt iodisation programmes.(Vejbjerg P, Knudsen N, Perrild H, et al. Lower 
prevalence of mild hyperthyroidism related to a higher iodine intake in the population: prospective study of a 
mandatory iodization programme. Clin Endocrinol (Oxf) 2009;71:440–45. [PubMed] [Google Scholar]). 

Causes 
The most common causes of hyperthyroidism are Graves’ disease (GD), followed by toxic multinodular 
goiters (TMNG) and toxic adenomas (TA). GD is an autoimmune condition that occurs with the loss of 
immunotolerance causing thyrotropin receptor antibodies (TRAb) to form, bind and subsequently stimulate 
the thyroid stimulating hormone (TSH) receptors. This causes increased thyroid hormone synthesis and 
secretion (De Leo S, Lee SY, Braverman LE. Hyperthyroidism. Lancet 2016;388:906-18. [Crossref] 
[PubMed]). Non-toxic nodular goiters can sporadically develop and become autonomous overtime causing 
hyperthyroidism . These conditions demonstrate autonomous hormone production, which can be from 
mutations of genes that regulate thyroid hormone synthesis or the TSH receptor causing familial and 
sporadic non-autoimmune hyperthyroidism . The prevalence of TAs and TMNGs increases with age and 
iodine deficiency (Gozu HI, Lublinghoff J, Bircan R, et al. Genetics and phenomics of inherited and sporadic 
non-autoimmune hyperthyroidism. Mol Cell Endocrinol 2010;322:125-34. [Crossref] [PubMed]) 

Other causes of hyperthyroidism include iodine-induced, TSH-producing pituitary tumors, trophoblastic and 
germ cell tumors, struma ovarii, thyroid cancer, silent or painless thyroiditis from pregnancy or medications 
such as lithium or tyrosine kinase inhibitors, painful thyroiditis from infections, amiodarone-induced 
thyroiditis, and exogenous thyroid hormone intake (Ross DS, Burch HB, Cooper DS, et al. 2016 American 
Thyroid Association Guidelines for Diagnosis and Management of Hyperthyroidism and Other Causes of 
Thyrotoxicosis. Thyroid 2016;26:1343-421. [Crossref] [PubMed] 

Hyperthyroidism in pregnancy can be overt hyperthyroidism, most commonly from GD , or subacute 
thyroiditis in the post-partum period. This type of thyrotoxicosis is usually self-limited followed by a period 
of hypothyroidism and then recovery of thyroid function (Pearce EN, Farwell AP, Braverman LE. 
Thyroiditis. N Engl J Med 2003;348:2646-55. [Crossref] [PubMed). Therefore, anti-thyroid medications and 
radioactive iodine (RAI) treatment are not recommended. Painless or postpartum thyroiditis can recur in 
subsequent pregnancies so these patients should have continued monitoring. Painful thyroiditis is typically 
from an infection and is self-limited. Treatment can include beta blockers for symptoms associated with any 
thyrotoxicosis, non-steroidal anti-inflammatories and steroids for severe cases. 

Amiodarone-induced thyroiditis can present as either type I or type II (De Leo S, Lee SY, Braverman LE. 
Hyperthyroidism. Lancet 2016;388:906-18. [Crossref] [PubMed]). 

Type I occurs from underlying TMNG or GD that are exposed to high iodine content from amiodarone 
causing excess thyroid hormone production. Treatment includes anti-thyroid medications and potassium 
perchlorate. Type II is a destructive thyroiditis from the toxicity of amiodarone on thyroid cells. It is usually 
self-limited, may not require discontinuation of amiodarone, and treatment includes steroids or surgery for 
refractory disease. 

Presentation and diagnosis 
Biochemical 
TSH is the most sensitive and specific first-line biochemical test to examine thyroid function (10). 
Confirmatory testing with free T4 and total serum T3 can be done for high suspicion of thyrotoxicosis or to 
further evaluate an abnormal TSH level. Over hyperthyroidism will show low TSH and high T3/T4 levels 
while subclinical hyperthyroidism will show low TSH with normal T3/T4 levels. GD will usually have 
positive TRAbs (Ross DS, Burch HB, Cooper DS, et al. 2016 American Thyroid Association Guidelines for 
Diagnosis and Management of Hyperthyroidism and Other Causes of Thyrotoxicosis. Thyroid 
2016;26:1343-421. [Crossref] [PubMed]). 
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Other more rare etiologies can cause abnormal thyroid function tests. Euthyroid hyperthyroxinemia can 
occur in certain circumstances when the free T4 and total T3 are high, without a low TSH, due to abnormal 
protein binding (pregnancy, estrogen therapy, hepatitis, acute intermittent porphyria, medications or drug 
abuse, and high altitudes) (Rajatanavin R, Braverman LE. Euthyroid hyperthyroxinemia. J Endocrinol Invest 
1983;6:493-505. [Crossref] [PubMed]). High doses of biotin can interfere with assays and cause falsely 
elevated T4 levels because biotin competes with biotinylated analogues in the binding assay. Patients should 
stop biotin for at least 2 days before having TSH and T4 tested (Ross DS, Burch HB, Cooper DS, et al. 2016 
American Thyroid Association Guidelines for Diagnosis and Management of Hyperthyroidism and Other 
Causes of Thyrotoxicosis. Thyroid 2016;26:1343-421. [Crossref] [PubMed). 

While thyroid function tests can confirm a diagnosis of hyperthyroidism, it doesn’t necessarily clarify the 
etiology. A clinical diagnosis of GD can be made if the thyroid gland is diffusely enlarged, there is moderate 
to severe thyrotoxicosis, and Graves’ ophthalmopathy (GO) is present. If the clinical diagnosis is not clear 
due to lack of GO, a TRAb level can be obtained and a positive TRAb confirms the diagnosis. If the TRAb is 
negative or unclear, a RAI uptake (RAIU) scan can be done to distinguish GD from other etiologies. Studies 
have shown that in the United States, testing TRAb over RAIU reduces costs and gives a faster diagnosis. 

Clinical 
The clinical manifestations of hyperthyroidism can be diverse as thyroid hormones can have an impact on a 
variety of systemic symptoms. The cellular effects of T3 binding to alpha and beta receptors increases 
thermogenesis and basal metabolic rates. This can result in constitutional symptoms of weight loss, fatigue 
and heat intolerance. Skin changes can occur including warm, moist skin with thinning of hair and pretibial 
myxedema in GD. Musculoskeletal manifestations include weakness, increased bone resorption, osteoporosis 
and increased risk of fracture. Patients can develop lymphadenopathy, gynecomastia in men or 
oligomenorrhea in women. Gastrointestinal (GI) manifestations include dysphagia, hyperdefecation and 
hunger (Sippel RS, Chen H. The Handbook of Endocrine Surgery Hyperthyroidism Hackensack, NY: World 
Scientific Publishing Co. Pte. Ltd., 2010.).Older age, smoking, longer duration of symptoms and female 
gender are risk factors associated with GO. (Boelaert K, Torlinska B, Holder RL, et al. Older subjects with 
hyperthyroidism present with a paucity of symptoms and signs: a large cross-sectional study. J Clin 
Endocrinol Metab 2010;95:2715-26. [Crossref] [PubMed). 

Significant cardiovascular manifestations are common in hyperthyroidism and it is important to recognize 
and treat them appropriately.The most common cardiovascular manifestations of hyperthyroidism are 
hypertension (HTN) and tachycardia.There is evidence that subclinical hyperthyroidism can increase the risk 
of cardiovascular events, yet it has not necessarily been proven to be associated with HTN. Nonetheless, 
many authors recommend treatment of subclinical hyperthyroidism to prevent cardiovascular risk, among 
other reasons (Berta E, Lengyel I, Halmi S, et al. Hypertension in Thyroid Disorders. Front Endocrinol 
(Lausanne) 2019;10:482. [Crossref] [PubMed]). 

.Imaging 
Once biochemical and clinical features have been identified, imaging modalities such as ultrasound and 
RAIU scans play an important role in diagnosis and treatment planning. A RAIU scan can distinguish 
between GD and TAs or TMNGs. In GD, the scan will show diffuse RAIU throughout the gland. A TMNG 
will show irregular patterns of uptake and a TA will show a localized area of uptake with no uptake in the 
remaining gland. In certain conditions when there is an acute release of excess thyroid hormone but no 
ongoing overproduction, there will be no RAIU. These conditions include painless thyroiditis, amiodarone-
induced thyroiditis, subacute thyroiditis, palpation (surgical manipulation) thyroiditis, iatrogenic 
thyrotoxicosis, factitious ingestion of thyroid hormone, struma ovarii, and metastatic disease from follicular 
thyroid cancer (Ross DS, Burch HB, Cooper DS, et al. 2016 American Thyroid Association Guidelines for 
Diagnosis and Management of Hyperthyroidism and Other Causes of Thyrotoxicosis. Thyroid 
2016;26:1343-421. [Crossref] [PubMed). 

Ultrasound with the use of color flow doppler can be an alternative method to help with the diagnosis, 
especially when a RAIU scan is contraindicated (pregnancy, breast feeding, allergies). In expert hands, the 
thyroidal blood flow can be measured and can help distinguish between GD which will show diffuse 
increased blood flow, thyroiditis which may show patchy areas of increased flow or a toxic nodule which 
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will show nodular disease with a normal thyroid in the background.(Frates MC, Marqusee E, Benson CB, et 
al. Subacute granulomatous (de Quervain) thyroiditis: grayscale and color Doppler sonographic 
characteristics. J Ultrasound Med 2013;32:505-11. [Crossref] [PubMed]). 

THYROID FUNCTION TEST RESULTS SIMULATING HYPERTHYROIDISM 
Excess estrogen from pregnancy or estrogen therapy leads to elevated levels of thyroxine-binding globulin, 
which manifests as elevated total T4 and T3 levels while TSH and free T4 levels remain normal. These 
findings do not indicate hyperthyroidism and require no treatment. 

Table 1. 
Thyroid Function Test Results in Hyperthyroidism and in Conditions Simulating Hyperthyroidism 

CONDITION TSH TOTAL T4 FREE 
T4 

TOTAL T3 

Overt hyperthyroidism Suppressed Elevated Elevated Elevated 

Subclinical hyperthyroidism* Suppressed or 
low 

Normal Normal Normal 

TSH-secreting pituitary adenoma Normal or 
elevated 

Elevated Elevated Elevated 

Estrogen excess Normal Elevated Normal Elevated 

Non thyroidal illness syndrome Low Normal or mildly 
decreased 

Normal Low (and reverse 
T3 is elevated) 

Glucocorticoid and/or dopamine 
therapy 

Low Normal Normal Normal 

 
note: Suppressed TSH is < 0.1 mIU per mL; low TSH is 0.1 to 0.4 mIU per mL. 

T3 = triiodothyronine; T4 = thyroxine; TSH = thyroid-stimulating hormone. 

*—Subclinical hyperthyroidism does not refer to the absence of signs and symptoms. 

Information from references Dufour DR. Laboratory tests of thyroid function: uses and 
limitations. Endocrinol Metab Clin North Am. 2007;36(3):579–594, v. 

RADIOACTIVE IODINE UPTAKE AND THYROID SCAN 
A radioactive iodine uptake test and thyroid scan help determine the cause of hyperthyroidism. Uptake is the 
percentage of an iodine 123 (I-123) tracer dose taken up by the thyroid gland, ranging from 15% to 25% at 
24 hours. The uptake is very low (0% to 2%) in patients with thyroiditis and high in patients with Graves 
disease, a toxic adenoma, or a toxic multinodular goiter.(Werner SC, Ingbar SH, Braverman LE, Utiger 
RD. Werner & Ingbar's The Thyroid: A Fundamental and Clinical Text. 9th ed. Philadelphia, Pa.: Lippincott 
Williams & Wilkins; 2005). 

Table 2. 
Patterns Observed in Radioactive Iodine Uptake and Scan 

CONDITION RADIOACTIVE IODINE UPTAKE 
(NORMAL = 15% TO 25%) 

RADIOTRACER DISTRIBUTION 
IN THE THYROID GLAND 

Graves disease High Homogeneous 
Toxic adenoma High Iodine 123 is concentrated in one spot 

Toxic multinodular goiter High Iodine 123 is concentrated in multiple 
spots 

Thyroiditis Low Not applicable 
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The thyroid scan shows the distribution of radiotracer in the gland. A homogeneous distribution indicates 
Graves disease, but accumulation of I-123 in one area points to a toxic adenoma or in multiple areas to a 
toxic multinodular goiter.  (Cappelli C, Pirola I, De Martino E, et al. The role of imaging in Graves' disease: 
a cost-effectiveness analysis. Eur J Radiol. 2008;65(1):99–103.) 

 
Fig 1 :-Toxic adenoma on radioactive iodine scan 

 
fig 2:-Graves’diseases                                                               fig 3:- Toxic adenoma 
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Fig 4:- Toxic multinodular goiter                                           Fig 5:- Thyroiditis 

Treatment 
The three options for treating patients with hyperthyroidism are antithyroid drugs (ATDs), radioactive iodine 
ablation, and surgery. All three therapeutic options would be effective in the treatment of patients with 
Graves’ disease, whereas patients with toxic adenoma or toxic multinodular goitre should have either 
radioactive iodine therapy or surgery, since these patients rarely go into remission.( van Soestbergen MJ, van 
der Vijver JC, Graafland AD. Recurrence of hyperthyroidism in multinodular goiter after long-term drug 
therapy: a comparison with Graves’ disease. J Endocrinol Invest. 1992;15:797–800. [PubMed] [Google 
Scholar]).In patients with toxic nodular goitre, ATDs are generally used to restore euthyroidism before 
definitive treatment with surgery or radioactive iodine, and infrequently used as long-term treatment when 
the other two therapies are contraindicated or the patient has a short life expectancy. 

The choice of treatment for Graves’ disease differs depending upon geographical regions. Radioactive iodine 
therapy is frequently used as the first therapy in North America.Outside of the USA, ATDs are preferred as 
primary treatment, whereas definitive therapy is reserved only for patients with persistent or recurrent 
hyperthyroidism. Additionally, patients can take β blockers for relief of the symptoms of thyrotoxicosis.( 
 Burch HB, Burman KD, Cooper DSA. A 2011 survey of clinical practice patterns in the management of 
Graves’ disease. J Clin Endocrinol Metab. 2012;97:4549–58. [PubMed] [Google Scholar]). 

Antithyroid drugs 
The antithyroid thionamide drugs are propylthiouracil, thiamazole, and carbimazole. All are actively 
transported into the thyroid where they inhibit iodide oxidation and organification by inhibiting thyroid 
peroxidase and the coupling of the iodotyrosines to synthesise T4 and T3. Carbimazole is available in some 
European and Asian countries and is converted to the active form, thiamazole, with similar properties to 
thiamazole. Propylthiouracil in large doses, but not thiamazole, decreases the conversion of T4 to T3 in 
peripheral tissues by inhibiting the outer ring deiodinase of T4. These drugs might also have anti-
inflammatory and immunosuppressive effects.( Cooper DS. Antithyroid drugs. N Engl J 
Med. 2005;352:905 [PubMed] [Google Scholar]).ATA/AACE guidelines recommend thiamazole as the 
preferred drug in Graves’ disease. 

Protocols for ATD therapy and follow-up 
There are two approaches to the treatment of Graves’ disease: titration and block and replace. With titration, 
the dose of ATD is titrated over time to the lowest dose needed for maintaining a euthyroid state.In the block 
and replace regimen, a higher dose of ATD is used with concurrent replacement with levothyroxine. The two 
regimens are equally effective but the block and replace regimen seems to be associated with a higher 
incidence of side-effects than does the titration method. Therefore, the titration regimen should be the first-
line approach, even if some authors regard both approaches as equally safe.(Abraham P, Avenell A, 
McGeoch SC, Clark LF, Bevan JS. Antithyroid drug regimen for treating Graves’ 
hyperthyroidism. Cochrane Database Syst Rev. 2010;1:CD003420. [PMC free article] [PubMed] [Google 
Scholar]) 

The starting dose of thiamazole depends on the severity of the hyperthyroidism and the size of the thyroid 
gland: mild hyperthyroidism and small glands need 10–15 mg of thiamazole daily, and severe 
hyperthyroidism and large thyroids need 20–40 mg daily. The equivalent dose of carbimazole is 140% of 
that of thiamazole. The starting dose of propylthiouracil is usually 50–150 mg administered three times daily. 
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Thyroid function should be checked 4–6 weeks after initiation of therapy and then every 2–3 months once 
the patient is euthyroid, although we usually see the patient every 4 months when they are euthyroid. TSH 
might remain suppressed for several months, which is why serum T4 and T3 should be monitored to assess 
efficacy of therapy. Once euthyroidism is achieved, a maintenance dose of thiamazole of 5–10 mg daily, or 
50 mg propylthiouracil two or three times daily, or lower, should be continued for 12–18 months,and some 
suggest an even longer duration of therapy.(  Allannic H, Fauchet R, Orgiazzi J, et al. Antithyroid drugs and 
Graves’ disease: a prospective randomized evaluation of the efficacy of treatment duration. J Clin Endocrinol 
Metab. 1990;70:675–79. [PubMed] [Google Scholar]) 

A drawback of ATD therapy is the high rate of relapse of hyperthyroidism after the drug has been 
discontinued. Minor side-effects of ATDs occur in about 5% of patients.These side-effects include pruritus, 
arthralgia, and gastrointestinal distress. In patients with minor skin reactions, an antihistamine can be added 
or one ATD can be substituted for the other.Major side-effects of ATDs are rare. (Cooper DS. Antithyroid 
drugs. N Engl J Med. 2005;352:905–17. [PubMed] [Google Scholar]) 

Radioactive iodine therapy 
Radioactive iodine therapy is safe and cost-effective and can be the first-line treatment for Graves’ disease, 
toxic adenoma, and toxic multinodular goitre. Absolute contraindications include pregnancy, breastfeeding, 
planning pregnancy, and inability to comply with radiation safety recommendations. In patients with thyroid 
nodules whose biopsy samples are suspicious for or diagnostic of thyroid cancer, radioactive iodine is 
contraindicated and surgery is recommended.( Bahn Chair RS, Burch HB, Cooper DS, et al. American 
Thyroid Association and American Association of Clinical Endocrinologists Hyperthyroidism and other 
causes of thyrotoxicosis: management guidelines of the American Thyroid Association and American 
Association of Clinical Endocrinologists. Thyroid. 2011;21:593–646. [PubMed] [Google Scholar]) 

Advantages of RAI include avoidance of surgical risk and potential avoidance of hormone replacement 
therapy. Yet, the disadvantages include a risk of treatment failure and persistent hyperthyroidism requiring 
either re-treatment with more RAI or subsequent surgery and a longer interval to reach a euthyroid or 
hypothyroid state. RAI treatment should be considered in the elderly, those with significant co-morbidities, 
contraindications for surgery, previous neck radiation, small goiters, and limited access to high volume 
surgeons. It is contraindicated in pregnancy or those planning a pregnancy and in those who cannot comply 
with radiation safety guidelines.( Porterfield JR Jr, Thompson GB, Farley DR, et al. Evidence-based 
management of toxic multinodular goiter (Plummer's Disease). World J Surg 2008;32:1278-84. [Crossref] 
[PubMed]) 

Thyroidectomy 
Thyroidectomy is the most successful treatment for Graves’ hyperthyroidism.Total thyroidectomy is 
recommended, since the frequency of successful outcomes are significantly higher than with subtotal 
thyroidectomy  with no differences in the rate of complications. Thyroidectomy is particularly recommended 
in patients with the following characteristics: large goitres or low uptake of radioactive iodine (or both); 
suspected or documented thyroid cancer; moderate-to-severe ophthalmopathy, for which radioactive iodine 
therapy is contraindicated; and finally, a preference for surgery.Conversely, thyroidectomy should be 
avoided in patients who are not good surgical candidates. Pregnancy is only thought to be a relative 
contraindication.(Bojic T, Paunovic I, Diklic A, et al. Total thyroidectomy as a method of choice in the 
treatment of Graves’ disease—analysis of 1432 patients. BMC Surg. 2015;15:39. [PMC free 
article] [PubMed] [Google Scholar]) 
Advantages of surgery for hyperthyroidism allow for nearly 100% cure rates, identification of incidental 
cancers, and rapid achievement of euthyroid or hypothyroid states . Disadvantages are perioperative and 
postoperative risks of thyroid surgery including bleeding, hypocalcemia, recurrent laryngeal nerve injuries, 
and the potential need for lifelong thyroid hormone replacement. Surgery should be considered if there are 
compressive symptoms, suspicion for or known thyroid cancer, concurrent hyperparathyroidism, large or 
substernal goiters, low RAIU, in pregnancy planning, pregnancy in the 2nd trimester, GD with GO, or the 
need for fast definitive therapy in thyrotoxicosis.( Porterfield JR Jr, Thompson GB, Farley DR, et al. 
Evidence-based management of toxic multinodular goiter (Plummer's Disease). World J Surg 2008;32:1278-
84. [Crossref] [PubMed]). 
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Thyroid storm 
TS is a rare, potentially life-threatening condition that occurs in thyrotoxicosis leading to multiple organ 
system decompensation that is usually triggered by severe stress  with a mortality rate ranging 8–25%. 
Clinical presentation of TS includes thyrotoxicosis with a goiter most commonly from GD, fever, 
cardiopulmonary dysfunction (tachycardia, CHF), central nervous system (CNS) manifestations (finger 
tremor, restlessness, psychosis, lethargy, coma), and GI-hepatic dysfunction (nausea, emesis, diarrhea, 
abdominal pain, jaundice) (Akamizu T, Satoh T, Isozaki O, et al. Diagnostic criteria, clinical features, and 
incidence of thyroid storm based on nationwide surveys. Thyroid 2012;22:661-79. [Crossref] [PubMed]). 
Many different triggers have been identified, with the most common being non-compliance with anti-thyroid 
medications or infection. Other predisposing conditions causing major systemic stress include trauma, non-
thyroid surgery, direct pressure from thyroid surgery or strangulation , RAI therapy, acute illness such as 
sepsis or diabetic ketoacidosis , and pregnancy or child birth.( Memon R, Fan W, Snyder R, et al. Thyroid 
storm presenting as psychosis: masked by diabetic ketoacidosis. J Community Hosp Intern Med Perspect 
2016. [Crossref] [PubMed]) 

Diagnosis of TS is clinical and not always clear, but several diagnostic aids are available. Burch-Wartofsky 
scores (BWS) identify criteria with a scoring system that allocates points for various system dysfunctions 
including thermoregulatory, CNS, GI-hepatic and cardiovascular. 
(Conte JI, Arosemena MA, Kapoor K, et al. Thyroid Storm Triggered by Strangulation in a Patient with 
Undiagnosed Graves' Disease. Case Rep Endocrinol 2018;2018:4190629. [Crossref] [PubMed]). 

Treatment of TS requires multiple modalities. According to the BWS scores, patients in the intermediate 
category of 25–44 points should be monitored closely and treated based on provider discretion. Patients with 
45 points or more should absolutely be treated. Treatment strategies should include blocking thyroid 
hormone synthesis and secretion, blocking the peripheral effects of thyroid hormone, reversing systemic 
hemodynamic decompensation, treating the precipitating stressor and definitive therapy.( Burch HB, 
Wartofsky L. Life-threatening thyrotoxicosis. Thyroid storm. Endocrinol Metab Clin North Am 
1993;22:263-77. [Crossref] [PubMed]). 

CONCLUSIONS 
In summary, hyperthyroidism is a complex pathology with many etiologies in which multiple diagnostic 
modalities can be utilized to identify the best treatment. The treatment of choice is preference-sensitive and 
should involve a shared decision-making process between the patient and provider. Thus, patient education is 
important so that each individual understands their options and can choose the treatment that best addresses 
their concerns. Successful treatment of hyperthyroidism has been reported in many studies. Although future 
research could close some of the gaps that exist in terms of long-term outcomes, patients and providers 
should be optimistic for good outcomes with the treatment modalities currently available. 
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ABSTRACT:- 
Plankton is the live food organisms of the water bodies. It may be found in all types of water sources. 
Biologically planktons are divided into 2 categories  one is the phytoplankton and another one is the 
zooplanktons. Phytoplanktons stands for the plank based animalcules and zooplanktons stands for the 
animal based animalcules. The phytoplankton is named as the primary food source for the water living 
animals. Some times the zooplanktons are also named as the primary food source for some animals. Both the 
phytoplankton and zooplanktons are protein rich sources and nutritive in nature. It digest very easily so that 
the water living organisms take the planktons as the food source and proceeds their life cycles. 

Some how the water color of the pond and other water sources are put impact on the water living fish or 
shellfish larvae. Mainly the water transparency  put more impact on the water living animalcules. Some time 
the artificial live food is given to the larvae which costs more and also not available so easily. The artificial 
live foods are not that much nutritious as compared to the phytoplanktons and zooplanktons . 

KEY WORDS:-planktons, zooplankton, phytoplankton, live foods ,rotifer, artemia, copepods, water turbidity 
,water transparency . 

1  INTRODUCTION:- 
The word plankton is originated from a Greek word( planao) meaning stands for (to wander),these are the 
water loving organisms that hamper the water column.(that is they live away from the seabed, in the pelagic 
realm)and which by their dip immobility or weak swimming capacity are progress horizontally at the grace 
of currents(ocean current velocities are highly variable but are in the order of about 0.1 to 1 meter per 
second; millimeter scale crustacean zooplankton swim at only tens of meter per hour) planktons are 
taxonomically different, consists of plant, animal, bacteria and viruses. Worldwide the biomasses of 
phytoplanktons and zooplanktons are about to equal, although the doubling time of zooplanktons (typically 
some weeks to months) is considerably longer then the phytoplanktons(some hours to days)[1]. 

Mainly the size of planktons are sub millimeter to millimeter, but together the dimensions span several 
orders of immensity ,and zooplankton  involves jellyfish with tentacles dragging many meters. The 
observation of the ocean facing public is secured principally upon huge and charming marine animals such 
as whales, albatrosses, and polar bears,still it is the plankton and bacteria that together fuel the engine room 
of the ocean[1]. In plankton there is no self-propelled movement. The current in the surrounding water move 
them. This type of motion assists to scatter the organisms throughout a body of water. In the water column 
plankton have the pelagic zone, which is named pelagic inhabitants after that[2]. 

Fish is the farming organism it receives nutrients other than minerals by taking food. Planktons serves as the 
live food for the most organisms who are surviving by consuming live food. However some living organism 
take dead particles as food. Most aquatic larvae depend on phytoplankton as primary food. The larvae of 
most species eat both zooplanktons as well as phytoplanktons after a certain period of time. Phytoplankton 
describes the all plant component on the water body and the zooplankton describes all the entire animal 
component. The productivity of water body enhanced by planktons. 

2.  TYPES OF PLANKTONS:- 
As we know the plant like community of plankton is phytoplankton and the animal like community is 
described as zooplankton. Many organisms are there which are neither plant nor animal but better than 
protists. 

2.1  PHYTOPLANKTONS:- 
the word phytoplankton splits into two Greek word phyto means plant and plankton stands for wanderer. 
There are many varieties of phytoplanktons are there which are blessing of oceanic currents. The water 
current helps them for transport from area to area that are suitable for their survival and growth physical 
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process is the main significant role to demonstrate the composition and distribution of phytoplankton species, 
the phytoplanktons are much more prime factor in the evolution of blooms. Areas of strong mixing and 
movement discourage the concentration of cells or may physically disrupt an existing bloom . steady water 
masses are good to application of cells[3]. Mainly the phytoplanktons are very small, visible in microscope, 
they have a single cell. These are the photosynthetic organisms, live in a hanging manner in the water. These 
are mostly similar to the land plant in many characters like they take up carbon dioxide, make carbohydrates 
using light energy, and releases oxygen. In the oceanic food chain system these are placed in the first 
position or as primary food source. 

When size is used as a standard, planktons can be sub divided into macroplankton, microplankton and 
nannoplankton, though no sharp lines can be drawn between these categories. Macroplankton can be 
collected with a coarse net, and morphologically the organisms are easily visible. The length is of 1mm(0.04 
inches)nor more. These donot include phytoplankton. Microplankton is also known as net plankton, collected 
of organisms among 0.05 and 1mm(0.002 and 0.04 inches) in size and togetherness of phytoplankton and 
zooplankton. The lower size range is attached by the apperature of the finest cloth used for plankton nets. 
Nannoplankton is also known as dwarf plankton. These are passes through all nets composed of size less 
than 0.05mm. nannoplankton is very small in size so that these are dominated by the phytoplanktonic 
organisms. 

As we know phytoplanktons are photosynthetic in nature they live nearer to the surface of water so they can 
easily receives the sunlight. The thickness of the layer of the ocean are always build upon the water clarity, 
mainly the euphotic zone. But is at most limited to the top 200 to 300 meters(600 to 900 feet)out of an 
average ocean depth of 4000 meters(13,000 feet). 

2.1.1 ROLL OF PHYTOPLANKTONS:- 
The color of water is most important so that the fish farmers pay attention towards the water color. 
Especially they give more significance to the manufacture of phytoplankton in pond and other fish farms. 
phytoplankton is producing in nursery ponds and reservoir ponds and the result is initiation of biological 
cycle by putting  the nutrients which contains minerals in the ponds. 

Crucial role of phytoplanktons, 
 Phytoplankton plays a key role in increasing the dissolved oxygen I the pond water and 

reducing the toxic gases like ammonia, nitrate, hydrogen sulfide, methane , carbon-dioxide, etc. 

 By reducing the toxic substances it maintains the water quality of pond. 

 The natural food or the prime food for fish is the plankton. 

 Fish can get shade from the planktons and by shading they protect them from reducing 
cannibalism. 

 Stability and temperature is maintained by the phytoplankton. 

 They reduce the population of pathogens and the microorganisms available in the water are 
competing for the nutrients in the oceanic water. 

Therefore , the ecosystem of the pond or other water bodies are stabilizing by phytoplanktons and keeping 
the water quality at high level. 

The phytoplankton suitable for plankton population in the aquatic ecosystem through photosynthesis during 
day time and low levels of gases like carbon dioxide, ammonia, nitrite, hydrogen sulfide, methane, etc are 
maintained. Mainly the phytoplanktons take ammonia, nitrogen and heavy metals as the source of energy. 
Therefore the toxicity of a healthy phytoplankton bloom can decreased. Proper stability, turbidity and 
reduction in cannibalism is maintained by a healthy algal bloom. By preventing winter heat dissipation it 
stabilizes the water temperature. When the food density increases phytoplanktons competes for food with 
other lower class bacteria. 

2.1.2THE DARK SIDE OF PHYTOPLANKTON:- 
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In most of the pelagic ecosystem, the phytoplanktons are the essential base. As we know the moon also have 
the dark side, the phytoplanktons also have some negative impacts on the ecosystem. Increase of some 
dinoflagellates(such as karenia spp.)and diatoms (such as pseudo-nitzschia spp.) can cause red tides which is 
the  harmful  algal blooms because of the graphic colours. It also put impacts on the ocean water, also 
adversely affect water quality and toxicity. The toxicity of the water can put impact on the human bathers. 
The shellfishes are infected by the toxicity of water or they may be paralytic. It also have a bad effects on the 
wild and farmed fishes. Sometimes the increase of the phytoplanktons have a bad impact on the nutritions. 
As the number grows it needs more and more food availability(eutrophication) and can produce large 
quantity of biomass. It creates the DEAD ZONES. The bacterial degradation of which consumes oxygen and 
this leads to the dead zone, for example that periodically occurs in the Benguela. Oxygen depletion also 
occurs in the North sea, there has been a transition there from the traditional two peaked spring and autumn 
phytoplankton blooms to a single cell , continuous bloom, stimulated in part by nitrates and phosphates in 
detergents and agricultural fertilizers brought in on rivers. 

2.2 ZOOPLANKTONS:- 
Zooplanktons depends on phytoplanktons for food. These are the heterotrophic organisms. These are the 
secondary consumers according to the biochemist Alfred J. Lotka. They consumes the primary source of 
energy from the environment. As in phytoplankton some of the energy obtained from their food source is 
used for maintenance , and rest are available for the animal that consumes the zooplankton. This perhaps 
another zooplanktonic organism or a big animal feed on plankton. 

2.2.1 ADVANTAGES OF USING ZOOPLANKTONS:- 
Zooplanktons are considered as an important source of carotene(it is a red-orange pigment found in plant and 
fruits especially carrots and colorful vegetables). The food of copepods and krill were more pigmented and 
for this reason it fed on commercial feed[4]. The commercial feed of pigmented food is more beneficial for 
the marketing of salmonids. Zooplanktons improve the flavor and texture of the fish which is valuable[5]. 
The enzymes like amylase, protease and esterase are found in live zooplanktons which are important for the 
larval digestion[6]. The metamorphosis of larvae are increased by zooplanktons[7] and are nutritious, tastier 
and easily digested. It will be easy for the fish to catch the zooplanktons when they are chilled or frozen[8]. 
The high content of amino acids [9], enzymes[9] and water [10] in zooplankton are all positive qualities for 
start feeding[10]. In the frozen fluid the amino acids are present which surrounds the zooplankton and forms 
a powerful attractant and appetite stimulant for fish[11]. 

2.2.2 ROLL OF ZOOPLANKTONS:- 
The protein rich food is necessary for tiny larvae, juveniles and even older fish, shrimps and prawn in 
nurseries and stocking ponds. In this case the natural food plays an crucial role for proper growth. There are 
many varieties of zooplanktons are available such as Brine shrimp(Artemia), rotifer(Brachionus sp. , Lecane 
sp.,Filinia sp., Asplanchna sp., Monostylla sp., Polyarthra sp., etc.) ,Cladocerans(Moina sp., Daphnia sp., 
Diaphanosoma sp., Alona sp., Bosmina sp., etc.), copepods(Cyclops, Diaptomas sp., Braocamptus sp., 
Naupleus larva, etc.), the larval stage of various aquatic organisms are treated as food for prawn, shrimps and 
fish. Phytoplanktons  and zooplanktons are economically important fish feeds. Usually zooplankton depends 
on the phytoplanktons as the food source. Thus phytoplanktons are primary source of food chain and also the 
basis of the food chain. Live food like phytoplanktons and zooplanktons can swim in the water. These live 
foods are specific and readily available for fish and shellfish larvae. The presence of the live foods stimulate 
the larvae to feed[20]. The phytoplanktons and the zooplanktons are create important sources of the fish 
farming. Most of the fish and shellfish larvae depends on the small phytoplanktonic and zooplanktonic foods 
present in the oceanic water. In the clear water pond it lacks  the natural food organisms. The phytoplanktons 
are abundant in the water so that it creates the greenish color in the pond water. The green color of the pond 
indicates the presence of phytoplanktons and natural food in the water. 

The fish larvae is generally depends on the zooplankton. The zooplanktons are serves as the live foods to the 
fish larvae[21]. 

The artificial food cannot be compared with the natural food in terms of acceptability. Different  fish choose 
different types of foods in the natural water bodies. But for the healthy growth all fishes needs the protein 
rich live foods, efficient for breeding and survival[22]. 
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For the growth of aquatic species larvae, the strength and importance of food can be increased through live 
food. For fish larvae, fry and fingerling suitable live food is always needed. The easy availability of fish fry 
in hatcheries of the fish farming in stocking ponds mainly depends on that [23]. 

Large quantities of live food is always necessary for the marine rotifer(Brachionus plicatilis) and nauplius of 
Artemia, they have successfully used for at least 60 marine fin fish and 16 species of crustaceans at different 
stages of fish fry production[24]. 

By combining the micro-algae and the zooplanktons it increases the popularity rate now  a days. The micro-
algae such as green water with zooplanktons increases the farming rate of fish larvae and prawns. 

The live food organisms is commonly called as living capsules of the production of nutrients, it contains all 
kinds of nutrients such as essential products like proteins, lipids, carbohydrates, vitamins, minerals and fatty 
acids[25]. 

For the maximum growth and survival of larvae and fry of finfish and shellfish it needs the proper supply of 
the live food in a timely manner it is more essential for the growth and put impact on the growth rate and 
survival rate. In order to maximize production and financial gain, natural food ingredients must be identified 
and qualified. Bioen capsulation is used for the enhancement of the nutrients which improves the value of 
live food organisms. 

Mainly we have to improve the stocking density to get benefits. A disease free healthy stockpile can be built 
by supplying artificial foods along with live food. The fishes do not absorb all the nutrients from the artificial 
medium which is required for their growth. So that the live food is fed to the fish and shellfish. To get a 
beneficial result the fish larvae and shellfish larvae must be fed with nutritious food. 

The larvae development is very risky business of fish farming, but also it is more profitable for the business. 
By applying some special techniques and different ideas the mortality rate can be controlled. Zooplanktons 
sometimes used as the primary food source for the rapid growth and high survival rate. 

In some cases the supplement food is provided to the fish and shellfish. But they need the live food for 
nutrition. Live food can easily digested and the protein rich source which is beneficial for the growth of 
larvae of fish and shellfish. Mostly the live food is not available  in the market and when it available it costs 
more. It put impact on the fish farming. Live food belongs to both phytoplankton and zooplankton. 

Chlorophyll-containing organisms such as Microcystis, Volvox, Eudorina, Oscillatoria, etc., plants or 
saproplanktons such as bacteria and fungi that do not participate in photosynthesis but they are treated as 
phytoplankton. On the other hand, animal plankton,  are called zooplankton. The main zooplankton in the 
tropic regions are protozoans (eg Arcella sp., Difflugia sp., Actinophrys sp., Vorticella sp.,), Rotifers (e.g. 
Brachionus spp., Keratella spp., Asplanchna sp.). Polyarthra vulgaris, Filinia, And planktonic crustacea 
(Artemis spp.), Cladosaran (Moina spp., Daphnia spp., Ceriodaphnia spp., etc), Ostracodes (Cypris spp., 
Stenocypris sp., Eucypris sp., etc.) and Copipodes(Cyclops spp., Mesocyclops leukarti , M. hyalinus, 
Microcyclos varicans, Heliodiaptomus viduus, etc., ) and their larvae. Microalgae are used as live food for all 
stages of growth of bivalve mollusks, crustaceans, larvae or juvenile stages of certain fish species. Hundreds 
of micro-algae species have been tested as food over the last forty years. 

