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Preface
Nepal Food Scientists and Technologists Association (NEFOSTA) has been providing forum for 
discussion and exchange the ideas and views on research fi ndings in the fi eld of food science and 
technology among food scientists, technologists, students, food industrialists and other concerned 
stakeholders since its establishments in 1984 AD. As one of the major activities of this association, 
NEFOSTA jointly organized the National Conference on Food Science and Technology [Food 
Conference-2012] in association with the Department of Food Technology and Quality Control 
(DFTQC), and Central Campus of Technology (CCT) on 10-11 August, 2012 (26-27 Shrawan, 
2069) in Kathmandu.

It made us very much proud that the participation in the conference was signifi cant in numbers as 
well as the presented key note papers, research papers and posters were also very thought provoking 
and meaningful. Taking into account the views, suggestions and recommendations presented in 
different papers and views raised during the concluding session, the conference has made fi nal 
resolutions in the form of suggestions and recommendations. Those resolutions have already been 
published in the form of a booklet in both English and Nepali language. As per our commitment, 
we have also produced visualization of the conference in the form of CDs and proceedings, which 
are available in the NEFOSTA Resource Centre (NRC) as historical documents. 

After a very long gap of holding this type of mega events in the history of NEFOSTA, we succeeded 
to organize this event with the support of different agencies, individuals and our members. 
Considering the history of past such events, the conference has decided to name this event as the 
6th of its series and so the next conference will be held as the 7th national level conference naming 
as “7th National Conference on Food Science and Technology [Food Conference - …..]”. 

We are very much thankful to all supporting agencies such as WHO, UNICEF, PACT, STCL, DDC, 
NFC, NCFST, HICAST, GGIC, LVC, Diversy India, Nepalese Food Technologists – Nigeria, KL 
Dugar Group, Trishul Trade Link, CG Group, Sitaram Gokul Milks and other institutions and 
individuals, who kindly supported directly or indirectly for the success of the conference. And we 
do hope similar supports and cooperation in future too.

I would like to express my sincere thanks to Mr. Krishna P. Rai, Member Secretary of the 
Conference, who successfully took over the task of organizing this mega event. Thanks also go 
to all Advisory Panel members, Organizing Committee members, Sub-Committee members, 
NEFOSTA Executive Committee, NEFOSTA members, NEFTSA, NEFOSTA Offi ce Assistant 
Miss Pratiksha Shrestha and all other concerned personnel and organizations, who helped in one or 
other way to succeed the conference. Likewise, I feel privileged to express my sincere gratitude to 
Mr. Ganesh Dawadi and his Editorial Board Members for their painstaking efforts to publish this 
Proceeding within the very limited time frame. 

NEFOSTA welcomes creative suggestions from the readers of this proceeding so as to improve in 
the forthcoming editions. 

Mr. Uttam K. Bhattarai
Chairperson, Organizing Committee
Food Conference 2012
&
President
Nepal Food Scientists and Technologists Association (NEFOSTA)
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Editorial

It is our immense pleasure to bring out this proceedings of 6th National Conference on Food 
Science and Technology (Food Conference-2012) with the main theme of ‘Food Science 
and Technology for the Betterment of Society’ jointly organized by Nepal Food Scientists and 
Technologists Association (NEFOSTA), Department of Food Technology and Quality Control 
(DFTQC), and Central Campus of Technology (CCT), which was held on 10-11 August, 2012 in 
Kathmandu, Nepal. Offi cially inaugurated by the Rt. Honorable Vice President, Mr. Parmanand 
Jha, the conference was able to gather more than 200 food professionals from different sectors viz.
government, non-government, industry and academia. 

This proceeding contains speeches from the chief guest and other guests during the inaugural 
session, scientifi c papers, posters, keynotes as well as fi nal resolution of the conference. It contains 
a total of thirty seven scientifi c papers including four posters, six key notes and four invited 
lectures under seven different thematic areas. The papers cover a wide range of subjects such as 
food safety and quality, post harvest and food processing technology, food and nutrition security, 
nutraceuticals and functional foods, food biotechnology and microbiology, indigenous foods, 
environmental issues. The fi nal resolution includes ten main action points in different areas.

As a result of  tremendous support and cooperation from the members of Food Scientists and 
Technologists as well as other stakeholders such as food industries, academic institutions and UN 
agencies (WHO, UNICEF), the conference was  a great  success. 

The editorial board is grateful to the conference organizing committee for giving this opportunity 
of documentation of Food Conference-2012 and also thankful to all the fellows, who cooperated 
the Sub-Committee on Abstract and Proceedings directly or indirectly to bring this document in 
this form. 

I hope this publication will be a reference document for policy makers, researchers and other 
professionals who are involved in the advancement of Food Science and Technology in Nepal. 

Editorial Board
Abstract and Proceeding Sub-committee
Food Conference-2012
September 2012



III

Inaugural Address by Rt. Hon. Vice President, 
Mr. Parmanand Jha

Distinguished Guests
Ladies and Gentlemen,

It is my great privilege and honour to be present and share my views in the National Conference 
on Food Science and Technology (Food Conference- 2012) with the theme of Food Science and 
Technology for the Betterment of Society.   

Hunger and malnutrition are still big problems of developing world. The situation in Nepal is also 
very precarious. Almost half of all under-fi ve children are malnourished. Promotion of nutritionally 
rich products, making the whole agriculture value chain more nutrition sensitive and improving the 
food consumption behavior of mothers and babies with special focus on “Golden Thousand Days 
of Life” we can make a difference. I hope this conference will fi nd some innovative and practical 
ways of orienting this sector for achieving the millennium development goal of reducing extreme 
hunger and malnutrition by half by the year 2015.

Distinguished Guests,
Ladies and Gentlemen,

Nepal’s joining of World Trade Organization has created tremendous opportunities to export 
agri-food products to the world market. At the same time, it has also posed some challenges and 
threats of entering low-quality food products from our trade partners. Our food industries are 
still struggling to keep pace with the international quality and safety standards and systems. This 
conference will be able to analyze the present day challenges faced by food industries and fi nd 
a way forward to improve the quality and competitiveness so as to compete in the international 
market.  Likewise, the conference will be able to assess Nepal’s challenges and threats regarding 
consumer health and satisfaction by the infl ux of low quality and unsafe foods and come up with 
recommendations to strengthen our capacity in regulating the safety and quality of both imported 
and exported food products.

In the past years, Nepal has achieved a great increase both in production and productivity of 
agricultural commodities. However, high post harvest losses prevail due to rodent, and insect 
infestation, and spoilage by mould and bacterial invasion resulting into food insecurity in some 
parts of the country and at certain time of the year.  There must be improvements in the methods 
of handling, storage, processing and preservation. Food Science and Technology would contribute 
immensely by devising better means of processing and preservation in such a way as to reduce all 
forms of storage loss to a minimum level. 

Distinguished Guests, 
Ladies and Gentlemen

There is no doubt; we have to use the modern technologies such as biotechnology to advance 
further the development of food science and technology in Nepal. But at the same time, we should 
also pay attention to our traditional knowledge in processing and preservation of food products. 
With some research, we can easily package these technologies and products and present them to 
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the global consumers. This would certainly create an opportunity to improve the livelihood of 
Nepalese living in rural areas. 