However, perhaps less than 20 species are being used as food in aquaculture. Microalgae play an important 
role in the production of zooplankton for fish and other larval food. In addition to protein (essential amino 
acids) and energy, other major nutrients such as vitamins, essential poly-unsaturated fatty acids, dyes, sterols 
are provided which are transferred through the food chain. In nature, zooplankton is one of the primary food 
of fish larvae. The two main zooplankton groups are Rotifera and Copepoda. Shrimp are taken as two foods 
and are being used extensively in fish farming as their live food. Intensive farming of most fish larvae is 
heavily dependent on zooplankton suppliers. 

2.2.3 SOME IMPORTANT ZOOPLANKTONS:- 
 ROTIFERS:- 
Otherwise named as wheel animalcules. These are used for aqua hatcheries and placed on the important 
group of live food. The Brachionus serves as the starter diet for early larval stages of many fishes and prawns 
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species in marine and fresh water. Species of the genus Brachionus (Brachionidae;rotifera) are available in 
different water bodies worldwide[12].the rotifers can be differentiated by mouth size of the cultured 
organisms it may be small(50 to 110 micron length) or large (100 to 200 micron length). About 2500 species 
are known as global freshwater, brakish water and sea water. B.plicatilis is the species used most commonly 
to feed fish larvae in hatcheries around the water. 

It is known as euryhaline species, small and slow swimming with good nutritional value. This is good and 
applicable to the bunch culture as it is productive and tolerates a wide variety of environmental condition. 
Some rotifers like B.plicatlis and B. rotundiformis, have been essential as a live food for bunch larval rearing 
of many aquatic organism[13]. By way of significant developments in larval rearing technology of fishes, 
demand for the rotifers is further increasing. The nutritional food sources for larvae are dependent on the 
rotifers. In the growth phase of the fish larvae are dependent on the Highly unsaturated fatty acids(HUFA). It 
also required for the survival of the larvae[14]. The marine fish larvae needs DHA(decosahexaenoic acid, 
22;6n-3) and EPA(eicosapentanoic acid, 20;5n-3). Depending upon their food source, rotifers are composed  
of about 52 to 59 % protein, upto 13% fat and 31%n-3 HUFA[15]. For the survival and growth it requires 
high nutritional value and several cultivation processes, involving feeding with different algae, baker’s yeast 
and artificial diets, are available to increase their nutritional quality. The major problem is to maintain large 
culture of rotifers and their nutritional quality. The main element of rotifers for their biomass production is 
food. Several measures are taken to deal with the problems such as supplementation of baker’s yeast with 
microalgae, improving the nutritional quality of rotifers through vitamin C supplementation. 

 
 ARTEMIA:- 
Commonly known as brine shrimp, these are zooplanktons similar to copepods and dapnia, which we found 
in the aquarium trade and for marine finfish or crustacean larval culture as the live food organisms. Mainly 
there are 50 geographical strains of Artemia are found various brands are selled by different distributers. 
Approximately 90% of the world’s commercial harvest of brine shrimp cysts (the dormant stage) comes from 
the great salt lake in Utah. From each gram of high quality cysts 2,00,000 to 3,00,000 nauplii are 
hatched[16]. Artemia constitute the most used live food organisms. This is closely related to shrimp 
belonging to order Anostraca of the class- crustacean and phylum-Arthopoda. By using dormant Artemia one 
can produce the live food. It is the biggest advantages of Artemia. This dormant Artemia cysts by the 
immersion of sea water regain their metabolic activity and within 24 hours release free swimming 
larvae(nauplii) about 0.4mm length. Artemia has high nutritive value and high conversion efficiency . for 
commercial use the combine feeding of B. calyciflorus and Artemia nauplii is best and larvae decreases the 
tedious and increases the practical use. This is also eliminate the risk of larvae being eaten up and shorten the 
breeding interval, there by leading to higher yield of the fry[17]. 
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 COPEPODS:- 
These are common zooplankton of fresh water and brakish water. The larvae and juveniles of many finfish 
and crustacean have them as natural feeds. Generally they required fish larvae for nutritions. Copepods are 
sylindrical with a trunk comprised of 10 segments consisting of head, thorax and abdomen. The size of adult 
copepods ranges from 0.5 to 5.0 mm. They differ from Artemia and rotifers the other species of copepods 
considered to be promising for bunch culture these are Acartia clause, A. longiremis, Eurytemora pacifica, 
Euterpina acutifrons, Oithona brevicornis, O. similis, Pseudodiaptomus inopinus, P. marinus, Microsetella 
norvegica and Sinocalanus tenellus. Evjem et al. [18] reported that copepodid and adult stages of the marine 
copepods Temora longicornis and Eurytemora sp. had a total lipid content varying between 7% and 14% of 
dry weight (DW). 

 
3.  TYPES OF WATER COLORS OF POND AND THEIR RELATIONSHIP:- 
3.1  GOLDEN BROWN AND REDDISH BROWN:- 
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This color of water in the pond indicates high probability of comprising diatoms. This occurs rapidly by low 
temperature and organic matter concentration in the saline water. The normal transperancy is between 25 to 
35cm.This type of color is due to the blooming in the diatoms. Algae species such as chaetoceros, Navicula, 
Amphora , Skeleronema, Cyclotella, Synedia, Achnathnes, Ampora and Euglena are often found in this type 
of water. Especially chaetoceros, Navicula and Nirzschia are mainly found. This color can not be hide. 
Diatoms are easily digestable and full of nutritions. The golden brown color indicates the crop of healthy 
shrimp. 

3.2  LIGHT OR BRIGHT GREEN:- 
This type  of water color is due to the presence of green algae and chlorella. Dunaliella, Plarymonas , 
Carteria, Chlamydomonas are also present . Scenedesmus and Euglena are mainly found in less saline water. 
This type of water is quite stable. Low mortality rate of prawn are found. Transperancy is about 20-70cm. 
Easy management in this type of water. 

3.3  DARK GREEN OR REDDISH GREEN:- 
When the pond water temperature gets too high, deterioration of pond bottom or organic materials 
accumulate too fast, blue-green algae bloom faster than green algae. Blue-green algae such as Oscillatoria, 
Phormidium and Microcoleus dominate (accounting for 90%). Although the survival rate of shrimp in ponds 
with this colour still remains high, the growth rate sinks. The appearance of shrimp in this watercolor 
becomes dark green or acquires a black colour. Sometimes it is even bad looking having been infested with 
protozoa and germs. In this environment, shrimp grow slower and unevenly with great difference between 
large one and small one and a high degree of skewness of size. Furthermore it causes higher percentage of 
softshelled shrimps and blue-sky coloured shrimps especially in low salinity conditions. It also weakens the 
shrimp. It is not a desirable color in semi-intensive culture and should be transformed and improved through 
management. 

3.4  DARK BROWN AND SAUCE LIKE COLOR:- 
Poor pond management, such as overfeeding or using large amounts of trash fish, causes a rapid growth of 
dinoflagellates and brown algae and consequently results in the formation of this watercolour. Such water 
conditions are undesirable and it is recommended to change the pond water partially if this colour arises. It 
indicates super-eutrophication that is usually caused by over-feeding, deterioration of pond bottom, low 
water exchange rate, high concentration of organic matter and high application of trash fish. Transparency of 
this water is about 15 cm. It forms a lot of bubbles while using aerators. It is not a desirable watercolor in 
pond management because it usually weakens the shrimp and sometimes causes dropsy and makes the 
animal susceptible to gill disease. It always produces a poor harvest. The reason for this dark brown colour to 
form is not due to algae, but by the pigment and tannic acid, that normally occurs a high concentration in 
mangrove area because of acid sulfate soils. 

3.5  YELLOWISH COLOR:- 
The formation of yellow water is due to the growth of Chrysophyta. In addition, green flagellates may also 
grow moderately. In a pond with watercolour of this type growth of benthic diatom, blue-green algae and 
green algae is inhibited. This kind of water is very stable in colour, although it is not a desirable one for the 
shrimp/prawn culture. It is usually formed in old fish ponds that have accumulated a high organic load over a 
long period and through bacterial action. In ponds with water of this colour, growth of shrimp/prawn is 
inhibited and chances of high mortality exist. Because all these algae/phytoplankton are very small in size, 
they cannot be used directly as natural foods by the shrimp/prawn. The phytoplankton forms an indirect 
source of food to shrimp/prawn through zooplankton as thy consume phytoplankton 

3.6  FOGGY WHITE WATER:- 
This mainly comprises of zooplankton, clay particles and detritus. It is an ideal environment for growth of 
fry or juvenile prawns since it provides natural feeds. On the other hand, for the adult prawn there exists a 
disadvantage of competing with the environment during the culture period. In waters of this color, 
zooplankton gather together and give an appearance of being suspended as a white spot. Too high a 
population of zooplankton in the environment interferes with shrimp behaviour and can cause damage to 
shrimps. It is also indicative of the die-off of algae or the deterioration of water quality with resulting 
propagation of bacteria. This water color will need to be well controlled during culture period. 
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3.7  TURBIDITY WATER:- 
The formation of turbid water may be due to the suspension of zooplankton, clay particles or detritus. This 
kind of water can be beneficial or harmful, depending on the quality and quantity of the suspended materials. 
It is formed by clay particles that originate from the dike and are dissolved by rain or from the river where 
freshwater is sourced. Sometimes, it is caused by strong wind and the resulting disturbing movement of 
shrimp at the bottom. This turbid water can provide some advantages not only to stabilize the water quality 
and shrimp habitat, but also provide some nutritional effect since the clay particle can absorb nutrients, 
organic particles and microorganisms to form “clay floccules” which can serve as shrimp natural feed. 
However if the original water is clear, unlike the water that had the color as discussed earlier, too many clay 
particles can be negative to the growth of shrimp. 

3.8  CLEAR WATER:- 
This water is transparent. This may be caused by a lack of nutrients, the presence of heavy metal pollutants 
like copper, manganese, iron or acid bottom clay (pH 5.5 or lower). Under these conditions, no organisms 
can grow properly. It goes without saying that this kind of water cannot raise a good crop of 
shrimp/prawn/fish, because it indicates that something is wrong with the soil or the water quality. This must 
be improved at the start of shrimp/prawn/fish culture. It is evident that some types of watercolour are 
desirable, some are not. In order to achieve a particular colour, algal nutrients may be used. It is suggested 
that ammonium salts are good for green algae growth, while urea is good for brown algae (i.e. diatoms). 
When the colour becomes undesirable owing to over-blooming, bactericides, insecticides and algaecides may 
be used. Increasing aeration and/or partial replacement with clean water may also be helpful in changing 
water quality. Feeding greatly influences watercolour and water quality. Over-feeding should be avoided. 
The use of too much trash fish may cause a blooming of flagellates, which is not desirable. 

4  FISH AND PLANKTON RELATIONSHIP:- 
What are the reasons that make a few fish animal varieties bountiful in the ocean or for what reason are 
numerous sorts of fish so plentiful and fruitful in the sea to the level of drawing in human by their plenitude? 
The sea-going scholars can answer this by their wide examinations on the sea climate with decisiveness on 
the essential microscopic fish job. Microscopic fish has a fundamental part in the vacillations occurring in 
the naturalistic endurance paces of fish adolescent and hatchlings and the subsequent impacts on the grown-
up fish stock. In another mean, minuscule creatures control the improvement of things to come fish stock. As 
hatchlings develop, many become less reliant on microscopic fish, accordingly lessening death rates with age 
[19]. 

Fish development and mortality can change altogether under ordinary conditions. The laying of extensive 
number of eggs from which only a couple can endure and grow up to become grown-ups is a commonplace 
r-methodology. The hatchling achievement will be chosen by its encompassing ecological conditions and 
microscopic fish plenitude and not by the amount of parent stock. At many lower endurance levels, there is a 
thickness dependence where the measure of the accessible food to every individual assumes a key function in 
deciding the number of will endure furthermore, the creation of live food is identified with fish sustenance 
type and it is additionally a densityindependent activity. Customarily bringing forth destinations and seasons 
were controlled by checking the testicle status of fishes held at various occasions and zones throughout the 
entire year. 

Regardless, later data on segment of ichthyoplankton reliant on the genuine brought forth eggs and 
hatchlings assembled have provided us with a full image of the generating seasons and sites. Additionally 
this data has given us the information on fertility per unit weight and the female's extent in the fish stock 
[19].The following focuses are deserving of thought and are predictable with Balachandran and Peter [19]. 

 Seas' ripeness is estimated by microscopic fish biomass which is viewed as a record on it. It 
supplies us with an assessment of the all out natural creation and causes us to diagram the 
locales of fishery potential. 

 The creation of fish can change because of the efficiency changes with which the microscopic 
fish is changed over into the tertiary creation (fishes) as opposed to the all out essential creation 
changes. 
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 In seas, tiny fish are the basic wellspring of food; the irregularity in their arrangement (their 
variety) impacts the fishes' food propensities. 

 Microscopic fish network structure showed the focal part of such creatures as an indispensable 
factor in the fishes generating. 

 A fishery endures and gets rich when a blend of great conditions wins that makes the food be 
provided in satisfactory sums and diminished prey thickness. 

 One of the primary components deciding the size of the subsequent fish stock year class is its 
capacity to surpass the larval stage without enormous mortality. 

 Predation of zooplankton on fish larval stages impacts the next year class quality/fisheries. 

 It is essential to decide the starved hatchling rate which can be utilized as a sign of inevitable 
year class strength. 

 Tiny fish bioindicator idea implies utilizing of specific types of microscopic fish as markers on 
the fishery status. These days it is incredibly required just as entirely relevant. 

CONCLUSION:- 
Both the phytoplankton and zooplankton are more important to the fish and shellfish larvae. These are 
nutritious , protein rich and easily digestable. By comparing the artificial lie food the planktons are the best. 
They do not harm the larvae. We can feed the artificial live food to the larvae at the time of their growth. 
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ABSTRACT 
Many of the newly formulated drugs are poor water soluble and create major concern during formulation 
and shows poor bioavailability. The problem is even more complex for drugs which belong to BCS Class II 
(low solubility and high permeability) category. To overcome this concern nanotechnology is used to 
improve the solubility, permeability and bioavailability of poorly soluble drugs. Nanotechnology is defined 
as the science and engineering carried out in the nanoscale that is 10-9 meters. Nanosuspensions are a part 
of Nanotechnology. Nanosuspensions are defined as the submicron colloidal dispersions of pharmaceutical 
active ingredient particles in a liquid phase, size below 1µm, without any matrix material which are 
stabilized by surfactants and polymers. Nanosuspensions differ from nanoparticles and solid lipid 
nanoparticles with respect to the fact that nanoparticles are polymeric colloidal carriers of drug while solid 
lipid nanoparticles are lipid carrier of drugs. Preparation of nanosuspension is simple and applicable to all 
drugs which are water insoluble. Nanosuspensions are prepared by using wet mill, high pressure 
homogenizer, emulsion solvent evaporation, melt emulsification and supercritical fluid techniques. Nano-
suspensions can be delivered by oral, parenteral, pulmonary and ocular routes. Nanosuspensions can also 
be used for targeted drug delivery when incorporated in the ocular inserts and mucoadhe-sive hydrogels. 
This review article mainly focuses on preparation of nanosuspension by various techniques with their 
advantages and disadvantages, formulation considerations, Characterization and their applications in drug 
delivery. Nanosuspension not only solves the problem of poor solubility and bioavailability but also alter the 
pharmacokinetics of the drug and thus improving safety and efficacy. 

Keywords: Bioavailability, solubility, BCS Class, Nano suspension, Drug delivery, Nano- technology, 

INTRODUCTION 
More than 42% of the new chemicals being generated through drug discovery programmers are poorly 
water‐soluble or lipophilic compounds. Formulating a poor water soluble drug has always been a challenging 
problem face by the pharmaceutical scientist. The formulation of nano‐sized particles can be implemented to 
all drug compounds belonging to biopharmaceutical classification system (BCS) classes II and IV to increase 
their solubility and permeability hence ensuring free partition into gastrointestinal barrier. Micronization is 
used for class II drugs of (BCS), i.e. Drug with poor solubility and good permeability [1,2,18,29,46,53]. There are 
many conventional methods for increasing the solubility of poorly soluble drugs, which include 
micronization, solubilization using co‐solvents, salt form, surfactant dispersions, precipitation technique, and 
oily solution. Other techniques includes liposomes, emulsions, microemulsion, solid dispersion and inclusion 
complexation using cyclodextrins[3,48,20,25,40,47,61,65] show result in some extent, but this does not applicable to 
all drugs specially for those drugs which are not soluble in aqueous and organic solvents. Nanotechnology 
can be used to solve the problems associated with these conventional approaches for solubility, permeability 
and bioavailability enhancement. Nanosuspension is favored for compounds that are insoluble in water (but 
are soluble in oil) with high log P value, high melting point and high doses. Nanosuspension technology can 
also be used for drugs which are insoluble in both water and organic solvents. Hydrophobic drugs such as 
Atorvastatin,[35] Famotidine,[30] Simvastatin,[36] Revaprazan,[16] Aceclofenac,[13] are formulated by the process 
of Nanosuspension . 

Nanosuspensions are submicron colloidal dispersions of nanosized drug particles stabilized by surfactants. 
They can also be defined as a biphasic system contains pure drug particles dispersed in an aqueous vehicle in 
which the diameter of the suspended particle is less than 1µm in size. The Nanosuspensions can also be 
lyophilized or spray dried and the nanoparticles of a nanosuspension can also be incorporated in a solid 
matrix [2,5,6,8,9,10,38,49,61,68]. Nano is a Greek word which means ‘dwarf’. Nano means it is the factor of 10-9 or 
one billionth. 

1 nm = 10-9m= 10-7 cm = 10-6 mm. [4]. 
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Micronization of poorly soluble drugs by colloid mills or jet mills was preferred method and is used for a 
long duration of time. The overall particle size distribution ranges from 0.1µm to approximately 25µm.[10,11] 

CLASSIFICATION OF SUSPENSION [5,12] 

I.  Based On General Class 
 Oral suspension (paracetmol suspension) 

 Externally applied suspension (calamine lotion) 

 Parenteral suspension (insulin zinc suspension) 
II.    Based On amount of Solid Particles 
 Dilute suspension (2 - 10%w/v solid, prednisolone acetate ) 

 Concentrated suspension (50%w/v solid, zinc oxide suspension) 
III.  Based On Electro-kinetic Nature Of Solid Particles 
 Flocculated suspension (Dispersed phase maybe a network of particle) 

 Deflocculated suspension (Dispersed phase may consist of discrete particle) 
IV.  Based On Particle size 
 Colloidal suspension (less than 1µm) 

 Coarse suspension (more than1µm) 

 Molecular Dispersion (less than 1 nm) 

 Nano suspension (10 ng) 
When to go for Nano Suspensions Approach or, Criteria for selection of drug for nanosuspension 
 The compounds that are water insoluble but are oil soluble 
 Drug that are insoluble in both water and organic media- rarely used 

 Compound with high log P value 
 Drugs with reduced tendency of the crystal to dissolve, regardless of the solvent 

 Compound with high melting point and high dose. [1013,14,15,38] 
Advantages of nanosuspension drug delivery system [16,17,18,41] 
1. It can be applied for poorly water soluble drugs. 

2. Bioavailability enhancement 
3. Drug targeting to the specific area 

4. Physically more stable than liposomes due to presence of stabilizers 
5. Most cost effective. 

6. Reduction in tissue irritation. 
7. Improved dose proportionality 

8. Nanosuspensions can be incorporated in tablets, pellets, hydrogels 
9. Very dilute and high concentrated nano-suspensions can be prepared by handling 1mg/ml to 

400mg/ml drug quantity 
Disadvantages of Nano suspension [19,20,21] 
 Uniform and accurate dose cannot be achieved 
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 Bulky so sufficient care must be taken during handling and transport. 

 Physical stability, sedimentation and compaction can causes problems. 
From the discussion it is clearly seen that the advantages of nanosuspension overcome the disadvantages. 

METHOD FOR PREPARATION OF NANOSUSPENSIONS 
Preparations of nanosuspension are much simpler alternative than liposome and other conventional colloidal 
drug delivery system and more cost effective. It is particularly used for poorly soluble drugs and to yield a 
physically more stable product. There are two most popular method used for preparation of nanosuspension 
i.e, 

1. The top -down process – This method uses classical precipitation techniques by reducing the solvent 
quality. This starts from the molecular level and goes via molecular association to the formation of a solid 
particle and follows disintegration approach to from large particles and microparticles to Nanosized particles. 
[22,23,25,69] 

E.g.- By pouring the solvent into a nonsolvent or changing the temperature or a combination of both. 

Examples are 
 High pressure homogenization 

 Nanoedge 

 Nanopure 

 Media milling for nanocrystals 

2. Bottom-up process – This is the opposite of bottom up process. This starts from the molecular level and 
goes through molecular association to the form a solid particle. This also uses classical precipitation 
technique by reducing the solvent quality. 

E.g.-By pouring the solvent into a nonsolvent or changing the temperature or a combination of both. 
[24,26,48,3,14,53,64] 

Examples are 
 Solvent- Antisolvent method 

 Super critical fluid process 

 Emulsification Solvent evaporation technique 

 Lipid emulsion/Micro-emulsion template. 

VARIOUS TECHNIQUES FOR PREPARATION OF NANOSUSPENSION 
A. HIGH PRESSURE HOMOGENIZATION 
It is the most widely used method for preparation of nanosuspensions of many poorly aqueous soluble drugs 

It involves three steps [28,29,33]. 

 First drug powders are dispersed in stabilizer solution to form presuspension. 

 Then the presuspension is homogenized in high pressure homogenizer at a low pressure for premilling. 

 Homogenized at high pressure for 10 to 25 cycles until the nanosuspensions of desired size are formed. 
[43] 

Homogenization in aqueous media (Disso cubes): 
In 1999 this technology was 1st developed by R.H. Muller using a piston-gap type high pressure 
homogenizer [40]. This method uses, the suspension containing a drug and surfactant is forced under pressure 
through a Nanosized aperture valve of a high pressure homogenizer. 

Principle: Based on cavitation technique. The dispersion present in 3cm diameter cylinder is suddenly 
passed through a very narrow gap of 25µm. According to Bernoulli’s theorum the flow volume of liquid in a 
closed system per cross section is constant. It leads to increase in dynamic pressure and decrease the static 
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pressure below the boiling point of water at room temperature due to reduction in diameter from 3cm to 
25µm.Then water starts boiling at room temperature and form gas bubbles, which collapse when the 
suspension leaves the gap called cavitation and normal air pressure is reached. The particles cavitation forces 
are sufficiently high to convert the drug micro particles into nanoparticles. [30,31,34,36] 

Advantages 
1.  Does not erode the processed materials. 

2.  Applicable to the drugs that is poorly soluble in both aqueous and organic media. Disadvantages 

1.  Micronization of drug is required. 

2.  High cost instruments are required- high cost of the medicine. [32,35,38] 

 
Figure 1: Schematic Cartoon of the High-Pressure Homogenization Process 

 
Figure 2: Influence of applied cycles in regard to PCS diameter. 

Homogenization in nonaqueous media 
Nanopure: Nanopure is a suspension homogenized in water-free media or water mixtures like PEG 400, 
PEG 1000 etc. The homogenization can be done at room temperature and below freezing point i.e., -200C, so 
it is known as deep freeze homogenization [13,39]. 
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Nanoedge: This is the combination of both precipitation and homogenization technique [15,40]. The 
disadvantage of precipitation technique such as crystal growth and long term stability can be overcome by 
using the Nanoedge technology. 

Nanojet: Known as opposite stream technology that uses a chamber where a stream of suspension is divided 
into two or more parts which colloid with each other at high pressure due to the high shear force produced 
during the process the particle size is reduced [56,41]. 

B. MILLING TECHNIQUES 
i)  Media Milling: 
1st developed and reported by Liversidge (1992) Nanosuspensions by this method are prepared by high shear 
media mill. The milling chamber was charged with the milling media, water, drug and stabilizer and rotated 
at a very high shear rate under controlled temperature at least for 2-7 days [42,43,50]. The milling medium is 
composed of glass, Zirconium oxide or highly cross linked polystyrene resin. The high energy shear forces 
are formed as a result of impaction of milling media with the drug which results in breaking of drug micro 
particles to nanosized particles. [36] 

 
Figure 3: Schematic of media milling process. Adopted from 

Advantages 
1.  Very dilute and highly concentrated nanosuspension can be prepared. 

2.  Nanosized distribution of final nanosized product. 

Disadvantages 
1. Time consuming. 

2. Some fractions of particles are in the micrometer range. 

3.  Due to mill size and weight scale up is not easy [44,45,46] 
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Figure 4: The particle size distribution of naproxen crystals before and after milling. Before milling the drug 
crystals had a mean particle size of 24.2 µm and after being processed for 30 min in a media mill the mean 

particle size was 0.147 µm with D90¼0.205 µm. 

ii)  Dry-Co-grinding: 
This is the new technique for nanosuspension. Because of an improvement in the surface polarity and 
transformation from a crystalline to an amorphous drug the physicochemical properties and dissolution of 
poor water soluble drugs are improved by Co-grinding 

Advantages 
1.  Economical and no use of organic solvent. 

2.  Short grinding time. 

Disadvantages 
1.  Residue generation from milling media. [47,48,49,50] 

C.  PRECIPITATION TECHNIQUE (SOLVENT ANTISOLVENT METHOD): 
Very old method for the poorly soluble drugs to prepare submicron particles. 1st drug is dissolved in a 

suitable solvent and the solution is then mixed with a miscible anti-solvent system in the presence of 
surfactants. Rapid addition of drug solution in to the anti-solvent leads to the sudden super saturation of 
drug in the mixed solution which forms ultrafine drug solids. Precipitation method involves two phases 
- nuclei formation & crystal growth. When preparing a stable suspension with the minimum particle 
size, a high nucleation rate and but low growth rate is necessary which in term depends on temperature. 
In this technique the drug needs to be soluble in at least one solvent which is miscible with non-solvent 
[51,52,53,54,55]. 

Advantages 
1. Simple process, Ease of scale up and Economical production. 

Disadvantages 
1. Crystal growth - limit by surfactant addition. 

2. Drug must be soluble at least in one solvent.[4,56,57] 
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Figure 5: Schematic representation of the precipitation method 

D. SUPERCRITICAL FLUID METHOD 
This technique produce nanoparticles from drug solutions. The various method used for this are rapid 
expansion of supercritical solution process (RESS), supercritical anti-solvent process and precipitation with 
compressed anti-solvent process (PCA).The RESS involves expansion of the drug solution in supercritical 
fluid through a nozzle which leads to loss of solvent power of the supercritical fluid resulting in precipitation 
of the drug as fine particles. In the PCA method, the drug solution is atomized into a chamber containing 
compressed CO2. As the solvent is removed the solution gets supersaturated and thus precipitates as fine 
crystals. The supercritical anti- solvent process uses a supercritical fluid in which a drug is poorly soluble 
and a solvent for the drug that is also miscible with the supercritical fluid. The drug solution is injected into 
the supercritical fluid and the solvent gets extracted by the supercritical fluid and the drug solution gets 
supersaturated. The drug is then precipitated as fine crystals.[12, 59,60,61,62] 

Disadvantages [58] 

1. Use of hazardous solvents, high proportions of surfactants and stabilizers as compared with 
other techniques. 

2. Particle nucleation overgrowth due to transient high super saturation 

3. Development of an amorphous form or another undesired polymorph. 
E.  MELT EMULSIFICATION METHOD [60,63,64,65] 
Drug is dispersed in the aqueous solution of stabilizer and heated above the melting point of the drug and 
homogenized to give an emulsion. During this process the sample holder was wrapped with a heating tape 
fitted with temperature controller and the temperature of emulsion was maintained above the melting point of 
the drug. The emulsion was then cooled down either slowly to room temperature or on an ice-bath. 

Advantage 
1. Total avoidance of organic solvents during the production process. 
F.  EMULSION SOLVENT DIFFUSION METHOD [58,66,67] 

Emulsions as templates are applicable for those drugs that are soluble in either volatile organic solvent or 
partially water‐miscible solvent. Such solvents can be used as the dispersed phase of the emulsion. An 
organic solvent or mixture of solvents loaded with the drug is dispersed in the aqueous phase containing 
suitable surfactants with stirring to form an emulsion. The obtained emulsion was further homogenized by 
high pressure homogenization. After homogenization cycles the emulsion was diluted with water, 
homogenized by homogenizer to diffuse the organic solvent and convert the droplets into solid particles. 
Since one particle is formed in each emulsion droplet it is possible to control the particle size of the 
nanosuspension by controlling the size of the emulsion. Optimizing the surfactant composition increases the 
intake of organic phase and ultimately the drug loading in the emulsion. Originally methanol, ethanol, ethyl 
acetate, chloroform are used as organic solvents. However, environmental hazards and human safety 
concerns about residual solvents have limited their use in routine manufacturing processes. 
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Advantages 
1. No use specialized equipment. 

2. Particle size can easily be controlled by controlling the size of the emulsion droplet. 
3. Ease of scale-up. 
Disadvantages 
1. Drugs that are poorly soluble in both aqueous and organic media cannot be formulated by this 

technique. 
2. Use of hazardous solvents in the process. 

3. Diultrafiltration for purification of the drug Nanosuspension, 
4. High amount of surfactant/stabilizer is required as compared to the production techniques 

described earlier [58]. 

 
Figure 6: Schematic representation of the emulsification-solvent diffusion method 

G.  MICRO EMULSION TEMPLATE 
This technique follows an organic solvent or mixture of solvent loaded with the drug dispersed in an aqueous 
phase containing suitable surfactants to form an emulsion. The organic phase is then evaporated under 
reduced pressure to make drug particles precipitate instantaneously to form the Nanosuspension which is 
stabilized by surfactants. Another method makes use of partially water-miscible solvents such as butyl 
lactate, benzyl alcohol and triacetin as the dispersed phase instead of hazardous solvents [4, 52,60,66,58]. 

Advantages 
1. No use specialized equipment. 
2. Particle size can easily be controlled by controlling the size of the emulsion droplet. 

3. Ease of scale-up. 
Disadvantages 
1. Drugs that are poorly soluble in both aqueous and organic media cannot be formulated by this 

technique. 

2. Need for diultrafiltration for purification of the drug Nanosuspension-  process costly. 
3. High amount of surfactant/stabilizer is required as compared [53]. 
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Figure 7: Schematic representation of the emulsion as template process 

H. EMULSIFICATION-SOLVENT EVAPORATION TECHNIQUE 
Involves preparation of drug solution followed by its emulsification in another liquid that is a nonsolvent for 
the drug. Evaporation of the solvent leads to precipitation of the drug. Crystal growth and particle 
aggregation can be controlled by creating high shear forces using a high speed stirrer. [4,69] 

 
Figure 8: Schematic representation of the solvent-evaporation technique 

I.  SOLVENT EVAPORATION 
The solutions of polymer are prepared in volatile solvents and emulsions. The emulsion is converted into 
nanoparticle suspension on evaporation of the solvent for the polymer which is allowed to diffuse through 
the continuous phase of the emulsion. In the conventional method for the formation of emulsions two main 
strategies are being used, 

Organic solvents or mixture of organic solvents with drug + aqueous phase with suitable 
surfactants 

Under reduced pressure organic phase is evaporated 

Finally, nanosuspension is formed and it was stabilized by using suitable surfactant and 

Firstly, emulsion is prepared by using solvents which are partially miscible such as butyl 
lactate  

Then, it was diluted with water 

Nanosuspension was obtained 
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 The preparation of single-emulsions (o/w and w/o) 

 Preparation of double-emulsions (o/w/o and w/o/w) 

These methods require high-speed homogenization or ultrasonication followed by evaporation of the solvent 
either by continuous magnetic stirring at room temperature or under reduced pressure. By ultracentrifugation 
the solidified nanoparticles are collected which was washed with distilled water to remove the additives like 
surfactants, and then it was lyophilized. The particle size was influenced by the concentration of polymer, 
stabilizer and the speed of homogenizer. [51,54,56] 

APPLICATIONS OF NANOSUSPENSION: 
1.  Target drug delivery: As their surface properties and in vivo behavior can easily be altered by 

changing either the stabilizer or the milieu and versatility, ease of scale up and commercial product 
enable the development of commercial viable nanosuspension can be used as target drug delivery. The 
engineering of stealth nanosuspensions by using various surface coatings for active or passive targeting 
of the desired site is the future of targeted drug delivery systems. Targeting of Cryptosporidium Parvum 
the organism responsible for cryptosporidiosis was achieved by using surface modified mucoadhesive 
nanosuspensions of bupravaquone. [42, 45,57]. 

2.  Oral Drug Delivery: Because of the numerous advantages oral route is the most preferable route for 
many of the drugs especially in the case of orally administering antibiotics such as atovaquone and 
bupravaquone. By making it in nanosize, its solubility and bioavailability will increase. The oral 
administration of naproxen nanoparticles leads to an area under the curve (AUC) (0-24 h) of 97.5 mg-h/l 
compared with naproxen nanosuspension and naproxen tablets. [58]. 

 
Figure 9: Nanosuspensions for Oral Drug Delivery 

3.  Ocular Drug Delivery: Mainly applied for hydrophobic drugs and increases the residence time of 
drugs. The best example of nanosuspension is ibuprofen. The anti-inflammatory activity of ibuprofen 
increased compared with the aqueous preparation [59]. 

4.  Pulmonary Drug Delivery: Used for nanosuspension for the drugs which have poor solubility in 
pulmonary secretion. For the lung delivery it is nebulised by mechanical or ultrasonic nebulizer.[60]. 

 
Figure 10: Nanosuspension for Pulmonary Drug Delivery 
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5.  Parentral Drug Delivery: The drug clofazimine is given as in IV route. The concentration in the liver, 
spleen and lungs reached a high level i.e, greater than minimum inhibitory concentration for most of the 
Mycobacterium Asvium strains. Tarazepide is formulated as nanosuspension in order to overcome the 
use of surfactants and cyclodextrins to improve the bioavailability [61]. 

 
Figure 11: Nanosuspension for Parentral Drug Delivery 

 

6.  Topical formulations: Drug nanoparticles can be incorporated into creams and water-free ointments. 
The nanocrystalline form leads to an increased saturation solubility of the drug in the topical dosage 
form so enhancing the diffusion of the drug into the skin [62]. 

7.  Mucoadhesion of the nanoparticles: Nanoparticles orally administered in the form of a suspension 
diffuse into the liquid media and rapidly encounter the mucosal surface. The particles are immobilized 
at the intestinal surface by an adhesion mechanism referred to as bioadhesion. From this moment the 
concentrated suspension acts as a reservoir of particles and an adsorption process takes place very 
rapidly. The direct contact of the particles with the intestinal cells through a bioadhesive phase is the 
first step before particle absorption. The adhesiveness of the nanosuspensions not only helps to improve 
bioavailability but also improves targeting of the parasites persisting in the GIT [62]. 

CHARACTERIZATION OF NANOSUSPENSION [50-60] 
In-vitro evaluations 
 Color, Odor, Taste 

 Particle size distribution 

 Particle charge (Zeta Potential) 

 Crystal morphology 

 Dissolution velocity and Saturation solubility 

 Density 

 pH 

 Droplet Size 

 Viscosity Measurement 

 Stability of Nanosuspension 
In-vivo Biological Performance 
Evaluation for surface-modified Nanosuspension 
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 Surface hydrophobicity 

 Adhesion properties 
 Interaction with body proteins 

EVALUATION 
1. Color, Odor, Taste: These characteristics are especially important in orally administered formulation. 
Variations in taste especially of active constituents can offered be attributed to changes in particle size, 
crystal habit and subsequent particle dissolution. Changes in color, odor and taste can also indicate chemical 
instability. 

2.  Particle Size Distribution: Particle size distribution determines the physiochemical behavior of the 
formulation such as saturation solubility, dissolution velocity, physical stability, etc. The particle size 
distribution can be determined by photon correlation spectroscopy (PCS), laser diffraction (LD) and 
coulter counter multisizer. The PCS method can measure particles in the size range of 3 nm to 3µm and 
the LD method has a measuring range of 0.05-80µm. The coulter counter multisizer gives the absolute 
number of particles, in contrast to the LD method which gives only a relative size distribution. For IV 
use, particles should be less than 5µm, considering that the smallest size of the capillaries is 5-6 µm and 
hence a higher particle size can lead to capillary blockade and embolism. 

3.  Zeta Potential: Zeta potential is an indication of the stability of the suspension. For a stable suspension 
stabilized only by electrostatic repulsion a minimum zeta potential of ±30mV is required whereas in 
case of a combined electrostatic and steric stabilizer, a zeta potential of ±20 mV would be sufficient. 

4.  Crystal Morphology: To characterize the polymorphic changes due to the impact of high-pressure 
homogenization in the crystalline structure of the drug, techniques like X-ray diffraction analysis in 
combination with differential scanning calorimetry or differential thermal analysis can be utilized. 
Nanosuspensions can undergo a change in the crystalline structure, which may be to an amorphous form 
or to other polymorphic forms because of high-pressure homogenization. 6. Dissolution Velocity and 
Saturation Solubility: Nanosuspensions have an important advantage over other techniques that it can 
increase the dissolution velocity as well as the saturation solubility. These two parameters should be 
determined in various physiological solutions. The assessment of saturation solubility and dissolution 
velocity helps in determining the in vitro behavior of the formulation. 

7.  Density: Specific gravity or density of the formulation is an important parameter. A decrease in density 
often indicates the presence of entrapped air within the structure of the formulation. Density 
measurements at a given temperature should be made using well mixed, uniform formulation; precision 
hydrometer facilitate such measurements. 

8.  pH: The pH value of aqueous formulation should be taken at a given temperature and only after settling 
equilibrium has been reached to minimize pH drift and electrode surface coating with suspended 
particles. Electrolyte should not be added to the external phase of the formulation to stabilize the pH. 

9.  Droplet Size: The droplet size distribution of micro emulsion vesicles can be determined by either light 
scattering technique or electron microscopy. 

10.  Viscosity Measurement: The viscosity of lipid based formulations of several compositions can be 
measured at different shear rates at different temperatures using Brookfield type rotary viscometer. The 
sample room of the instrument must be maintained at 370C by a thermo bath and the samples, for the 
measurement are to be immersed in it. 

11.  Stability of Nanosuspension: The high surface energy of nanosized particles induces agglomeration of 
the drug crystals. The main function of the stabilizer is to wet the drug particles thoroughly to prevent 
Ostwald ripening and agglomeration of the Nanosuspension and form a physically stable formulation by 
providing a steric or an ionic barrier. Typical examples of stabilizers used in Nanosuspensions are 
cellulosics, Poloxamer, polysorbate, lecithin, polyoleate and povidones. Lecithin may be preferred in 
developing parenteral Nanosuspension. 
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12.  In-Vivo Biological Performance: The establishment of an in-vitro/in-vivo correlation and the 
monitoring of the in-vivo performance of the drug is an essential part of the study. The in-vivo behavior 
of the drug depends on the organ distribution which in turn depends on its surface properties, such as 
surface hydrophobicity and interactions with plasma proteins. In fact, the qualitative and quantitative 
composition of the protein absorption pattern observed after the IV injection of nanoparticles is 
recognized as the essential factor for organ distribution. Hence, suitable techniques have to be used in 
order to evaluate the surface properties and protein interactions to get an idea of in vivo behavior. 
Techniques such as hydrophobic interaction chromatography can be used to determine surface 
hydrophobicity, whereas 2-D PAGE can be employed for the quantitative and qualitative measurement 
of protein adsorption after intravenous injection of drug nanosuspensions in animals. 

CONCLUSION 
The main goal of this review was to describe the various preparation techniques for production of 
nanosuspensions. it was observed that preparing nanosuspension   is a state -of-art technology that requires a 
suitable technique among the various possible methods. Production techniques such as media milling and 
high-pressure homogenization have been successfully employed for large scale production. The advances in 
production methodologies using emulsions or microemulsions as templates have provided still simpler 
approaches for production but with some limitations. 
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TABLES 

Table 1: Biopharmaceutical Classification System [34] 

BCS Class I 

 

High Solubility 

High Permeability 

Marketed 35%, 
candidates     5- 10% 

propranolol, Metoprolol 

BCS Class II Poor Solubility 

High Permeability 

Marketed 30%, 
candidates   60- 70% 

Ketoprofen, Carbazepine 

BCS Class III High Solubility 

Poor Permeability 

Marketed 25%, 
candidates      5-10% 

Atenolol, Ranitidine 

BCS Class IV Poor Solubility 

Poor  Permeability 

Marketed 10%, 
candidates    10-20% 

Furosemide, 
Hydrochlorothiazide 

Table 2: Formulation consideration for nanosuspension [6] 

Additives Function 
 

Example 

 
Stabilizers   

 

Wet the drug particles thoroughly, prevent 
Ostwald’s ripening and agglomeration of 
Nanosuspensions, providing ionic barrier 

and  provide long term storage 

Lecithins, poloxamers, polysorbate, 
povidones 

Surfactants Reduce interfacial tension of particles and 
produce smooth dispersion Tweens and spans 

 
Co- 

surfactants 
  

 

Increase oil solubilizing capacity of 
surfactant system and Influence phase 

behavior when micro emulsions are used to 
formulate nanosuspension 

Bile salts, dipotassium 
glycerrhizinate, transcutol, 

glycofurol, Ethanol, isopropanol 

 
Organic 
Solvent 

  
 

Used to dissolve various components, must 
be pure, less hazardous and economical. 
For solubilization of aqueous insoluble 

drugs. 

Methanol, ethanol, chloroform, 
isopropanol, ethyl acetate, ethyl 
Formate, butyl lactate, propylene 

carbonate, benzyl alcohol 

 
Other Additives  

According to the requirement of the route 
of Administration or the physiochemical 

properties of the drug moiety 

Buffers, salts, polyols, osmogens, 
cryoprotectant etc 

 

 



 

Recent Research Trends in Management and Social Science 

297 

Table 3: Examples of marketed nanosuspensions produced by media milling technique [44] 

 
Table 4: Examples  of Nanosuspension prepared by different method [1,19,22,25,26,34, 94452,59,69] 

High pressure homogenization: Aprepitant, Celecoxib, Clofazimine 

Nanoedge method Nevirapine 

Milling techniques Sirolimus, Fenofibrate, Aprepitant, Mesestrol 

Precipitation technique Satranidazole, Rosuvastatin, Pitavastatin 
Acid-base precipitation method Itraconazole 
Melt emulsification method Ibuprofen 

Emulsion solvent diffusion method Ibuprofen, Diclofenac, Acyclovir 

Solvent evaporation Simvastatin 
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COMMUNITY PEOPLE AT SAMBALPUR THEMRA 

Anwesha Naik and Sunita Mishra 
Department of Zoology, School of Applied Sciences, Centurion University of Technology and Management, 

Odisha 

ABSTRACT 
Background Despite the increased burden of mental health problem, little is known about knowledge and 
perception of the public towards mental health problems in Ethiopia Method. Community based cross-
sectional study was conducted among selected 845 Gimbi town residents from May 28 to June 28, 2014. 
Result out of the total study participants, 304 (37.3%) were found to have poor perception (a score below 
mean five semantic differential scales for positive questions and above mean for negative question) of mental 
illness. Being above 28 years of age (AOR = 0.48 CI (0.23, 0.78)), private workers (AOR = 0.41 CI (0.19, 
0.87)), and lack of mental health information were found to be associated with poor perception of mental 
illness (AOR = 0.133 CI (0.09, 0.20)). Absence of family history of mental illness was also found to be 
associated with poor perception of mental illness (AOR = 0.37 CI (0.21, 0.66)). Conclusion, Significant 
proportions of the community in Gimbi town were found to have poor perception of mental illness. Poor 
perception is common among old aged, less educated, private workers, those unable to access mental health 
information, and those with no family history of mental illness. Mental health education on possible causes, 
treatment options, and possible outcome of treatment to the community is required. 

Keywords: Mental health, Poor perception, Community, mental illness 

INTRODUCTION 
“A sound mind is sound body” 
Today our world’s population is 681 million (United Nations Central Bureau, 2010), Mental, neurological 
and behavior disorders are common to all countries and cause immense suffering. People with these 
disorders are often subjected to social isolation, poor quality of life and increased mortality. These disorders 
are cause of staggering economic and social costs. 

In worldwide hundred millions of people were affected by mental disorder, among that 154 million people 
were suffering from depression, 25 million people from schizophrenia, 91 million of people were affected by 
alcohol use disorders and 15 millions by drug use disorders (WHO, 2002), About 877,000 death occur every 
year (WHO, 2005) due to suicide. 

In India, the total population is 117 crores (WHO 2006), About 2-5% of India population suffers from some 
form of mental illness. Prevalence is 65.4/1000 population (WHO 2006). Among that 70 millions of people 
were affected by mild mental disorder and 20 millions of people were affected by severe mental disorder. 

There are around 4000,000 wandering mentally ill person in India. they are often seen in various stages of 
mental disorder. They belong to economically backward and socially marginalized family. 

Need for Study :- 
According to WHO, “Health is defined as the state of completer physical, mental, social, emotional and 
spiritual well being not merely the absence of disease or infirmity”. 

But due to lack of knowledge the Community people think that health as physical fitness and not considering 
mental well being as a part of health. 

India is a developing country with a population of 1,17 Crores (WHO, 2006). In that 70 million (WHO, 
2006) people is suffering from mild mental illness and 20 million (WHO, 2006) people with severe mental 
illness, people are ashamed of getting treatment. Hence 50-90% (WHO, 2006) of people didn’t seek medical 
attention. 

Though we are in 21th century, many community people were indulging themselves in superstitious 
activities, regarding mental illness because they are unaware of treatment facilities available. They also think 
that mental illness is not curable. 
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The community people think that all persons who were deviated from their daily activities are considered as 
mentally ill, and there exist a social stigma. 

After starting psychiatric unit in General Hospital people came forward to take treatment for psychiatric 
illness. Efforts are taken by Government to create awareness among people about mental illness through 
Television, Radio and News. 

Statement of the Problem :- 
A study to assess the knowledge of Community people about mental illness in Sambalpur Themra. 

OBJECTIVES :- 
 To assess the knowledge of community people about mental illness. 

 To find out association between knowledge about mental illness among community people with 
their demographic variables. 

 To create awareness about mental illness among community people. 
Operational Definition :- 
Knowledge :- 
Information and understanding that a person had acquired through experience or education. 

Mental illness :- 
Mental illness is a group of disorder characterized by impairment in thinking, psychomotor activity and 
mood. 

Assumptions :- 
The community people have tack of knowledge about mental illness. 

Limitations :- 
i. The study is limited to I week. 

ii. Samples are taken from Sambalpur, Themra. 
iii. Samples are taken between the age group of 20-50 years. 

REVIEW OF LITERATURE 
1. Hamaideh, Shaherh Knowledge of Jordanian nursing students towards mental ill, College 

Student Journal (June 01,2009). 
Study show that there is a negative attitude associated with mental illness among personnel who work with 
them such as nurse and occupational therapists as well as among the general population. Therefore it is very 
important that the population in general and nursing students in particular, who may work with this kind of 
patients in the future, to develop positive and realistic attitudes towards mental illness and patients with 
mental illness. 

2. Oye Gureje Community Study of knowledge of and attitude to mental illness in Nigeria, 
(Aug. 3, 2008). 

According to this study there is a wide spread stigmatization of mental illness in the Nigerian Community, 
Negative attitudes to mental illness may be fuelled by notions of causation that suggest that affected people 
are in some way responsible for their illness and by fear. 

3. B.O. Olley Changes in attitudes towards Mental Illness after exposure to a course in 
abnormal Psychology (2007). 

According to this study, knowledge about mental illness was significantly higher in all the items measured. 
There were non-significant changes in all items assessing stigma of mental illness except in the items 
indicating feeling upset or distributed working in the same job and maintaining a friendship with someone 
with mental illness respectively. No significant changes were observed in attitudes towards human rights of 
the mentally ill, except regarding an item stating that mentally ill individuals should not have children in 
order to avoid heredity handicaps, with which a lower percentage agree. 
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4. Gwolff, Spathare, G.Craig and J Leff, Community knowledge of mental ill people (2007). 
In this study most respondents knew of somebody who had a mental illness but a substantial proportion of 
respondents had little knowledge of mental illness. Groups who showed more socially controlling attitudes 
had less knowledge about mental illness. Respondents with children, who showed fear and exclusion were 
not less knowledgeable about mental illness. 

5. B.G. Link, JC Phelan, M. Brenahan, Public conceptions and knowledge of mental illness 
(2007). 

This study shows that there is reason for optimism in the public’s recognition of mental illness and causal 
attributions, a strong stereotype of dangerousness and desire for social distance persist. These latter 
conceptions are likely to negatively affect people with mental illness. 

6. Debbie Peterson Rental Health Foundation (2005). 
This study says that there exist a discrimination against people with experience of mental illness in 
Newzealand, however, showed that more people reported discrimination occurring from their friends and 
family than from any other source. This means that while families are an important feature in our lives, their 
attitudes and behaviours. Whether they intend them or not, are not always effective in supporting people with 
experience of mental illness. 

7. Henry Stephens Aghanwa knowledge about mental illness in Fiji Islands. International 
Journal of social psychiatry (2004). 

According to this study a majority of the subjects attributed the cause of mental illness to substance abuse, 
believed in the diversity of mental illness, considered hospital as an importance source of help and 
acknowledged the effectiveness of medication. Less than one fifth of the subjects were willing to marry or 
employ mentally ill person. About 42% of the sample would be deterred by embarrassment from seeking 
help. Educational attainment was correlated with knowledge about mental illness, except with knowledge 
about early mental symptoms, Prestigious occupation, single marital status, female gender, younger age and 
urban dwelling were associated with positive disposition toward mentally ill. Race was not significantly 
influential on almost all attitudinal variables. 

8. Cynthia Fan Comparison of attitudes towards mental illness and knowledge of Mental 
health services between Australian and Asian Students. Journal Community Mental 
health (2004). 

According to this study there was a significant ethnic difference in terms of attitudes towards mental illness, 
and knowledge of mental health services. Further more, Asians who spoke a language other than English at 
home knew less about services for acute mental illness. 

9. O.A. Abiodun Knowledge and attitude concerning mental health of primary health care 
workers in Nigeria (2004). International Journal of Social Psychiatry. 

According to this study most of the health workers (82%) indicated that mental disorders accounted for 5% 
or less of their patient load. Detection rate for the vignette on neurosis as a case of mental disorder was 
poorer than that for psychosis. Psychopharmacological knowledge of the PHC workers was pound to be 
poorest for antidepressant medication. Only 30% of health workers suggest specific types of mental health 
programme that could be introduced at PHC level. Many of them (72%) expressed a negative attitude 
towards mentally ill patients. 

10. Mohammed Kabir Zubair Illiyasu, Isa Sabubakar and Mustar H Aliyu. Knowledge about 
mental illness among adults in Karfi Village, Northern Nigeria. BMC International 
Health and Human Rights (2004). 

According to this study the most common symptoms preferred by respondents as manifestations of mental 
illness included aggression, destructiveness, eccentric behavior and wandering. Drug misuse including 
alcohol, Cannabis and other street drugs was identified in 34% of response as a major cause of mental 
illness, followed by divine, God’s will and magic I spirit possession. About 46% of respondents preferred 
orthodox medical care for mentally sick while 34% were more inclined to spiritual healing. Almost half of 
the respondents harbored negative feelings towards the mentally ill. 
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11. Jacquelynth, Flaskerud, Rural attitudes toward and knowledge of mental illness and 
treatment resources. American Psychiatric Association (2003). 

The stigma associated with mental illness is purported to be a major factor in the resistance of rural residents 
to mental health services. The rural residents in six mid-western states were examined the relationship 
between the demographic characteristics of the respondents and their knowledge and attitudes, in contrast to 
the findings of several other studies. They have expressed a high level of awareness of a variety of mental 
health services and appeared satisfied with those services. 

12. Charmaine J. Hugo, Community attitude toward and knowledge of mental illness is 
South Africa (18 June 2003). 

The main findings were that cases were most often conceptualized as stress related or due to a lack of 
willpower rather than as medical disorder. Treatment advocated was more often to talk the problem over than 
to consult professional medical help. Psychotherapy was the preferred treatment option, particularly in 
vignettes where symptoms presentation was subtle and in cases of substance abuse. 

13. Robert Kohn Knowledge towards mental illness in the commonwealth of Dominica (200). 
The persons surveyed in Dominica narrowly defined a behavioral or emotional problem as mental illness. 
Others than psychosis, the behavioral disturbances were generally not considered to be either mental illness 
or a serious problem. 

14. Claire M Kelly, Anthony F. Jorm and Annemarie Wright Improving the mental health 
literacy as a strategy to facilitate early intervention for mental disorders. 

According to this study Good mental health literacy in young people and their key helpers may lead to better 
outcomes for those with mental disorders, either by facilitating early help-seeking by young people 
themselves, or by helping adults to identify early signs of mental disorders and seek help on their behalf few 
interventions to improve mental health literacy of young people and their helpers have been evaluated, and 
even fewer have been well evaluated. 

15. Kim Foster Mental health worker’s knowledge toward mental illness in Fiji. Australian 
Journal of advanced Nursing (2003). 

According to this study the participants expressed both positive and negative attitudes toward individuals in 
mental health care positive attitudes can be identified to question including psychosocial causational beliefs. 
Negative attitudes were expressed with respect to alcohol abuse and lack of self control, lack of control over 
emotions, psychotropic medications being used to control disruptive behavior and that mental illness is 
caused by genetic factors. 

RESEARCH METHODOLOGY 
Study Approach :- 
In this study Descriptive Method was selected. 

Research Design :- 
Non-experimental study design was selected for the study. 

Setting :- 
The study was conducted at Sambalpur, Themra. 

Population :- 
The people of age group between 20-50 years residing at Sambalpur, Themra. 

Sample Technique :- 
The sample was selected according to the sampling criteria convenient sampling technique was used to 
collect the data. 

Sample Size :- 
A sample of twenty people who met the inclusion criteria were selected for the study. 

Sampling Criteria :- 
Inclusive Criteria :- 
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Community people residing at Sambalpur, Themra Community people of age group between 20-50 years 
people who are willing to participate in the study. 

Exclusive Criteria :- 
People who participated in Pilot study, People who are not willing to participate in the study. 

Description of Tools :- 
Section - 1 
The tool consists of demographic data, which includes age, sex, religion, educational status, marital status 
and type of family. 

Section - 2 
This consist of scale for assessing the knowledge. The scale consists of Yes or Not type question. 

Positive question    -  5 

Negative question    -  15 

For Positive question 

Positive question    -  1 

Negative question    -  0 

For Negative question 

Negative question    -  1 

Positive question    -  0 

Score Interpretation :- 
0-6   -   Inadequate Knowledge 

7-13   -   Moderate Knowledge 

14-20   -   Adequate Knowledge 

Pilot Study :- 
Pilot study was conducted using a tool copy of the Questionnaire at Sambalpur, Themra. Non-experimental 
method was adopted and convenient sampling technique was used. Pilot study was carried out with six 
members using a questionnaire with adequate explanation to assess the level of knowledge about mental 
illness among community people at Sambalpur, Themra. 

Data Collection Method :- 
Researcher obtained a permission letter from principal and approached the head of the Sambalpur, Themra. 
The investigators have chosen questionnaire method for the collection of data. Before asking the question to 
the community people, a brief introduction was given about the research to each individuals and each 
questions were explained to them. The researchers selected twenty members and collected information from 
them by introducing ourselves and explaining each question to them and answers were marked by the 
researchers and scoring was done. 

Data Analyse Method :- 
Data analysis was done by descriptive method like frequency, Mean, Chi-square. 

DATA ANALYSIS AND INTERPRETATION 
This chapter deals with the interpretation of collected data from the community people residing at 
Sambalpur, Themra to assess the level of knowledge about mental illness among them. The data collected 
were grouped and analysed by suing descriptive method. 

Section - A 
Distribution of demographic variables. 

Section - B 
Level of knowledge about mental illness among the community people. 
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Section - C 
Association of demographic variable among the community people. 

Section - A 
TABLE - 1 
Distribution of Demographic Variables 

Sl. No. Demographic Variables Distribution of Response 

Number Percentage % 

1. Age in years 

a. 20-29 
b. 30-39 
c. 40-49 

 

8 

5 

7 

 

40 

25 

35 

2. Sex 

a. Male 
b. Female 

 

8 

12 

 

40 

60 

3. Religion 

a. Hindu 
b. Muslim 
c. Christian 

 

18 

1 

1 

 

90 

5 

5 

4. Educational Status 

a. Illiterate 
b. Primary School 
c. High School 
d. Higher Secondary 
e. Graduate 

 

6 

5 

6 

0 

3 

 

30 

25 

30 

0 

15 

5. Marital Status 

a. Married 
b. Unmarried 

 

17 

3 

 

85 

15 

6. Type of Family 

a. Nuclear 
b. Joint 

 

12 

8 

 

60 

40 
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INTERPRETATION :- 
Table - 1 shows that 40% of the sample belongs to the group of 20-29 years, 25% of the sample belongs to 
30-39 years and 35% of sample belongs to 40-49 years of age. 

According to this table, 40% of sample was male and 60% of sample was female. 

90% of the sample was Hindus, 5% was of the sample was Muslim and 5% of sample was Christians. 

30% of the sample was illiterate, 25% of the sample studied up to primary school, 30% of sample studied up 
to high school & 5% of the sample was graduate. 

85% of the sample was married and 5% was unmarried. 

According to table - 1 60% of the sample belong to Nuclear family and 40% of the sample belongs to joint 
family. 

Section - B 
TABLE - II 
Level of Knowledge about Mental Illness Among Community People 

Level of Knowledge Number Percentage % 

Adequate Knowledge 7 35 

Moderate Knowledge 13 65 

Inadequate Knowledge 0 0 

According to Table - II 65% of sample had moderate knowledge and 35% of sample had adequate 
knowledge. 
Section - C 
TABLE - III 
Association of Demographic Variables with level of Knowledge about Mental Illness Among 
Community People 

Sl. No. 
Demographic 

Variables 

Distribution of Knowledge 
X2 

Value 
Lacks Moderate Adequate 

No. % No. % No. % 

1. 

 

 

 

2. 

 

 

3. 

 

 

 

4. 

 

Age in year 

a. 20-29 

b. 30-39 
c. 40-49 
Sex 

a. Male 

b. Female 
Religion 

a. Hindu 

b. Muslim 
c. Christian 
Educational Status 

 

0 

0 

0 

 

0 

0 

 

0 

0 

0 

 

0 

 

0 

0 

0 

 

0 

0 

 

0 

0 

0 

 

0 

 

4 

5 

4 

 

6 

7 

 

11 

1 

1 

 

5 

 

20 

25 

20 

 

30 

35 

 

55 

5 

5 

 

25 

 

4 

0 

3 

 

2 

5 

 

7 

0 

0 

 

1 

 

20 

0 

15 

 

10 

25 

 

35 

0 

0 

 

5 

 

4.669 

* 

 

 

0.591 

* 

 

1.2 

* 

 

 

7.868 
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5. 

 

 

6. 

a. Illiterate 
b. Primary School 

c. High School 
d. Higher 
e. Graduate 
Marital Status 

a. Married 
b. Unmarried 
Type of Family 

a. Nuclear 

b. Joint 

0 

0 

0 

0 

 

0 

0 

 

0 

0 

0 

0 

0 

0 

 

0 

0 

 

0 

0 

1 

5 

0 

2 

 

12 

1 

 

7 

6 

5 

25 

0 

10 

 

60 

5 

 

35 

30 

4 

1 

0 

1 

 

5 

2 

 

5 

2 

20 

5 

0 

5 

 

25 

10 

 

25 

10 

* 

 

 

 

 

1.56 

* 

 

0.591 

* 

 

** - Statistically Significant 
*- Non Significant 

 
Sex :- 
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Educational Status :- 

 

 
 

Type of Family :- 
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INTERPRETATION :- 
According to table - III there was no statistical association between the knowledge of mental illness among 
community people with their demographic variable. 

DISCUSSION 
1. The first objective of this study was to asses the knowledge of community people about 

mental illness. The findings of the present study reveals that 65% of people have moderate 
knowledge and 35% of people have adequate knowledge about mental illness. 

2. The second objective of this study was to associate the knowledge about mental illness 
among community people and their demographic variables. The finding of study reveals 
that there is no statistical association between the knowledge about mental illness among 
community people and their demographic variables. 

3. The third objective of this study was to create awareness among community people about 
mental illness. Health education was given about the concepts and misconcepts of mental 
illness to create awareness among community people about mental illness. 

SUMMARY 
The study was conducted to assess knowledge of mental illness amongh community people. 

The objectives of the study was to assess the knowledge of community people about mental illness, to 
associate the knowledge of community people about metal illness with their demographic variables 
and to create awareness among community people about the mental illness. 

The design of the study was non-experimental. The data was collected from twenty community people 
residing at Sambalpur, Themra according to the inclusion criteria. 

The finding’s shows that 65% of people have moderate knowledge and 35% of people have adequate 
knowledge about mental illness. 

The findings of present study reveals that is no statistical association between the knowledge about mental 
illness among community people and their demographic variables. 

The finding of the present study reveals that 65% of people have moderate knowledge and 35% of people 
have adequate knowledge. 

The findings of present study reveals that there is no statistical association between the knowledge about 
mental illness among community people & their demographic variables. 

RECOMMENDATIONS 
 Similar Study can be done with the large sample. 

 A Comparative study can be done between community people and urban people. 
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 An educative programme should be conducted on knowledge of mental illness. 
CONCLUSION 
The investigators had a good experience by doing this research. From doing this, the researchers gained 
knowledge about steps in research and about knowledge of mental illness. It is very nice to communicate 
with the community people and they felt comfortable while expressing their ideas. 
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DISEASES IN THE AQUARIUM FISHES:-A REVIEW 
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ABSTRACT:- 
Progress  over  the  past  years  has  revealed  much  strength  of  the  ornamental  fish  as  an alternative 
model for the environmental sideline in the aquaculture both in fresh water and marine waters. These 
include low rearing costs, an earlier life stage. Aquarium fish are one of the largest groups of  pets in  the 
world.  There is  an increasing  demand for  the veterinary services that are related to the ornamental fish. 
Early clinical signs in many infectious and noninfectious diseases of fish are manifested by the skin. More 
diseases in fish have been described and have been associated with the research for the future has been 
discussed.  This article also describes  the more  common environmental and pathogen related  dermatologic 
diseases of the aquarium fishes. Disease prevention, control and various treatment methods also have been 
discussed. 

Key words: Ornamental fishes, diseases, clinical signs, treatment, ornamental aquaculture. 

INTRODUCTION:- 
The ornamental fish industry is an aquaculture based business which is the popular hobby around the world 
which gives hundreds of millions of dollars and supports the rural people in developing countries. And the 
veterinarians are increasingly becoming involved in disease  management  of  the  related  species  whether  
for  private  home  clients,  retail  and wholesale  operations, which  are  in larger  display  settings. Diseases  
of  fish arise  through many of the same pathways of influencing the primary, and perpetuating factors as of 
their other  animals. Often  results  in the practical  approach of  euthanizing  one or more  of the severely 
affected fish, and using various tools (Chapman et. al., 1997). Early clinical signs in many  infectious  and 
noninfectious  diseases of  fish  are manifested  by  the skin  (Schmale, 1995). 

Dermatologic disease associated with aquarium fish:- 

Aquarium fish often live in suboptimal conditions involving limited volumes of water in aquarium systems 
with a  restricted capacity to maintain adequate water quantity, unlike natural  fish; they  cannot  escape a  
potentially harmful environment.  Even the  preeminent outfitted aquarium, combined with meticulous 
concern of water quality parameters, can never truly ape natural conditions in the wild. Thus, the keeping of 
fish in aquaria is a finding the middle ground that usually has a pessimistic influence on the fish wellbeing  
(Magnadottir, 2006).  In wild  fish  live in an  environment that  is  full of disease  causing organisms and 
parasites (Nunez et.al., 1990) which usually have a low burden of a wise varieties of parasites when they are 
captured, frequently without showing any signs of disease (King et.al., 2004). Protozoa, trematodes and 
crustaceans are among the many parasites which usually infect the fishes. Some of the figures of the disease 
associated with aquarium fish in the Hatchery are shown in figure 1. 

Protozoan Diseases:- 

Velvet or Rust 
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Symptoms: Clamped fins,  respiratory distress  (breathing hard),  and yellow  to light  brown "dust" on body. 
This disease has the appearance of a golden or brownish dust over the fins and body. The fish may show 
signs of irritation, like glancing off aquarium decor, shortage of breath (fish-wise), and  clamping of the fins.  
The gills are usually the first thing affected. Velvet affects  different species  in different  ways  (Lederberg 
et.al,  1992). This  disease  is highly contagious and fatal. The best treatment is with copper at 0.2 mg per 
liter (0.2 ppm) to be repeated once in a few days if necessary. Acriflavine (trypaflavine) may be used instead 
at 0.2% solution (1 ml per liter). As acriflavine can possibly sterilize fish and copper can lead to poisoning, 
the water should be gradually changed after a cure has been affected. 

Marine velvet disease 

Symptoms:  Respiratory  distress  (fast  breathing  -  gills  opening  more  than  80  times  per minute); 
White, yellow to light brown, or grey "dusty" appearance on body, Loss of appetite, Rubbing or scratching 
against decor or substrate. 

Marine velvet is one of the most common maladies experienced in the marine aquarium, with the other being 
Marine Ich. It is found in all the oceans of the world and often infects wild and newly caught marine fish. It 
is a fast moving disease that can cause mass. 

 
(A) Yellow wrasse (Halichoereschrysus) effected with the tail rot which is caused by the Bacterial diseases 

(Pseudomonas fluorescens); 

(B) Long finned Bat fish (Plataxpinnatus) which was effected with the signs of bacterial diseases on the 
mouth region (reddish in color); 

(C) Orange skunk clownfish (Amphiprionsandaracinos) which was affected with the fin rot diseases caused 
by the bacteria. 
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(D & E) Butterfly fish (Chaetodontidae) with the reddish colored spots on the body which was effected with 
the Vibrio sp. 

(F) Clown fish (Amphiprionocellaris) effected with the fungal infections. 

Costia 

Symptoms: Milky cloudiness on skin. This is a rare protozoan disease that causes a cloudiness of the skin. 
The best treatment is with copper at 0.2 mg per liter (0.2 ppm) to be repeated once in a few days if necessary. 
Acriflavine (trypaflavine) may be used instead at 0.2% solution (1 ml per liter). As acriflavine can possibly 
sterilize fish and copper can lead to poisoning, the water should be gradually changed after a cure has been 
affected. Raising the water temperature to 80º - 83º F for a few days has also been affective (Kolandasamy 
et.al., 1999). 

Hexamita 

Symptoms: The first symptom is slimy, white mucous feces, even while still eating and acting normal. 
Further signs are the fish hiding in the corner it's head down, head above the eyes gets thin, they blacken in 
color, and swim backwards. Hexamita are intestinal flagellated protozoa that attack the lower intestine. 
Discus and other large cichlids, especially Oscars, are especially prone to Hexamita. As it is a disease of the 
digestive tract, a wasting away or loss of appetite may be experienced.An effective treatment is the drug 
metronidazole. A combined treatment in the food (1% in any food the fish will eat) and in the water (12 mg 
per liter) is recommended. Repeat the water treatment every other day for three treatments. 

Ich or White spot disease (Ichthyophthiriusmultifiliis) 

Symptoms: Salt-like specks on the body/fins. Problems breathing (ich invades the gills), clamped fins, loss 
of appetite. Ich is the most common malady experienced in the home aquarium. Luckily, this disease is also 
easily cured if caught in time.Ich is actually a protozoa called Ichthyophthiriusmultifiliis. There are three 
phases to the life cycle of these protozoa. Normally, to the amateur aquarist, the life cycle is of no 
importance. However, since Ich is susceptible to treatment at only one stage of the life cycle, an awareness of 
the life cycle is important. These three phases take about 4 weeks at 70º F but only 5 days at 80º F. For this 
reason it is recommended that the aquarium water be raised to about 80º F for the duration of the treatment. 
If the fish can stand it, raise the temperature even higher up to 85º F. 

The free swimming phase is the best time to treat with chemicals. Raising the aquarium temperature to 80º F 
will greatly shorten the time for the free swimming phase to occur. The drug of choice is quinine 
hydrochloride at 30 mg per liter (1 in 30,000). Quinine sulphate can be used if the hydrochloride is not 
available. The water may cloud but this will disappear. By reducing the time (with raised temperature) of the 
phases, you should be able to attack the free swimming phase effectively. 

Marine Ich (Cryptocaryonirritans) 

Symptoms: Salt-like specks on the body/fins. Rubbing or scratching against decor or substrate, Excessive 
slime. Problems breathing (ich invades the gills), Frayed fins, Loss of appetite, Cloudy eyes, Abnormal 
swimming. Marine ich or white spot disease is one of the most common maladies experienced in the marine 
aquarium, with the other being Marine Velvet. This protozoa has four phases to its life, lasting up to 38 days 
depending on the temperature of the environment. This parasite affects marine and brackish water fish. 
Aquarists are most familiar with the stage where the protozoa is infesting the host, the small white spots 
similar to a sprinkling of salt on the fish's body and fins. Unfortunately this visual clue is also the reason for 
difficulty in eradicating marine ich. Once the parasite has left the host's body many aquarists believe their 
fish is cured and the problem is solved and so they cease treatment, only to have another larger reoccurrence. 

For eradication treatment must be carried through to completion, so understanding the parasite's life cycle 
will greatly increase your chances of success. The life cycle of this parasite can vary dramatically and is 
dependent on temperature; they cycle faster in a warmer environment (Leong et.al., 1988). Ideally the 
parasite would be eliminated while on the host or shortly after leaving the host. However, those that are 
buried in the gills are immune to treatment until they leave the fish. This along with the variability of the 
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cycle makes it difficult to treat in a timely manner. So to rid the aquarium of this protozoon, it is 
recommended that you use a combination of water changes and chemical treatment, a multiple number of 
times. 

Neon tetra disease 

Symptoms: Whitened areas deep into the fishes' flesh. Muscle degeneration leading to abnormal swimming 
movements. It is caused by the sporozoa Plistophora hyphessobryconis. Even though it is named after Neon 
Tetras, it can appear on other fish. Whitish patches appear as if just below the skin. In Neon Tetras it 
destroys the bright blue-green neon stripe. The organisms form cysts which burst and release spores. The 
spores penetrate further and form more cysts. Eventually,the spores migrate to the water and are eaten by 
other fish in the food. These spores migrate into the digestive tract, then the muscles, and a new infection 
starts. There is no known cure. It is best to destroy the infected fish and clean the aquarium (Leong et.al., 
1988). 

Gluea and Henneguya 

Symptoms: Similar to Lymphocystis, the fish will have nodular white swellings on fins or body. Glugea and 
Henneguya are sporozoans that form large cysts on the fish's body and release spores. Luckily, these diseases 
are very rare. The fish bloat up, with tumor like protrusions, and eventually die. No cure, as of yet. It is best 
to destroy the infected fish before the spores can spread (Leong et.al., 1988). 

Chilodonella 

Symptoms: Dulling of the colors due to excessive slime, fraying of the fins, weakness, gill damage. This 
disease causes a blue white cloudiness on the skin and attacks the gills. Later the skin may be broken down 
and the gills destroyed. The fish may behave like they have  irritations, by glancing off aquarium decor, they 
may have clamped fins and difficulty breathing. Acriflavine (trypaflavine) may be used at 1% solution (5 ml 
per liter). As acriflavine can sterilize fish, the water should be gradually changed after a cure has been 
affected. It also helps to raise the temperature to about 80º F (Leong et.al., 1988). 

Bacterial Diseases 

Red pest 

Symptoms: Bloody streaks on fins or body.  Red Pest is called such because of bloody streaks that appear on 
the body, fins and/or tail. These streaks could proceed to ulcerations and possibly lead to fin and tail rot with, 
in severe cases, the tail and/or fins falling off. As the disease is internal, external treatments are usually not 
effective, except in very slight cases. In slight cases, treat the aquarium with a disinfectant and clean the 
aquarium as best as possible. Do not feed a lot while the aquarium is being treated. To disinfect, use 
acriflavine (trypaflavine) or monacrin (monoaminoacridine) using a 0.2% solution at the rate of 1 ml per 
liter. Both disinfectants will color the water, but the color disappears as the disinfectants dissipate. Then add 
an antibiotic to the food. With flake food, use about 1% of antibiotic and carefully mix it in (Leong et.al., 
1993). 

Mouth fungus 

Symptoms: White cottony patches around the mouth. Mouth Fungus is so called because it looks like a 
fungus attack of the mouth. It is actually caused from the bacterium Chondrococcuscolumnaris. It shows up 
first as a gray or white line around the lips and later as short tufts sprouting from the mouth like fungus. The 
toxins produced and the inability to eat will be fatal unless treated at an early stage. This bacteria is often 
accompanied by a second infection of an aeromonas bacteria. Penicillin at 10,000 units per liter is a very 
effective treatment. Treat with a second dose in two days. Or use chloromycetin, 10 to 20 mg per liter, with a 
second dose in two days. Other antibiotics can also be effective. Kanacyn (kanamycin) will treat both 
bacteria at once. Maracyn (erythromycin) is effective against C. columnaris, and using Maracyn 2 
(minocycline) in conjuntion with it will treat the Aeromonas bacteria as well. 

Tuberculosis(Mycobacteriosis ) 
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Symptoms: Emaciation, hollow belly, possibly sores. Tuberculosis is caused by the bacterium 
Mycobacterium piscium. Fish infected with tuberculosis may become lethargic, hollow bellied, pale, show 
skin ulcers and frayed fins, have fin and scale loss, and loss of appetite. Yellowish or darker nodules may 
appear on the eyes or body and may deform the fish. The main causes for this disease appears to be 
overcrowding in unkempt conditions; ie. Poor water quality. All fish species could be susceptible though 
some are more susceptible than others. Those most susceptible are the labyrinth air breathers like the 
Gouramis, Bettas, and Paradise Fish. Others include Neon Tetras, Discus, and the Ram Cichlid. If either 
unkempt conditions or overcrowding are the suspected cause, correct the condition (Leong et.al., 1993). 