There are increasing evidences that certain foods have properties to prevent or cure some chronic 
diseases such as cancer, diabetes, heart diseases etc. Thanks to the advancement of technology, 
there are several food products and extracts from foods in the market with their special function of 
curing diseases. It’s time for us to explore Nepalese foods/ plants with such properties so that we 
can package our products for world consumers. At the same time, we should upgrade food control 
system to regulate these products in order to protect our consumers from fraudulent products/
claims.

I am confi dent that the deliberations in this conference will come forward with innovative ideas for 
the industrialization of agriculture through appropriate and farmer friendly processing technologies 
and also for the improvement of quality and safety of food products to guarantee good health and 
nutritional status of all Nepalese. 

I wish this conference a great success.

Thank you.
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Address by Hon. Minister for Environment, Science and 
Technology, Dr. Keshav Man Shakya 

Rt. Hon. Vice President
Distinguished Guests, Ladies and Gentlemen,

It is my great privilege and honour to be present and share my views in the National Conference 
on Food Science and Technology (Food Conference- 2012) with the theme of Food Science and 
Technology for the Betterment of Society.   

Development of Science and Technology is very much essential not only for the economic growth 
of a nation but also for the development of a modern society which is free from any dogma and 
which believes in a scientifi c logic system.

Being an agricultural based economy, we need to advance technologies for the modernization and 
industrialization of agriculture sector. Not only big and sophisticated processing establishments in 
the urban centers but also small scale and appropriate processing technologies should be promoted 
in the villages for transforming the lives of the rural communities. Food Scientists and Technologists 
have a great role to play in improving the safety and quality standard of high tech products so as 
to make them competitive in the international market. At the same time, it is equally important 
to develop and disseminate appropriate technologies along with the technical backstopping for 
improving the quality and safety standard of agri-food products to protect the health, nutritional 
and economical interests of consumers. This will ultimately contribute for achieving the goal of 
making Nepal a healthy and wealthy nation. 

It is very important to have more industries for our progress and prosperity. But, at the same time, 
it is more important to have pollution free cleaner production technologies and systems to reduce 
the negative effects of climate change, which we have already started to witness around us. I am 
very pleased with one of the themes of the conference- Food, Climate Change and Environmental 
Issues. I hope the wealth of knowledge will be brought together and discussed for a agreeable 
strategies to make agri-food industries more environment friendly so as to contribute in our efforts 
of protecting the mother earth in general and our Himalayas in particular from the destructive 
effects of climate change. 

Thanks to the agricultural technologies developed in the past decades, we have signifi cantly 
increased our agriculture production and productivity. Use of improved technologies and agricultural 
inputs – improved seeds, chemical fertilizer as well as  pesticides and herbicides have contributed 
signifi cantly for the increase of production and productivity of agricultural commodities. However, 
the unscrupulous use of pesticides in the agricultural fi elds, has posed environmental threats from 
the drainage of these chemicals into rivers and lakes affecting the fl ora and fauna negatively. At 
the same time, the high level of residue of these pesticides in foods especially fresh fruits and 
vegetables has threatened the health of the consumers. 

It is, therefore, very important to increase the current level of production and productivity of food 
commodities to feed the increasing population by taking special precaution in the use of agro-
chemicals.   I am very much hopeful that this conference will also discuss these issues and come 
up with a way forward in this area.

I am confi dent this conference will be able to gather knowledge and information in the areas 
of Food Science, Food Technology, Food Quality and Safety and other related fi elds and build 
consensus which will further feed into the government process for further support to move the 
agenda forward. 

I wish you all very fruitful deliberations and all the success of the conference. 

Thank you.
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Message from World Health Organization, Country Offi ce
for Nepal

Food borne diseases and threats to food safety constitute a growing public health problem 
everywhere. The World Health Organization estimates that food borne and waterborne diarrhoeal 
diseases taken together kill about 2.2 million people annually, and 1.9 million of them are children. 
Many communicable diseases, including emerging zoonoses, are transmitted through food, and 
many non-communicable diseases, including cancers, are associated with chemicals and toxins 
in the food supply. This existing burden will be compounded by the effects of climate change, 
which is likely to increase the incidence of food borne diseases because of the faster growth rate 
of microorganisms in food and water at higher temperature. Outbreaks of food borne disease have 
had devastating health and economic consequences in both developed and developing countries 
alike. Recent cross-border events related to both chemical contamination, for example melamine 
in milk and milk products, and microbiological contamination, for example Salmonella in meat 
and poultry products, highlight the global aspect of the problem. Many new human infectious 
diseases in recent decades have originated from animals and transmission to humans has often been 
through food and food preparation practices. Notable examples include Severe Acute Respiratory 
Syndrome (SARS) and highly pathogenic avian infl uenza. These and other trends in food safety 
are creating an increasing demand for food safety research and sharing of information in order to 
ensure a safer global food supply.

The Sixty-third World Health Assembly in 2010 adopted resolution WHA63.3, entitled “Advancing 
food safety initiatives,” urging member states to further develop and implement capacities required 
for their participation in the International Food Safety Authorities Network, including development 
of systems for surveillance of food borne disease, risk management and communication, emergency 
response to outbreaks, including capacity for laboratory testing, product tracing and recall of 
contaminated products. 

Responding to the World Health Assembly resolution, WHO is working with countries to build 
and strengthen national food safety system. WHO is pleased to be working with the Government 
of Nepal and other partners to address critical food safety issues in this country.  New challenges 
in food safety are emerging as a result of globalization and the trend towards urbanization and 
associated life style changes.

I would like to congratulate the organizers for their successful efforts in organizing this conference 
and I renew WHO’s commitment to support Nepal’s ongoing programmes in food and nutrition in 
collaboration with important partners such as the Food and Agriculture Organization of the United 
Nations and others.

Thank you.
Dr Lin Aung
WHO Representative to Nepal 
10 August 2012
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Address by the President of Nepal Food Scientists and Technologists 
Association (NEFOSTA) and Chairperson of the Organization 

Committee, Mr. Uttam Kumar Bhattarai 

Rt. Honorable Vice President, Mr. Parmanand Jha
Hon. Minister of Environment, Science and Technology, Dr. Keshav Man .Shakya
Hon. Vice Chairperson, National Planning Commission
Respected Secretaries of Government of Nepal
Dr. Lin Aung, Country Representative, WHO
Dr. Kunal Bagchi, WHO Regional Adviser for Food and Nutrition
UNICEF, representative
WFP, Representative
Distinguished personalities on the dais
Distinguished invitees, participants
Media persons
Ladies and Gentlemen

First of all, on behalf of the Organizing Committee of the National Conference on Food Science 
and Technology [Food Conference 2012], I would like to   express my sincere gratitude for your 
gracious presence in this occasion.

Being one of the signatories of international declarations such as World Food Summit 1992, World 
Summit on Food Security 2009, International Conference on Nutrition 1992, Nepal is committed 
for achieving food and nutrition security of all Nepalese. Similarly, Interim Constitution of Nepal 
has also guaranteed the right of food sovereignty to all Nepalese. However, the situation of hunger 
and malnutrition has not improved signifi cantly. Both women and children below fi ve years of age 
suffer from various forms and types of malnutrition. Almost half of all under-fi ve children suffer 
from stunting- low height for age and one quarter of women of child bearing age are thin- low 
weight for height. Iron Defi ciency Anemia, Vitamin A Defi ciency and Iodine Defi ciency Disorder 
among women and children are also serious public health problems. 