Dropsy 

Symptoms: Bloating of the body, protruding scales. Dropsy is caused from a bacterial infection of the 
kidneys, causing fluid accumulation or renal failure. The fluids in the body build up and cause the fish to 
bloat up and the scales to protrude. It appears to only cause trouble in weakened fish and possibly from 
unkempt aquarium conditions. An effective treatment is to add an antibiotic to the food. With flake food, use 
about 1% of antibiotic and carefully mix it in. If you keep the fish hungry they should eagerly eat the mixture 
before the antibiotic dissipates. Antibiotics usually come in 250 mg capsules. If added to 25 grams of flake 
food, one capsule should be enough to treat dozens of fish. A good antibiotic is chloromycetin 
(chloramphenicol). Or use tetracycline (Leong et.al., 1993). 

Scale protrusion 

Symptoms: Protruding scales without body bloat. Scale protrusion is essentially a bacterial infection of the 
scales and/or body. An effective treatment is to add an antibiotic to the food. With flake food, use about 1% 
of antibiotic and carefully mix it in. If you keep the fish hungry they should eagerly eat the mixture before 
the antibiotic dissipates. Antibiotics usually come in 250 mg capsules. If added to 25 grams of flake food, 
one capsule should be enough to treat dozens of fish. A good antibiotic is chloromycetin (chloramphenicol). 
Or use tetracycline. 

Tail Rot and Fin Rot 

Symptoms: Disintegrating fins that may be reduced to stumps, exposed fin rays, blood on edges of fins, 
reddened areas at base of fins, skin ulcers with gray or red margins, cloudy eyes. Tail and fin rot appears to 
be a bacterial infection of the tail and/or fins and may be caused by generally poor conditions, bully, or fin 
nipping tank mates. If aquarium conditions are not good an infection can be caused from a simple injury to 
the fins/tail. Tuberculosis can lead to tail and fin rot. Basically, the tail and/or fins become frayed or lose 
color. First, attempt to ascertain the cause. Then treat accordingly. Also, treat the water or fish with 
antibiotics. If added to the water, use 20 - 30 mg per liter. If the fish is to be treated add an antibiotic to the 
food. With flake food, use about 1% of antibiotic and carefully mix it in. If you keep the fish hungry they 
should eagerly eat the mixture before the antibiotic dissipates. Antibiotics usually come in 250 mg capsules. 
If added to 25 grams of flake food, one capsule should be enough to treat dozens of fish. A good antibiotic is 
chloromycetin (chloramphenicol) or tetracycline. 

Viral infections and tumors in ornamental fish 

Ornamental fish may harbor viruses without any clinical signs yet become diseased with the slightest 
decrease in water that have significant influence include dissolved oxygen, suspended solids, organic content 
and nitrogen concentration in the form of ammonia and nitrate, unless these parameters remain within their 
optimum range, they will contribute to the overall stress experienced by the inhabitant fish (Lapierre et.al., 
1998a). 

Thus, development of a viral infection to the onset of disease is a multifactorial process, and there are no 
treatments available for specific viral infections. Early diagnosis is critical so that we can attempt to reduce 
mortality associated with disease by concerning any contributory factors (Lapierre et.al., 1998b). 

Viral infections in ornamental fish not only render the fish susceptible to that particular virus, but the 
constant presence of an infectious organism can also exhaust the fish immune system, making it more 
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vulnerable to other infectious agents or noninfectious problems (Lapierre et.al., 1998). Infected fish may 
have an effective immune system and not show the clinical signs of disease but may become carriers of the 
virus. Consequently, other more susceptible fish of the same or different species cohabiting in the tank 
system may become infected (Southgate PJ et. al., 1992). 

Diseases associated with deficiency in Nutrition 

Generally, the optimal dietary protein level for the growth is also the optimal level for the reproduction. This 
has been demonstrated in oreonchromisniloticus (DeSilva & Radampola, 1990). Nutrition requirements of 
the brood stock fish are also generally similar to that for optimal growth. Since dietary protein quality has a 
significant influence on the success of reproduction and also the health requirements of the broodstock, 
which preferable gives the good quality of eggs and better young ones. 

Vitamin E deficiency 

The requirement for vitamin E in the diet of terrestrial animals is well documented, although a demand for 
this nutrient in fish has only been demonstrated in a few cultured species (Huerkamp et.al., 1988 and Blazer, 
1992). The accidental feeding of a vitamin E deficient diet to a group of ornamental fish resulted in 
progressive fraying and declension of the tail and then the fins. At the terminal stages of the disease, an 
external fungal infection will be developed and which can lead the high mortality in the tank. The clinical 
itinerary of onset to death will be around 6 — 7 days. And the effected fish also shows the signs of the 
epidermal necrosis and bacterial infections. Enrichment of vitamin E diet which can results in immediate and 
permanent improvement of the fish and also reduction in mortality. 

Vitamin C deficiency 

Vitamin C in the diet for the vertebrates and invertebrates is predictable for the better management. And a 
stipulate for this nutrient in fish has only been explained in few ornamental cultured fishes (Bowser et.al., 
1991 and Noga, 1993). The deficiency of this vitamin in the diet of the fish results in the various allergic 
conditions of the fish which shows scrimmaging and deterioration of the fins and loss of scales on the body. 
At the end stages of the disease, bacterial infection will be developed and results high mortality. Enrichment 
of vitamin C in diet is essential for the enhancement of the fish and reduction. 

Head and lateral line erosion syndrome (HLLE) 

It is a common syndrome of marine species that are reared in captivity (Varner et.al., 1991). The symptoms 
which show on the fish include superficial erosions of the head and face which progress down the lateral 
line. It is nonfatal but can result in permanent scarring of the skin surface (Varner et.al., 1991and Stoskopf, 
1991). 

Deterrence and control of diseases 

Defensive medicine is always the best medicine. This is especially true when dealing with the aquarium 
fishes. Treating captive fish is often difficult and may be costly in term of the value of the fish, necessary 
requirements and time. The same accepted principles for disease prevention and control can be applied to the 
aquarium fish which are raised in the captive condition. Most of these management practices become more 
critical in captive fish rearing because the fish are held at much higher densities, the system has added 
components, such as biofilter which may harbor disease organisms and carrier fish can reside in the system 
even after its recovery from the disease. The main preventive measure is to keep known pathogens from 
inward bound the system by avoiding the introduction of infected fish. If a disease enters in a system and a 
outbreak occurs, the organism can spread rapidly throughout the population due to the high loading density 
which were explained by Scholtfeldt et.al., 1991. 

Insulation 

The quarantine aquarium temperature should be actually maintained at the upper end of the species optimum 
range to speed parasite life cycles. 
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Acclimatization involves floating the transport bag in the quarantine water system and slowly siphoning the 
system water into the bag to effect a complete transition to the new water conditions in 1 — 2 hours 
(Lewbart et.al., 1993). 

Vaccination 

This is an outward appearance of preventive medicine has little application as yet in the ornamental fish 
system. Only few commercially available vaccines for fish which are used exclusively in the food fish 
industry. Vibriosis, furunculosis and enteric red mouth disease are the diseases for which fish may be 
vaccinated (Lewbart et.al., 1993; Ingebrigtsen, 1991). Several vaccines against bacterial and viral pathogens 
are under development and should be available in the forthcoming future and should not be used in the home 
aquarium (Newman, 1993; Leong et.al., 1993). 

Concern on research 

With the increasing use of risk analysis for disease prevention and the development of precautionary 
management measures, generating information to support biosecurity assessments should be given high 
priority. Research to support aquaculture biosecurity should focus, for example, on the pathways of pathogen 
spread, methods for inactivation of infectivity, and barrier vaccination strategies. Epidemiological research 
should include investigation of biological factors which includes identification of risk populations, hazards, 
pathways, and pattern of spread, incubation period, and nature of the pathogen, risk factors, interventions, 
and methodologies. Risk analysis information or knowledge requirements should be given high priority. 

Opportunities for fisheries biologists and veterinarians 

Aquatic animal health management has only recently assumed high priority in many aquaculture producing 
regions of the world. This was stimulated by the serious socioeconomic losses, environmental impacts and 
investment costs involved, as previously discussed in this paper. Many countries have improved their 
laboratory facilities, diagnostic expertise, and control and therapeutic strategies in order to handle disease 
outbreaks more effectively. There has also been some progress in dealing with aquatic animal disease 
problems in terms of increasing awareness, creating effective policy and legislation, and enhanced research 
and manpower development. 

CONCLUSION 

The culture of ornamental fish and the aquarium system is governed by many factors, including the 
availability of water, water temperature, the energy required to utilize the water and the product price that 
can be obtained. Recent regulations on disease and quarantine, use of drugs and effluent discharge have 
made it clear that the economics of traditional ornamental fish will change. The key to success once an 
outbreak occurs is prompt diagnosis and treatment. Routine observation of mortalities and abnormal 
swimming or feeding behavior is useful in early detection of a disease problem. Tackling health questions 
with both pro-active and reactive programmes has become a primary requirement for sustaining aquaculture 
production and product trade. The current strategy in the ornamental fish system emphasizes responsible 
health management to minimize the risks of disease incursions. The ornamental fish sector will continue to 
intensify; trade in live organisms will also persist because it is a necessity for ornamental fish development at 
both the subsistence and commercial levels. The risk of major disease incursions and newly emerging 
diseases will keep on threatening the sector, and unless appropriate health management measures are 
maintained and effectively implemented, the government and private sectors will be faced with more costs in 
terms of production losses and the efforts needed to contain and eradicate diseases, funds that would have 
been better spent in preventing their entry into the system. 
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ABSTRACT 
Compared with previous standards of care (including chemotherapy, radiotherapy, and surgery), cancer 
immunotherapy has brought significant improvements for patients in terms of survival and quality of life. 
Immunotherapy has now firmly established itself as a novel pillar of cancer care, from the metastatic stage 
to the adjuvant and neoadjuvant settings in numerous cancer types. In this review article, we highlight how 
the history of cancer immunotherapy paved the way for discoveries that are now part of the standard of care. 
We also highlight the current pitfalls and limitations of cancer checkpoint immunotherapy and how novel 
research in the fields of personalized cancer vaccines, autoimmunity, the microbiome, the tumour 
microenvironment, and metabolomics is aiming to solve those challenges. 

Keywords: Immune checkpoint inhibitors, personalized cancer vaccines, immune-related adverse events, 
microbiome studies, metabolomics 

INTRODUCTION 
The field of immuno-oncology has been transformational in the care of cancer patients. William B. Coley, 
now widely accepted as the father of immunotherapy, first attempted to harness the power of the immune 
system for treating cancer in the late 19th century. As an orthopedic surgeon who operated on patients with 
bone sarcomas, he noticed that some patients with significant postoperative wound infections—a common 
occurrence when aseptic technique had not yet been optimized—would undergo spontaneous regression of 
their unresected tumours. Beginning in 1891, Coley injected more than a thousand patients with mixtures of 
live and inactivated bacteria such as Streptococcus pyogenes and Serratia marcescens with the hope of 
inducing sepsis and strong immune and antitumour responses. His cocktail of bacteria became widely known 
as “Coley’s toxin” and represents the first documented active cancer immunotherapy intervention1. Coley 
achieved durable complete remissions in several types of malignancies, including sarcoma, lymphoma, and 
testicular carcinoma. However, the lack of a known mechanism of action for Coley’s toxin and the risks of 
deliberately infecting cancer patients with pathogenic bacteria caused oncologists to adopt surgery and 
radiotherapy as alternative standard treatments early in the 20th century2. 

It would take more than half a century before a better understanding of the key mediators of sepsis would 
shed some light on the mechanisms of action of Coley’s toxin. Those mediators constitute a cytokine family 
including interleukins, interferons, and chemokines3. Once again, the race was on to apply those novel 
discoveries to cancer therapy4. Physicians and researchers achieved modest success with this novel approach, 
occasionally inducing clinical remissions with high-dose interleukin 2 (IL-2) in metastatic renal cell 
carcinoma5 and debatable responses with interferon in stages III and IV melanoma6. Those modest successes 
were often counterbalanced with significant adverse events. Although novel methods of delivery such as 
pegylation would abate some of the toxicities, the sporadic and unpredictable immune responses seen with 
those therapies meant that only a small, carefully selected subgroup of cancer patients would benefit. 

The next revolutionary wave in cancer immunotherapy came with the better understanding of the process of 
immune surveillance, by which innate immune cells eliminate cancer cells. The recent discovery of T cell 
immune checkpoints, such as CTLA-4 and PD-1, propelled the field of immuno-oncology into its current era 
and saw the awarding of the 2018 Nobel prize in Physiology or Medicine to Drs. Allison and Honjo. Those 
hardwired signals have the crucial task of maintaining a fine balance between immune surveillance against 
foreign pathogens or abnormal cells and autoimmunity. Blocking those T cell surface receptors results in 
enhanced autoimmunity that induces an immune response against tumours, but can also increase the chance 
of autoimmune reactions. 

In this review article, we highlight the current standards of care in cancer immunotherapy, with a strong 
focus on immune checkpoint inhibitors (ICIs), their limitations and pitfalls, and promising novel approaches. 
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REVIEW 
Overview of Checkpoint Inhibitors 
Cancer immuno-editing is the process by which various immune system components protect the host against 
primary tumour development or enhance tumour escape, or both, either by sculpting tumour immunogenicity 
or attenuating antitumour immune responses7. The process is tightly regulated by immune checkpoints, 
which are immune-cell surface receptors controlling either the activation or the inhibition of immune 
responses. Activation of the immune system is, on the one hand, the desired outcome to achieve tumour 
control, but on the other hand, responsible for autoimmunity. The discovery and development of monoclonal 
antibodies against the inhibitory immune checkpoints CTLA-4 and PD-1 have resulted in dramatic antitumour 
responses by the up-regulation of immune activation at various stages of the immune cycle. 

Immune checkpoint inhibitor therapies are now widely indicated in numerous cancer types (Table I). 
Furthermore, numerous ongoing clinical trials are assessing the potential of other agonistic or inhibitory 
checkpoints to affect tumour-related outcomes (Table II). The checkpoints are not equal in their potential. 
For example, the agonistic OX40 antibody has modest clinical activity, but the CD28 antibody—even at very 
subtherapeutic doses—resulted in massive cytokine syndrome and the intensive-care hospitalization of the 
first 6 healthy volunteers treated8. In that light, finding the right combination of ICI therapy to induce the 
optimal amount of immune activation remains an active area of clinical research. 

 
TABLE I 

Indications for immune checkpoint inhibitors in advanced-stage cancers, as currently approved by Health 
Canadaa 

 
TABLE II 

Agonistic and antagonistic immune checkpoint modulators currently under investigation 

Modulating and Predicting Immune Toxicity for Better Efficacy 
Immunotherapies are often limited by their immune-related adverse events (irAEs), an immune activation and 
inflammatory response against the host’s healthy tissues. Immune activation against the host’s tumour is the 
desired outcome, but irAEs are challenging to predict, diagnose, and treat. In the setting of metastatic 
melanoma, the addition of a CTLA-4 antibody to PD-1 blockade is associated with only an incremental 
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increase in survival, but at the cost of more than double the rate of serious irAEs9. A recent meta-analysis 
reported a fatality rate of up to 1 patient in every 77 treated using an ICI combination10. For specific irAEs, 
such as immune-related myocarditis, the mortality rate is as high as 50% in treated patients11. Numerous 
predictors of irAEs have been proposed (baseline lymphopenia and eosinophilia, B cell changes, T cell 
repertoire, circulating IL-17, and gut microbiota changes12–17), but few have been prospectively validated. 

For serious irAEs, guidelines recommend broad immunosuppression consisting of corticosteroids, followed 
by one or more biologics (tumour necrosis factor inhibitors) or T cell suppressants (such as mycophenolate 
mofetil)18–20. Very little prospective knowledge has been developed about the consequences of those 
therapies for cancer-related outcomes. An analysis of the baseline use of corticosteroids in patients with lung 
cancer reported an association with worse survival outcomes21. Similarly, the use of high-dose steroids in the 
setting of immune-related hypophysitis in patients with metastatic melanoma was also associated with worse 
survival22. On the other hand, the use of corticosteroids in other clinical settings in which patients experience 
irAEs was not associated with a reduced response to ICI therapy or with survival23. More studies are needed 
to assess the optimal immunosuppression regimen to be used with ICIs to avoid impairing their efficacy. The 
use of mTOR (mechanistic target of rapamycin) inhibitors shows promise to abate toxicities without 
impairing ICI efficacy in the specific setting of organ transplantation24–26. 

Modulating cytokines in the setting of an ICI is a dualedged sword. Many of those soluble factors, such as 
tumour necrosis factor α and IL-17, are called “pleiotropic cytokines” for the dual roles they play in 
immunity: on the one hand, they promote tumour surveillance; on the other hand, they can be key mediators 
of autoimmune reactions. As discussed earlier, circulating IL-17 is a biomarker for the prediction of ICI-
induced colitis16. The addition of the IL-17 monoclonal antibody secukinumab for the treatment of immune-
related colitis and psoriasis, while effective at abating immune toxicities, has been reported to induce tumour 
escape27. The same effect has not yet been reported for tumour necrosis factor α or IL-6. Tumour necrosis 
factor blockade seems not only to be safe for the treatment of ICI-related colitis, but in animal models of 
melanoma, also adds synergistic antitumour efficacy to PD-1 inhibition28,29. Those early observations 
collectively highlight the importance of further study of the role of various cytokines and immune cells in the 
pathogenesis of irAEs. 

A New Era for Tumour-Specific Vaccines in Combination with ICIs 
Despite promising results with ICIs, single-agent PD-1 inhibitor has an objective response rate that varies 
from almost nonexistent in pancreatic cancer and microsatellite-stable colonic adenocarcinoma, to an 
average of 15%–30% in most other tumour types, but 50%–80% in melanoma, Hodgkin lymphoma, 
squamous-cell carcinoma of the skin, and Merkel cell carcinoma. The addition of an anti–CTLA-4 agent 
increases the response rate, but comes with a significantly higher toxicity rate. A rational approach to 
achieving a higher response rate without increasing autoimmunity has been to combine an ICI with a therapy 
that can sensitize the host’s immune system to the tumour in advance. Recent studies have shown that 
personalized neoantigen-based tumour-specific vaccines hold considerable promise. 

Unlike hematologic malignancies, in which a common antigen is uniformly expressed on the surface of all 
malignant cells, making them amenable to targeted therapies such as therapy with chimeric antigen receptor 
T cells, solid tumours either lack such an antigen or undergo mutations under natural selection when exposed 
to therapeutic interventions such as monoclonal antibodies. Traditional cancer vaccines have failed for a 
number of potential reasons, including improper selection of a target antigen, lack of immunogenicity, or 
inadequate patient selection. In the new era of cancer vaccines, efficacy relies on computational pipelines 
geared to identify personal candidate neoantigens in real time. Comprehensive mutation analysis is 
performed by whole-exome sequencing, and based on affinity predictions, neo-epitopes encoded by somatic 
mutations in the tumour are selected given their probability of being presented by the individual’s major 
histocompatibility class molecules30–34. One of the most commonly used prediction algorithms for major 
histocompatibility class I binding, NetMHCpan (DTU Health Tech, Technical University of Denmark, 
Kongens Lyngby, Denmark), relies on state-of-the-art neural networks, putting the spotlight on the current 
power of bioinformatics for guiding precision immuno-oncology35. The concept has been translated to 
multiple phase I clinical trials evaluating neoantigen-based vaccines36–38. Other clinical trials are testing this 
novel vaccination strategy in combination with ipilimumab (NCT02950766 at https://ClinicalTrials.gov/) or 
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nivolumab (NCT02897765), or as a personalized messenger RNA mutatome vaccine in combination with the 
PD-L1 inhibitor atezolizumab (NCT03289962). 

The Crucial Role of the Tumour Microenvironment 
An important advance in the field of immuno-oncology came from the increased understanding of the crucial 
role of the tumour microenvironment in the modulation of anticancer immune responses. In colorectal 
cancers, immune cell infiltration into the tumour microenvironment has been correlated with a strong 
immune response to treatment with ICIs, with even better correlation than for microsatellite instability39,40. 
Based on those findings, the concept of “immune contexture” has been proposed and validated, with tumours 
classified into four proposed categories (hot, excluded, immunosuppressed, and cold)41,42. Apart from the 
presence of tumour-infiltrating lymphocytes, additional features such as the expression of anti–PD-L1 on 
tumour-associated immune cells, genomic instability, and the presence of a pre-existing antitumour immune 
response have been described as characteristics of “hot” tumours, which are associated with a good response 
to ICIs43. Conversely, apart from being poorly infiltrated, “cold” tumours have also been described to be 
immunologically “ignorant” (scarcely expressing PD-L1) and characterized by high proliferation with a low 
mutational burden (low expression of neoantigens) and by low expression of antigen presentation machinery 
markers such as major histocompatibility class I43. Transforming “cold” tumours into fertile “hot” tumours 
responsive to ICIs is an active area of investigation. 

Radiotherapy and chemotherapy have both been used in combination with ICIs to increase the antigenicity 
and priming potential of tumours, which in turn could be applied to turn “cold” tumours into “hot” ones. 
Ionizing radiation–induced immunogenic cell death and antigen release could potentially turn tumour cells 
into an in situ vaccine44. The outcome of that approach is not only local tumour control, but possibly a 
response at distant tumour sites through the abscopal effect45. On the other hand, chemotherapy can induce 
mutations, leading to the generation of neo-epitopes and therefore increasing the antigenicity of tumours46. 
Other approaches with proven benefit have been the local injection of oncolytic viruses into tumour beds. 
These native or genetically modified viruses selectively infect and replicate within tumour cells, eventually 
leading to tumour cell lysis and antigen release47. Again, that process results in local priming of the immune 
system, with responses seen both locally and systemically. The effect is accentuated when those therapies are 
combined with ICIs48. 

Another key targetable characteristic of “cold” tumours is strong expression of mesenchymal and collagen 
barrier molecules that prevent the migration of tumour-infiltrating lymphocytes to the tumour bed49,50. As an 
example, inhibition of transforming growth factor β, a key player in the formation of the mesenchymal 
barrier, when combined with an ICI resulted in a strong antitumour response in mouse models51. That 
approach is now being tested in clinical trials. 

Finally, another strategy that can convert a “cold” to a “hot” tumour microenvironment uses inhibitors of 
oncogenic kinases (reviewed in Guo et al.52). The PI3K/AKT pathway, glycogen synthase kinase 3α/β, and 
Mnk1 and Mnk2 are often aberrantly activated in cancer, and appreciation for their tumour-extrinsic effects 
in the cells of the tumour microenvironment to promote immune suppression is growing. For example, Mnk1 
and Mnk2, which are critical regulators of messenger RNA translation, have important immunomodulatory 
antitumor effects. Inhibitors of Mnk1 and Mnk2 can block the expression of secreted factors such as Nodal 
and Angptl453,54, inhibiting the survival of neutrophils55 and suppressing the expression of PD-L156. The 
Mnk1 and Mnk2 inhibitors are actively being pursued in the clinic (see NCT04261218, NCT03616834, 
and NCT03258398 at https://ClinicalTrials.gov/). 

Targeting Tumour Metabolism in the Tumour Microenvironment 
There is growing evidence that the tumour microenvironment supports inappropriate metabolic 
reprogramming, negatively affecting T cell function and resulting in attenuated antitumour immune 
responses57,58. In that context, targeting both tumour and T cell metabolism can beneficially enhance 
immunity in an inhospitable microenvironment and markedly improve the success of immunotherapies. As 
discussed earlier, TILs in the tumour microenvironment have significant prognostic and predictive 
significance. Their function is limited not only by immune checkpoints, but also by increasingly recognized 
“metabolic checkpoints”59. 
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Rapidly dividing tumour cells show complex and dynamic metabolic reprogramming and high glycolytic 
activity, a phenomenon called the “Warburg effect,” which is recognized as one of the hallmarks of 
carcinogenesis60. Thus, tumour cells impede the access of T cells to nutrients necessary for their activation 
and generate high levels of lactate. The resulting scarcity of nutrients and accumulation of metabolic waste 
products in the tumour microenvironment lead to a TIL metabolic switch that impairs optimal proliferation 
and function61. 

Recent evidence suggests that ICIs might directly sculpt the metabolic landscape in the tumour 
microenvironment, thus affecting the functioning of effector T cells. On the one hand, CTLA-4 and PD-1 
binding to their respective ligands impairs the metabolic TIL phenotype by inhibiting glycolysis62, thus 
causing reduced cytokine secretion and leading to an exhausted effector T cell phenotype63. On the other 
hand, ICIs also have the opposite effect on metabolic reprogramming of cancer cells. Ligation of PD-L1 
directly upregulates glycolysis in cancer cells by promoting glucose uptake and production of lactate, thus 
promoting tumour growth and metastasis64,65. Many therapeutic strategies have been proposed to tackle that 
imbalance. 

The PI3K/AKT/mTOR pathway is well known to play a critical role in integrating the metabolism signals of 
cancer and immune cells. Recent preclinical evidence suggests that rapamycin, in combination with ICIs, 
augments cytotoxic and memory T cell function24,66. Another promising therapeutic is metformin in 
combination with ICIs. Metformin is known to target the mitochondrial respiratory complex I and to 
activate AMPK pathway signal transduction, a key pathway in T cell regulatory and metabolic 
functioning67,68. In a cohort of patients with metastatic melanoma who received metformin in combination 
with ICIs, favourable treatment-related outcomes (objective response rate, disease control rate, median 
progression-free survival, and median overall survival) were observed69. Those findings await further 
validation in larger randomized studies. 

Besides glycolysis, another key element of metabolism dictating immune function in the tumour 
microenvironment is amino-acid catabolism. It is well established that L-arginine, tryptophan (Trp), and 
glutamine play fundamental roles in tumour progression and immunity70. Targeting those amino acids and 
their metabolic pathways in cancer therapy therefore becomes a promising strategy for the development of 
novel therapeutic agents. As one example, the depletion of tryptophan and the increase in kynurenine (Kyn) 
exert an important immunosuppressive function by activating T regulatory cells and suppressing the 
functioning of effector T cells71. The catabolic IDO1 enzyme in the Trp–Kyn–AhR metabolic pathway thus 
became an interesting therapeutic target. Despite promising results in early-phase clinical trials in a range of 
tumour types, a phase III study of the IDO1-selective inhibitor epacadostat in combination with 
pembrolizumab in metastatic melanoma showed no difference between the epacadostat–pembrolizumab 
group and the placebo–pembrolizumab group72. That resulted in a diminution of interest in IDO1 inhibitors; 
however, other approaches to inhibiting that pathway continue to be considered. Novel Trp–Kyn–AhR 
pathway inhibitors such as Kyn-degrading enzymes, direct AhR antagonists, and Trp mimetics are advancing 
in early-stage or preclinical development73. Despite the uncertainty surrounding IDO1 inhibition, ample 
preclinical evidence supports the continued development of Trp–Kyn–AhR pathway inhibitors to 
enhance ICI efficacy. 

The Microbiome As a Master Regulator of Both ICI Efficacy and Toxicity 
The host microbiome plays an important role in the efficacy of vaccine immune responses74, the promotion 
of carcinogenesis75–81, and the efficacy and toxicity of anticancer treatments82–84, including ICIs82,85. A 
foundational study in mice showed that manipulation of the baseline flora of the gut microbiome affects 
melanoma growth kinetics and can enhance ICI efficacy86. Other preclinical studies showed that the efficacy 
of anti–CTLA-4 therapy can be compromised by antibiotic-induced dysbiosis or use of germ-free mice87. The 
efficacy of the ICI could be restored in antibiotic-treated mice after gavage with Bacteroides 
fragilis or Bacteroides thetaiotaomicron (order Burkholderiales), or both, through an enhanced IL-12–
dependent type 1 T helper immune response87. Furthermore, analysis of stool from patients with ipilimumab-
treated melanoma demonstrated selective enrichment of B. fragilis in clinical responders, possibly suggesting 
the presence of a CTLA-4 blockade–induced gut dysbiosis. 
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Other key studies have focused on identifying human microbiota signatures predictive of 
clinical ICI responses88–92. Patients with metastatic melanoma who were responders to anti–PD-1 therapy 
were shown to have enrichment of Bifidobacterium longum, Collinsella aerofaciens, and Enterococcus 
faecium in pre-treatment stool samples89. Subsequent fecal microbiota transplantation (FMT) of “responder” 
gut flora into germ-free mice was associated with improved melanoma tumour control through a CD8+ T 
cell immune response89. Furthermore, the ratio of “beneficial” to “non-beneficial” bacteria species in patients 
was the best predictor of an antitumour clinical response89. Another group identified enrichment 
of Akkermansia muciniphila in the microbiota of responders to anti–PD-1 or PD-L1 ICIs in 3 cancer 
subtypes. They further demonstrated that oral supplementation with A. muciniphila, Alistipes indistinctus, 
or Enterococcus hirae could restore ICI antitumour efficacy in germ-free mice colonized with bacterial 
species from non-responder FMT88. A third fundamental study showed that patients with melanoma 
responding to ICI had greater alpha diversity in their gut flora, with selective enrichment in order 
Clostridiales family Ruminococcaceae, especially genus Faecalibacterium90. On the other hand, the 
microbiomes in ICI non-responders showed a shift toward order Bacteroidales. Taken together, those studies 
demonstrate that the antitumour immune response depends on the composition of the gut microbiome and 
that antibiotic-induced dysbiosis is associated with reduced immune priming and primary resistance to 
immunotherapy. The deleterious effect of antibiotics given close to the time of ICI treatment was confirmed 
in retrospective analyses of ICI-treated patients with various cancers (renal cancer, non-small-cell lung 
cancer, urothelial cancer, and melanoma) 88,93–95. Thus far, a modest overlap in key microbiome mediators of 
response to anti–PD-1 or PD-L1 therapies has been observed across cohorts, with an apparent common 
responder signature enriched in A. muciniphila, Clostridiales, E. faecium, Eubacterium species, the 
Firmicutes, and Ruminococcus species96. Although poor overlap between study cohorts might be a result of 
differences in technique or tumour type, additional heterogeneity of the gut microbiome linked to genetics, 
geography, lifestyle, or prior antibiotic and other drug exposure must be considered. Ultimately, “responder” 
gut profiles will likely reflect combinations of taxonomic orders and families rather than the presence or 
absence of one or a few particular species. 

Besides priming the immune response to ICIs, the microbiome also modulates irAEs17,91. For instance, 
metagenomic sequencing found members of the Bacteroidetes phylum (families Bacteroidaceae, 
Rikenellaceae, and Barnesiellaceae) to be more abundant in stools obtained before treatment from patients 
with melanoma who did not develop ipilimumab-induced colitis, implying a protective effect of those 
microorganisms17. Importantly, specific microbial metabolic pathways (polyamine transport and vitamin B 
synthesis) were found to be predictive of resistance to CTLA-4 blockade–induced colitis17. Another group 
corroborated the protective effect of a Bacteroidetes-rich phylotype against CTLA-4 blockade–induced colitis 
in patients with melanoma. They further demonstrated that favourable clinical responses and susceptibility to 
colitis were both correlated with baseline microbiota enrichment in phylum Firmicutes 
(unclassified Ruminococcaceae, Clostridium cluster XIVa, and Blautia) and, in particular, Faecalibacterium, 
which is known to exert an anti-inflammatory role in the gut91. Further, the resolution of refractory ICI-
associated colitis in 2 patients with cancer was achieved by FMT from a healthy donor97. Thus, a critical goal 
of microbiome manipulation is to disentangle the modulation of toxicity from the preservation or 
enhancement of ICI efficacy98. 

There is a strong push to translate those newly acquired basic science findings about the microbiota into 
therapeutic clinical tools. Several trials are evaluating safety, efficacy, and immune profile changes in 
patients with ICI-resistant cancer treated with “complete 
responder” FMT (see NCT03353402, NCT03341143, and NCT03637803 at https://ClinicalTrials.gov/). The 
safety of FMT is particularly important and under scrutiny, given that FMT or bacterial colonization 
experiments in mice have revealed a potential for transfer of chronic diseases99,100 or increased risk of 
tumorigenesis76,101. Probiotics—loosely defined as health-promoting live organisms or fermented foods—are 
so far being assessed mostly in clinical trials aiming to reduce anticancer treatment toxicities; only one 
registered trial is testing their efficacy in the context of ICIs (NCT03829111). The optimal probiotic cocktail 
for immunotherapy remains to be determined and might vary with the ICI or the tumour type. Additionally, 
reliable preparation of probiotics will be essential, likely requiring changes to their regulation. Ultimately, 
clinical studies of the effects of the microbiome on ICI efficacy or toxicity will have to consider other 
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confounding factors known to affect the commensal microbiome, such as concomitant radiation therapy102, 
exposure to antibiotics or other drugs (proton-pump inhibitors, antipsychotics, antimetabolites) 103, and diet 
(including method and composition). 

SUMMARY 
Cancer immunotherapy has dramatically changed survival and quality of life for patients. However, not all 
cancers are equal, and very few predictors of response and toxicity currently exist. Despite the rapid 
advances made in the field, immuno-oncology is still in its relative infancy, with numerous challenges and 
hurdles yet to be overcome. Over time, a realization grew that the standard tools used to assess choice of 
treatments in the era of chemotherapy and targeted therapies might not be valid for the new 
immunotherapies. As an example, the Response Evaluation Criteria in Solid Tumors (RECIST) used to assess 
response to treatments were modified to create iRECIST, which accounts for the novel patterns of response 
seen during immunotherapy, including tumour pseudoprogression104. In the same way that TNM staging has 
been crucial in guiding treatments in the era of chemotherapy, novel tools are required in the era of cancer 
immunotherapy. The Immunoscore has already been validated as adding important prognostic information to 
TNM staging in colon cancer39. The fact that T cells are currently widely recognized as the key mediators of 
antitumour efficacy with ICI treatment suggests that use of the Immunoscore is an attractive option to help 
guide treatment selection in other cancer types as well. Still, that option does not exclude the possible use of 
additional parameters that might provide further insights into the specifics of each case. 

It is becoming more challenging to increase the efficacy of combination therapies already established in 
clinical practice. In metastatic melanoma, combined CTLA-4 and PD-1 blockade has achieved an 
unprecedented five-year overall survival above 50%105. In metastatic renal cell carcinoma, the same 
combination has been associated with an overall survival rate exceeding 60% at 3 years in the intention-to-
treat population106,107. In the large landscape of ongoing early-phase clinical trials, few novel combinations 
have achieved a level of efficacy rivalling those new standards of care. What certainly remains to be 
improved is their safety profiles. 

The approved induction and regimen dose of combination ICIs (ipilimumab 3 mg/kg and nivolumab 1 mg/kg 
every 3 weeks) in the setting of melanoma is associated with a 59% rate of grades 3–4 toxicities108. 
Preliminary results from CheckMate 511, which used alternative dosing (ipilimumab 1 mg/kg and nivolumab 
3 mg/kg every 3 weeks), showed a significant improvement in toxicity without loss of efficacy109. Given that 
irAEs can sometimes be associated with mortality and significant lifelong morbidity (for example, de 
novo insulin-dependent diabetes, persistent pituitary dysfunction, or immune-related inflammatory 
arthropathies), predictors and novel strategies to abate those toxicities are urgently needed. 

Another area of urgent need is to find novel treatments both for patients who are primary non-responders 
to ICIs and for those who develop secondary resistance to those therapies. Beyond ICI failure, very few 
treatments have been studied, and physicians often rely on previously validated standards of care for each 
specific cancer. Early observational data suggest that exposure to ICIs might modulate the response to 
standard treatments received after progression. For instance, exceptionally high response rates to 
chemotherapy have occasionally been documented after ICI failure110,111. Those observations might be 
secondary to immunotherapy having removed the inhibition initially exerted by tumour cells or other 
immune cells, followed by cytotoxic chemotherapy–mediated killing of tumour cells. On the other hand, 
progression-free survival and the adverse event profiles associated with exposure to targeted therapies (such 
as BRAF inhibition in melanoma) might be adversely affected by first-line exposure to ICIs112. 

To summarize, the future of cancer immunotherapy could rely on combination therapies using checkpoint 
inhibitors not with other novel checkpoint inhibitors, but rather with personalized cancer vaccines and novel 
targeted therapies directed at the tumour microenvironment, tumour glycosylation, and the host microbiome, 
as outlined in the present review. Advances in those fields will allow movement away from the current broad 
“shotgun” approach, which exposes all comers within the approved indications to ICIs, to treatments tailored 
to the factors that make each cancer and host a unique pairing. 
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ABSTRACT 
In this genuine business world, the demand for things are fluctuating in each pattern of time, that is, for a 
particular business process duration it might diminish, increment or stable. Because of this situation the 
provider permitted to postpone in instalment, retailer upgrades to purchase more items all at once, for which 
the retailers need additional capacity. Also, the retailer needs to sell the things before the lapse date. This 
article manages a two-warehouse deterministic model with price discount on back-orders under two levels of 
trade-credit finance.Further, to show mathematical model, to test the legitimacy of the model, and its 
solution procedure is examined in fuzzy climate to acquire the ideal recovery cost and time. At long last, 
mathematical models are given to to justify the validity of the proposed model, Sensitivity examinations has 
been performed to depict the impact of the significant boundaries. 

MSC Code: 90B05, 03E72. 

Keywords. Inventory model, Two-warehouse facility, Variable holding cost, Time dependent demand, Delay 
in payment, Fuzzy inventory model, Defuzzification, Graded mean integration representation method . 

1. INTRODUCTION 
The primary focal point of any business the executives is to acquire more benefit by growing their business 
and making new openings to satisfy clients  necessity for which they will expanding their reasonable worth. 
In this reason the stock administration framework assumes an indispensable part in any business 
undertakings. It relies upon various boundaries, for example, weakening, deficiencies, requests, swellings, 
excesses, holding cost and exchange credit , etc. 