All these problems of malnutrition not only contribute almost 50 % of the child mortality but also 
jeopardize the physical and mental growth and development at the early stage of life compromising 
the productivity at later stage of life. The studies conducted show that these nutritional problems 
cost up to 3 % of national GDP. It is estimated that Nepal is losing around 110 billion Nepalese 
Rupees per year, almost one fourth of its total annual budget due to these nutritional problems.  

In this modern world, as a result of newer developments in food processing technologies, there is a 
revolutionary change in our life style and food habits. At the same time, due to contamination and 
adulteration of food products, food borne diseases are becoming more common around the world. 
The “mad cow disease” in Europe,” and melamine contamination” in China are few examples. 
Chemical, microbiological and radiation contaminations are quite common and threatening the 
world market. Increased incidents of chemical contaminations such as pesticide and veterinary 
drug residues, preservatives, food colors and food fl avors, toxic heavy metals, acryl amide as well 
as mycotoxins in processed food products are posing threats to the consumers and affecting the 
food trade seriously. In Nepal, microbiological contaminations of meat and meat products, milk 
and milk products and processed drinking water are in increasing order. 

As a result of consuming contaminated food, sometimes there are reports of death and illnesses in 
the news media. The most common incidents are of the death and illnesses caused by consuming 
poisonous wild mushrooms. Many other food borne illnesses and deaths are not properly reported. 
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Although we don’t have a system to document, analyze and estimate losses in term of economic 
value, the estimation carried out in other countries, it costs billions of rupees. 

It is not only the low production and productivity of food commodities, but also a high post-harvest 
loss which is threatening our food and nutrition security situation. Post-harvest loss in Nepal is 
in the range of 20-40% depending on perishability of agricultural products. This high fi gure of 
losses is the result of improper practices during harvesting, transportation, storage, processing and 
packaging in the value chains. Such a huge loss can be minimized by implementing corrective 
technical measures through the use of food science and technology.

Internationally, there is an increasing trend of focusing not only to the fi nal product but also the 
whole system of production from raw material to the fi nal product. Application of good practices 
such as Good Agriculture Practice (GAP), Good Veterinary Practice (GVP), Good Hygienic 
Practice (GHP), Good Manufacturing Practice (GMP) and Hazard Analysis and Critical Control 
Point (HACCP) along the value chain helps improve the quality of food products resulting into a 
higher level of consumer confi dence.  Food Scientists and Technologists can play an important role 
in convincing and motivating food industries for the adoption of these systems especially GMP, 
GHP and HACCP.  

Recent developments in the area of biotechnology such as Genetic Modifi cation technology has 
shown a high hope in revolutionary increase in the production of food commodities, which will 
help feed the increasing population. However, there are is still hesitation and resistance to this 
technology from around the world we need to strengthen our system to regulate the food products 
originated from GM technology based on risk analysis so as to assure the consumers. 

The ultimate goal of food quality control system is to satisfy the consumers by reducing the risk 
of food borne illnesses. In the absence of recording and reporting of Food Epidemiological data 
systematically, it is always very diffi cult to measure our progress in this area. It is a very basic 
step for assessing the risk of any food related health threat. It is, therefore, an urgent need for the 
establishment of such mechanism as part of the national food control system.

The history of Food Science and Technology in Nepal is not very long. Since 1984, Nepal has 
been producing Food Technology graduates and now, there are already more than 500 Food 
Technologists working in different government, non-government, UN organizations, and private 
food industries, educational institutes in Nepal and abroad. Not only the number of such graduates 
but also the number of institutes has increased. There are ten such colleges in Nepal where Diploma, 
B.Tech, M.Tech. M.Sc. and Ph. D. courses are being offered. But, unfortunately there is no such 
regulatory agency functioning in the country so as to monitor the standard of such institutions and 
the graduates being produced from them. Therefore, it has become very urgent to establish Nepal 
Food Technology Council with appropriate regulatory authority. 

I would like to take this opportunity to  thank Rt. Hon. Vice President, Hon. Minister of Environment, 
Science and Technology, and all the distinguished guests for your inspiration and encouragement 
for the success of this conference Furthermore, I would also like to thank all the sponsors for their 
generous support for organizing this conference. Similarly, it is the keynote speakers, paper/poster 
presenters and the participants, whom the conference will count on for innovative ideas in the 
various areas of Food Science and Technology; I would like to extend my special thanks to you all. 

Lastly, the success of this conference is due to the untiring efforts and all the hard work of 
the members of the organizing committee and sub-committees. I would like to thank you and 
congratulate you for this grand success.

Thank you.
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Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

1

National Conference on Food Science and Technology 
(Food Conference - 2012)

Final Resolution
1. Conference name and its series number
 The conference considered  this conference as the 6th  Conference of this kind and  suggested 

that the  next conference should be termed as the 7th National Conference on Food Science 
and Technology ( Food Conference-…. ) and  in every two years , one National Conference 
on Food Science and Technology  should be held.

2. Nepal Food Council Act
 Government of Nepal should promulgate “Nepal Food Council Act” NFCA as soon as 

possible 

3. Food and Nutrition Security
 Agriculture sector should give more priority to food and nutrition security with emphasis 

on production, processing and consumption diversification in order to contribute for the 
reduction of all forms and types of malnutrition. For that, focus is to be given on the 
following: 
3.1. Ministry of Agriculture Development should establish Food and Nutrition Security 

Division
3.2. Food based nutrition should be promoted throughout the life cycle of Nepalese with 

special emphasis on vulnerable groups   
3.3. A proper coordination mechanism should be established among different line 

agencies and other stakeholders  for effective implementation of Food and Nutrition 
Security  programs

3.4. Existing school feeding program should use locally produced and processed food 
materials as far as possible and the safety and quality of these foods should be 
ensured by an appropriate monitoring mechanism   

3.5. Complementary food formulation should  be based on locally available materials
3.6. Government of Nepal should include safety, quality and nutrition indicators in the 

existing food security monitoring system  
3.7. Mission programme to promote underutilized nutritious foods by developing and 

disseminating palatable recipes
3.8. Food based dietary guidelines should be updated and disseminated  massively 

Nutrition education and awareness activities should be intensified
3.9. Nutrition education and awareness activities should be intensified
3.10. A chapter on food and nutrition should be incorporated into the existing  secondary 

level  curriculum 
3.11. Maximum retention of nutrients during processing and preservation should be taken 

into account as an important aspect of food and nutrition security programmes
3.12. Recommended Dietary Allowance ( RDA)  for Nepalese people should be developed

4. Food Safety and Quality
There is an increasing need to strengthen the existing capacity of food control system for 
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consumer welfare, specifically;
4.1. Food Act and Regulation should be revised in order to; harmonize with international 

legislative framework; address the emerging issues such as GM foods, functional 
foods and Nutraceuticals; make nutrition labeling of packaged foods mandatory; 
cover alcoholic beverages.

4.2. Nepal Food Safety Authority should be established in order to address the aspects of 
food safety and  quality throughout the value chain as adopted in other countries 

4.3 Food Safety and Quality Assurance  systems and tools  GMP and HACCP should 
be implemented mandatorily at least in large scale food industries , and for SMEs 
government should provide financial assistance for adopting such systems and tools

4.4 Food grade packaging should be made mandatory and food packaging material 
testing laboratory should be established

4.5 The proposed Nepal Accreditation Board Act must be promulgated immediately 
and the food testing laboratories as well as certification bodies should be accredited 
accordingly.

4.6 National Reference Food Laboratory should be established  so as to provide guidance  
and regular monitoring of  food testing laboratories

4.7 The existing free consultancy services of the government  to small and cottage food 
industries should  be strengthened and  the GoN should  provide financial support  to 
those industries for improving the safety and quality of food products

4.8 A system should be established for a regular surveillance of   the epidemiology of 
food borne illnesses so as to provide feedback to food control system under any of 
the institutions i.e. DFTQC/DOH/MOHP

4.9 Local government bodies especially DDCs and  Municipalities should set-up system 
to regulate the safety and quality  of food products

4.10 The act and regulation on pesticides should be implemented effectively in order to 
protect the consumers from the harmful effects of residues of pesticides in  foods 
especially  primary food products 

4.11 Food safety and quality control system should be expanded to all the districts and 
municipalities

4.12 Stakeholders such as government agencies, consumer associations, industries and 
other concerned institutions should be actively involved in food safety and quality 
program

4.13 Maximum Residue Limits for food contaminants such as veterinary drugs, antibiotics, 
heavy metals, pesticides, mycotoxins etc.  should be fixed

4.14 Medium and large scale industries must recruit Food Science and Technology expert  
to ensure the safety and quality of food  products  and this should be monitored by 
the government food control agency

4.15 Nepal should actively participate in the international forum such as Codex, 
INFOSAN, etc. so as to enhance its capacity on food safety and quality.

5. Postharvest and Food  Processing Technology
Government should give special emphasis for the development of appropriate food 
processing technologies with the following actions:
5.1 Food Processing and Training centers, with facilities of Pilot Plant should  be 

established in each region for the  development of   value added products and training 
of potential entrepreneurs 
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5.2 The existing food research and development capacity of NARC should be 
strengthened.  Food Science and Technology Research Division (FSTRD) should be 
established. 

5.3 Government should provide action research projects along with financial support 
to academic institutions in the field of Food Science and Technology to address 
national priority problems. 

5.4 Partnership with food industries, NFC, DDC, STCL and problem based research 
activities should be promoted in academic institutions

5.5 Government should harmonize OVOP grade standards with international standards 
and should be disseminated to the farmers and other concerned stakeholders.

5.6 Government should set standards on the degree of rice milling considering the 
nutritional value and recovery. 

5.7 Post harvest loss minimization and by-product utilization programmes should   be 
emphasized by setting specific targets based on available scientific evidence and 
research findings.

5.8 The developed food processing technologies should be disseminated through an 
appropriate extension channel to the end users

5.9 The capacity of existing institutions should be strengthened in order to carry out 
research in post harvest and  food processing technologies

5.10 An incentive package should be provided to agro-food processors on the basis of 
percentage value addition to primary products. 

6. Nepalese Indigenous Foods and Biotechnology
6.1 Mission programs should be designed to standardize and commercialize indigenous 

food processing technologies. Patent right should be protected.
6.2 Food products with Geographical and Ethnic Identification (GEI) should be 

promoted.
6.3 Information on traditional food technologies should be documented; their efficiency 

should be improved and commercialized. The Government and academic institutions 
should pay more attention for the research and development of indigenous food and 
bio- technology. 

6.4 Government should have a strong regulation to protect the Intellectual Property 
Right on indigenous food technologies. 

6.5 Government should give high priority for the development of food biotechnology 
with the provision of institutional, technical and financial resources

7. Functional Foods and Nutraceuticals 
7.1 Information on potential functional foods should be collected and research should be 

conducted.
7.2 The capacity of government should be strengthened to regulate  functional foods  in 

the Nepalese market 

8. Food  Science and Technology  Education 
8.1 The syllabus of Food  Technology course should be updated  regularly to incorporate 

the recent trends and developments in the field of Food Science and Technology
8.2 In-Plant training and industrial visits to food industries  should give high emphasis 

as the essential component of Food Technology course 
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8.3 Nepal Institute of Food Science and Technology should be established directly under 
the Government of Nepal. 

9. Food, Climate Change and Environmental Issues
9.1 Promotion of fish and poultry industry for reducing the  emission of green house gas, 

thus protecting environment
9.2 The industries should treat the effluent properly and comply with the government 

standards to  reduce  the risk of hazardous chemicals for both aquatic and terrestrial 
life

10. Professional Development
10.1 NEFOSTA should get regular annual financial assistance from the GON.
10.2 Government should recruit  at least one  food tech graduate  in each district so as to 

carry out the following functions:
•	 To work as member secretary in the district level Food and Nutrition 

Security Committee
•	 To work as quality controller for food and feed products
•	 To provide technical assistance to agro-food processing businesses
•	 To create awareness on the safety, quality and nutritional value of foods

10.3 Food industries and other employing agencies should give top priority to Nepalese 
graduates of Food Technology.

10.4 B.Tech. graduates should be employed in the post of Seventh Level Officer by the 
Corporations of Government of Nepal.

10.5 Diploma (3 years after SLC) graduates should be employed by the Government of 
Nepal as Non-Gazetted First Class (technical).

10.6 NEFOSTA should compile a roster of professionals in the field of Food Science and 
Technology.
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Food and Nutrition Security in Nepal: Present Status, Problems/ 
Challenges, Opportunities and Ways Forward

Hem Raj Regmi1 and Uttam K Bhattarai2*

 Under Secretary, Ministry of Agricultural Development
2Joint Secretary, Ministry of Agricultural Development

Food and Nutrition Security (FNS) has been given very high importance in Nepalese policy and 
legal framework documents. The constitution has assured the food and nutrition security by 
guaranteeing food sovereignty as a fundamental right to its citizens but its implementation is still 
lacking. The short term food security situation is being monitored by preparing Food Balance 
Sheets and through NeKSAP (Nepal Khadya Surakshya Anugaman Pranali) system. The medium 
to long term food security is monitored through food consumption survey, poverty analysis and 
measure of malnutrition. Studies have shown that the effect of malnutrition particularly Protein 
Energy Malnutrition (PEM) costs about 3 % and Iron Deficiency Anemia (IDA) costs about 4 % in 
the GDP. On the basis of  above estimates Nepal is losing an amount of about Rs 110 billion per 
year in the recent years which is almost one fourth of the total national budget. Now a days food 
is highly associated with nutrition and different Plans mainly Multi-sectoral Nutrition Program 
(MSNP) and other sectoral programs focus on the consolidated approach on food based nutrition. 
This paper presents the present status of food as well as nutrition security of Nepalese people at 
different levels, Institutional as well as policy development in this sector, Problems in attaining food 
and nutrition security at different levels, possible intervention, opportunities and ways forward.

Keywords: Food and nutrition security, Malnutrition, Poverty, Phase classification, Climate change

1. Introduction
1.1 General Background

The agriculture sector contributes nearly 35 % of Nepal’s Gross Domestic Product (GDP) 
and supports the livelihood of more than 74 % of the population of Nepal (CBS, 2012, 
NLFS, 2007). About 21 % of the land is cultivable of which 54 % has irrigation facilities 
with per household land holding being 0.7 ha. Most of the Nepalese population depends on 
agriculture as their means of livelihood, which is based on a rich diversity of useful species. 
The diversity of livestock (both improved and indigenous breed) plays a vital role in 
contributing to the wellbeing of rural communities contributing to the food based nutrition.