The current globalization and modernization of the world, Most of the brokers offers a value rebate office or 
exchange credit financing. Which improves retailers to buy more than that of the current limit of own 
stockroom. In this respects the retailer may recruit new capacity for rental premise, a few retailers purchase a 
colossal measure of items that can't be put away in existing stockroom when another item is dispatched on 
the lookout and having appeal or some occasional items shows up into the market or before large celebration 
offer time .indeed, retailers of numerous things (Cosmetics, footwear, tiles, instruments, furniture's, and so 
on) utilizes their own distribution centre at a reasonable spot in a bustling business sector and that has been 
outfitted with essential offices to entrance the purchaser to the improvement of their business. Also, retailers 
can use to rent a secondary warehouse to store the items in some other place by avoiding heavy rent. 

Considering the above mentioned facts, here we develop an inventory model having decreasing time 
dependant demand pattern with variable holding cost for Two-Storage facility under acceptable delay in 
payment. Moreover, the model is discussed in fuzzy environment by taking the parameters as trapezoidal 
fuzzy numbers. The objective of the work is to minimize the total cost of inventory by obtaining the optimal 
inventory time for both the warehouses in crisp and fuzzy environment, and thereafter to study the effect on 
the optimal solutions subject to the small changes in the associated parameters. 
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2.  LITERATURE SURVEY 
In the year 1976, Hartley [8] initially framed a Two-warehouse inventory problem. Whereas, the concept of 
trade credit financing in inventory was initiated by Haley and Higgins [7] in the year 1973. The two-
warehouse inventory problem together with trade credit financing was developed by many researchers. 
Recently, Liang and Zhou [18], Liao et al. ([19], [20]), Bhunia et al. [4], Tiwari et al. [28], and Jaggi et al. 
[10] considered demand and holding cost as constant in their two warehouse inventory problems under 
permissible delay in payment. Further, the demand function is taken as stock & selling price dependent by 
Guchhait et al. [6], selling price dependent by Jaggi et al. ([12], [13]) and Sing and Kumar [26], 
exponentially increasing by Kaliraman et al.[14], and Rajan and Uthayakumar [22] and ramp-type by 
Chakraborty et al. [5] with constant holding cost in their credit financing problem having two storage 
facility. But, Sett et al. [24], Yang [29], and Khurana [17] proposed two warehouse inventory models without 
trade credit financing by considering constant holding cost with different demands. Also, Khanna et al. ([16] 
[15]) and Jaggi et al. [11] presented inventory models for single warehouse problems under allowable delay 
in payment with different demand patterns.  

The different types of time dependent holding costs have been considered by Barik et al. ([3], [2]), Alfares 
[1], Mishra and Mishra [21], and Routray etal. [23] for their single warehouse problem. But, Yu [30] 
considered decreasing holding cost of rented warehouse in his two warehouse inventory model having 
constant demand under trade credit offer. 

In present scenario, most of the researchers using Fuzzy concept in their inventory model to deal the 
imprecise parameters. Recently, Singh et al. [27] developed a two warehouse inventory model for non-
deteriorating items with fuzzy demand and fuzzy holding cost without trade credit, Shabani et al. [25] 
considered fuzzy demand and constant holding cost for their two warehouse inventory problem under 
permissible delay in payment, Indrajitsingha et al.[9] developed two warehouse problem for items having 
selling price dependent demand and constant holding cost in fuzzy environment. Esmaeili et al. [32]an 
inventory model for single vendor multi retailer supply chain under inflationary conditions and trade credit. 

From the above mentioned literature, we found that most of the authors considered different types of demand 
for their single or two warehouse problems with or without trade credit financing. Among all the authors, 
Jaggi etal. [11] considered exponentially decreasing demand, but no author considered time varying 
decreasing demand. Again, most of the authors considered constant holding cost. Whereas, Barik et al. ([3], 
[2]), Alfares [1], Mishra and Mishra [21], Routray et al. [23] assumed variable holding cost for their single 
warehouse inventory problems and Yu [30] assumed decreasing holding cost for two-warehouse inventory 
problem.B. kumar et al [31] developed to storage fuzzy inventory model with time dependent demand and 
holding cost under acceptable delay in payment. Bhunia et al.[] developed two warehouse inventory model 
for deteriorating  items under permissible delay in payment with partial backlogging. 

But, no one can develop an increasing holding cost. Furthermore, some authors developed their inventory 
models in fuzzy environment. Motivated essentially by the above mentioned results, here we investigate an 
optimal result for inventory items which follow decreasing demand and increasing rental cost with two 
warehouse facility under trade credit financing. Further, the model is treated in fuzzy environment to 
overcome the imprecision of associated costs. In Tab. 1, the precise comparison of the present model and the 
different models discussed in the literature are provided. 

3.  ASSUMPTIONS  
The following assumptions are carried out to develop the present model. 

(i)   The homogeneous (or single) item is considered. 

(ii)  The demand rate is decreasing over time. 

(iii)  The associated items have a greater life span than that of cycle time T, and the number of items  
deteriorated during cycle is very negligible as compared to the stock in inventory. 

(iv)  The instant Replenishment facility is available, that is, lead time is zero. 

(v)   During the Inventory cycle, stock is available without any backlog, that is, shortages are not  
allowed. 
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(vi)  Two-storage facility is considered. Owned storage (OS) is the retailer's outlet and rented storage (RS) 
is away from the owned storage (OS). Moreover, the OS has limited storage capacity, and  
RS has unlimited capacity. 

(vii)  The items in RS depletes _rst than that of the OS in order to reduce the cost of inventory. 

(viii)  The holding cost of the OS is constant, but it varies with time for RS. Also,holding cost of RS is more 
than that of the OS (the holding cost of the RS includes transportation cost from RS  
to OS, loading and unloading costs). 

(ix)  Supplier accepts the delay in payment by the retailer. 

4.  NOTATIONS 
The following notations are used in the proposed model. 

: Demand rate  , where  is the demand parameter. 

 :   Ordering cost per cycle. 

:   Purchasing cost per unit item. 

: Selling price per unit item. 

: Holding cost per unit item. 

:Constant for OW and  , variable for RS,  

:W: The maximum number of items can be ordered at the beginning of the cycle (at most,W1 
           items  are kept in the OW, remaining in RW). 

 : The inventory level at any time t in RW. 

:The inventory level at any time t in OW. 

        : Acceptable delay period offered by the supplier to the retailer. 

: The rate of interest earned by the retailer on the amount obtained by selling the items during  
the acceptable delay of the payment period. 

: The rate of interest payable by the retailer on the amount of stock left in the inventory after  
              an acceptable delay of the payment period. 

          : Time at which inventory in RS falls to zero. 

         : Time at which inventory in OS falls to zero, that is, both the storages are empty. 

: Total cost of inventory cycle. 

: Total cost of inventory for  

: Total cost of inventory for  

: Total cost of inventory for  

Now,  , , ,  ,  and are used for , ,  , , , ,  

and  respectively in fuzzy environment. Also, , , and are used to 
represent defuzzified total costs. 

3.  MATHEMATICAL FORMULATION 
In this model, initially  amount of items ordered to the supplier. As the lead time is zero, the items (  
items are kept in OW and remaining   in RW) are delivered instantly to the retailer. To reduce the 
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cost of inventory the retailer sells the items in RW first, then OW. So during the interval , the inventory 
in RW is gradually reduces due to demand of the items, and is vanishing at time After RW is empty,the  
inventory in OW gradually decreases during the interval , and is vanishing at time .That means 
both the warehouse are empty at  time . Figure-1 shows the inventory level at any time  . During the 
time , the inventory in RW is gradually decreases, and reaches at 0 at . 

 
Figure-1.Inventory level at any time  in both Warehouses 

The inventory level in RW is governed by the differential equation  

      (0<  

Under the boundary condition solving this equation, we have  

 
Next, during the time , the inventory in OW becomes constant, and for  it gradually 
decreases and vanishes at .The inventory level in OW is governed by the differential equation 

      ( <  

Under the condition  . Solving this equation, we have  

 
At time  the amount of inventory in OW is .Thus, we have  

 
Solving the above equation for T, we have  

                                                          (1) 

Based on the above model, the total inventory cost includes the ordering cost, holding cost, interest earned 
on sales amount during the trade credit period and interest payable on stock in the inventory after allowable 
delay time. Now the cost are calculated as follows. 

(v) Ordering Cost:  OC  
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(vi) Total Holding Cost: 

 

  =  

. 

(vii) Interest payable by Retailer: there arise three cases: 

Case-1  

 

. 

 

Case-2 : 

 

. 

                  Case-3 : 

. 

(viii) Interest earned by retailer; it arise two cases: 

Case-1 : 

. 

                  Case-2 : 

 

 
5.  NUMERICAL EXAMPLES 
Solutions of the following numerical examples are find out by using Mathematica 11.1.1 software. 

Example-1[case-1.  

 

 
. 

Solution 
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Optimal solution is      

 

Example-2[case-2.  

 

 
. 

Solution 

 

 

 
Optimal solution is     . 

Example-3[case-3.  

 

 
. 

Solution 

 

 

 
Optimal solution is     . 

7.  CONCLUSIONS 
The inventory management having two warehouse service under admissible delay in payment is fully 
appropriate in many business organizations. In this article, a two warehouse inventory model for single 
deteriorating items under permissible delay in payment for items having time dependent demand with 
holding cost developed successfully in fuzzy environment. While developing the model, we can observed 
that the inventory manager always look for the best result to minimize the inventory cost. For this purpose, 
we suggest that fuzzy inventory model is one of the best for real time inventory problems. Furthermore, 
trapezoidal fuzzy numbers and Graded Mean Integration Representation (GMIR) Method is used. The 
Mathematical model is validated with appropriate examples in different cases arise due to trade credit 
finance. Moreover, the sensitivity behaviour of different parameters are draw in the form of figures and 
tables. This article can be extended by different directions like shortages with allowance of backlogging. 
Also one choose different typesof demand functions with deterioration can be considered. 
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CLUSTER COMPUTING: BENEFITS AND APPLICATIONS 

Dr Banitamani Mallik 
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ABSTRACT 
Cluster computing is the state of the art tointerconnect a group of machines in a way that they work together 
as a single system. Clustering of computers has been a hot research challenge in computer architecture.This 
process mainly helps to reduce cost and improve network technology in all possible situations. Cluster 
computing has become a popular research area among scientists, researchers, network developers and 
algorithm developers. Themain goal of this articleis tofocus on cluster computing, clusterarchitecture, 
cluster components, cluster types, benefits and applications of cluster. 

Keywords- High-Availability (HA), Load Balancing (LB), High Performance/Parallel (HP) 

1.  INTRODUCTION 
A group of computers are connected on a network and they perform like a single entity is referred as Cluster 
computing. Each computer is connected to the network is called a node. In other words, the process of 
sharing the computation tasks among multiple computers is called as cluster computing.A cluster connects a 
number of computing nodes that are used as servers via a fast LAN (local area network ).Clustering of 
computers is popular because of additional backup server availability in case of failure, scalability, cost 
efficient and more important, processing power to complete the task with minimum time. A Cluster has a 
great capacity of providing better performance and reliability than traditional-mainframes / supercomputers. 

2.   ARCHITECTURE OF CLUSTER 
A cluster is a type of parallel/distributed processing system. It mainly consists of a collection of inter-
connected stand-alone computers working together as a single, integrated computing resource. It is a 
collection of computers/workstations working together as a single, integrated computing resource connected 
via high speed interconnects. 

 
(Fig. Cluster System Architecture) 

(Courtesy of Rajkumar Buyya) 

3.  CLUSTER COMPONENTS 
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Four major components are basically needed for clusters:- 

 Communication between the server and nodes is provided by network 

 Each node has a processor, memory and storage 

 Network services to the cluster is provided by the server 

 Gateway takes the role of firewall (network security system) between the outside world and the 
cluster.   

4.  CLUSTER TYPES  
(i)  Load Balancing Cluster-Load balancing cluster has ability to distribute incoming requests for resources 

among multiple nodes running the same programs. Every node in the cluster hasability to handle requests 
for the same type of content. If a node is out of service, requests are re-distributed between the remaining 
available nodes. This type of distribution is typically seen in a web-hosting environment. 

 
(ii)  High Availability (HA) Clusters-These types of clusters are used for databases, mail, file and print, 

web. Some important features are- 

 To maintain very high availability by a group of clusters 

 Two or more servers setup so that if one fails, the other takes over 

 Share a common data source 

 Only one accesses data at any time 

 Monitor each-other by sending “heartbeat” packets between themselves 

 When one server fails, the work is migrated over to the working one 

 Users experience a brief break in transmission (typically a few seconds) but not a total loss 
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(iii) High Performance (HP) Clusters-HP clusters are employed to resolve complex and highly advanced 

computation problems. These clusters are mainly used in computational models of climate and in-vehicle 
breakdowns. 

 
5.  BENEFITS OF CLUSTER 
The benefits of cluster are scalability, availability, and highperformance. 

(i)   Scalability:extra nodes can be added to speed up the processing power. 

(ii)  Availability: Due to identical nature of cluster computers, if one node fails then other nodes will perform 
its work. Due to fault tolerance nature in a cluster, a fault in one node will never affect its availability 
within the cluster. 

(iii) High Performance: Cluster is a group of interconnected computers, connected with a high speed local 
area network (LAN) to enhance its processing power. So operations are optimized. In high-availability 
(HA) clusters, if a node fails, the load is transferred to another node / nodes within the cluster. To the 
user, this operation is transparent as the applications and data running are also available on the failover-
nodes. 

Clusters provide: 

 Ability to handle unexpected peaks in workload  

 Central system management of a single systems image  

 Horizontal and vertical scalability without downtime  
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 24 x7 availability  
6.  APPLICATION OF CLUSTER  
(i)  Grand challenge applications (GCAs) -GCAs are the fundamental problems in science and engineering 

which includes Bio-catalysis, Protein dynamics, Discrete event simulation, Global climate modeling, 
Virtual materials design and processing, Earthquake simulation etc. 

(ii)  Google Search Engine- Internet search engines facilitate internet users to search for information on the 
internet by entering specific keywords. A widely used search-engine, Google uses cluster computing to 
meet the huge-quantity of worldwide search requests that comprise of a peak of thousands of queries per 
second. A single Google query needs to use at least tens of billions of processing cycles and access a few 
hundred megabytes of data in order to return satisfactory search results. 

(iii) Petroleum Reservoir Simulation -Petroleum  reservoir  simulation  facilitates  a  better  understanding  of  
petroleum reservoirs that  is crucial to better reservoir management and more  efficient  oil and gas 
production.   

(iv) Image Rendering- Image rendering is used for fire-spread simulations to enable scientists/researchers to 
have a better visualization of the destructive-effects. 

7.  CONCLUSION 
The availability of powerful microprocessors and high speed net connectivity has made the clustering of 
computers as the new paradigm in most application areas.Clustering of computersis a much more cost-
effective platform compared to traditional-high-performance platforms.Cluster computing offers a 
comparatively cheap platform to serve on applications that demand high availability, scalability and 
performance. 
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ABSTRACT 
In the present Article we established a result on “INDEXED ABSOLUTE MATRIX SUMMABILITY OF AN 
INFINITE SERIES” By generalizing the Theorem to 0,1,;,   kpA kn  summability dealing 
with summability factors of infinite series, Bor. H. 

Keywords: Indexed Absolute matrix Summability, Summability Factor, Infinite Series, Almost increasing 
sequence, Hölder inequality, Minkowski inequality. 

1.  INTRODUCTION         
Let  na  be an infinite series and  ns   be its sequence of partial sums. Let  np  be a sequence of non-

negative numbers with 
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For a lower triangular matrix  nkaA  , we define the matrices  nkaA   and  nkaA ˆˆ   as follows: 

(1.3)  
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Clearly  sAn  defines a sequence to sequence transformation of  nss   to   nAs A s . The series 

 na  is said to be summable  1,, kpA kn  if  
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(1.5)   
1

1

1

kk
kn
n n

n n

P A s
p









 
   

 
 . 

Let  n  be a sequence of positive real numbers. The series  na  is said to be summable 

1,,  kpA kn  if  
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Further,  na  is said to be summable 0,1,;,   kpA kn , if  
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A p   summability reduces to knpA, -summability. If we take 
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 A sequence of positive numbers  ns  is said to be almost increasing if there exists a positive 

increasing sequence  nc  and two positive constants A and B such that n n nAc b Bc  . 

2.  KNOWN THEOREM 
Dealing with summability factors of infinite series, Bor.H has proved the following theorem: 

Theorem-2.1 

Let  np  be a sequence of positive numbers such that 

(2.1.1)    0 , as .n nP np n    

If  nX  is a positive non-decreasing sequence and suppose that there exist sequences    nn and   
such that 
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Later, Ozarslan and Karakas have established the following theorem: 

Theorem-2.2 

        Let  nvaA   be a lower triangular matrix with non-zero diagonal entries such that, 
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is satisfied, where nt  is as defined in theorem 

2.1, then the series nna   is summable , , 1n k
A p k   . 

3.  MAIN RESULT 
In what follows in the present article we generalize the above theorem to  0,1,;,   kpA kn   
summability .We prove 

Theorem: [3] 

 Let  nvaA   be a lower triangular matrix with non-zero diagonal entries such that, 
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Let  nX  be an almost increasing sequence and sequence  1k k
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is satisfied, where nt  is as defined in 

theorem-2.1, then the series nna   is summable to 0,1,;,   kpA kn . 

4.  REQUIRED LEMMA 
We require the following lemma for the proof of the theorem. 

Lemma [4] 

 If  nX  is an almost increasing sequence satisfying conditions (2.1.3) and (2.1.4), then we have 
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This completes the proof of the theorem. 

6.  COCLUSION 
If we take 0   in our theorem, Theorem 2.2 follows from our theorem. If we take  nX  as a positive non-

decreasing sequence, 0,   and
P
pa

p
P

n

v
nv

n

n
n , Theorem 2.1 follows. 
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ABSTRACT 
Nano-fluids attract us due to the extraordinary enhancement in their thermal conductivity. 
Scientists and researchers, during the last few years, confined their studies on measuring and 
modeling the effective thermal conductivity of nano-fluids. There are many theoretical as well as 
experimental studies on nano-fluid flow with heat transfer through stretchable surfacesavailable in 
open literatures. Objective of the present review study is to summarize the important published 
articles on nano-fluid flow through stretchable surfaces. 

Keywords: Nano-fluids, thermal conductivity, heat transfer, stretchable surface. 

1. NANO-FLUIDS AND THEIR APPLICATIONS 
Nano-fluids are fluids with nano-sized (typically small) particles suspended in some base fluid. These 
particles are known as nano-particles. Some common base-fluids are water, oil, ethylene glycol etc and 
some common nano-particles (which are being used usually) metals, oxides, carbides, or carbon 
nanotubes. Present days, carbon nanotubesattracted the attention of the researchers as well as industries 
to produce nano-particles using carbon nanotubes as the raw materials.Nano-fluids are known for their 
improved thermal conductivity, basically. 

Present days, nano-fluids are being popularly used due to their enhanced thermal conductivity. Some of 
the industrial applicationsincludecooling of electronic devices, Nuclear reactor cooling, metallic baths in 
metallurgy, engine cooling, heat exchanger, pharmaceutical processes, heat transfer processes etc. 

2.  LITERATURE SURVEY 

In the last two decades, there has been seen a great influence towards the increment in the thermal 
conductivity of a general fluid due to the requirement of high rate of heat transfer in many industrial as 
well as domestic applications.To overcome the problems of low conductivity, researchers are forced to 
develop fluids with enhanced thermal conductivities. Coming forward in this direction,Choi and Eastman 
[1] initiated research 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 an exposureon 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: 

Hardy et al. [3] studied the “radiation effect on viscous flow of a nanofluid and heat transfer over a non-
linearly stretching sheet”. In their investigation, they found that the velocity profile decreased with the 
effect of volume fraction and non-linear sheet parameter. The temperature profile increases with the 
volume fraction dissipation effect while the nonlinear sheet parameter and thermal radiation parameter 
effect decreases  has the highest cooling effect compared to . and . 

Zheng et al. [4] studied the “Flow and radiation heat transfer of a nanofluid over a stretching sheet with 
velocity slip and temperature jump in porous medium".  In their investigation, they observed that the 
velocity of heat transfer increases with an increase in the effect of the slip parameter. The temperature 
profile increases with the increase of the velocity slip parameter, the thermal radiation parameter, the 
temperature ratio parameter, the Brownian motion parameter and thermophoresis parameter. The 
temperature profile decreases with an increase of the Lewis number parameter, the temperature jump 
parameter and the pradntl number parameter. The volume fraction concentration profile increases by 
increasing the effect of the velocity slip parameter and decreases with the effect of the temperature jump 
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parameter, the temperature ratio parameter and the Brownian motion parameter. The boundary layer 
thickness increases with the effect of the thermal radiation parameter, the temperature ratio parameter, 
and thermophoresis parameter. The nusselt number increases with an increase in the speed slip parameter 
and decreases with an increase in the thermophorsis parameter. 

Rahman and Eltayeb [5] studied the “Radiative heat transfer in a hydromagneticnanofluid past a non-
linear stretching surface with convective boundary condition .” The local heat transfer rate  
from the sheet surface to the fluid increases with an increase in the Biot number  stretching index   
but decreases with an increase in the Brownian diffusion parameter  the thermophoresis parameter 

, and the conduction-radiation parameter . The local rate of mass transfer  increases with 
the increase of each Biot number , the surface stretching index , the Brownian diffusion parameter 

, and thermophoresis parameter , but decreases with the increase of the magnetic field parameter 
 and the conduction radiation parameter . The surface convection parameter (Biot number) 

significantly influences the local rate of shear stress  . It increases with the increase of 
 while it decreases for . 

Turkyilmazoglu and Pop [6] studied “the Heat and mass transfer of unsteady natural convection flow of 
some nanofluids past a vertical infinite flat plate with radiation.” In the case of uniformly prescribed wall 
temperature, it has been found that the least heat transfer occurs for  and the greatest heat transfer 
occurs for . The rate of heat transfer in PHF case is always higher than that corresponding to PST 
case. In addition to this, it can be observed that the least shear stress occurs for  and the maximum 
for  occurs in the case of PST, whereas in the case of PHF the order is from to . Overall, the 
radiation effect improves skin friction while at the same time reducing heat transfer rate on effect.  

Mehmood et al.[7] studied “the Non-aligned stagnation point flow of radiating Casson fluid over a 
stretching surface”. They discovered that enhances near the wall with mixed convection parameter 

 and radiation parameter . Temperature profile rises with the  Casson fluid parameter and 
radiation parameter  . Skin friction coefficient  increases with the mixed convection parameter . 

Local heat flux  decreases with radiation parameter , Prandtl number  and Biot 

number  . 

Mahanthesh et al. [8] studied “the Heat and mass transfer effects on the mixed convective flow of 
chemically reacting nanofluid past a moving/stationary vertical plate”. Intensifying strength of the 
magnetic field results in decreased drag force on the plate. In the other hand, the opposite pattern is 
reckoned as the volume fraction of nanoparticles varies. The effects on shear stress and Nusselt number 
from thermal radiation, heat source / sink, and transient are qualitatively the same. Larger values of the 
volume fraction of the nanoparticles showed significant impact on both the velocity and the temperature 
profile. The flow and heat transfer characteristics could be controlled by varying the volume fraction of 
the nanoparticles. The influence of the Grashof number thermal and solute stabilizes the growth of the 
boundary layer momentum. The temperature profile is rapidly improved as a result of thermal radiation 
and source/sink heat. The effect on temperature area of the Prandtl number and time parameter is the 
opposite. The presence of chemical reaction and heavier species reduces limit layer concentration. The 
inclusion of nanoparticles in the base fluids offers potential to improve the performance of the heat 
transfer. 

Bhatti et al. [9] studied “A mathematical model of MHD nanofluid flow having gyrotactic 
microorganisms with thermal radiation and chemical reaction effects”. Magnetic and porosity effects 
cause the velocity profile to diminish. The slip parameter influence shows a considerable increase in the 
velocity profile. The radiation parameter tends to increase the temperature profile and the thickness of 
the boundary layer while the number and thermal slip of the Prandtl number show opposite behavior. 
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The parameter for Brownian motion thermophoresis shows converse behavior on the profile of the 
concentration. 

Sheikholeslami et al. [10] studied the “Numerical simulation of nanofluid forced convection heat transfer 
improvement in existence of magnetic field using lattice Boltzmann method”. On a moving surface, the 
temperature gradient decreases with the increase in Lorentz force and increases with the increase in 
velocity. Movement in nanofluid is enhanced by an increase in volume fraction, Reynolds number, but 
Hartman number is reduced. 

Muhammad et al [11] studied the “The Rotating Flow of Magneto Hydrodynamic Carbon Nanotubes 
over a Stretching Sheet with the Impact of Non-Linear Thermal Radiation and Heat 
Generation/Absorption”. For CNTs, large values of  (the parameter of rotation) produce smaller 
velocities of , but the opposite trend is detected for the temperature profile of 

Increase of the volume fraction of nanoparticles in the working liquid by boosting the 
valuesof  ) and for SWCNTs and MWCNTs. The strong magnetic parameter  reduces 
the temperature of  while the temperature of  is increased. The thermal layer rises 
through the heat generation of SWCNTs and MWCNTs. Large values of Prandlt number , reduces the 
temperature of nanoparticles by . Large values of Biot number boost temperature and thicken the 
concentration of boundary film. The degree of coefficient of friction of the skin increases for larger 
values. The findings show that in the case of SWCNTs, skin friction is greater than in MWCNTs. The 
transfer rate of heat is regulated by high values of  and . For SWCNTs the number of nussels is greater 
than with MWCNTs. 

Khan et al. [12] studied “The Combined Magneto Hydrodynamic and Electric Field Effect on an 
Unsteady Maxwell Nano-fluid Flow over a Stretching Surface under the Influence Variable Heat and 
Thermal Radiation”. The magnetic parameter , has the tendency to reducenano-fluid velocity. This is 
because of the forces in Lorentz, which are against the fluid flow. Increasing Schmidt number decreases 
the concentration profile , which is consistent with previous results. The unsteady parameter  
shows decreasing behavior in the fluid's velocity profile, concentration profile , and temperature 
profile . It increases fluid temperature. High radiations are often found to produce a high 
temperature. Increasing the thermophoreticparameter , reduces the nanofluid concentration . 

Bao et al.[13] studied the “Natural convection heat transfer of nano-fluid in a cavity under an 
inhomogeneous electric field”. When the effect of gravity is not taken into account, the electrical 
convection effect and the increase in heat transfer are induced by electrohydrodynamics. Whereas, when 
the effect of gravity is taken into account, there is a reduction in the electrohydrodynamic effect because 
the electrical convection generated by gravity can be offset by each other. 

Sheikholeslami et al [14] investigated the “Solidification heat transfer of nanofluid in existence of 
thermal radiation by means of FEM”. They found that the rate of solidification was significantly 
increased by adding  to the water. This happens due to a change in the thermal conductivity of the 
working fluid. The solidification time can be reduced by increasing the volume fraction of nanofluid. By 
increasing the thermal diffusivity, the time of the solidification process is reduced. It has also been noted 
that the optimal value of the nanoparticle diameter is 40 nm. Thermal radiation enhances the process of 
solidification. NEPCM is utilized in an energy storage system to improve the performance of the 
solidification process. 

Hashim et al [15] studied “Non-linear radiative heat transfer analysis during the flow of 
Carreaunanofluid due to wedge-geometry: A revised model”. In their investigation, they found that the 
temperature profile increases with the effect of the temperature ratio parameter and thermophoresis 
parameter and depletes the effect of the radiation parameter, the pradtl number and the suction 
parameter. The concentration profile increases due to the effect of the wegde angle parameter, the 
temperature ratio parameter, the Prandtl number, the constant velocity ratio parameter and 
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thermophoresis parameter and decreases due to the effect of the radiation parameter, the suction 
parameter, the Lewis number and the Brownian motion parameter. The friction of the skin is increased 
due to the effect of the temperature ratio parameter. The nusselt number varies decreasingly due to 
radiation parameter and constant velocity ratio parameter. 

Sithole et al [16]studied “Entropy generation in a second grade magnetohydrodynamicnanofluid flow 
over a convectively heated stretching sheet with nonlinear thermal radiation and viscous dissipation”. 
Improvement occurs in the momentum and thermal boundary layer thicknesses as the second grade 
nanofluid parameter increases. The thermophoresis parameter serves to increase the temperature profiles. 
With the frequency of the homogeneous and heterogeneous reactions the solvent concentration at the 
surface decreases. The generation of Entropy is improved by Hartmann, Reynolds and Brinkmann 
numbers. The amount of entropy generation decreases with parameter increases in the temperature 
difference ratio. 

Sucharitha et al. [17] studied the “Effect of heat and mass transfer on the peristaltic flow of a 
Jeffereynanofluid in a tapered flexible channel in the presence of aligned magnetic field”. Compared to 
Jeffery fluid, Newtonian fluid has a higher velocity and temperature, whereas in the case of 
concentration, the opposite is true. In a deviating channel, temperature and velocity increase and 
decrease in a narrow channel, but the opposite is true for concentration. The concentration decreases as 
the velocity and temperature and velocity increase when the amplitude ratio is increased. The presence of 
Lorentz force , i.e. the high value of the magnetic parameter, reduces the temperature and velocity of the 
fluid and increases the concentration. The temperature and velocity gradient increase for the magnetic 
field angle and the concentration profile decreases. Increased wall tension, the mass characterization of 
the damping force increases temperature and velocity, but reduces concentration. The temperature rises 
close to that of large Brownian moment and thermophoresis values. Concentration is an increasing 
function for the Brownian moment and a decreasing function for thermophoresis. In general, the 
Brownian moment deviates from the concentration field, but here the opposite tendency is due to the 
supremacy of some parameter effect. The concentration profile decreases near the wall with a large 
pradntl number values and the temperature rises to a point and then falls. The concentration decreases, 
but the temperature increases by increasing the number of brinkman. For the brinkman number, the 
magnetic field angle and the non-parameter, the nusselt number is an increasing number, while for the 
pradntl number, the Brownian moment and thermophoresis it is a shrinking function. It's exactly the 
opposite in the case of the Sherwood number. 

Recently, Mahatha et al [18] carried out a research study on “Radiation and Dissipative Effects on MHD 
Stagnation Point Nano-Fluid Flow past a Stretchable Melting Surface”. They have considered the effects 
of viscous and Joule dissipations, radiative heat transfer, and melting of the surface into their study. They 
encountered that the melting parameter has the tendency to reduce the nano-fluid velocity, temperature 
and concentration. 
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ABSTRACT 
Computational Fluid Dynamics (CFD) is a simulation tool which is used to solve fluid flow and heat transfer 
problems.Mathematical models in terms of conservation laws represent the flow physics in terms of strongly 
coupled non-liner partial differential equations. This technology is applied in areas like cavitation 
prevention, aerospace engineering, HVAC engineering, electronics, manufacturing, automotive and way 
more. With the advent of powerful computers, CFD is used solve in many real life problems. The present 
work focuses on the practical applications of CFD technique in varies fields.  

Keywords: CFD, Heat Transfer, Fluid Flow, Simulation, Application 

INTRODUCTION 
Computational Fluid Dynamics (CFD) evolved from a mere academic curiosity of the physicists and 
mathematics to an emerging technology for engineers. It uses powerful algorithm organising mathematics to 
simulate flow physics. CFD today is a very useful computer aided engineering design tool. It is used as an 
alternative in order to reduce number of experiments as well as minimizing cost and time for process 
designing.The uses of CFD are common in fields like automobile, aerospace, power plants, manufacturing, 
process plants and electronics. The recent applications of CFD In human body and biomedical fields have 
excited researchers. 

There are three steps involved in CFD: pre-processing, processing and post processing. The pre-processing 
step involved creation of geometry, grid generation and selection of boundary conditions. In processing step, 
the mathematical equations are solved by using computers. There are three main numerical methods to solve 
the mathematical equations such as finite difference method, finite element method and finite volume 
method. Finite difference method is the ancient method and confined to simple cases of heat transfer and 
fluid flow problems. Both finite element and finite volume methods are more versatile than finite difference 
method. Finite volume method is the latest method and commercial CFD packages are based on this method. 
In post-processing step, the analysis of the results is carried out with versatile data visualisation tool.  

Laohasurayodhin et al. [1] studied the effect of angle of inclination of fluid flow in a pipe by considering 
various viscous models through numerical simulation using CFD. Patel et al. [2] carried out their numerical 
investigation on the effect of pressure developed on various types of joints and fittings used in pipe through 
CFD technique. Kumar [3] used commercial CFD software called ANSYS for analysing fluid flow at various 
points in a pipe with an aim for determination of losses in head due to change in geometry of pipe. Nimadge 
and Chopade (2017) [4] numerically simulated the steady, incompressible fluid flow through a T-junction by 
CFD technique. They prepared experimental setup to obtain the reference data when fluid passes through T-
junction of pipe. Motlagh et al. [5] presented an application of residual-based variational multiscale 
modeling methodology for computation of laminar and turbulent fluid flow through concentric annular pipe 
flows.  

PRACTICAL APPLICATION OF COMPUTATIONAL FLUID DYNAMICS 
HEAT EXCHANGER 
Heat exchangers are used extensively in power plant, chemical industries and process industries.CFD has 
been used to simulate the fluid flow and temperature distribution of fluids in heat exchangers. It can also be 
employed for fluid flow maldistribution, fouling, pressure drop and thermal analysis in the design and 
optimization phase in various types of heat exchangers. With the help of a fluid flow simulation tool like 
CFD, the redesigning of heat exchangers can be carried out. CFD has also been used to study the effect of 
obstacles and holes inside heat exchangers to control temperature and resistance to flow. Khudheyer and 
Mahmoud [6] used CFD to investigate heat transfer and fluid flow simulations in a double role finned tube 
heat exchanger by using OPENFOAM, an open-source CFD code. They studied the heat transfer and 
pressure drop characteristics for Reynolds number ranging from 330 to 7000.While dealing with heat 
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transfer, it can be accurately modelled using laminar flow model and for turbulent conditions, k-epsilon 
turbulence model can used to give appropriate simulation results. With the help of CFD, the regions of heat 
exchangers where the turbulent backflows occurs particularly near the wall can be identified. These regions 
are prone to fouling and should be avoided. Thus CFD can be considered as a valuable tool for optimizing 
the design of heat exchangers.  

AUTOMOTIVE 
CFD has a major role to play in the designing of vehicle body by simulating the air flow over the body. It can 
be used in several internal systems of automobile like cooling, lubrication, braking and shock absorbers to 
predict the temperature distribution and fluid flow simulation. Computational fluid dynamics acts as a tool 
for developing internal engine combustion chamber by visualising gas flow and heat transfer simulation. It 
helps the engineers to understand the combined effects of chemical reactions, species transport, flow patterns 
and temperature distributions in the internal combustion engines. Muyl et al. [7] have used CFD technique 
for aerodynamic shape optimization of automobile body. 

AEROSPACE 
Computational Fluid Dynamics (CFD)has a key role in aerospace industry. It is used to simulate the fluid 
flow and heat transfer in launch vehicles, air crafts and missiles. CFD is used to predict the drag, lift, noise, 
structural and thermal loads, combustion, etc., performance in aircraft systems and subsystems. CFD is also a 
means by which the fundamental mechanics of fluids can be studied. 

BIOMEDICAL 
The use of CFD in biomedical fields has created much more interest among researchers in recent years. It 
helps the researchers to predict and clarify the aortic flow in detail which is beyond the experimental 
investigation due to its complexity. To analyse these conditions, CAD models of the human vascular system 
are extracted employing modern imaging techniques such as MRI or Computed Tomography.  A 3D model 
is reconstructed from this data and the fluid flow can be computed. The properties of blood such as density, 
viscosity are taken into consideration. Therefore, making it possible to analyse and optimize the flow in the 
cardiovascular system for different applications. 

FOOD INDUSTRY 
In recent time, CFD has been proved as a powerful simulation tool for food processing industry. Since most 
of the processes in food industry involves the application of fluid flow as well as heat and mass transfer, 
CFD provides a good early-stage simulation for predicting the performance of these processes. It also allows 
the test engineers to validate the test results obtained from simulation of the food processing equipment with 
experimental study, thereby help them to improve the design and performance of equipment. CFD is used in 
several food processing applications such as sterilization, refrigeration, baking, pasteurization, drying, 
improving cleanliness of food processing tank and mixing by making fluid flow and heat transfer simulation. 
Zbicinski [8]carried out the research by developing a numerical model of mass, momentum and energy 
transfer during spray drying process. He used CFX, a tool of computational fluid dynamics to determine heat 
and mass transfer of air inside the dryer and to calculate particle trajectories for different phases. The 
experimental results were validated with numerical results and found to be within acceptable limit. 

POWER PLANTS 
Computational fluid dynamics (CFD) have been used extensively in various power plants. It is used as a 
fluid flow simulation tool for correct prediction of pressure, velocity as well as temperature distribution in 
power plant equipment like boiler, condenser, air preheater. feed water heater.Thus it helps in designing and 
redesigning of all such equipment with great results.Chen et al. [9] carried out the research on nitric oxide 
reburning in combustion chamber of the boiler furnace and minimising pollution. The use of CFD in 
determining flow pattern and correct estimation of temperature distributions in different rotodynamic 
machines like turbine, pumps and compressors cannot be underestimated.  