 
The recent national level household survey named Nepal Living Standard Survey (NLSS) 
III 2009, done by CBS has shown that still 25 percent of the people are living below poverty 
line whose daily per capita consumption of energy is less than 2,220 Kcal. The average 
annual household income is about NRs 2 hundred thousand and per capita income is about 
NRs 40.5 thousand. The average annual household consumption expenditure is 1 hundred 
and 70 thousand with per capita being about 35 thousand. It is interesting that about 62 
percent of the total expenditure of these households goes on food. The poverty line is about 
19 thousand per person per year to get fixed amount of food, non food as well as housing. 
It is interesting that a joint FAO/WFP Food Security Assessment Mission in April 2007 
reported 2,405 Kcal per day of calorie requirement at national level and the proportion of 
undernourished population was estimated at 40.7 percent, with the minimum caloric intake 
requirement of 2,124 Kilocalories (Kcal) per day set by CBS at that time. Percentage of 
population getting less than minimum calorie intake is still 38 % (NLSS 2011). 

*Corresponding author, E-mail: Ukbhattarai21@yahoo.com
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Similarly, National Demographic and Health Survey (NDHS 2011) carried out by Ministry 
of Health and Population (MOHP) shows the alarming rate of Protein Energy Malnutrition 
(PEM) that is indicated by wasting, stunting and malnutrition as 41, 11 and 29 percent 
respectively among under five children and low Body Mass Index (BMI<18.5 Kg/square 
meter) among adult population especially women showing its percentage as 18%. The height 
of women having less than 145 cm is 12 percent. NDHS 2011 further reports anaemia as a 
very crucial problem showing the percentage of under-five children and women as 46 and 
35% respectively.  In addition, Nepal is still facing the malnutrition problem caused by 
vitamin A deficiency and Iodine Deficiency Disorder (IDD) significantly.

Among other indicators percent of low birth weight babies, having less than 2.5 Kg, was 
reported as 12 percent (among 36 % birth reported). Similarly infant and under five mortality 
rate in the past five years were 46 and 54 deaths per 1000 live births, While Crude Death 
Rate (CDR) for Nepal is about  8.

1.2 Conceptual Context
United Nation, Food and Agriculture Organization (FAO) in 2000 proposed that ‘Food 
Security’ is achieved when it is ensured that “all people, at all times, have physical, social 
and economic access to sufficient, safe and nutritious food which meets their dietary needs 
and food preferences for an active and healthy life”. In this definition, food covers safe and 
clean water as an essential part of food commodities.

The term nutrition security was coined during 1995, which considered the aspects of caring 
practices, health services & healthy environments to the concept of initially recognized food 
security. Considering these aspects Nutrition Security can be defined as adequate nutritional 
status in terms of protein, energy, vitamins, and minerals for all household members at all 
times (Quisumbing 1995). 

The distinction between food security and nutrition security is as depicted below in the 
Figure 1; the dotted line triangle covers the domain of food security while the bold line 
triangle indicates nutritional security resulting in achieving required nutritional status i.e. 
food and nutrition security (FNS):

(Source: Gross et al., 2000)
Figure 1. Conceptual framework for understanding nutritional status at household level
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The above concept has been more elaborated in the following Figure 2, showing in more 
details about different requirements to be fulfilled to achieve the objectives of Food and 
Nutrition Security (FNS) at national, sub-national and household level.  It emphasizes 
not only availability and accessibility but also consumption and utilization part focusing 
on feeding practices, nutrition education, eating habits, consideration of energy and other 
nutrients intake, hygiene and sanitation, water quality as well as food safety and quality of 
FNS; which is generally being ignored in dealing with food security. 

Figure 2. Framework for understanding Food and Nutrition Security

Note: Adapted from Food Security: Concepts and Issues by Rao J.M. 2006. University of 
Massachussets, Amherst, USA)

Considering all above facts, declaration of the World Summit on Food Security held on 
16-18 November 2009 in Rome has accepted the following concept: “ Food security exists 
when all people, at all times, have physical, social and economic access to sufficient, safe 
and nutritious food to meet their dietary needs and food preferences for an active and healthy 
life. The four pillars of food security are availability, access, utilization and stability. The 
nutritional dimension is integral to the concept of food security”. 
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Thus, the above definition combines food and nutrition security and emphasizes on 
Availability, Accessibility, Use and Utilization of food with Stability. A holistic understanding 
of Food and Nutrition Security (FNS) stresses the various dimensions of the concept as: 
Categorical aspects, Socio-organizational aspects, and Managerial aspects.

1.2.1 Categorical Aspects
FNS framework is influenced by two factors, physical and temporal. The physical factors 
are related to the food flow i.e. Availability, Accessibility, Use & Utilization. The temporal 
factor of FNS refers to stability, which affects all three physical factors. 

Availability refers to the physical existence of food, either from own production or from the 
markets. Food availability at national level is the quantity of available food that is expressed 
as: net available food that is estimated as total production minus intermediate consumption 
(seed, post harvest loss, feed use, processing loss, industrial use, alcoholic and other use) 
plus net imports. It can also be referred to food supplies available at the household level as 
well.
 
Access is ensured when all households and all individuals have sufficient resources to 
obtain balanced foods for a nutritionally balanced diet. The adequate level of access can be 
achieved without households being self-sufficient in food production. The most important 
factor is the households’ income which, together with own production, can be used to meet 
food needs for a healthy life. Regular availability and accessibility can be hampered by 
natural disasters or social conflict. So, there will be more possibility of food insecurity in 
such situations.

Use of food is related to the socio-economic aspect of household FNS. Unequal distribution 
of foods within the households may cause food insecurity to some members, even if the 
measured aggregate access is sufficient. Situation of food insecurity also arises if the 
composition of the consumed food is not nutritionally balanced as recommended by 
Recommended Dietary Allowance (RDA). Knowledge and food habits as well as social 
taboos are the determining factors for this type of socio-economic aspect of FNS, especially 
for feeding infants (breast feeding, weaning practices, etc.) and pregnant and lactating 
mothers.

Utilization: At the individual level, utilization aspect of food security means biological 
utilization of food and refers to the ability of the human body to absorb nutrients from 
the ingested food into the body so as to perform body functions such as providing energy, 
helping in growth and maintaining other vital body functions. Similarly, other prerequisites 
to utilization are availability of safe drinking water, minimum sanitary facilities, proper 
health care, food preparation methods, etc. 

Dietary intake must be adequate in terms of quantity and quality so as to provide required 
nutrients such as energy, protein, fat, vitamins and minerals required for the human body 
functions. In other words it can be said that nutritional status is the function of dietary intake 
and that is also influenced by health status of the concerned individual. 

Stability or Sustainability refers to the temporal dimension of FNS i.e. the time frame 
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over which food security is being considered. Furthermore, a distinction is made between 
chronic food insecurity and transitory food insecurity. The former is the case of inability 
to meet food needs on an ongoing basis while the later is the inability to meet food needs 
temporarily. There are two forms of transitory food insecurity: 1) Cyclical, where there is 
a regular pattern to food insecurity during ‘lean season’ or ‘hungry season’, especially just 
before harvest. 2) Temporary, as a result of droughts or floods or civil conflict. 

1.2.2 Socio-organizational Aspects
As described above, the categorical factors of FNS, such as availability, access, use & 
utilization and stability, are relevant to all levels of socio-organizations, such as micro level 
(individual and the household), meso level ( community level i.e. sub-district, district and 
province) and the macro level (national and the global level). At higher levels the overall 
political, economic and ecological conditions become more important. In this way it can 
be said that due to the diverse nature of the determinant factors of human nutritional status, 
achieving FNS is the function of both the natural sciences and the social sciences. Therefore, 
problem of FNS can be solved by an interdisciplinary approach only.

1.2.3 Managerial Aspect
Another aspect is the managerial aspect of FNS activities. FNS management follows the 
classical project cycle such as: Triple A (Assessment - Analysis – Action), Project Cycle 
Management (PCM)), etc. However, it is agreed that program implementation follows a 
cyclic learning process consisting of the following steps: 1) Assessment, 2) Analysis, 3) 
Action/Intervention, and 4) Monitoring & Evaluation (or Re-assessment).

The problems of FNS are identified through assessment procedure. Based on the identified 
problems, feasible solutions or actions are suggested. Thus, the efficient, sustainable, and 
acceptable actions are required to improve the FNS situation. 

2. FNS  Indicators
Lioba Weingärtner in his paper entitled “The Concept of Food and Nutrition Security” 
has given the FNS indicators that are to be monitored on regular basis as presented in the 
following Table 1:

Table 1. FNS Indicators at different Social and Administrative Levels
Social/

Administrative 
Level

Availability Accessibility Utilization Stability

Macro Level 
(National/
International)

Food production
fertility rate
population flows

Food price
wages per 
capita food 
consumption

Stunting rate
wasting rate
LBW rate

Food price 
fluctuation
regional gaps

Meso Level
(Province/District/
Town/Community)

Harvesting time
staple food
production

Market and 
retail food 
prices

Latrine 
coverage DD 
rate

Pre-/post 
harvest food 
women’s BMI

Micro Level
(Family/Individual)

Food storage
consumption of
wild foods

Meal frequency
food frequency
employment

Weight-for-age
goiter anemia

Pre-harvest 
food practices 
migration
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The indicators given above however do not seem sufficient so as to measure FNS in true 
sense. And so other indicators that are essential in the present context and are to be measured 
regularly according to the different dimensions of food security are as follows: 

2.1 Availability
Total quantity of food production/supply does not give a complete picture of a balance diet 
which is required for a healthy living of all population at different levels so as to ensure 
FNS. Food supply and consumption is to be divided into different groups viz Cereal grains, 
Roots and tubers, Pulses and legumes, Fruits and vegetables, Meat and fish products, Milk 
and milk products, Fats and oils, Sugar and sweeteners. Group-wise food production, their 
accessibility and utilization at different levels so as to meet the requirements of energy, 
protein, fat, vitamins and minerals as per the Recommended Dietary Allowance (RDA) of 
all population is very much essential.

  
Use of fertilizer, improved seed and other agro-inputs are also important indicators for FNS 
indirectly, especially in Nepalese context and so are to be monitored periodically.

2.2 Accessibility
So as to make food availability to all population, especially vulnerable groups, an effective 
public distribution system (PDS) is needed and its monitoring is very much essential. 
Similarly, to assure food security to the farmers, government should fix a minimum support 
price, of at least major production so as to maintain a minimum margin in addition to their 
production cost. Transportation subsidy for at least staple grains to the people of remote 
areas is another tool to assure accessibility dimension of FNS. Similarly, ration card or 
food coupon system could be another means of making accessible the basic foods at a 
reasonable or subsidized price. Pension to elderly and below poverty line (BPL) population 
is also necessary because of the fact that they cannot earn required amount of money so as 
to purchase foods for their FNS requirement. Preparedness for relief during disaster such 
as maintaining buffer stock of staple foods is very much required to ensure food security 
to the victims.

 
2.3 Utilization

In Nepal we sometimes measure nutrients consumption data for energy, protein, fat and 
vitamins and minerals on the basis of food balance sheet method which is an indirect method 
and does not give exact data. So as to make these data more exact, we need to have Food 
Consumption Survey (Dietary survey i.e. 24 hr. actual weighing and 24 hr recall method 
on the basis of actual weighing) periodically and analyze and compare the average dietary 
consumption with the RDA.
   
In addition to stunting, under-weight, and wasting of under-five children, other malnutrition 
indicators such as, Body Mass Index (BMI), Iron Deficiency Anemia (IDA), Iodine 
Deficiency Disorder (IDD) and Vitamin A deficiency are also to be monitored regularly, at 
least in Nepalese context. 

2.4 Stability
Regular monitoring of food price fluctuation is very much essential and so Nepal Khadya 
Surakchhya Anugaman Pranali (NeKSAP) has been setup and is being monitored regularly. 
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Due to climate change effect, weak monsoon and sometimes other natural disasters, Nepalese 
agriculture is becoming more volatile and so is threatening stability on food security in 
Nepal. Furthermore, poorer households are more vulnerable and low resilience power for 
coping with food insecurity problem. Agricultural labor migration has been emerging as a 
very serious problem in Nepalese farming system since last several years and so the rate of 
such migration could be one of the important indicators to be monitored. Transportation of 
food products is very important to make food accessible. So, length covered by all weather 
road and fair weather road give indication of stability in food security situation. Similarly, 
preparedness against disaster to mitigate the problem can also be taken as stability indicator.

Considering all facts mentioned above, different indicators to be measured regularly in 
Nepal has been given in Annex - I 

3. Present Status
The status of different food and nutrition security indicators at different levels ie national, 
sub national as well as household level are described in brief in the following paragraphs:

3.1 Poverty
The NLSS, a comprehensive survey which is the main data source for measuring poverty as 
well as other various indicators at national level has shown the decline in poverty over the 
last 15 years as indicated in the following Table 2 and Figure 3. 

Table 2.  Poverty Scenario of Nepal

Sector 1995/962003/042010/11

Nepal41.7630.8525.16

Urban21.559.5515.46

Rural43.2734.6227.43

Figure 3. Poverty Trend in Nepal
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3.2 Food Balance Sheets (FBS)
FBS, which is the very good measure of food availability and requirement in a specific 
period of time, has been produced in Nepal since last 25 years. The pattern of food balance 
is distinct mainly because of natural disasters and low level of inputs in agriculture sectors. 
The details are presented in the following Table 3.

Table 3. Trends of National Cereal Crop Production including Millets and Food Balance since 
2003/04 (in ,000 MT)

Year 2003/04 2004/05 2005/06 2006/07 2007/08 2008/09 2009/10 2010/11 2011/12

Total production 7,360.4 7,747.1 7,767.5 7,656.5 7,329.0 8,069.1 8,114.1 8,615.4 9,457.6

Edible production 4,884.4 4,942.6 4,869.4 4,753.4 5,195.2 5,170.4 4,967.5 5,512.9 6,037.7

Requirement 4,671.3 4,779.7 4,891.0 4,941.1 5,172.8 5,303.3 5,297.4 5,069.8 5,151.4

Balance (in MT) 213.1 162.9 -21.6 -187.7 22.4 -132.9 -329.9 443.1 886.3

Balance (in % of 
requirement) 4.6 3.4 -0.4 -3.8 0.4 -2.5 -6.2 8.7 17.2

Source: Crop Situation Updates, 2011-12, MoAD

This should be noted that potato is also consumed as staple food in some of the mountain 
districts. The national balance sheet has not taken potato as a basic staple food but included 
it in the category of vegetables. Experts have suggested including 20 percent of cereal 
equivalent for the potato. If this will be done then the macro level situation will improve 
more than as explained above.