CONCLUSION 
Computational Fluid Dynamics (CFD) is already gaining considerable importance in various industries. CFD 
is studied by considering various aspects of problems related to industries as well as other areas. A brief and 
concise review of the contributions made by different researchers in the area of CFD is presented. Some 
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researchers show that the increasing developments of computational fluid dynamics in recent years have 
opened the possibilities of low cost. However, the simulations should be validated with experimental results. 
Although there are some difficulties in correct modelling of large three dimensional problems using CFD, 
the trend of widespread applications of CFD has made it popular in recent times. 
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ABSTRACT 
Air flow is measured by the quantity of the fluid that passes through the pipe, duct or an open channel. The 
devices like orifice plates and nozzles are extensively used in several industries to estimate the mass flow 
rate through a channel by correlating the measured velocity, pressure loss with air flow. In the present 
experiment focus has been given on the flow velocity, volume flow rate, residual calculation, pressure inside 
the orifice plate, determination of turbulence zone near the orifice and also to calculate the Reynold’s no. of 
the flow in the orifice plate using ANSYS V18.2 fluent. Navier-Stocks equations have been employed to 
describe the velocity, pressure and to determine the zone of Vena-contracta using CFD code of ANSYS for 
incompressible fluid. Later on this model is being validated by a wind tunnel with a regulator plate inserted 
in it at a distance of 30cm from the inlet. The study helps in better understanding of the effect of orifice or 
regulator on the air flow behavior in the wind tunnel and in determination of the zone of vena contracta at 
the orifice point. 

Keyword: Orifice meter, ANSYS, κ-ε  turbulence model, vena-contracta, CFD, wind tunnel. 

1. INTRODUCTION 
The measurement of flow rate is important in many industrial applications including rocket propellant stages. 
It is the determination of the quantity of the fluid that passes through the pipe, duct or an open channel. Flow 
can be measured by measuring the velocity of fluid over a known area. The accurate measurement of a fluid 
is important to obtain specific proportions as per process requirements. It is important to maintain a definite 
flow rate for maximum efficiency and production. Without accurate measurements precise quality control is 
impossible. Flow measuring instruments are venturi meter, orifice Plate, rotameter, pitot tube, flow nozzles, 
etc. Out of these orifice-meter is having least coefficient of discharge. It is widely used for its simplicity of 
design, reliability (no moving parts), and low manufacture cost[1]. They have been standardized and 
approved for measurements relative to financial clearings. A conventional orifice has a single circular 
opening made in the centre of the disc which is usually mounted inside a pipe line. It suffers from high 
pressure dtop due to lower discharge coefficient This can be overcome by the use of multi hole orifice flow 
meter. This is due to early reattachment of flow in case of multi-hole orifice meter. According to the 
Bernoulli and continuity equations, the pressure drop on the orifice can be used for mass flow estimation 
when the duct geometry and fluid density is known. Combining these two equations leads to the following 
relation for mass flow rate: 

 

  

Contraction coefficient β is the square root 
of orifice to duct cross-section area ratio.  

 

The contraction coefficient is the most 
important parameter describing the orifice. According to Equation (1), there is a strong dependency between 
the mass flow rate and contraction coefficient and is valid only for the laminar flow of an incompressible, 
frictionless fluid in a horizontal channel. The effects of ratio on mass transfer rate behind the orifice was 
numerically studied by [2] and [3]. CFD tools are widely used in modelling and analyzing orifice meter [4-
6]. Some studies have focused on obtaining the associated discharge coefficient [7] and pressure drops [8]. 
The characteristic length and velocity scales in different regions of orifice flows using PIV was studied by 
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[9] and found that the position of the venacontracta shows a slight orifice to pipe diameter ratio dependance. 
Tukiman et.al [10] used CFD to predict the flow features in the orifice flow meter and the results are 
consistent with other published data. The objective of this experiment is to study an optimum air flow 
velocity model in normal and modified conditions, and ANSYS orifice model is validated by comparing with 
the experimental data conducted at the wind tunnel. 

2.  THEORETICAL APPROACH 
The Pitot-static tube is an instrument which uses the principle of pressure exerted by  flowing  air  and  is  
suitable  for  measurements  of  high  velocity.  Unlike  an anemometer it is not capable of measuring 
average velocity directly but measures the  velocity  at  a  given  point  in  the  airway/duct. The instrument 
consists of two concentric tubes out of which the outer  tube,  which  contains  perforations  in  the form of 
small holes drilled at right angles to its periphery, measures the static head while the inner tube measures the 
total head. The  total  pressure  tapping  generally  measures  the  total  pressure  with  reasonable accuracy,  
the  static  pressure  tapping  needs  to  be  suitably  positioned  on  the  outer tube  to  minimize  the  effect  
of  interference  created  by  the  stem  and  the  total pressure tapping. The nose is designed so as to give 
least resistance to flow. 

 
Fig. 1 Pitot Tube 

For velocity measurements, the two connections i.e.,  total  and  static  pressure  connections  are  attached  
to  the  two  limbs  of  a manometer  which  will  read  the  velocity  pressure,  which  is  related  to  the  total  
and static pressures as 

 
Where 

 is velocity pressure in Pascal 

 is total pressure in Pascal 

 is static pressure in Pascal 

The  readings  of  velocity  pressure,  static  pressure  and  total  pressure  are  in  mm which  needs  to  be  
converted  into  Pascal( . 

By using the relation 

P = ρ g h (Pa) 

Where 

ρ =density of the liquid used in the manometer (kg/m3), 

g = acceleration due to gravity (9.81 m/s2) 

h = difference of the two limb readings of the manometer (m) 

Now, the actual air velocity (V) is related to the velocity pressure ) as 
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V=  

Where 

ρ = actual density of air (kg/m3) 

 

3. EXPERIMENTAL APPROACH 
The experiment is been conducted in a Wind tunnel by inserting a regulator plate at a distance of in it and 
after that 11 grids taken from upper point to the lower point correspondingly.       A pitot tube is been 
inserted in between the fan and the  regulator plate and the bar is marked from 1 to 11 as accordingly The 
Pitot tube has two ends which are connected to a Betz manometer to calculate the pressure in water column. 
First the initial pressure of the wind tunnel is noted then the pressure is measured by the Betz manometer. 
The Pitot Tube reading point is set at the top most point i.e. point no 1 and the reading of the Betz 
Manometer is noted that is the water column height. Then the Pitot tube is lowered gradually one by one and 
its reading is noted from the Betz Manometer. Each reading is taken two times so that we can get a average 
value and the error percentage can be reduced. The formula for velocity factor is V= 4.25 . The 
same process is been repeated with the Pitot tube inserted in between the regulator plate and outlet of the 
Wind Tunnel.  

 
Fig.2 Experimental set up of orifice mete 

4. GOVERNING EQUATIONS AND MODELING ASSUMPTIONS 
CFD is one of the branches of fluid mechanics. It started in the early 1970s and employed physics, numerical 
mathematics and computer sciences to simulate fluid flows. It deals with numerical solution of differential 
equations governing the physics of fluid flow and the interaction of the fluid with solid bodies. It uses 
numerical methods and algorithms to solve and analyse fluid flow problems. Flows of gases and liquids, 
heat- and mass-transfer, moving bodies, multiphase physics, chemical reactions, fluid-structure interactions 
and acoustics can be simulated through computer modelling. The technique enables the user to predict what 
will happen under a given set of circumstances. The following section will give a brief introduction of the 
governing equations, along with the general methodology used in CFD.Generally, it gives a qualitative and 
quantitative prediction of fluid flow by means of mathematical modeling (partial differential equations), 
numerical modeling (discretization and solution techniques) and software tools (solvers, pre-and post 
processing utilities). CFD enables scientists and engineers to perform ‘numerical experiments’ (i.e. computer 
simulations) in a ‘virtual ow laboratory’. The governing equations (continuity and momentum) with the 
appropriate Reynolds stress closure need to be solved. For most CFD codes, the modeling of transitional 
flow is usually not provided. But since most cases, the transitional flow only covers a small region of the 
total flow domain, it could be neglected and still acceptable results could be obtained. In underground mine 
ventilation, most flow state in mine openings are turbulent flow, which can effectively disperse and remove 
contaminants in the workplaces. A large variety of turbulence models have been developed to solve turbulent 
flow problems. In the present work, the standard κ-ε turbulence model is used as it is the most common 
model used in computational fluid dynamics (CFD) to simulate mean flow characteristics for turbulent flow 
conditions. The flow of the fluid is assumed to be steady and incompressible. Hence the governing equations 
in the present experiment are independent of time. 
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Continuity equation or conservation of mass: 

                                                                                                        

Momentum equations or Newton’s second law: 

 
5.  PROBLEM SPECIFICATION 

 
Figure 3 The Orifice geometry 

The model of the orifice is shown in figure 3 above. In this figure, the flow through an orifice meter with 
throat diameter 5mm and length 2mm can be investigated through CFD simulations. The length of the 
upstream flow and total length of the pipe are taken as 246 mm and 494 mm respectively.  The inlet diameter 
of the pipe is 12.3 mm. The effect of patched boundary conditions on the flow through the orifice can be 
avoided by using adequate length at the upstream and downstream of the orifice plate. The upstream of the 
orifice plate is provided with fully developed turbulent flow. The working fluid is air. The relative pressure 
drop between inlet and out let can be obtained by assigning  static pressure to the outlet pipe. The inlet 
velocity profile is assumed to be uniform. The pipe is modeled as solid wall with no slip condition. The k-Ɛ 
model was chosen for the turbulence model and the numerical accuracy was set to first order. All the 
discretized equations were solved in a segregated manner with the SIMPLE (Semi Implicit Pressure Linked 
Equation) algorithm. 

6.  RESULTS AND DISCUSSIONS 
The velocity contour plot and velocity vectors are shown in figure 4. From the figure it is found that the flow 
forms a free flowing jet in the downstream fluid as the air flows from a narrowing orifice plate and the 
velocity is at its maximum. The separation of boundary layer is seen at the downstream side of orifice plate 
where as turbulent and wake region together with recirculation zones can be seen just the downstream  of the 
orifice meter. 

"Surface Integral Report" 

Mass-Weighted Average 

Velocity Magnitude                (m/s) 

-------------------------------- -------------------- 

inlet                 1.85 

interior-partbody            10.113476 

orifice                    0 

outlet             1.411644 
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---------------- -------------------- 

Net            10.087149 

 
Fig. 4 Velocity contours and Velocity vectors 

Pressure inside the tunnel can be calculated by using ANSYS which is shown in figure 5. Considering figure 
5 and surface integral report the change in the pressure can only be seen at the inlet, the interior body and the 
outlet part. 

 
Fig.5 Total Pressure model 

"Surface Integral Report" 

Mass-Weighted Average 

Total Pressure             (pascal) 

-------------------------------- -------------------- 

inlet            2494.5382 

interior-partbody            892.70003 

orifice                    0 

outlet           0.87148827 

---------------- -------------------- 

Net            893.79812 

The Reynolds number of the flow at the various sections of the tunnel is shown in figure 6. From the figure 
and surface integral report it is found that the Reynolds number reaches its highest value at the outlet of the 
regulator plate i.e. 60. 

"Surface Integral Report" 

Mass-Weighted Average 



 

Recent Research Trends in Management and Social Science 

358 

Cell Reynolds Number 

-------------------------------- -------------------- 

inlet            0.2248959 

interior-partbody            4.7989897 

orifice                    0 

outlet            1.6433612 

---------------- -------------------- 

Net            4.7869971 

 
Fig 6 Cell Reynolds number model 

The turbulent kinetic energy model is shown in figure 7. From the figure, it is found that the velocity 
difference can be seen at the outlet of the regulator plate where as in surface integral report it is in between 
inlet, outlet and the interior body part. 

 
Fig. 7 Turbulent kinetic energy model 

"Surface Integral Report" 

Mass-Weighted Average 

Turbulent Kinetic Energy (k)              (m2/s2) 

-------------------------------- -------------------- 

inlet                    1 

interior-partbody            40.907852 

orifice                    0 

outlet            5.3617837 

---------------- -------------------- 
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Net            40.790772 

 
Fig.8 Wind Tunnel without Orifice and Model 

 
Fig. 9 Wind tunnel with orifice and model 

Central axial velocity profiles for experimental as well as computational with and without orifice are shown 
in figure 8 and 9 respectively. Their values are presented in table 1 and2 respectively. Considering both the 
figure it is found that the velocity increases as the flow approaches the throat of the orifice meter, further it 
travels downstream of orifice meter andreaches at it’s maximum value. This point of maximum value is 
known as vena-contracta. Beyond this value the velocity decreases. From the above experiment we can see 
that the average velocity of air through the regulator plate that we got from the ANSYS figure is almost 
equal to the average velocity of air flow in the wind tunnel in both inlet and outlet. Hence, the model which 
was established in this experiment get validated in terms inlet and outlet velocities of both the mine gallery 
and wind tunnel. 

Table 1 The observations of Pitot tube between orifice plate and exhaust fan 
Physical Model Velocity (m/s) Numerical Model Velocity (m/s) 

5.7 4.9 
4.84 5.25 
5.2 5.95 

5.37 6.3 
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7.6 6.65 
7.36 7 
6.71 7.3 
7.36 6.3 
7.83 5.95 
4.84 5.6 
5.7 5.25 

Table 2 The observations of Pitot tube between orifice plate and inlet  

 

 

7.  CONCLUSIONS 
The experiment is done by putting a regulator plate inside the wind tunnel and the flow velocity test is done 
at different heights measured by Betz Manometer. The experimental results agree well with the 
computational results in terms of flow pattern and velocity profile. The location of vena-contracta was 
determined from CFD simulations. The flow rate has been established at different sections of the orifice plate 
at different pressures. It is also concluded that the CFD technique can be used as an alternative and cost 
effective tool towards replacement of experiments required for estimating discharge coefficient, empirically. 
Further work to use orifice meter on different liquids and gases at different beta ratios are to be carried out in 
future 
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ABSTRACT 
In the current global competition, nonconventional machining process is having specific interest. The 
different machining characteristics developed over conventional milling operation are focused basically on 
quality of the product. The demand of high performance parts in various field of industrial or academic 
application attracts the modification in milling process. The improvement in surface finish, material removal 
rate (MRR), stress free surface, burr free textures, tool life enhancement, multi operational system by 
optimizing the production time, tool replacement time CNC end milling has a significant role. As in the field 
of smart material revolution, metal matrix composites (MMCs) are widely appreciated for its light weight 
and good functional property, mostly used in aerospace, automobile field. This article significantly focused 
on study of critical parameters on end milling operations of MMCs. The influence of milling process 
parameters i.e. spindle speed/Cutting speed, feed rate, cutting thickness, surface roughness, tool wear, 
chatter stability, tool and work piece interface temperatures are well described. The optimization of burr 
formation in end milling of MMCs still requires more attention in the field of research. The micro structural 
studies of MMCs develop the surface quality including robust mechanical performance after the end milling 
operation. This review presents the overall study of governing parameters in end milling operation of 
MMCs.  

Keywords: Milling machining, CNC machining, cutting parameter, chatter stability, metal matrix composite 
material, micro-structural studies. 

1. INTRODUCTION 
The significant objective of this paper is to represent the manufacturing of MMCs with its convenient 
composition and demand in the field of milling operation. It is focused about the performance enhancement 
by controlling significant factors, i.e. MRR, surface roughness, machining time. These output responses 
depend on the input factors such as spindle speed, feed rate, cutting thickness. The most predominant factors 
concentrate on desired superior quality of surface roughness, machining time and machining cost. 

As in the current scenario, MMCs are having specific interest due to its good physical and chemical property 
with excellent development of mechanical property also. Composite is a versatile product amidst high 
strength to weight ratio, lightweight, fire resistance, electrical properties, chemical and weathering resistance, 
translucency, design flexibility, low thermal conductivity and manufacturing economy. MMC’s high 
strength, fracture toughness and stiffness are offered by metal matrices than those offered by their polymer 
counterparts. Most metals like Titanium, Aluminium and Magnesium are the popular matrix metals currently 
in vogue, which are particularly useful for aircraft applications being its light weight.  

2.  END MILLING 
In the end milling, the cutter is thin as compared to the work piece width. Most of cases this type of milling 
operation is used for slot operation. The slot operation is done on the work piece. The surface roughness is 
elaborately defined by Alauddin et al. [1] with the mathematical model in end milling operation. The highly 
automated CNC end milling machine requires to model for prediction of tool flank wear. Here machining 
occurs on LM25 Al/SiCp alloy as explained by Arkiadass et al. [2]. Sammy et al. [3] described the AA6351-
B4C composite material has been manufactured by the stir casting method and subjected to end milling 
machining operation. Here it is analyzed the parameter of the milling operation as the chip thickness, surface 
roughness, temperature rises and critically studied tool flank wear. In the experiment the titanium nitride 
(TiN) coated solid carbide tool with four flute end mill [3]. The surface integrity of particle metal matrix 
composite material is affected by the parameter or surface formation by the MMCs. Reddy et al. [4] used 
Al/Sic as work piece and TiN/Al coated carbide tool inserts. The performance characteristics of S545C 
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medium carbon steel is described by Chang et al. [5] used for evaluating roughness in end milling process 
along feeding direction, axial direction and waviness. Palaniadaja et al. clearly explained the machining 
characteristics of LM 25 Al/SiCp composite material along with TWR by RSM (Response Surface 
Methodology) and CCD (Central Composite Design) method. Also tool flank wear was found out, which is 
mostly built upon the tool dimension or tool geometry and cutting fluid [6]. Öktem [7] experimented and 
certainly obtained the performance of various machining parameters of end milling operation on AISI 1040 
steel using TiAlN solid carbide tool by ANOVA and Regression method.  

Table 1 End milling process [1] 
Work piece Material I/P Parameter O/P Parameter 

190 BHN Steel Speed, feed rate & Cutting Thickness Surface Roughness 
Hardened Steel AISI H13 Speed, Feed Rate & Cutting Thickness Surface Roughness & Cutting 

Force 
Aluminium, Brass, Mild Steel Speed, Feed Rate & Cutting Thickness Surface Roughness Chip     

Morphology 
Aluminium, Aluminium Alloy Speed, Feed Rate & Cutting Thickness Surface Roughness, Tool 

Flank Wear 
Inconel 718 Nickel Based alloy Speed, Feed Rate & Cutting Thickness Surface Roughness, Power 

Consumption, Tool Wear 
AISI 304 Speed, Feed rate & Cutting Thickness Specific Energy ,Tool Life & 

Surface Roughness 
OHNS  Steel Speed, Feed rate & Cutting Thickness MRR , Surface Roughness 

EN 31 tool Steel Speed, Feed Rate & Cutting Thickness Surface Roughness & 
toolVibration 

EN 31 Steel Spindle Speed, Feed Rate & Cutting 
Thickness 

Surface Roughness 

3.  TOOL MATERIAL 
The tool is most important for machining and its performance depends on the material, shape and design. 
Most of the cases in the end milling, the High Speed Steel (HSS) (W:Cr:V = 18:4:1), Titanium coated 
carbide tool, cemented carbide tools are used. According to Arkiadass et al. [2], CNC vertical milling 
machine is used in the machining the flat end coated solid carbide tool with 12 mm diameter, 45° helix 
angle, 10° rake angle and 4 flutes. Vishnu et al. [8] explained the significance of tool holder BT30-ER16 for 
tool material used as CVD brass coated tool with its diameter 16 mm and 4 teethes on CNC vertical milling 
machine while operated on work piece EN-31 steel. Karakas et al. experimented for the Al-4Cu-B4C MMCs 
by using both multiple coated and uncoated tool and investigated the variation in cutting speed with tool 
wear behaviour. The uncoated tool is used as cemented carbide tool and coated tool as (TiCN+Al2O3+TiN) 
cemented carbide tool with 0° rake angle, 11° relief angle and 60° insert angle [14].  Chang et al. described 
for side milling operation done on B8 CNC machining centre up milling operation with cutting fluids. High 
Speed Steel tool coated Tin with specification of 12 mm tool diameter, 4 no of flutes, 35° helix angle is used 
[5]. Huang et al. explained the use of high speed milling machining on (Sicp/Al) MMCs. Poly crystalline 
diamond (PCD) & TiC based Cermets are used as the tool considering the similar tool property. The tool 
cutting edge angle is 90°, tool minor cutting edge angle is 0° and tool noise radius is 0.4 mm [9]. Samy et al. 
[3] explained that the Al-B4C particulate MMCs used by end milling operation by monolayer Titanium 
nitride (TiN) coated carbide tool with tool diameter is 8mm, 4 no flutes and helix angle is 30°. Jayakumar et 
al. [10] described the tool work piece interference temperature of (Al/SiCp) MMCs using two uncoated 
cemented carbide insert (R 390-11T3 04E-NL-H13A) cutter. The diameter 16 mm, nose radius 0.4 mm, 
thickness 3.59 mm, width of cutting edge 0.9 mm and relief angle 21°. Fanghong et al. [11] described Al-SiC 
particulate composite material is subjected to DMU70V high speed milling machine by TiN-Al coated 
Carbide tool having 2 edges. The tool is affected the surface integrity and cutting force. Findik et al. [12] 
experimented the face milling operation on Al-SiCp  MMCs by uncoated cemented carbide tool & TiCN+TiN 
coated carbide tool having single tooth, the nose radius is 0.8. Mm, rake angle, relief angle and insert angles 
are 0°, 11° and 60° and studied the change in different characteristics.  
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4.  CUTTING PARAMETER  
The most significant milling parameters are spindle speed, cutting force, cutting speed, machining thickness, 
axial depth of cut, radial depth of cut, feed rate, feed direction etc. Among all the parameter, three main 
parameters that mostly affect the milling operation are cutting or spindle speed, feed rate and machining 
thickness.  

4.1. CUTTING SPEED OR SPINDLE SPEED 
Vishnu et al. [8] experimented and optimized the value of spindle speed (796, 935, 1094) m/min using L9 (34) 
Taguchi method on end milling operation of En-31 steel. Reddy et al. [4] described the machining response 
by controlling cutting speed on milling operation of Al/Sic particulate MMCs. Ghani et al. [13] explained the 
influence of cutting speeds (224 m/min, 280 m/min, 355 m/min) on end milling operation of hardened steel 
AISI H13. The influence of cutting speed (100, 125, 150, 175, and 200) m/min of end milling operation is 
critically studied by Jayakumar et al. [10] on Al-SiCp MMCs. Palaniradja et al. [6] described milling 
operation on MMCs, with the carbide tool. The value of the spindle speeds 2000, 2500, 3000, 3500 and 4000 
rpm are optimized by RSM methods [10]. Karakas et al. [14] proposed that end milling operation done on 
B4Cp reinforced hybrid aluminium MMCs considering the tool geometry & cutting condition with varying 
cutting speeds (100, 130, 169, 220, 286) m/min.  Premnath et al. [15] concluded the impact of varying 
spindle speed (1500, 3000, and 4500) rpm on milling operation done on AA6061 aluminium hybrid MMCs. 
Samy et al. [3] also described the spindle speed influence on end milling performance on B4C particulate 
aluminium reinforced composite material.  

4.2. FEED RATE 
Vishnu et al. [8] described the influence of feed rate (50, 100, and 150) mm/rev on surface roughness of end 
milling operation on En-31 steel. Reddy et al. [4] describes the micro structural changes with varying feed 
rate (0.10, 0.15, 0.20, 0.25, and 0.30) mm/rev on milling operation of Al/Sic particulate MMCs. Ghani et al. 
[13] explained the chip morphology of hardened steel AISI H13 when used for milling operation by 
controlling feed 0.1 mm/tooth, 0.16 mm/tooth, 0.25 mm/tooth. Jayakumar et al. [10] critically studied the 
tool-work piece interface temperature of end milling operation done on Al-SiCp MMCs optimizing the feed 
rate (0.1, 0.15, 0.2, 0.25, and 0.3) mm/rev by Taguchi method. Palaniradja et al. [6] investigated about the 
tool flank wear on MMCs used in milling process using carbide tool with different feed rate values are 0.02, 
0.03, 0.04, 0.05 and 0.06 mm/rev. Karakas et al. [14] proposed the influence of the tool geometry and cutting 
condition on end milling operation done on B4Cp reinforced aluminium hybrid MMCs by varying cutting 
speed with fixed feed rate 0.20 mm/teeth.   

4.3. CUTTING THICKNESS 
Karakas et al. [14] suggested the both radial and axial depth of cut impact on the chip thickness and tool 
flank wear on end milling operation done on B4Cp MMCs considering the cutting thickness value is 10 mm 
and the axial depth of cut value is 1.5 mm. Samy et al.  [3] studied the tool wear and chip rate of flow in  end 
milling process on AA6351-B4C metal MMCs using  L27 Taguchi method for optimum value of depth of cut 
(0.5, 1, 1.5) mm respectively. Fanghong et al. [11] studied the distribution of cutting temperature & surface 
integrity in milling operation done on aluminium based metal matrix composite material with the depth of 
cut value is 0.5 mm. Yakup et.al [16] used two types of tool to verify the impact of cutting speed, feed and 
thickness on the cutting force and surface roughness during milling operation of Al/SiC MMCs. Vishnu et al. 
[4] describe that the milling machining on EN-31 steel material on varying cutting thickness (0.5, 1.0, 1.5) 
mm. Reddy et al. [4] obtained various surface integrity  with various depth of cut (0.2, 0.4, 0.6, 0.8, 1) mm 
on the Al/SiC metal matrix composite material. 

6.  SIGNIFICANCE OF RESPONSE PARAMETERS 
In CNC milling machining operation, the different input parameters are used in different level (low, medium, 
high). The output result of the milling machine is the surface roughness, cutting force, tool wear, tool flank 
wear, tool work piece interface temperature etc. In manufacturing the composite material, the output 
parameter are the tensile strength, hardness, stability, types of defect, porosity etc. These are the responses 
which depend on the input factors. 
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6.1. SURFACE ROUGHNESS/SURFACE INTEGRITY 
Vishnu et al. [8] defined milling machining operation on EN-31steel. The input factor is taken as cutting 
speed, feed rate, depth of cut & coolant flow. It affects the surface roughness of the work piece. Surface 
roughness measured by the surface roughness tester. Reddy et al. [4] explained that the milling machining 
done on Al/SiC particulate metal matrix composite material. In this experiment the input factor taken as 
cutting speed, feed and depth of cut. This input factor affected the output response. In the experiment the 
surface integrity is taken as the output response. The surface integrity defined by that surface roughness, 
micro hardness & residual stresses. These are varied with the metal composition of the metal matrix 
composite material. Yakup et al. [16] defined milling machining operation done on Al/SiC metal matrix 
composite material. The cutting speed, feed rate and machining thickness are taken as the input parameter. 
These input factors are affected the surface roughness. In this experiment the input parameter is taken in two 
different type of tool, one is coated tool and another is uncoated tool. The surface roughness is different in 
both the tool with the roughness decreasing in uncoated tool and increasing in coated tool. 

 
Fig. 1 Graph between SR VS Cutting Speed [8] 

 
Fig. 2 Graph between SR VS Feed Rate[8] 

 
Fig. 3 Graph between SR VS DOC[8] 

 
Fig. 4 Graph between SR VS Coolant flow rates [8] 
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6.2. TOOL WEAR – TOOL FLANK WEAR RATE 
Wang et al. [9] explained that here the milling machining done on cast iron & the carbide cutter is used as 
the tool for the machining process. The tool wear is taken as output response in result it defined that the tool 
wear is different in single tooth tool and multi tooth tool. The tool wear rate compared with the power. 
Karakas et al. [14] describe that here milling operation done on Al-4%Cu-B4C metal matrix composite 
material. In the experiment it defined that the tool performance on composite material. The tool is used as 3 
types. These are uncoated tool & coated tool. In output response it defined that the flank wear rate as 
compared with the chip formation & tool wear rate. 

6.3. BURR FORMATION 
Luo et al. [20] concluded that in the research paper burr formation occur on Al alloy in slot milling 
operation. Burr formation depend open the parameter. The burr formation is significant by the chip quantity. 
It defined by exit angle of the tool. Niknam et al. [21] explained that the calculation of burr thickness in 
milling operation of ductile material. It calculated by the parameter (cutting speed, feed per tooth, machining 
thickness, tool material, work piece material). The burr formation calculated by the shear angle, friction 
angle & burr thickness. 

 
Fig. 5 Burr formation in different position in slot milling [24] 

6.4. CHATTER STABILITY 
Grossi et al. [19] defined that Chatter prediction depends open the cutting force coefficients and frequency 
response, mostly it depends open the spindle speed the better cutting force coefficients is done by high speed 
milling machine. The material used for the machining tests is an Al-6082-T4 alloy. The chatter stability 
depends open the stability lobes diagrammed on milling machine is defined the chatter stability machine 
vibrations .Mainly the stability lobes diagrammed is two type radially and tangentially. The chatter 
production depend open the depth of cut. Scippa et al. [18] purposed that, cutting force depend open the 
cutting force model; it is mostly used to optimize parameters which are affected on the milling operations. 
The cutting force depends open the spindle speed and the cutting force model depend open the tangentially, 
radially, axially. Here the work piece used as Aluminium 6082 with TiN coated tool and calculated 17 runs 
of cutting coefficients evaluated by least mean square approach. The cutting coefficients is influenced by the 
chip thickness & feed per tooth. It is concluded that cutting force coefficients and chip production depend 
open the spindle speed, feed rate, machining thickness, radially, tangentially, axially coefficients of cutting 
force of feed rate.  

6.5. TOOL – WORK PIECE INTERFACE TEMPERATURE 
Jayakumar et al. [10] defined that milling experiment is done on Al/SiCp metal matrix composite material. In 
this experiment 4 process parameters are considered as input. These factor are cutting speed (Vc), feed (f), 
depth of cut (d), vol% of SiCp . These parameters are affected by the tool – work piece interface temperature. 
The interface temperature is measured by non contact type radiation pyrometer. Here it is analysed the input 
parameter vs. the interface temperature. 

 

 



 

Recent Research Trends in Management and Social Science 

367 

6.6. MICRO STRUCTURE STUDIES OF COMPOSITE MATERIAL AND TOOL AFTER 
MACHINING 

Reddy et al. [4] defined that the Al/SiC particulate metal matrix composite material is used in end milling 
process. Here the input parameter is cutting speed, feed rate, and depth of cut. It affected the output response 
these are surface roughness, micro structure, micro hardness, and micro hardness. Microstructure is studied 
by the Scanned electron microscopy (SEM) machine. It depend open the hardness, mixing composition of 
the metal matrix composite material. It is varied by the input parameter. 

 
Fig. 6 Microstructure study of MMCs 

 
Fig. 7 SEM View of tool wears after machining [14] 

Samy et al. [3] described about the milling machining operation on B4C particulate Al aluminium composite 
material. The design of experiment done was L27 Taguchi method. The cutting speed, feed rate & depth of 
cut are taken as input the microstructure of tool and work piece are varied. The micro structure is varied as 
compare with the spindle speed, feed rate & depth of cut.  

 
Fig. 8 Micro Structure of Tool wear rate at 3000rpm [3]      
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Fig. 9 Micro structure of surface morphology at 3000 rpm [3] 

7.  CONCLUSION 
The critical study of review on end milling operation on different alloys and MMCs concludes the impact of 
various process parameters on improvement of surface integrity, chip morphology, heat distribution and 
micro structural study. Most of cases the coated tool & uncoated tool is used in the milling machining 
operation. Still a lot of research gap arises considering in different field of application, i.e. based upon the 
revolution on material field due to its improved performance. The different types of milling operations can 
be used in most of the industrial area composite like in face milling, up milling etc. It can be also suggested 
for milling operation of new functional graded materials, polymer composites, hybrid metal matrix 
composites application in different field, which are having most significant demand in aerospace, nuclear, 
ship building etc.  
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ABSTRACT 
A series of Cassava Starch Acetate (CHS)/Poly Caprolactin (PCL) based Cloisite 30B nano clay (CHS-PCL-
C30B) composite nanomaterials have been prepared in aqueous media by taking different weight ratios of 
CHS, PCL, and C30B using simple stirring condition at convenient temperature. The prepared 
nanocomposites have been used to investigate the extended-release of doxorubicin (DOX) drugs by changing 
formulation variables. The structure, morphology, and stability of these nanocomposites were investigated 
by FTIR, XRD, SEM, TGA, DSC, and tensile strength test machine. The CSH/PCL-C30B(75:25:5) 
nanocomposites displayed higher weight loss nearly about 95.54% compared to CHS/CS (75:25) blend 
polymer value (95.56%) at 500 0C.The DSC of CSH/PCL-C30B nanocomposites described the energy 
liberated in the pure blend(without C30B) is 135.7J/g while that of CSH-PCL blend with 5% C30B is 
239.4J/g.Further, the addition of C30B nano clay increases the extent of swelling of the CSH/PCL-
C30B(75:25:5) blending matrix to the maximum during the formulation of DOX-CSH/PCL/C30B which 
contains a higher amount of C30B nanoclay. The equilibrium swelling indicates the distinct sensitiveness of 
the matrix to pH and temperature. At pH =7.4, the cumulative release amount of DOX-loaded in the 
nanocomposites was about 85% within 10h  whereas this value reached 89% at pH =3.4 using phosphate 
buffer solution(PBS). Cassava starch-based nanocomposites are found to be excellent multifunctional 
nanocomposites and are useful in drug delivery and other medical applications. 

Keywords:  Cassava Starch Acetate (CHS), Poly Caprolactin (PCL), Cloisite30B nano clay, doxorubicin 
(DOX), phosphate buffer solution (PBS). 

1. INTRODUCTION 
Nowadays health care is a demanding issue for medical science due to the rapid growth of new diseases. 
Hence, advancedpharmaceutical science and technology mainly focus to develop a new opportunity to 
understand, prevent and control serious diseases by a different type of modern techniques (Casino et al., 
2019, Materla et al. 2019, Fino&Mazzetti, 2019). Drug delivery system (DDS) is a known technique to 
prevent and cure too many diseases (Wangetal., 2012; Chaudhary&Haldas 2003; Lipshultz et al., 1995; 
Matsumura&Maeda, 1986;Ochekpe et al.,2009; Bangham et al.,1965; Chaudhury & Das, 2011). DDS is a 
challenging subject to promote the drug for implication in the body for the treatment of diseases. Currently, 
various bio-molecules or drugs are already developed for the treatment of serious diseases like cancer, 
diabetes, heart problem, etc, but it is a challenge to implement this into the human body by oral dosage. The 
current medical and pharmaceutical science are researching different types of drug delivery vehicle to 
promote new drug molecules through drug carrier (Islam et al.,2012; Janes et al.,2001; Yousefpour 
et.al,2011; Wang et al.,2013; Cho et al.,2008; Huh et al.,2008). 

Recently the combination of nanotechnology and polymer science has supported pharmaceutical science for 
the preparation and synthesis of a new drug carrier for new drug molecules. A wide spectrum of nontoxic, 
biocompatible natural and synthetic polymers are available for drug carriers such as chitosan, starch, 
gelatine, soya protein isolate polyvinyl alcohol, polylactic acid, poly caprolactin acid, etc.  
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Today, nanotechnology has become an advanced modern technology and finds applications in biomedical, 
industrial, agriculture, architecture, and cosmetics, etc. However, nanoparticles have created a new era for 
the pharmaceutical field. Additionally, polymeric nanoparticles have been proved as an excellent drug carrier 
for drug delivery technology (Ochekpe et al.,2009). Polymeric nanotechnology is used in several forms like 
nanocomposites, nanoparticles, dendrimers, liposomes, hydrogels, etc. The unique combination of polymeric 
nanocomposites and drugs is helping to cure several current diseases (Hrkach et al.,2008; Huh et al.,1997; 
Yamamoto et al., 2008; Seow et al.,2007).   

Polymeric nanocomposites as drug delivery have several advantages such as direct targeted to specific 
organs such as liver, spleen, lungs, spinal cord, and lymph. They can be used forthe controlled releaseof 
drugsfor a prolonged period. Nanostructure polymeric drug carrier is proved to be an excellent carrier as 
compared to conventional drug delivery technology. Recently the combination of the polymeric 
nanostructure and its different unique forms has created ultimate platforms for sustained drug release 
(Anumolu et al.,2007;Gaharwar et al.,2009; Onuki et al.,2014; Rossi et al.,2014; Schoener et al.,2016; Hou et 
al.,2013; Concheiro et al.,2016; Ye et al.,2013). The hydrogel is a unique drug carrier in the drug delivery 
system (Figure 1) that can protect the drug from various environments. 
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Figure 1.Formation of hydrogel for drug delivery system 

Starch is a common natural plant product derived polysaccharide which is plentily available in the market. 
The starch was mainly extracted from tubers, roots, and seeds of tapioca, maize, wheat, potato, and rice. It is 
a highly purified, non-toxic, cost-effective, white,and odorless powder (Zhang& Hamaker,2009; Englyst et 
al.,1992; Annisonetet al., 1994; Willis et al.,2009). The potential of starch is in the designing of drug carriers 
for the controlled release of anticancer drugs for the treatment of several types of cancers. The unique 
properties of starch like degradability, nontoxicity, and biocompatibility helped to promote the anticancer 
drug for controlled release in the human body. Hence the present research work is based on the preparation 
and characterization of starch-based natural polymer nanocomposites which can be used for the controlled 
release of anticancer drugs like curcumin and doxorubicin for the treatment of cancer disease.  

2. MATERIALS AND METHODS 
2.1. MATERIALS 
Commercial grade Cassava starch (CSH) was purchased as starting materials for the present work. 
Caprolactone (PCL)was purchased from Himedia. Doxorubicin (DOX), Curcumin(CUM), and Closite 30B 
were bought from Merck IndiaPvt.Ltd.Allthe above chemicals were of analytical grade and were used as 
such. Millipore water was used throughout the experiment.  

2.2. PREPARATION OF CSH-PCL-C30B NANOCOMPOSITES 
Cassava starch acetate (CSH) and PCL were taken in water in different compositions. TheCSH and PCL 
solutions were taken in different proportions such as (CSH: PCL) 100/0, 85/15, 75/25, 65/35, 45/55 (w/w) 
respectively(shown in Table 1) to prepare the mixture. The polymer mixture with different percentages was 
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stirred under the temperature of 370C for 4 minutes to get a homogeneous mixture (Kweon et.al, 2004). 
Additionally, Cloisite30B nano clay was mixed to the above-resulting mixture with different % of clay (1% 
to 6%) under the stirring condition at the same temperature up to the formation of a homogeneous 
matrix.After that, the mixtures were separated and dried at 370C for two to three days to obtainCSH/PCL-
C30B nanocomposites. Then the samples were kept for characterization. 

Table 1. Sample preparation of CSH/PCL-C30B Nanocomposites 
Sample CSH PCL C30B 

CSH /PCL  (100/0) 100 0 - 
CSH /PCL  (85/15) 85 15 - 
CSH /PCL  (75/25) 75 25 - 
CSH /PCL  (65/35) 65 35 - 
CSH /PCL  (45/55) 45 55 - 
CSH /PCL  (75/25) 75 25 1% 
CSH /PCL  (75/25) 75 25 2% 
CSH /PCL  (75/25) 75 25 3% 
CSH /PCL  (75/25) 75 25 4% 
CSH /PCL  (75/25) 75 25 5% 
CSH /PCL  (75/25) 75 25 6% 

2.3. DRUG LOADING 
The required amount of CSH/PCL-C30Bsample was stirred (200 rpm at room temperature). Then the ready 
DOX drug with various percentages (10 wt %, 20 wt %, 30 wt %, 40 wt %, 50 wt %, 60% and 70%) were 
loaded into CSH/PCL-C30B solutions under continuous stirring up to 1 h. Then the prepared, drug-loaded 
nanocomposites were kept at room temperature for drying in table 4.6 (Chin et.al, 2014). A schematic 
representation was shown for CSH/PCL-C30B polymer nanocompositesfor controlled drug discharging 
ofDOX in Figure 2. 

The DOX-filled CSH/PCL-C30B polymer nanocomposites were characterized by a UV-VIS 
spectrophotometer. The efficiency of loading along withthe loading content of DOX was determined by the 
following equations. 

The efficiency of Loading (%) 

 
Loading content (%) 

 
Where LC and LE are the content of loading and efficiency of loading respectively, Wa, Wd,and Wnpare the 
quantity of drug found in the drug-loaded, drug initially added into the system and quantity of drug-loaded 
nanocomposites respectively. 

Table 2. Sample preparation of CSH/PCL-C30B polymer nanocomposites with different % of drug 
loading (n) 

Sample CSH PCL C30B % of 
Drug 

Loading Content of 
DOX (%) 

Loading Efficiency 
(%) 

CSH /PCL-C30B 
(75/25-5%) 

75 25 5% 10 5.12± 0.13 51.2± 0.56 

CSH /PCL-C30B 
(75/25-5%) 

75 25 5% 20 15.39± 0.41 76.95± 0.76 

CSH /PCL-C30B 
(75/25-5%) 

75 25 5% 30 25..42± 0.21 84.73± 1.39 
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CSH /PCL-C30B 
(75/25-5%) 

75 25 5% 40 32.24± 0.83 80.06± 0.62 

CSH /PCL-C30B 
(75/25-5%) 

75 25 5% 50 43.26± 1.33 86.52± 1.74 

CSH /PCL-C30B 
(75/25-5%) 

75 25 5% 60 54.61± 0.74 91.01± 2.43 

 
Figure 2.Schematically CSH/PCL-C30B polymer nanocomposites for controlled drug release of DOX 

2.4. DISSOLUTION EXPERIMENTS 
The dissolution study of the samples wasperformed with help of a dissolution tester containing six paddles at 
speed of 100 rpm. For the stimulating gastrointestinal tract (GIT), a phosphate buffer solution with two 
different pH (3.4 and 7.4)was used. The freshly prepared stock solution was used as dissolution media. The 
mass of DOX released was investigatedby UV-visible spectrophotometer with λ max= 287nm. 

2.5. INSTRUMENT SPECIFICATION WITH CHARACTERIZATION DETAILS 
The prepared samples were characterized by Perkin Elmer Spectrum RX1 FT–IR spectrometer. BEDE D-
3:X-ray diffractometer with Cu Kα radiation with an operating voltage of 40 kV and scanning range of 2θ = 
1–10o at rate 2o/min.Hitachi coating unit IB- 2: SEM with an operating voltage of 1.5 kV was used for 
morphology study. The degree of the swelling index of the matrix was analyzed using the following 
formulations = (wt-w0) / w0Where S. I: Swelling Index, wt: the weight of film at a time ‘t’ and w0: the weight 
of the film at time 0 (Peh& Wong,1999).The tensile strength of the starch-based nanocomposites sample was 
tested using an Instron, Model 5566, USA followed to ASTM D 882-9111. The samples were arranged 50 
mm in length, 4 mm in width, and 28 mm neck. The speed of the crosshead was fixed at 50 mm/min. In this 
study, mostly 10 specimens were measured for each polymer matrix and the average was calculated (Esam et 
al.,2011).In vitro cumulative release of the drug and Kinetic parameters of its release were also determined. 

3. RESULTS AND DISCUSSION 
FTIR 
The FTIR spectra of PCL, CSH/PCL,and C30B nanocomposites are shown inFigure3.The FTIR spectrum of 
PCL shows two prominent peakscentered at 2925.81 corresponds to -CH2 stretching vibration and 1782 cm-1 
corresponds to -C=O stretching vibration.In the case of CSH-PCL, when thePCL concentration wasincreased 
to 25%., the nature of the nanocomposite is modified.This result was obtained from its IR spectra. The long 
peaks at 2910 and 1713cm-1, additional peaks at 3612cm-1, 2910cm-1 ,2456cm-1, 1457 cm-1 and 615cm-1 are 
also observed. 
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Figure 3.FTIR Spectra of PCL, CSH/PCL (75:25), CS/PCL (75:25)-5% C30B 

However, the FTIR spectra of CSH–PCL/C30B blended films containing various C30B percentagesclearly 
showthe characteristic bands shift to 3612 cm−1 and 2991cm−1(O-H stretch region), 2893 cm−1 (C-H stretch 
region), 2485 cm−1(C-O; C=C), 1668 cm−1, 1459 cm−1, 682 cm−1 for ester vs. carboxylate regions and 900 to 
700 cm−1 anomeric region comparing with CSH-PCL blending nanocomposites. Also, it was observed that 
Si–O vibrations at 991, 1023, 1045, and 1210 cm-1, whose intensities significantly increase with the number 
of Si–O groupings. The peak at 1059 cm-1observed for CSH-PCL/C30B nanocomposites. 

XRD 
The structural properties of the PCL, CSH/PCL (75:25), and CSH/PCL/C30B (75:25:5) were studied by 
XRD analytical technique, as shown in Figure 4. Among them, PCL shows an intense diffraction peak at 2θ 
= 18.12◦ and 22.12◦. Similarly, CSH/PCL shows peaks at 20.23◦, 28.6◦, and 41.32◦. In the XRD pattern for 
CH/PCL/C30B,diffraction peaks at 2θ = 13.5◦, 19.6◦, 24◦, 41◦, and 44◦ were observed.  The reported XRD data 
suggested crystal nature (Abdelrazek, E.M2). The position, sharpness, and FWHM of the peaks of the 
different phases were compared to their standard values which indicate the well-ordered and better 
crystalline nature of the coating formulation over the substrate. 
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Figure 4.XRD PCL and CSH/PCL/C30B (75:25)-5% C30B 

SEM 
SEM has been carried out to study the surface morphology of the different CSH/PCL and 
CSH/PCL/C30Bnanocomposites. The SEM resultsare presented in Figure 5.  The microstructure of the 
CSH/PCL matrix was found to bea homogenous plane with relatively well dispersion of PCL in the matrix of 
CSH compared to pureCSH. CSH/PCL/C30Bshows roughly like structures which increases at 5% C30B. As 
the concentration of the C30Bincreases from 1% to 5%,surface density improved because of the reduced 
surface defectof the intercalation of the C30Balong with the polymer matrix. 

 
Figure 5 SEM of a: CSH: PCL (85:15), b: CSH: PCL (75:25), c: CSH: PCL (65:35) d: CSH: PCL (45:55), e: 
CSH: PCL (75:25)/1% C30B; f: CSH: PVA CSH: PCL (75:25)/2% C30B; g: CSH: PCL (75:25)/3% C30B, 
h: CSH: PCL (75:25)/4% C30B, i: CSH: PCL (75:25)/5%, j: CSH: PCL (75:25)/6% C30B 

TENSILE STRENGTHS 
The tensile strength measurement value of the cross-linked CSH with PCL polymer matrix films are 
presented in Figure 6. The results indicate a rise in mechanical strength with the increase in CSH 
concentration ratio up to 75:25 showing maximum tensile strength of 39 ± 62 Mpa. After that, there was a 
downward trend in mechanical behavior with a subsequent increase in CSH concentration. Similarly, the 
results determined for the tensile strength of (CSH/PCL/C30Bcomposites are shown in Figure 6.  From the 
figure, it is clear that the mechanical properties increase with an increase in C30B concentration up to 5% 
with a maximum tensile strength value of 42 ± 42MPa. This may be due to the swelling behavior of the 
matrix that subsequently increasesthe intermolecular hydrogen bonding with the increase in C30B 
concentration and after that; there was a decrease in intermolecular hydrogen bonding.  

Figure 7demonstrates the lower elongation of CSH/PCL compared to pure CSH and comparatively more 
brittleness and less flexibility than the pure components. Similar results were obtained in the case of 
CSH/PCL/C30Bcomposites with varyingpercentages of C30B. Also, a negligible rise in the percentage of 
elongation (E%) was reported for 1 to 6% of C30B. 
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Figure 6.Tensilestrength determination of CS and CS/PCL/C30B nanocomposites 

 
Figure 7.Elongation % of CS/PCL/C30B 

TGA 
Table 3 and 4 representthe TGA results of CSH, PCL, CSH-PCL (75:25), CSH-PCL/C30B (75:25:5%). A 
two-stage weight loss recorded for the PCL film is given in Table 3. The first weight loss recorded was4%, 
which is mostly due to the loss of moisture present in the polymeric compound in the range of 40 ºC to 130 
ºC. The second weight loss is about 68% that occurred around 260oC to 430oC and the total weight loss of 
the polymer is 89% at 500oC.  

Soit is clear from the data that CSH-PCL, CSH-PCL/C30B at 45:55 ratio containsa lower percentage of 
water compared to that in CSH.  As all the samples are suffering weight loss, so it is suggested that there 
exists a molecular interactionbetween blending components (OH and –NH2 groups in CSH and –OH groups 
in PCL).  

Table 3.The weight loss (%) of the pure components (CSH-PCL) and their blends at different 
temperatures 

Temp (oC) PCL 85:15 75:25 65:35 45:55 
100 4.2 4.5 5.7 5.2 5.1 
200 6.46 6.89 7.3 7.1 6.83 
300 8.59 9.34 11.35 11.21 10.21 
400 68.47 69.56 72.43 71.23 69.34 
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500 89.52 91.32 93.56 91.42 84.42 

Table 4. The weight loss (%) of the pure components (CSH-PCL/C30B) and their blends at different 
temperatures 

Temp 
(oC) 

(CSH/PCL/C
30B) 

75:25/1% 

(CSH/PCL/C3
0B) 75:25/2% 

(CSH/PCL/C30
B) 75:25/3% 

(CSH/PCL/C
30B) 

75:25/4% 

(CSH/PCL/C
30B) 

75:25/5% 

(CSH/PCL/C
30B) 

75:25/6% 
100 5.9 6.2 6.4 6.8 7.2 6.4 
200 7.8 7.9 8.2 8.5 8.7 8.3 
300 11.67 12.58 13.24 13.45 13.67 11.34 
400 72.73 73.27 73.56 73.78 74.42 71.64 
500 93.89 94.12 94.34 95.43 95.54 89.36 

DSC  
The DSC characterizations of CSH/PCL blend and CSH/PCL-C30B blended nanocomposites are carried out 
in the temperature range of-500C to 1500C and the results are shown in Figure 8. From this Figure, it is 
observed that the pure CSH/PCL (75:25) blend gives an exothermic peak at 49.76°C at 65.21°C. Again 5% 
C30B shifts the onset temperature by 6°C and peak temperature by 2°C towards higher temperature. 
Themainalterationhappened;when the energy liberated in the pure blend without C30B is 135.7 J/g while that 
of CSH-PCL blend with 5% C30B is 239.4 J/g (Figure 9 and Table 5.) 

Table 5DSC results of starch-PCL samples 
Sample Onset temperature Peak temperature 

(0C)  
Energy Involved 
(J/g) 

CSH/PCL 49.76  65.21 135.7 
CSH/PCL/C30B 55.78 67.29 239.4 

 
Figure 8.DSC curve of CSH-PCL blend at 75:25 ratio 

 
Figure-9 DSC curve of CSH-PCLblend (75:25) /5% C30B 
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SWELLING INDEX  
Figure 10 and 11 show swelling behaviour of CSH, CSH/PCL (75:25), CSH/CS-C30B 
(75:25/1%,75:25/2%,75:25/3%,75:25/4%,75:25/5%,75:25/6%) and CSH/CS-C30B (75:25:5:10, 75:25:5:20, 
75:25:5:30, 75:25:5:40, 75:25:5:50, 75:25:5:60) by changing the proportions of drug the swelling 
reciprocation of the polymer affects itsbioadhesive temperament illustrated in different pH of 3.4 and 7.4.The 
adherence rate increased upon the rise in the degree of hydration up to a level where over hydration 
suppressed adherence capacity because of disentanglement of the polymer tissue at the interface. The rate of 
hydration and swelling also affects the adherence of the polymer matrix during the discharge of the drug 
from it. The addition of C30B nano clay enhanced the swelling level; therefore, for 
CSH/PCL/C30B(75:25:5) the swelling is maximum and helps in formulating DOX-CSH/PCL/C30B having 
a higher content of nano clay. There is a slight variation in the swelling index values obtained for 
CSH/PCL/C30B and DOX-CSH/PCL/C30B but it is found minimum for CSH in absence of C30B nano clay 
with SI= 1.33 and 1.53 at pH 3.4 and 7.4 respectively. The swelling profile of the 10 formulations has shown 
in the figures below.  

 
Figure 10Swelling index of CSH, PCL, and CSH/PCL/ C30B in pH 7.4 

 
Figure 11Swelling index of CSH, PCL, and CSH/PCL/ C30B in pH 3.4 
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IN VITRO DRUG RELEASED  
The progressive liberation percentage of the drug was evaluated at pH3.4 and 7.4 to analyze the consequence 
of pH upon the swellingbehavior of CS/PCL/C30B (75:25 /5%).A rise in the percentage of progressive 
liberation was found for polymer matrix loaded with drug.50% of drug-loaded polymer matrix shown a 
higher rate of liberation than others which signifies that drug liberation mostly relies on swelling behavior of 
the nanocomposites as well as pH of the medium. So at pH 3.4 and 7.4, the liberation rate increased from 
85% to89% c.f as reported and confirmed that DOX in the blend nanocomposites would be preferred to use 
in alkaline and caustic environments of the intestine, rectal mucosa, and colon 

 

 
Figure.12. Percentage of drug released in different pH value a: 7.4 and b: 3.4 

RELEASE KINETICS PARAMETERS 
The drug liberation kinetics of the matrices was studied by relating c.f. data against time to an exponential 
equation W = k1t   and the results are shown in Table-5.It shows that the values of n and k depend upon the 
percentage of drug loading into the polymer matrix. ‘n’ values were evaluated between 0.37 to 1.72 by 
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changing the weight percentage of the drug without changing the matrix percentage of CSH/PCL/C30B 
suggesting the shift of drug molecular transportation from non-fickian to anomalous.n=1 indicates the case-II 
transportation by polymer matrix on swelling. n≈0.37 suggested that the liberation of the drug was from 
polymer matrix owing to fickian diffusion as in Table-6. But the value of n>1 indicates the portion of less 
microviscosity in the polymer matrix because of the formation of microcavities during swelling. The further 
same result has been recorded on varying the polymer matrix proportions on dissolution kinetics.  

Table. 6. Release kinetics Parameters of different Formulations at pH 7.4 and pH 3.4 
Sample Code 

 
K n Co-ordination-coefficient 

( R2) 
pH 7.4 pH 3.4 pH 7.4 pH 3.4 pH 7.4 pH 3.4 

10 wt% 0.13 0.11 1.11 1.35 0.9725 0.9308 
20 wt% 0.19 0.13 1.25 0.83 0.9687 0.9916 
30 wt% 0.21 0.20 0.96 1.5 0.9882 0.9654 
40 wt% 0.24 0.25 1.6 1.33 0.9656 0.9306 
50 wt% 0.25 0.29 1.02 0.73 0.9723 0.9912 

4. CONCLUSION 
The experimental results show that the CSH/PCL/C30B nanocomposites have potential applications as the 
pH/temperature-controlled drug release carrier in the different biomedical fields. The drug release was 
described at different pH medium like acidic and basic. It was found that the drug release depends upon the 
pH medium as well as the swelling nature of the polymer nanocomposites. The CSH/PCL/C30B blending 
has taken place between the polymers which have been confirmed from FTIR spectra, SEM, TGA, and XRD 
studies.  CSH/PCL/C30B synthesized by adding 75:25 wt% has shown improvement in the tensile strength 
property of the composite. From this study, the composite was found to be a better material having a tensile 
strength of 39 ± 62 Mpa. It was observed that when 5% of C30B was added to CSH/PCL/C30B, the tensile 
strength further enhanced to 42 ± 42 Mpa. SEM results reveal good interfacial adhesion between the two 
phases in the CSH/PCL/C30B nanocomposites. The CSH/PCL-C30B (75:25:5) nanocomposites display 
higher weight loss nearly 95.54% compared to CSH/CS (75:25) blend polymer value (93.56%) at 5000C. The 
DSC of SH/PCL-C30B nanocomposites indicates that the energy liberation in the pure blend without C30B 
is 135.7 J/g while that of CSH-PVA blend with 5% C30B is 239.4 J/g. The presence ofC30B nano clay 
increases the extent of swelling. 
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ORTHOGONAL SPLINE COLLOCATION TECHNIQUESFOR DIFFUSION EQUATIONS 
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ABSTRACT 
In this paper, we use an orthogonal spline collocation method (OSCM) forthe fourth-order linear and 
nonlinear boundary value problem. Cubicmonomial basis functions and PiecewiseHermite cubic basis 
functions are used to approximate the solution for both linear and nonlinear boundary value problem. 
Finally, we perform several numerical experiments and usinggrid refinement   analysis, we compute the 
order of convergence of the numerical method. Comparative to existing methods, we show that the 
orthogonal spline collocation methods (OSCM) gives optimal order of convergence  at the knots.  

Keywords: Orthogonal cubic spline collocationmethods (OCSCM), Fourth-order linear and nonlinear 
boundary valueproblem, Cubic monomial basis functions, Piecewise Hermite cubic basisfunctions and 
Almost block diagonal (ABD) matrix. 

1  INTRODUCTION 
The study of partial differential equations (PDEs) is a fundamental subject area of Mathematics which links 
important strands of Pure Mathematics to Applied and Computational Mathematics. In fact, PDEs provide a 
natural mathematical description of phenomena in physical, natural and biological sciences. While PDEs and 
their solutions exhibit rich and complex structures, the closed form analytical solutions can be found only in 
a few special cases and these are mostly of limited theoretical and practical interest. Therefore, it is natural to 
seek techniques for approximation of solutions. The rapid advancement in digital computers has resurrected 
the Computational Mathematics, much of which is concerned with the construction and mathematical 
analysis of numerical algorithms for approximating the solutions of PDEs. As a result, there is a rapid 
increase in the use of Mathematical Technology in Industry and Research & Development Organizations. 
These organizations, in return, have thrown up interesting and challenging problems in applied and 
Computational Mathematics and, therefore, efficient and reliable algorithms with their computational 
analysis have become essential for providing innovative solutions and smart strategies.   

2  SPACES OF PIECEWISE POLYNOMIAL FUNCTIONS 
The choice of the subspace Sh is a key element in the success of the Orthogonal Spline Collocation Methods. 
It is essential that Sh be chosen so that the collocation approximation can be computed efficiently and possess 
good approximation properties. The subspace Sh is usually chosen to be a space of piecewise polynomial 
functions.  To define such spaces, let   denote the set of polynomials of degree , let  

 
denote a partition of , and set  

 
 We define  

 
where  denotes the space of functions which are  times continuously differentiable on  
and  denote the restriction of the function  to the interval . We denote by  the space 

. 
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 It is to see that  and  are linear spaces of dimensions  and 
, respectively. We now give two examples of commonly used piecewise 

polynomial spaces. 

3 THE SPACE OF PIECEWISE HERMITE CUBIC FUNCTION  
This space has dimension . We express the basis function on , with , 

 
and 

, . 

The function  and  are known as the value function and the slope function respectively, associated with 
the point  . If we express the approximate solution as 

, 

then 

. 

Since  

and , 

where is the kronecker delta function with  and A basis for  is 
obtained by omitting the functions  and . 

4  MONOMIAL BASES 
Assume that, on each subinterval , , the collocation approximation  has the 
form 

, 

so that  

, 

and 

. 

Note that the continuity is not built into the approximate solution. With this representation of , the 
collocation equations on the subinterval , , are of the form  

, 

where  and  are  matrices, . In addition,  and   are 
required to be continuous at , which leads to 

,   . 

For more details of the above basis functions, we refer to [1,2,4,8,10]. 

The popularity of orthogonal spline collocation method is due to its conceptual simplicity, wide applicability 
and ease of implementation. It is much superior to B-splines in terms of stability, efficiency and conditioning 
of the resulting matrix [6]. Compared to finite element methods (FEM), the calculation of the coefficients of 
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the mass and stiffness matrices, determining the approximate solution is very fast since no integrals need to 
be evaluated or approximated. 

Another advantage of this method is that it systematically incorporates boundary conditions and interface 
conditions. The semidiscrete system is solved by RADAU 5 software library [8-9] which is suitable for 
solving differential algebraic equations (DAEs). 

Orthogonal spline collocation (OSC) method for linear two-point boundary value problems (BVPs) for 
ordinary differential equations (ODEs) is described and first analyzed in the seminal paper of deBoor and 
Swartz [3,5,9,11], which laid the foundation for the formulation and analysis of OSC methods for a wide 
variety of problems and the development of software packages for their solution; see [7]. The continuous-
time OSC method and the discrete-time Crank–Nicolson OSC method for linear parabolic initial–boundary 
value problems (IBVPs) in one space variable and outline applications of OSC to other equations in one 
space variable such as Schrodinger-type equations were first formulated and analyzed in [8], and Cerutti and 
Parter [8] tied together the results of [10] and those of Douglas and Dupont. Following the approach of 
Douglas and Dupont, Houstis [11] considered OSC for nonlinear second-order hyperbolic problems. 

1 2

0, ( ),
(1)

( ), ( ),n

u v v f x x
u g x u g x x

      
   

 

where the subscript n denotes the outward normal derivative. Again optimal order  and  error estimates 
are derived. In this case, the OSC linear system is rather complicated and is solved by a direct method which 
is based on the capacitance matrix technique with the second biharmonic problem as the auxiliary problem. 
On a uniform partition, the total cost of the capacitance matrix method for computing the OSC solution is 

. Since the capacitance system is first formed explicitly and then solved by Gauss elimination. Results 
of some numerical experiments are presented which, in particular, demonstrate the fourth-order accuracy of 
the approximations and the super convergence of the derivative approximations at the mesh points. 

In case of fourth order reaction diffusion equations, we use second-order splitting procedure combined with 
orthogonal cubic spline collocation method. For example we consider the one dimensional Cahn-Hilliard 
equation [2] 

 
4 2

4 2

( ) ,   ,   (0, ) (2)u u u x t I T
t x x




  
   

  
 

with the initial condition 

 
and the boundary conditions 

   
2 2

2 2

(0, ) (1, ) 0,  (0, )

0, 1, 0,  (0, )

u t u t t T
u ut t t T

x x

  

 
  

 

 

where ,  

Equation (2) arises in a variety of applications such as phase transition in material science [26]. To apply the 
orthogonal cubic spline collocation method, we split the equation (2) by setting , we obtain 
the following system 
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0

0, ( , ) (0, ]
( ) 0, ( , ) (0, ]

with initialcondition ( ,0) ( ), ,
and the boundaryconditions (0, ) (1, ) 0, (0, ],

(0, ) (1, ) 0, (0, ]

t xx

xx

u v x t I T
u v u x t I T

u x u x x I
u t u t t T
v t v t t T

 
    

       
   

   

     (3) 

Resulting system (3), we use orthogonal cubic spline collocation method and approximate the discrete 
solution using monomial basis functions or piecewise Hermite cubic basis functions. The semidiscrete 
system is then integrated in time using RADAU 5 [8-9] time integrator. 

4.  NUMERICAL EXAMPLE 
Consider the problem  

 
With boundary conditions  

 
And the initial condition is  

 
Below, we have shown the error in tabular form. 

N  order  order 

10 1.4363e-04  1.9266e-03  

20 8.6265e-06 4.0575e+00 1.9338e-04 3.3165e+00 

30 1.3441e-06 4.5851e+00 3.0776e-05 4.5329e+00 

40 4.5337e-07 3.7777e+00 1.8041e-05 1.8566e+00 

50 1.8756e-07 3.9555e+00 6.9552e-06 4.2715e+00 

60 9.5537e-08 3.6999e+00 3.7426e-06 3.3990e+00 

5.  CONCLUSION 
In this paper, we have developed an orthogonal cubic spline collocation methods(OCSCM) to one-
dimensional fourth-order linear and nonlinear boundary value problems. Several numericalexperiments are 
performed and obtain the fourth order convergence atthe grid points. 
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ABSTRACT 
An investigation has been done on “Flow through Porous Media”. The study is divided into 4 sections, 
namely, (1) Fluid Dynamics (2) MHD (3) Flow through Porous Media, and (4) Literature Review. First 
three sections give a brief idea about the topic along with their basic features and possible applications. 
Fourth section is dedicated to a brief literature review of the relevant studies carried out by different 
investigators in recent times.References were presented at the end of the study. Such a compact study will 
help readers to gain an understanding of various flows through porous media and build interest in this field 
of science. 

Keywords:  MHD, Porous Media 

1. FLUID DYNAMICS 
The branch of science that is concerned with the study of fluid motion or that of bodies in contact with fluids 
is Fluid Dynamics or Hydrodynamics. Liquids and gases are known as fluids. Except for the operation of 
heavy powers, the former are not sensibly compressible, whereas the latter are readily compressible and 
extend to fill every closed room.  

It is well-known that matter consists of molecules or atoms that are often in a random motion state. The 
study of individual molecules is neither required nor suitable for the use of mathematical methods in fluid 
dynamics. Thus, we consider the fluid's macroscopic (bulk) behavior by assuming that the fluid is 
continuously distributed in a given space. This statement is known as the theory of a continuum. This 
continuum definition of matter makes it possible for us to indefinitely subdivide a fluid part. In addition, we 
describe a particle of fluid as the fluid within the physically infinitesimal volume contained. 

2. MHD 
Magneto-hydrodynamics or MHD is the branch of science concerned with studying the magnetic properties 
of electrically conducting fluids (MHD). Examples of magneto-fluids are plasmas, molten metals, saltwater 
and electrolytes. The word "Magneto-hydrodynamics" is the combination of movement meaning magneto-
meaning magnetic field, water meaning hydro, and dynamics. The concept of MHD was first suggested by 
Hannes Alfven, for which he received the Nobel Prize in 1970. 

Magneto-hydrodynamics occurs as a result of interaction between the magnetic field and the electrically 
conducting fluid that flows through it, i.e. current is produced when an electrically conducting fluid flows in 
the presence of the magnetic field and a force, called Lorentz force, is generated by the resulting current and 
the magnetic field together that opposes the fluid's motion. The newly created electric current produces its 
own magnetic field, known as the induced magnetic field, which disturbs the initial magnetic field. 

2.1 APPLICATIONS OF MHD 
MHD is applied to Astrophysics, which includes stars, space in between the planes, space between the stars 
and jets. Most of the astrophysical systems are not in thermal equilibrium, so they need an additional 
kinematic treatment to narrate all the processes within the system. Sunspots are formed are formed due to 
sun’s magnetic field. Solar wind is also influenced by MHD. The solar rotation caused due to the long term 
effect of magnetic drag at the poles of the sun. MHD is used for engineering concerns, such as plasma 
confinement, nuclear reactor cooling, electromagnetic casting, etc. Magneto-hydrodynamic sensors are used 
in aerospace engineering to measure angular velocities. Below the earth’s mantle the core lies which made 
up of the solid inner core and the liquid outer core. Both contain quantities of iron. The outer core moves in 
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the presence of magnetic field and circular movements are formed due to Coriolis Effect. Such circular 
movements generate a magnetic field which increases the original magnetic field of the earth. 

3. POROUS MEDIA 
Porous materials are found everywhere in our day to day life in technology and in nature. Almost all solid 
materials are "porous" in nature with distinct degrees except some metals, rocks and plastics. A material with 
the following two properties is regarded as a porous medium. 

i. It should contain empty spaces called pores which are embedded in the solid. The pores 
generally contain some fluids like water, oil or air etc. 

ii. It should be permeable i.e. fluids can pass through one face and coming out on the other side. 
Porous media is seen to be used in various technologies, such as hydrology, petroleum engineering, etc. 
Petroleum engineering deals with the amount of fluid content inside the rocks, the flow of fluids through the 
rocks, and many other characteristics. In the laboratory, the features of rocks are studied. At the first stage, 
cores are extracted using drilling operations from the reservoirs. Then the core analysis tests are to be done 
on the samples for determining the properties of reservoir rocks. These are 

i. Routine core analysis tests 

ii. Special core analysis tests 

a. HOMOGENEITY 
A material having same characteristics at every point in the space is said to be homogeneous. In other way 
we can say that an object whose properties do not change with change in position. Now we define a macro-
system and a micro-system. For example if we take a few sand grains then this will be taken as a microscopic 
porous medium rather than macroscopic. So the properties of microscopic and macroscopic materials are 
different. 

Suppose we measure the parameters for a variety of samples that are increasing in size, such as porosity and 
permeability. It is found that the properties initially change with an increase in the size of the samples and 
fluctuations are seen. As the sample size increases, the variations are gradually reduced and eventually 
reduced to a constant value. So in the graph, a smooth line is obtained. The medium is considered 
macroscopically homogeneous when the features of the porous medium remain unchanged with the change 
in the size of the samples. 

b.  ANISOTROPY 
A porous medium is said to be anisotropy if it has different values in different directions. The properties like 
permeability, resistivity factor and capillarity factor depend on the direction. In general the properties are 
taken as functions of both location and the orientation. So the probability density function for each property 
is denoted by the variables  , , , ,x y z   . If the probability density distribution is independent of the co-
ordinates, the medium is said to be isotropic. Similarly if it depends on the co-ordinates it is called 
anisotropic. 

c. POROSITY 
It is seen that most of the stones consist of various types of mineral grain and their pore structures are very 
complicated. How much space lies between the grains and the shapes is the key thing about the pore 
structures. It is important because the spaces between the grains are responsible for fluid transport by 
connecting pores or storing the fluid. Porosity is one of the significant rock properties intended for 
hydrocarbon storage from an engineering point of view. Porosity is defined quantitatively as the proportion 
of the pore volume to the bulk volume. The following mathematical relationship denotes this. 

  1porevolume grainvolume
bulk volume bulk volume

     

Here, Bulk volume = grain volume + pore volume 
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Where porosity 

4. LITERATURE REVIEW 
Agi et al [1] investigated “Mechanism governing nanoparticle flow behavior in porous media: insight for 
enhanced oil recovery applications”. This study highlights the process influencing the flow of porous media 
nanoparticles as it relates to increased recovery of oil. The focus of the discussion is on chemical-enhanced 
oil recovery, a summary of the laboratory experiment on alteration of wettability, interfacial tension effect, 
and emulsion and foam stability. In porous media, the flow behavior of nanoparticles was discussed, 
stressing the physical aspect of the flow, the microscopic rheological behavior and the nanoparticles' 
adsorption. It is noted that the change in wettability from oil-wet to water-wet is due to gravitational and 
capillary forces. It was observed that nanoparticles exhibit Newtonian behavior at low shear rate and non-
Newtonian behavior at high shear rate.  

Fagbemi et al [2] studied “Pore-scale modeling of multiphase flow through porous media under triaxle 
stressIn this work, to investigate the impacts of stress on fluid distributions and permeability on practical 
pore geometries, a quasi-static triaxle load was applied to a digital sand-stone medium, obtained from X-ray 
micro-CT imaging.From our observations, we were able to conclude that the rise in compressive stress 
improves the bridging of pores in some places and the closing of pore spaces in other places. The degree of 
closure depends on the neighboring grain grid cells' local structural property. For isolated pores that were 
reconnected, stress-initiated fluid flow took place. Due to the restriction of the oil route, the relative 
permeability of the oil phase was reduced. The relative permeability of water was, however, not significantly 
affected. In addition, as the confining stress increased, the rock displayed some tensile behavior. Initial water 
saturation was also observed to increase due to compaction of the solid grains causing a general shift in the 
pore/throat diameter distribution towards smaller values. 

Nayak et al [3] investigated “Combined effects of slip and convective boundary condition on MHD 3D 
stretched flow of Nano fluid through porous media inspired by non-linear thermal radiation”. In the present 
study, the main concern is to investigate the magneto hydrodynamic nanofluid flow subject to porous matrix 
and convective heating past a permeable linear stretching sheet. In addition, the influence of velocity slip, 
viscous dissipation, Joule heating and non-linear thermal radiation are considered. A new micro-convection 
model known as the Patel model is implemented for considerable enhancement of the thermal conductivity 
and hence, the heat transfer capability of nanofluids. Increased permeability parameter P leads, as predicted, 
to relatively low fluid velocity (thinner boundary layer of momentum) and thus a decrease in wall shear 
stresses in both x and y directions. The Lorentz force, caused by the transverse magnetic field and due to 
which the velocity boundary layer shrinks, restricts nanofluid flow. Wall shear stresses (axial as well as 
transverse) are not influenced by temperature parameter hw while heat transfer rate from the surface appears 
to reduce upon increasing hw.  

Eberhard et al [4] investigated “Determination of the Effective Viscosity of Non-newtonian Fluids Flowing 
ThroughPorous Media”. We demonstrate in this manuscript that the local viscosity can be extracted directly 
from the constitutive law of the fluid and the velocity profile in a mean pore size for a Carreau fluid, using a 
circular capillary to imitate the flow at pore scale. Unlike widely used models of capillary bundles, our 
approach does not require either awareness of tortuosity or permeability. The capillary is only used to 
measure an average flow profile which has been fully developed. Finally, by spatially averaging the local 
viscosity, we determine the median viscous resistance. In summary, we proposed a new method to apply the 
law of Darcy to Carreau fluids using the mean viscosity as the effective flow resistance over a representative 
capillary. 

Mierzwiczak et al [5] studied “Determination of the Slip Constant in the Beavers-Joseph Experiment for 
Laminar Fluid Flow through Porous Media Using a Meshless Method”. A computational simulation of the 
Beavers-Joseph experiment for fibrous porous media is provided in this paper. In a parallel-plate conduit, the 
longitudinal laminar flow (the Poiseuille flow) is considered. The effect of the volume fraction of the fibers 
is examined in the Beavers-Joseph boundary condition on the value of the slip constant.The value of the slip 
constant is less than one in all of the cases considered. As the volume fraction of fibers increases to a high 
porosity, the slip constant decreases. The value of slip constant for small porosity begins to increase for 
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square and hexagonal arrays. For the same volume fraction of the fibers, both the permeability and the slip 
constant for the triangular array are smaller than for the square and the hexagonal array. 

Nezhad et al [6] investigated “Transport in Porous Media with Nonlinear Flow Condition”. The purpose of 
the study is to investigate the impact on inertial and viscous forces of the porous media particle size and to 
determine the range of Reynolds numbers in which the inertial flow mainly contributes to dispersive 
processes. The transport characteristics of the randomly structured porous media and the effect of inertial 
force on coefficients of longitudinal and transverse dispersion were observed. Observation within the 
Darcian and non-Darcian regimes showed that the diffusion effect decreases and the dispersion coefficient 
decreases as the particle size increases. The travel time needed to transfer the dye through the smaller 
particles is also lower than that of the larger particles. This is because there is a more complex pore size 
distribution in the finer textured sample, which creates a higher dispersion coefficient value. The dispersion 
coefficient of the fine particle is greater than the coarse particle for the same Reynolds number. A slight 
change in Reynolds number for smaller size particles results in a greater change in dispersion coefficient.  

Agarwal et al [7] investigated “Existence and uniqueness of miscible flow equation through porous media 
with a nonsingular fractional derivative”. The phenomenon of longitudinal dispersion in the flow of two 
miscible fluids through porous media is studied in this paper by applying the fractional derivative of Caputo-
Fabrizio. The findings mentioned in Figures show the concentration behaviors for the different order and 
fixed values of the parameters with respect to time and space variables. The results of the dispersing portion 
obtained can be used to analyze the salinity intrusion in ground water and to make groundwater pollution 
predictions. More accurate models are provided by the recent features of the Caputo-Fabrizio fractional 
derivative operator, which allow us to change the complex behaviors of the phenomena of the real world 
better. 