In contrast, most of the production of millet and some maize as well as wheat go to other 
use i.e. local alcoholic production. PDS system - which is the very popular system of 
accessibility, tried most of the nations of the world and most successful in neighboring India 
- has not yet been practiced in Nepal, but the Government is making preparations for it.

 
3.3	 Global	Hunger	Index	(GHI)	and	Food	self	sufficiency

The GHI captures three interrelated dimensions of hunger: 
1. Insufficient availability of food, measured in percentage of population undernourished 

(PUN) 
2. Shortfalls in the nutritional status of children, measured in prevalence of underweight 

in children under the age of five (CUW), and 
3. Child mortality, measured as the mortality rate of children under the age of five 

(CM).

GHI can be calculated as:
GHI = (PUN + CUW + CM)/3  

Hunger is most directly caused by inadequate food intake. Over time it manifests itself in 
stunted and underweight children, especially in combination with low birth weights and high 
rates of infections. The most extreme manifestation of continued hunger and malnutrition is 
mortality. The GHI recognizes the interconnectedness of these dimensions. 
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The GHI for Nepal as reported by International Food Policy Research Institute (IFPRI) in 
2011 is 19.9 [≤ 4.9 low level of hunger; 5.0–9.9 moderate; 10.0–19.9 Serious;  20.0–29.9 
alarming; ≥ 30.0 extremely alarming]. It is noted that a lower rank indicates better food 
security conditions. But, the following Figure 4, Sub –Regional Hunger Index of Nepal 
shows a very precarious condition. 

Figure 4. Hunger Index in Nepal region wise, Source: NPC. (2010)

This should be noted that Hunger Index is the measure of chronic food insecurity rather than 
acute. In contradiction to the above mentioned precarious situation of the country, the food 
self sufficiency situation of the country is as shown in the following Figure 5.

    
Figure 5. Food self-sufficiency situation in Nepal, Source: Crop Assessment Report 2012, 

MoAD

These two charts of Nepal indicate that even after having food self sufficiency in majority 
of districts, the level of chronic malnutrition is serious to alarming. Here lies the problem of 
mismanagement to tackle malnutrition problem in Nepal.



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

14

3.4	NeKSAP	and	Food	Security	Phase	Classification:	
Nepal Food Security Monitoring System (Nepal Khadya Surakshya Anugaman Pranali), 
NeKSAP  has been setup in Nepal with the support of World Food Program (WFP) and the 
system is supposed to be institutionalized within the Ministry of Agricultural Development 
(MoAD). NeKSAP monitors the market food price and crop & livestock situation based 
on the information collected by District Food Security Networks which consists of 
Agriculture and Livestock offices as well as Federation of Nepalese Chamber of Commerce 
and Industries (FNCCI) and other Government as well as Non government organizations. 
Furthermore, NeKSAP uses the approach of Food Security Phase Classification (FSPC) 
as: Phase I - generally food secure (green color), Phase II – moderately food insecure 
(yellow color), Phase III – highly food insecure (orange color), Phase IV – severely food 
insecure (red color), and Phase V – Humanitarian emergency/famine (dark red color). 
Altogether 12 indicators has been set under different dimensions of FS and the threshold 
for each indicators for respective five FS phases has been given. The indicators are: Crop 
production/situation, HHs food stocks and Stock of staples in market under Availability 
dimension; Wage employment opportunities within district, Sale of Non-timber Forest 
Products (NTFP), cash crops, other agricultural products, and Market price of rice under 
Accessibility dimension; Acute child malnutrition status and Diseases under Utilization 
dimension; and Natural disasters, Out-migration, Coping and Civil security under Stability 
dimension. 

It is observed that NeKSAP in practice is fully focused on supply of food grains, especially 
rice to the remote areas of Nepal without giving priority to utilize local agricultural 
productions and without considering the food based nutrition part of utilization dimension 
of FNS. This way it can be expected that Nepal will be at the same place from where 
NekSAP had started its journey even after elapsing a considerable period of time.   

3.5 FNS at Individual level: Malnutrition status
MOHP conducts the periodic Nepal Demographic Health Surveys (NDHS) in every five 
years. The results on stunting, wasting and underweight among under five children are at an 
alarming stage as depicted in the following Figure 6

Status of Children under 5 in NDHS

57
49

41

111311

43
39

29

0

10

20

30

40

50

60

200120062011

Stunting

Wasting

Underweight

Figure 6. Nutritional Status of under 5 Children in NDHS, (Source: NDHS Report (2011)

The NDHS results show that 46 % of the children aged 6 to 59 months are anemic, 27 % are 
mildly anemic, 18% are moderately anemic and 1 % are severely anemic. Similarly 35 % of 
women are anemic, 29% mildly, 6 % moderately and 1% severely.
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As an indicative measure for Vitamin A deficiency (VAD) in Nepalese population, NDHS 
found that only 47 % of children aged 6-23 months consumed foods rich in Vitamin A the 
day or night preceding the survey. Similarly, to indicate Iodine deficiency disorder (IDD), 
the survey reported that more than 95 % of the households are using iodized salt and about 
73 % of children are living in these households. However, these two indicative data are not 
enough to interpret VAD and IDD rather needs results from food consumption (Dietary) 
survey.

3.6 FNS at Individual Level: Per Caput Requirement and Supply
Since Nepal does not have its own RDA, we use to take reference of Indian RDA as 
recommended by Indian Council of Medical Research (ICMR), here is an attempt to obtain 
data regarding daily dietary requirement to be supplied from different food groups for an 
average individual. And that requirement is compared with the supply situation in Nepal as 
reported by Marketing Development Directorate (MDD) / Department of Agriculture in the 
following Table 4. The difference is then calculated. 

Table 4. Per Capita Requirement and Supply of different Food Groups in Nepal

Food Group Requirement
(Ave. ICMR)

Supply
(MDD 2006) Difference (+/–)

Cereals
Roots & Tubers
Legumes & Pulses
Vegetables
Fruits
Milk & Products
Meat, Egg & Fish
Sugar & Honey
Fats & oil
Spices & Others

183
32
26
73
11
55
22
16
16
–

206
59
12
80
22
46
12
09
03
11

+ 23
+ 27
– 14
+ 07
+ 12
– 09
– 10
– 07
– 13

–

The above table clearly shows that Nepalese diet is more than sufficient in carbohydrate 
source foods and at the same time seriously lacking in protein source foods which is 
indicated by negative difference for legumes & pulses, milk & milk products and meat, egg 
and fish products. This fact supports the prevalence of chronic malnutrition in the country 
as manifested by stunting, and low BMI among children and adults respectively.

However, the surplus situation of fruits and vegetables seems quite contradictory since there 
is still high percentage of anemia and other micronutrient deficiency diseases in the country. 
Alternately it can be concluded that utilization part of these food products by Nepalese 
people is weak due to health status, or hygiene and sanitation condition, etc. 

3.7 Effect of Malnutrition and Food-borne Illness on National Economy
Research has shown that malnutrition especially Protein Energy Malnutrition (PEM) 
impacts on economic productivity (Sharma D. 2011). Malnutrition is costing poor countries 
up to 3 % of their yearly GDP (WB 2006). Similarly, another study (WB 2004) estimates 
that the economic costs of iron deficiency anemia (IDA) at about 4% of GDP.
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Depending upon the above estimates Nepal is losing an amount of about Rs 110 billion per 
year in the recent years which is almost one fourth of the total national budget (GDP for the 
year 2011/12 is about NRs 1558.2 Billion, MoF 2012)

Similarly, on the basis of data derived in developed countries, it can be assumed in our 
context that we are losing Billions of Nepalese Rupees annually due to food borne illnesses.