Aghdam et al [8] studied “A computational approach for the space‑time fractional advection–diffusion 
equation arising in contaminant transport through porous media”. The primary objective of this paper is to 
establish a numerical method described by the Caputo sense for solving the space-time fractional advection-
diffusion equation (STFADE). In this way, to discretize the issue in the temporal direction, a finite difference 
formula with first-order precision is used, and the Chebyshev collocation method of the third kind is also 
applied to estimate the space variable. In the L2 standard, the stability and convergence of a completely 
discrete scheme are rigorously defined. The numerical results are provided to illustrate the skill of the 
numerical scheme proposed here and are contrasted with other approaches. A method for finding an 
estimated STFADE solution was used in this article. The problem is discretized in the time direction, based 
on the finite difference scheme and is approximated by using the third-kind Chebyshev collocation in the 
space direction which achieves the full-discrete scheme.  

Azamifard et al [9] investigated “Enduring effect of permeability texture for enhancing accuracy and 
reducing uncertainty of reservoir fluid flow through porous media”. Using the updated version of the SPE 10 
solution project, this study provides an implementation of the permeability texture effect on reservoir output. 
It is observed that, relative to the reference and training picture, both MPS and SGSIM methods have similar 
performance variograms with near correlation lengths. Compared to the reference case, MPS methods 
resulted in a very good match to simulate the trapping phenomena and flood front movement for the 
reservoir (especially graph-cut method) except PCTOSIM due to blurred outputs. As a measure of 
uncertainty, the discrepancy between P90 and P10 indicates lower uncertainty for certain MPS methods than 
for the SGSIM approach for the production rates of water and oil.  

Zhao and Borja [10] studied “A continuum framework for coupled solid deformation–fluid flow through 
anisotropic elastoplastic porous media”. In this paper, we use continuum thermodynamics in anisotropic 
elastoplastic porous media to establish a mathematical framework for coupled solid deformation-fluid flow. 
The formulation gives rise to an anisotropic Biot tensor b, which is a function of the solid skeleton's drained 
elastic tangential tensor Ce and the solid constituent's intrinsic bulk modulus Ks. Finally, we explore how the 
response of the anisotropic porous medium is influenced by the Biot tensor b. Both elastic and elastoplastic 
anisotropic solid skeletons with Biot coefficients = 0.6, 0.8 and 1.0. are considered here. 
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ABSTRACT 
In this article we discussed a  thorough guide to the Deutsch-Jozsa Algorithm in practice, including a 
overview and explanation of the mathematics, a complete Circuit, and an example implementation in Code 
using IBM’s Qiskit to build and run on Quantum Computers. we tried covering everything from the logic of 
the Problem, Classical & Quantum solutions, to the Qiskit implementation 

Keywords: Deutsch-Jozsa problem, Oracles, classical solutions, Quantum Advantage and speed-ups, 
superposition, Phase Kickback. 

INTRODUCTION  
THE DEUTSCH-JOZSA PROBLEM 
Imagine the problem like a game show. You’re a contestant, and the host lays out the rules of the game:“Here 
is a list of numbers. You can choose any of them, and hand it to me. 
In return, I’ll tell you ‘0’ or ‘1’. 

“I may have sorted these numbers into two balanced halves, and assigned each half to ‘0’ or ‘1’. Depending 
on what you tell me, I would tell you ‘0’ or ‘1’ based on which half your number is in. 
Or, I might not. Instead, I could always say ‘0’, or always say ‘1’. You don’t know.” 

“Now give me a number, and I’ll tell you an answer. To win, all you have to do is tell me how I got that ‘0’ or 
‘1’. Did I split the list of numbers? Or did I say ‘0’ or ‘1’ the whole time? Who knows?” 

THE CLASSICAL ALGORITHM 
Step One - Here we will  model this problematic situation into an algorithm. 

The input component is ones question — the number you give the host. We can call this a ‘Query’. Your 
query is a number from a list, or an input domain — essentially a list of all possible queries. The host’s job is 
to perform some unknown function on this query, and give you either 0 or 1. Exactly what that function is, we 
simply do not know — only that it will always be zero, always be one, or be balanced halves. Unknown 
functions like these are referred to as ‘black boxes’, and in the context of a problem like Deutsch-Jozsa, we’ll 
call them an ‘Oracle’. You can give input, and receive output, but cannot see the inner workings of the 
Oracle. The output component is the host’s answer of ‘0’ or ‘1’. We’ll just call this ‘Output’. 

This is what the algorithm should look like. Pass a query to the Oracle, and receive an ouput 

 
The Classical Algorithm has one input and output. 

THE CLASSICAL SOLUTION 
As you can imagine, this problem could be solved fairly well for a lucky query. If the Oracle returns ‘0’, but 
then ‘1’ for your next question, you instantly know that it’s returning a split list, balanced between 0 and 1. 
He’s not always saying 0 or 1, after all. 
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TO CONCLUDE ‘BALANCED’, ALL YOU NEED IS FOR THE HOST TO SAY BOTH ‘0’ AND ‘1’. 
But what if the Oracle constantly returns 0 or 1? You keep querying it, and it just keeps returning ‘0’. Can 
you definitively conclude that it’s constant to zero? Not immediately. For an input domain of 10 numbers, the 
domain has been split into two 5-number ‘0’ or ‘1’ groups. In the worst case, you could pick every number in 
one of those groups. You would constantly get the same output, until the sixth query — having exhausted one 
group of ‘0’ or ‘1’, the output must be from the other. If the output is the opposite to the previous output, you 
can say ‘Balanced’. If not, you know the Oracle is constant. To conclude ‘Constantly One’ or ‘Constantly 
Zero’, you need to go through half of the input domain, and have the next number agree with previous 
answers. 

RUN-TIME COMPLEXITY 
The Classical Solution is problematic. One way of measuring an algorithm’s efficiency at run-time (for each 
use) is via ‘Big-O Notation. In short, this measures the number of queries needed in the worst case 
scenario for any algorithm. Let’s call the size of the input domain ‘n’. In the worst case, we go through half of 
the input domain, and get identical outputs. That’s already n/2 queries. From the very next query (+1), we can 
determine our result — agreed output means a constant Oracle, whereas the opposite output means a balanced 
Oracle. 

     





  1

2
n

 

The problem scales with size, being proportional to n. For massive input domains, it’ll be slow. A Quantum 
Computer can fix that. 

THE QUANTUM DEUTSCH-JOZSA ALGORITHM: QUANTUM ADVANTAGE 
Quantum Computers can solve this problem incredibly fast, even on huge input domains in the worst case. 
Where the number of queries a Classical Computer must ask the Oracle for is half the input domain, a 
Quantum Computer can solve the Deutsch-Jozsa Problem in one call to the Oracle. 

      1  

It sounds impossible to have an increase that good. O(1) is the best Run-Time complexity possible, and a 
Quantum Computer can consistently pull it off with 100% accuracy. But it’s not impossible. And to prove 
that, let’s build an Algorithm that can do this! 

THE QUANTUM ORACLE 
Our Classical Algorithm doesn’t quite translate to the Quantum world. A fundamental rule of Quantum 
Algorithms is that they must be reversible, so we can always find input given a circuit and its output. Since 
just the output ‘0’ or ‘1’ doesn’t let us find a single, specific query with our classical model, we need to alter 
the algorithm. 

Of course, we’re still building the Deutsch-Jozsa Problem, so let’s use the classical algorithm as a basis. 
What’s the simplest way to find input from output? Well, to have the input be the output, after all. Let’s 
change our Oracle to have two outputs — the ‘0’ or ‘1’ output, as well as an output matching the input. 

To have two outputs, it needs two inputs, so let’s add an auxiliary input. That gives us a new circuit: 
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Quantum Oracles have two inputs and two outputs. 

Pass a Query and Auxiliary input to the Oracle. The Oracle performs a function on the Query and changes the 
Auxiliary to that output, while the Query is preserved. 

NOW WE’RE READY WITH THE QUANTUM SOLUTION 
First, let’s get started on creating an Oracle. In a constant Oracle, the theory is extremely simple; the input has 
no effect on the Auxiliary at all. Just randomly change the Auxiliary to ‘0’ or ‘1’, transform the superposition 
back into its original state, and measure! 

In a Balanced Oracle, we need to do some work. The superposition and the Auxiliary are linked and need to 
be operated on — passing Output onto the Auxiliary. For this, we’ll need two-qubit gates. 

We have a choice now — do we use a CX Gate, and bit-flip, or a CZ Gate, and phase-flip? Phase flips don’t 
affect measurement outcomes — but we want our Auxiliary to show the output of the Oracle in measurement. 
A CX Gate upon our Query and Auxiliary should give us what we want. 

Now, we need to make sure our input domain returns ‘0’ or ‘1’ half of the time. We can’t use randomness —
 for any Oracle, if we input any number, we should get a deterministic output. We’ll go over exactly what 
happens in the follow-up to this post: in short, we use our CX Gates with the Query as control, and Auxiliary 
as target. This is guaranteed to give us a 0 for half of the input domain, and 1 for the other half. Perfectly 
balanced! Our input’s preserved, and we operate on the Auxiliary to turn it into Output. Our Oracle is 
complete! Now, let’s talk about the rest of the algorithm, preceding and following the Oracle. Here’s where 
we can put some of Quantum Computing’ awesome powers to use. 

Firstly, let’s use superposition. Instead of passing our Query one-by-one to our Oracle, we can pass a 
superposition of all possible states at once. Our Query is not a single number, but the entire input domain. 

    11011000
2
1

   

This is a superposition of a 2-qubit Query. By doing this, we can get our Oracle to work on every state at the 
same time. That’ll certainly speed things up — but it can’t work alone. There will still only be one single ‘0’ 
or ‘1’ output after measuring the Output, which just isn’t enough. Somehow, we need to be able to get even 
more information out of the Oracle, without compromising the ‘black box'. The Oracle’s function is set — we 
can’t add inputs or outputs. The only things we can change is our input. Imagine the process like some sort of 
spy operation. We send our spies (input) into the Oracle, and need to smuggle as much information out as we 
can. We can’t change what happens inside the Oracle, and we can’t openly display the information. 

Phase Kickback is fairly difficult to understand. We won’t dive into much detail here .one can instead refer to 
the Qiskit Textbook. Suffice to say, Phase Kickback causes a controlled-gate (like CX and CZ) to alter the 
control qubit, but only if the target qubit is an eigenvector of the gate. Phase Kickback is a fairly unique 
phenomenon — instead of occurring due to gates that we’ve used, like entanglement or superposition, it 
occurs due to the Qubit input of those gates. That’s amazing! By carefully setting up our Target Qubit input 
(the Auxiliary) to the Oracle, we can cause those CX Gates to have an unintended effect; we can cause them 
to alter the Control Qubit (the Query). We can store information about the Oracle’s CX Gates on the output 
Query! But we can’t change the Query? The reversibility of Quantum Circuits mandates that we must be able 
to use the outputs, including the Query, to find our input. 
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Luckily, Phase Kickback on a CX Gate doesn’t actually affect measurement of the Qubits at all. Instead, it 
alters something called the ‘Relative Phase’. It’s like flipping the probability amplitude from 1 to -1. Squaring 
either will get the same answer of 1, but the -1 still holds extra information. This is how our spy, the Query 
smuggles information out of the Oracle — it’s the key to Deutsch-Jozsa! We’re so close now. Our Query and 
Auxiliary bits enter the Oracle, and the Query and Output emerges, carrying enough information for us to 
piece together the whole story. Is it balanced, constantly zero or constantly 1? We can finally tell! 

Our Query is still in superposition, so our first port of call is simply to return it to normal. However, during 
this process, the state that our Qubits return to depends upon its Relative Phase. We’ll cover exactly why in 
the more technical follow-up post. For now, we can say that a Qubit with an unaltered Relative Phase should 
return to the zero state, and always measure zero. On the other hand, a Qubit that had its Relative Phase 
changed through Phase Kickback, will instead return to the one state, and always measure one! 

In our Constant Oracle, there were no two-qubit gates. In fact, the Query and Auxiliary were never related to 
each other, and there was no chance for Phase Kickback. If the Query measures ‘0’, we know we’ve got a 
Constant Oracle. 

In our Balanced Oracle, every single Query qubit was linked to the Auxiliary via a CX Gate, and every single 
Query qubit went through Phase Kickback and had its Relative Phase flipped. If the Query measures one, we 
know we’ve got a Balanced Oracle! Great! We’ve now got a guaranteed way to figure out if our Oracle’s 
Balanced — but if it isn’t, how do we tell whether it’s constantly zero or one? 

Just measure our Output from the Auxiliary! The Constant Oracle would have changed it to ‘0’ or ‘1’. If the 
Output measures zero, we know we’ve got a Constantly Zero Oracle. If the Output measures one, we 
know we’ve got a Constantly One Oracle. That’s it. The Deutsch-Jozsa Algorithm. While it has limited 
real-world applications, it’s an awesome representation of the sheer power behind Quantum Computing. For a 
process which scales to massive numbers with big data, the ability to perfectly discern the contents of an 
Oracle in a single Query is nothing short of miraculous. Additionally, the techniques that Deutsch-Jozsa’s 
discovery brought to the Quantum Computing field now find widespread use, like in Grover’s Algorithm, one 
of the most useful and powerful Quantum Algorithms .Up until now, however, we’ve stayed mostly 
theoretical, using concepts of Superposition and Kickback.  

Implementation in Code using IBM’s Qiskit : 

we devised a way to solve the Deutsch-Jozsa Problem with an incredibly low (O(1)) runtime complexity. 
We’ve explored an intuitive way to understand the inner workings of the Deutsch-Jozsa Algorithm — now, 
it’s time to actually implement it. We’ll take a step-by-step look at how to convert our process from the last 
guide into real, functioning code. We’ll break down and understand the mathematics behind the process, and 
find Gates that represent our ideas as a true Quantum Algorithm, and will run our results on Qiskit’s Aer 
Simulation . 

The Complete Code: 

Note:  To see the result of circuit.draw('mpl') , be sure to use a Jupyter  Notebook  (.ipynb) rather 
 than a Python file (.py) 

In [1]:#IMPORTS 
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 import qiskit 

 import matplotlib as mpl 

 from random import choice, randint 

In [2]: def Oracle(circuit,n):     #begin our function 

 oracle_type = choice(['Constant0','Constant1','Balanced']) 

        circuit.barrier() 

      if oracle_type == 'Balanced': 

        #randomly flip qubits for 0 and 1 groups 

        flipGates = randint(0,(2**n)-1)    #random binary num between 0 and 7 

      flipGates = format(flipGates, '0'+str(n)+'b')  

 #convert to binary string 

        for qbit in range(0,len(flipGates)):   #iterate through flipGates 

            if flipGates[qbit] == '1': 

                circuit.x(qbit)     #flip qubit if necessary 

        for qbit in range(0,n):    #CX Gate controlled on every query qubit 

            circuit.cx(qbit,n)     #and targeting auxiliary qubit 

        for qbit in range(0,len(flipGates)):    

   #unflip qubits so output reveals nothing except 

            if flipGates[qbit] == '1':   #what the original input was 

                circuit.x(qbit) 

 elif oracle_type == 'Constant0': 

        circuit.z(n)    #flip Auxiliary 

     elif oracle_type == 'Constant1': 

        pass 
 circuit.barrier() 

    return circuit, oracle_typ 

In [3]:#input 

 n = 3    #the size of our Query, NOT including the Auxiliary 

 circuit = qiskit.QuantumCircuit(n+1,n+1)  

        #create circuit including Auxiliary qubit & bit 

 for i in range(0,n):    #place Query in superposition 

     circuit.h(i) 

 circuit.x(n)    #flip Auxiliary 

 circuit.h(n)    #put into |-> state as preparation for Phase Kickback 

Out[3]: 

<qiskit.circuit.instructionset.InstructionSet at 0x26e7e42c610> 
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In [4]:#oracle 

 circuit, oracle_type = Oracle(circuit,n) 

In [5]:#output 

 for qbit in range(0,n+1): 

     circuit.h(qbit)    #apply Hadamard to each qubit 

     circuit.measure(qbit,qbit)    #measure qubit onto respective bit 

 circuit.draw('mpl') 

Out[5]: 

 
In [6]:#simulation 

 simulator = qiskit.BasicAer.get_backend('qasm_simulator') 

 job = qiskit.execute(circuit, simulator, shots=1, memory=True) 

 result = job.result() 

 measurements = result.get_memory()[0]   #e.g '0000' 

In [7]:#Final Answer 

 query_state = measurements[-1] 

 print('Prediction:') 

 if query_state == '1': 

     print('Balanced') 

 else:   #constant query 

     aux_output = measurements[0] 

     if aux_output == '1': 

        print('Constantly 1') 

    else: 

        print('Constantly 0') 

 print('Truth:') 

 print(oracle_type) 

Prediction: 
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Constantly 1 

Truth: 

Constant1 
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ABSTRACT  
The CFD (Computational Fluid Dynamics) analysis using 3D experience- SIMULIA tool used to find the 
aerodynamic parameter in the automobiles. This analysis helps to understand the savings of fuel 
consumption, stability of the vehicle and passenger comfort. The airflow over the ground vehicle simulations 
are analysed and coefficient of drag is calculated. Present study applies 3D Ahmed body (simplified car 
body) as ground vehicle as the test case. The results presented in the values for drag coefficient obtained 
along with the contour pressure field and velocity vectors around the body. It is observed that 3D experience 
SIMULIA tool is one of the convenient simulation approach that delivers accurate CFD simulations results 
that are matching with wind tunnel experimental results. 

Keywords— CFD, 3D Experience- SIMULIA, Aerodynamics, Drag Coefficient, Ahmed Body 

INTRODUCTION 
Aerodynamics is a branch of fluid mechanics concerned with the study of air flow when interacting with a 
moving object. It has been playing a key role in the automotive industry in recent years. The development of 
automotive aerodynamics started with different phases of shape optimization in the early stages of the 1990s, 
leading to vehicles from the small range to luxury levels. The sedan group is found to be the most fiscal of 
this wide range of vehicles for the mid-range individuals not only in aesthetics and safety comforts but also 
for better fuel efficiency.Increased fuel costs and environmental problems are the main challenges of the 
automotive industry in achieving improved engine efficiency and aerodynamic drag reduction. It could be 
accomplished either by altering the engine's function or by adding widely used fuel to eco-friendly fuels or 
modifying the current design of the vehicle. As far as engine optimization is concerned, at the saturation 
point, we've all achieved the most. Eco-friendly fuels are still a progressing field and it will take a few more 
years to embrace them globally. Therefore, decreasing aerodynamics drag is the simplest way to increase 
sedan vehicle efficiency. In this area, studies have been carried out to formulate flow phenomenon 
techniques over the various sedan shapes, reducing aerodynamic drag & fuel efficiency. Car models carried 
out studies both by wind tunnels and numerical simulations. If the air moves over the body, as we pass from 
the front to the rear end, distinct differences occur. In order to visualise the effect of time-average wake 
structures on the geometry with different configurations at the rear end, Ahmed[1] intended a simplified 
model. Moreover, Le Good and Garry [2] reviewed the designs of various reference scaled models used in 
the vehicle production phase in the automotive aerodynamics market.Ahmed, Han, Khan, et.al[3-5] 
conducted a series of wind tunnel experiments to investigate the pressure and wake structures predicting the 
difference between the centre and the rear of the vehicle. With the growth and use of CFD packages 
Bijlani[6] has studied and examined various car models, contrasting the aerodynamic forces acting on them 
with their effect on fuel consumption and vehicle stability. Some researchers [7, 8, 9] have also adopted 
various turbulence schemes such as the K-epsilon model, the large eddy simulation and the detached eddy 
simulation for estimating drag coefficients for the vehicle body. The present study uses the 3D Ahmed Body 
as the ground vehicle to simulate it in 3D experience- SIMULIA platform through Computational Fluid 
Dynamics (CFD) framework to obtained aerodynamics features. 

METHODOLOGY  
A. GEOMETRY MODELLING  
The Ahmed model is a simple geometric body that retains the main flow characteristics, particularly the 
vortex wake flow, where most of the drag is concentrated, and it is a good perfection to be used as a 
benchmark test. 3D model of Ahmed body consisting of inlet, outlet, nose, upper bottom, slope, back, 
symmetry. Variation of drag coefficient changes with rear slant angle 350is numerically investigated in 
turbulent solver schemes designed to meet desirable simulation conditions. 
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Fig 1: Geometry of Ahmed body 

Numerical implementation requires the setting of the problem to be analysed by solvers. SIMULIA, where 
3D modelling for transient state incompressible fluid flow in CATIA V5 has been performed, as the solver 
used in the current study. 

 
Fig 2. Ahmed Body model in 3D Experience-CATIA 

The geometrical details gets presented and listed in table 1. 

 
Table1. Geometrical dimensions used for the Ahmed Body 

B. MESHING  
After physical modelling, the 3D computational domain, which has triangular elements, is discretized. Grid 
independence tests are conducted to ensure that it is possible to achieve a solution that is almost independent 
of the grid. Initially, for the car model, coarse mesh with approximately 1274362 grid components is 
generated; later on, the mesh was refined by increasing the 1567949, 1663745, 1903464 & 2064481 grid 
components. In order to run at the same velocity but with different mesh sizes, the same problem has 
developed. Fig4 depicts Ahmed's body's mesh domain. 



 

Recent Research Trends in Management and Social Science 

402 

 
Fig.4 Meshing for Ahmed model domain 

C. BOUNDARY CONDITIONS 
The input boundary needed for the simulation was taken from the experimental data given by Lienhart et 
al[10]. The boundary conditions used to model the Ahmed body's success in various dimensions are as 
follows: 

- Inlet-inlet velocity 

- Outlet-pressure outlet of pressure (atmospheric) 

- Wall condition-no condition of slip and adiabatic wall. 

RESULTS  
The aerodynamics parameters such as Drag force, can be represented as follows: 

 
Figure 7 shows that the drag coefficient that has been calculated with the above formula provides a good 
agreement with that of the comparison values. 

 
Fig 7. Comparison of Drag coefficient  

The velocity, pressure contours obtained in SIMULIA output results are shown at follows: 
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Fig.8 Velocity Profile plot at 40m/s in Ahmed Body 

 
Fig 9. Pressure Couture Plot at 40m/s in Ahmed body 

 
Fig 10. Streamline plot at the rear end of Ahmed body 

It is revealed from the findings above that 

 From Fig 10, 3D Streamline patterns are observed in the Ahmed model, where the flow is split 
from the eddies and vortices towards the rear of the body. 

 It is evident from Fig. 8 & Fig.9 that the high pressure (stagnation point) exists at the front nose 
portion and this pressure is decreased with the rise in velocity. 

 3D Experience- SIMULIA provides an intuitive simulation method that can be used to research 
CFDs. 

CONCLUSION  
CFD analysis with Realizable k-e turbulent flowis successfully performed over the Ahmed 3D Benchmark 
model. Drag coefficient simulations in the 3D Experience-SIMULIA findings have been found to be in good 
agreement with the wind tunnel experimental results. 
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ABSTRACT 
Analytical and, numerical solutions of a non-linear MHD flow with heat and, mass transfer characteristics 
of an incompressible, viscous, electrically conducting and Boussinesq’s fluid over a vertical oscillating plate 
embedded in a Darcian porous medium in the presence of thermal radiation effect have been presented. The 
fluid considered here is gray, absorbing/emitting radiating but, non-scattering medium. At time, t >0, the 
plate temperature and, concentration near the plate raised linearly with time t .The dimensionless governing 
coupled, non - linear boundary layer partial differential equations are solved by an efficient, accurate, 
extensively validated and, unconditionally stable finite difference scheme of the Crank-Nicolson type as well 
as by the Laplace Transform technique. An increase in porosity parameter (K) is found to depress fluid 
velocities and, shear stress in the regime.  Also, it has been found that, when the conduction-radiation (R) 
increased, the fluid velocity and, the temperature profiles decreased. Applications of the study arise in 
materials processing and, solar energy collector systems. 

INTRODUCTION 
The Laplace transform is a widely used as a mathematical tool for integral transform with numerous 
applications in physics and engineering by simplifying many differential equations. It is very convenient 
with no homogeneous equations in which the forcing functions are not continuous. In mathematics, 
the Laplace transform, named after its inventor Pierre-Simon Laplace is an integral transform that converts a 
function of a real variable (t) to a function of a complex variable (s).This makes it a valuable tool for 
engineers and scientists dealing with “real-world” applications. Conceptually and computationally, it is 
probably the simplest .Inverse Laplace transform methods have a long history in the development of time-
domain fluid line models. 

The Laplace transform of a function f(t), defined for all real numbers t ≥ 0, is the function F(s), which is a 
unilateral transform defined by : dt   ,Where S is the complex number frequency 
parameter. , with real numbers . An alternate notation for the Laplace transform 

is  instead of F. Applying Laplace Transform to solve some Newtonian fluid flow problems, 
Solutions are compared with those of Sumudu Transforms [1] and similarity methods which reveal that the 
proposed method is very effective and simple. 

The study of MHD with mass and heat transfer in the presence of radiation and 
diffusion has attracted the attention of a large number of scholars due to diverse applications. In astrophysics 
and geophysics, it is applied to study the stellar and solar structures, radio propagation through the 
ionosphere, etc. In engineering we find its applications in MHD pumps, MHD bearings, etc. Radiative flows 
are encountered in many industrial and environment processes, e.g., heating and cooling chambers, fossil 
fuel combustion energy processes, evaporation from large open water reservoirs, astrophysical flows, and 
solar power technology and space vehicle re-entry. Also hydro magnetic free convective flows with heat and 
mass transfer through a porous medium have many important applications such as oil and gas production, 
geothermal energy, cereal grain storage, in chemical engineering for filtration and purification process, in 
agriculture engineering to study the underground water resources and porous insulation. In view of these 
applications, the unsteady MHD incompressible viscous flows past an infinite vertical plate thorough a 
porous medium have received much attention. Muthucumaraswamy and Meenakshisundaram [2] studied 
chemical reaction effects on a vertical oscillating plate with variable temperature. Their dimensionless 
governing equations were solved by the usual Laplace transform technique. Das et al. [3] analyzed radiation 
effects on flow past an impulsively started infinite isothermal vertical plate. The governing equations were 
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solved by the Laplace transform technique. Muthucumaraswamy and Janakiraman [4] studied MHD and 
radiation effects on a moving isothermal vertical plate with variable mass diffusion to study the effects of 
MHD flow in the presence of thermal radiation and chemical reaction. The dimensionless governing 
equations are solved using the Laplace transform technique having solutions in terms of exponential and 
complementary error function. Kumar [5, 6] used different methods to study the solutions of linear and 
nonlinear fractional differential equation combined with Laplace transform. 

The problem of unsteady flow of viscous incompressible fluid over a suddenly accelerated flat plate was first 
solved by G.G. Stokes in the year 1856 in his famous treatment of the pendulum In many cases, this Stokes' 
First Problem is also known as 'the startup' flow problem i.e. problem related with motion from rest. Kumar 
et al [7] introduced an analytical approximate technique, Laplace transform method, to solve the problem of 
unsteady flow of a viscous fluid in a tube using fractional derivative and fluid filling a half space using the 
time fractional Navier-Stokes equations. The inversion of the transform is performed analytically using 
contour integration together with the complex integral formula. 

SOME OF THE PROBLEM STATEMENTS 
STOKES’ FIRST PROBLEM  
Consider a Cartesian coordinate system with the x-axis along an infinitely long flat plate, and an 
incompressible viscous fluid occupying the half-space  .The plate’s effect diffuses into the fluid. If the 
motion of the boundary is in the x-direction, assumed that the motion ofthe fluid will also be in that 
direction. Thus the only nonzero velocity component will be and this velocity component will be  a 
function of and  only. Therefore  , , 0, 0U U x t V W    

Then the pressure will be independent of x, since is independent of x, i.e. the pressure will be constant 
everywhere in the fluid. Using these properties of the flow field, the governing equations reduce to the 
following linear partial differential equation [7, 8] 

2

2

( , ) ( , )U x t U x t
t x

 


   
 SUDDENLY STARTED PLATE 
Initially, both the plate and the fluid are at rest. Suddenly, the plate is jerked into motion in its own plane 
with a constant velocity and continues to translate with this velocity for Since the fluid is viscous, we expect 
that with the passage of time, the motion of the plate will be communicated to fluid. Thus, the boundary 
conditions for the problem are 

0

0, 0
( , ) , ( , ) 0

, 0
t

U x t U t
tU


     
Whole set of governing equation, initial conditions and boundary conditions are prescribed, and this problem 
can be solved by Laplace Transform technique. The Eq. (3) and the boundary conditions take the following 
forms 

   
2

2

,
, 0

d U x s s U x s
dy v

 
And    00, ; , 0U s U sU  

 

SUDDENLY STOPPED PLATE 
The fluid and plate are moving with uniform speed and the plate is suddenly decelerated tozero velocity. 
Therefore, the boundary conditions are 

0

0 , 0
( , ) , ( , ) 0

, 0
t

U x t U t
tU


     
Taking Laplace Transform of Equation and the boundary conditions and using initial condition, we get 
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2

02

,
,

d U x s s sU x s U
d y v v

  
&    00, ; , 0U s U sU    

The general solution of the non-homogeneous differential Equation is 

  0,
s sx x
v vU x s C e D e U

   
              

FLOW ON AN INFINITE PLATE 
Consider the flow of a viscous fluid flow on an infinite plate under a constant pressure. If x-axis is the 

direction ofmain flow then U≠0, V=0, W=0The continuity equation is simply
0U

x



  

If Y-axis is taken normal to the plate, then we conclude that  . The equations of motion reduce to 

one equation which is 

2

2 0d U
d x


,p=constant [9] taking no slip condition U=0 at y=0 and denoting the wall 

shear as 

0
w

y

U
y

 


 
     

The Laplace Transform of Equation and use of conditions yields 

  wU u u



 

And the inverse Laplace Transform of the above equationgives 

  wU y y



 

Shows that the distribution of velocity is linear. This result is identical to the analytical solution 

EKMAN LAYER PROBLEM 
Consider a viscous fluid on a surface rotating at a constant angular velocity, e.g., the Earth and to be almost 
flat and fluid to have a horizontal free surface. We introduce rectangular Cartesian coordinate system on the 
free surface with Z=0at the free surface and Z-axis along the normal to the free surface. Let the free surface 
be subjected to a constant shearing force along the x-axis. Since the motion is steady, the velocity 
distribution is 

, W=0 

Further, by absorbing the centripetal and the body forces, a modified pressure P [10] is defined as 

2 21
2

P p R     
 

Where the body is force potential  and is the perpendicular distance of a point from the axis of 
rotation. Since the velocity distribution is a function of Zonly, we have 

0p
y





0p
x



  

Thus, the governing equations are [8] 
2 2

3 32 22 , 2d U d VV U
d x d x

     
 

Taking Laplace Transform of Eq. (24) and using the following conditions 

; ;
2 2
S SU V
k k

  
at Z=0 
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And   
, 0d U d VS

d z d z
   

at Z=0 where 

1
2

3k

   

   

We get
       

3 32 2 2 22 ; 2
2 2

U u V us s sV u U u
u k u u u k u

 
   

          
        

EXAMPLE OF MATHEMATICAL SOLUTION 
Unsteady MHD laminar boundary-layer flow of a viscous incompressible Newtonian fluid past along a 
vertical oscillating plate embedded in a saturated porous medium with variable temperature and also with 
mass diffusion in the presence of transverse applied magnetic field and thermal radiation has the x axis is 
taken along the plate in th upward direction and the y axis is taken normal to the plate. Initially it is assumed 
that the plate and fluid are at the same temperature T1 in the stationary condition with concentration level C1 
at all the points[11]. The unsteady, non-linear, coupled partial differential Equations along with their 
boundary conditions have been solved analytically using usual Laplace transform technique and the solutions 
for hydro magnetic flow in the presence of radiation and porosity of the medium are obtained as 

follows    P r, e x p P r
2 P r4
t y R ty t y R e r f c n

R


            

 P r e x p P r
2 P r4
t y R ty R e r f c n

R
           

       2 22, 1 2 e x pS cy t t S c e r fc S c S c   
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       1 exp( ) exp ( ) exp ( )
4
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CONCLUSION 
We successfully applied Laplace Transform to solve three Newtonian fluid problems. To gain a perspective 
of the physics of the flow regime, we have numerically evaluated the effects of Hartmann number (M), 
Grashoff number (Gr), radiation-conduction parameter (R), dimensionless time (t) and porosity parameter 
(K), on the velocity, u, temperature, h, concentration, /, shear stress function, Transient free convection-
radiation magneto hydrodynamic viscous flow along an infinite vertical permeable plate immersed in a 
porous medium under a transverse magnetic field has been presented. Increasing porosity contribution (K) 
serves to depress shear stress significantly in the regime for both the cases of air and water. The results are 
identical to those given in the literature. It gives a simple and a powerful mathematical tool. The results 
reveal that the method is very effective and simple. 
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ABSTRACT 
In this chapter, an introductory study on magnetohydrodynamics has been proposed. MHD is the study of 
motion of an electric conducting fluid with presence of magnetic field. It is  found by coupling between the 
Navier-Stokes equations for fluid dynamics and Maxwell’s equations for electromagnetism. This study 
introduces  the Maxwell’s equation and N-S equations and then the mathematical modeling of MHD derived 
by coupling these two. Also, the vorticity equation has been  derived from   N-S equation. Finally, some 
applications of MHD flow has been  described, i.e., in industrial processes, medical treatments, geophysics, 
astrophysics etc. 

Keyword : magnetohydrodynamics flow, Maxwell’s equations, Navier-Stokes equations 

INTRODUCTION 
This is a branch of fluid mechanics which deals on the study of motion of an electric conducting fluid with 
presence of magnetic field. It a most relatively and important branch of fluid mechanics. Momentum of 
conducting fluid with magnetic fields creates an electric current inside the fluid. That magnetic field bring to 
bear a force which is known as “Lorentz Force”. Solid or fluid materials when passing through the magnetic 
field, that time its acquaintance with an electromagnetic force. Plasmas, liquid metals, salt water etc. are 
examples of these types of fluid. The word Magnetohydrodynamics is the combination of three words as like 
‘magnet’ which stands for magnetic field, ‘hydro’ stand for liquid and ‘dynamics’ stands for movement. 

In 1942, Hannes Alfven was the first to introduce the term “MAGNETOHYDRODYNAMICS”. He 
described astrophysical phenomena as an independent scientific discipline.He was awarded Nobel prize in 
physics in 1970 for his work on this field.The official birth of incompressible fluid Magnetohydrodynamics 
is 1936-1937. Hartmann and Lazarus performed theoretical and experimental studies of MHD flows in 
ducts.The governing equations are indicating the motion of conducting fluid in a magnetic field i.e, the 
couple of both “Navier-Stokes equation of fluid” and “Maxwell’s equation of electromagnetism”. 

THE GOVERNING EQUATIONS 
By considering electromagnetism and fluid dynamics, we can derive the governing equations for MHD flow. 
We have to consider “non-magnetic”, “conducting”, “Newtonian Fluid” with “uniform kinematic velocity”  
i.e  and incompressible flow. 

Lets consider the Maxwell’s Equations,  

       (1) 

The Faradat’s Law is, 

       (2) 

Ohm’s Law and the Laplace forces is, 

        (3) 

By combining above, we get a transformation equation for , 
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       (4) 

By the vector identity  and by magnetic Gauss’s law  

We got the induction equation as,  

    (5) 

Where  is the magnetic diffusivity. 

The equation of motion gives the N.S Equation for incompressible flow, i.e,  

 
          (6) 

Now substituting Lorentz force, we get 

     

 
      (7) 

Where  is the kinematic viscosity 

 

Lets discuss another form of N-S Equation. 

Let denoted as vorticity field. 

By using vector identity,  

       (8) 

By neglecting the other forces we can write the N.S Equation  

      (9) 

i.e.,     (10) 

 curl of a gradient function is zero, hence  

  (11) 

We call thisas“Vorticity Equation” 

SOME IMPORTANT APPLICATIONS OF MHD 
 MHD are used for the generation of electrical power with the help of electrically conducting 

fluid over a magnetic field. 
 MHD are also used for describing the rheological performance of blood in biotic system. 

 MHD are use in many engineering works as like plasma confinement, electromagnetic casting.  
 In nuclear reactor plant it is also used for colling of nuclear metal. 
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 For analyzing the flow pattern in the core of earth in Geo-physics field the concept of MHD are 
used. 

 In astrophysical problems like solar structure, solar wind bathing, interstellar magnetic field etc., 
the use of MHD is also found.   

 Magnetic fields play important role in determining the structure of the corona and triggering 
solar flares and mass ejections. Solar wind interacts with Earth’s magnetic field. 

 MHD are also used in many fields like Metallurgy (induction furnace and casting of Al and Fe) 
Dispersion (granulation) of metals, Ship propulsion, Crystal growth, MHD flow control 
(reduction of turbulent drag), Magnetic filtration and separation, Jet printers, Fusion reactors 
(blanket, divertor, limiter, FW). 

 MHD are utilized for the treatment of serious disease like cancer.Treatments begins by 
vaccinating a patient intravenously with a drug that’s either summarized into a magnetic 
microsphere or coupled on the surface of the microsphere/nanosphere. 

 MHD is used to predict the inverting of the Earth’s magnetic poles.Based on the MHD 
equations, Glatzmaier and Paul Roberts have made a supercomputer model of the Earth's 
interior. 

FUTURE APPLICATIONS OF MHD 
 Professor Subrata Roy from the University of Florida mechanical and aerospace engineering 

associate has proposed a patent on the application of a circular, spinning aircraft design which 
will be powered by a magnetohydrodynamics. By his study, electrodes will cover each of the 
vehicle’s surfaces and ionize the nearby air into plasma.The force formed by passing an 
electrical current through this plasma impulses around the surrounding air. So that swirling air 
produces lift and momentum and provides stability against wind gusts. 
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