Therefore, monitoring of malnutrition levels taking anthropometric measurements, dietary 
consumption pattern to determine level of energy, protein and other nutrients and rate of 
adulteration of food products focusing on safety parameters through a nationwide periodic 
survey has become an utmost important task in Nepal.

4. National Policy, Strategy and Programs related to FNS
4.1 Policies

The Interim Constitution of Nepal states that every citizen shall have rights to food  
sovereignty as provided in the law as the fundamental right to the people; however, specific 
laws to address the food and nutrition security is still lacking. Government of Nepal has 
given priority to food security in the consecutive Three Years Interim Plans (TYIP) through 
the various fiscal policies and programs. The first TYIP implemented during 2007/08 to 
2009/10 had kept food security related policies and programs under a separate subchapter 
focusing on some indicators to be measured. Current TYIP has also sufficiently emphasized 
on Food and Nutrition Security (FNS) focusing nutrition as an integral part of food security. 

Accordingly, nutritional improvement is being targeted through various diversified 
agriculture production, food research, health and sanitation intervention, social protection, 
relief and recovery programs in case of disasters and calamities, behavioral change among 
others. Institutions related to food and nutrition security have drafted policies based on 
their experience and domain. For example, ministry of health initiated Nepal Nutritional 
Assessment and Gap Analysis (NAGA) and Department of Food Technology and Quality 
Control (DFTQC) is drafting food safety policy. Several policies exist of which main are: 
Agriculture Policy 2004;  Agri-Business Policy 2005; Nepal National Plan of Action on 
Nutrition, 2007; Nepal National Plan of Action on Nutrition (NPAN) 1998; Chapter on 
Food Security in the Three Years Interim Plan (2007/08-9/10); Report on “Food Security 
Policy, Strategies and Programs” GON and FAO, March 2008; etc.

The background policies on food and nutrition security are as follows:
•	 Millennium Development Goals (MDGs) and Its Indicators

Goal 1b: Halving the proportion of people suffering from hunger by 2015
Goal 7b: Ensure access to water and sanitation 
SDGs: Out of 22 SAARC Development Goals (SDGs), 7 relate directly or 
indirectly to food security

•	 Social Protection Framework
•	 Multi Sector framework action plan for nutrition

 4.2 Institutions
Lacking with one umbrella institution to deal on food and nutritional issues, many institutions 
are involved in one or the other way. The most important among them are as follows:
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•	 National Nutrition and Food Security Steering Committee: Chair: Vice 
Chairman of NPC, and Member-Secretary:  Joint Secretary, MOAD, and 
Secretaries of relevant Ministries. 

•	 National Nutrition and Food Security Coordination Committees: Chair: 
Member of NPC,  and Member-Secretary:  Joint Secretary, Social Dev/ 
NPC, Joint Secretary of Relevant Ministries, and Experts

•	 Food Security Monitoring and Analysis System (Neksap) Unit established 
in MOAD, Agribusiness Promotion and Statistical Division

•	 National Nutrition Program under DFTQC, MoAD, - deals about food 
based nutrition

•	 Nutrition Section under Child Health Division, MoHP – deals about clinical 
part of nutrition.

•	 Donor Food and Nutrition Co-ordination Committee 
•	 District Level Food and Nutrition Security Network, District Level 

Nutrition and Food Security Steering Committee chaired by DDC 
Chairperson

•	 Municipality/VDC level Nutrition and Food Security Steering Coordination 
Committee chaired by Mayor/ VDC Chairperson

•	 District Food Management Committee: Chair: Chief Districts Officer, 
Member-Secretary: Local Development Officer, and Nepal Food 
Corporation (NFC)

4.3 Acts/Regulations
Followings are the major acts related to food and nutrition security (FNS):

•	 Food Act 1966/Food Regulation 1970 (Amendment 1998), 
•	 Essential Commodities Control Act 1960, 
•	 Consumer Protection Act 1998/ Regulation 2000, 
•	 Local Self Governance Act 2055/ Rules 2056,
•	 Animal Health and Livestock Service Act 1998 / Rules 2000
•	 Pesticides Act 1991/ Rules 1993
•	 Breast feed Substitution Substance Act (Sales, Distribution and Control) 

1992,
•	 Iodized Salt (Production and Sales) Act 1998
•	 Slaughterhouse and Meat Inspection Act 1998 / Rules 2000 etc. 

4.4 Ongoing Programs According to Different Dimensions of FNS
4.4.1 Availability 

To get sustainable food production for nutritional needs, food grains, pulse, horticulture, 
livestock production as well as forest- based foods, medicinal and aromatic products, wild 
fruits, nuts, tubers, etc have been taken into consideration. Similarly homestead production 
of food for dietary diversification, food processing, preservation, and food fortifications, 
food quality, safety measures are under way.

Similarly following programs are under implementation for making availability easier to 
vulnerable communities: Development of Value-Chains in foods, connectivity to/ integration 
of markets, food grains transport to remote areas, rural infrastructures developments, 
SAARC regional food trade, international food trade, food assistance, etc.
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4.4.2 Access
Inclusive social safety nets, Inclusive schemes for common peoples’ insurances, health 
insurance, hygiene and sanitation services, employment guarantee activities, health 
education for all, food procurement policy, pricing and targeted public distribution system 
(TPDS) food procurement, seasons and commodities coverage of commodities supplied 
through TPDS, food issue-prices to households by below/ above poverty line, and other 
targeted households food subsidy steps to strengthen the TPDS.

4.4.3 Utilizations
Protein-Energy Requirements of family members, nutritional status of pregnant and 
lactating women, maternal nutrition and birth weight, growth during Infancy catch-up, 
growth in children, dietary intake and nutritional status of adults, growth during childhood, 
integrated child development centers, nutritional status of adolescents, geriatric nutrition, 
nutritional status of tribal population, nutrition education and awareness campaigns. 

Food safety indicator such as adulteration rate in food especially focusing on pesticide 
residue, veterinary drug residue, heavy metals, processing and other contaminants 
(determined by conducting Total Diet Study, TDS) are being monitored even though they 
are not enough.

4.4.4 Stability
Stabilization measures during plant/ animal disease endemic, Human sanitation, health and 
hygiene, Household Coping Mechanisms to climate change shocks, Disaster management 
(relief aspects), trade-related shocks/ regional co-operations: quantity and prices,food grains 
reserves: SAARC, national, regional levels, and community food-grain banks.

4.4.5 Cross-Cutting 
Institution building for FNS-programs; Human resources development; Policies 
refinements; Amendment of acts, regulations and by laws; Nutrition surveillance;  Periodic 
surveys/ upgrading of Health Monitoring and Information Systems (HMIS), NLSS, NDHS; 
Food consumption surveys; Mapping of micro-nutrient deficiencies: Integrated information 
system for food grains management (IISFM); Web-enabled systems; NeKSAP, Crop 
situation forecasts; Food Balance Sheets and Decentralizing MSNP Mechanism.

5. Challenges /Constraints
5.1	 Availability	Related:	Insufficient	Agri	Inputs

Fertilizers: As per the demands collected from districts, requirement of all types of fertilizers 
is about 700 thousand metric tons while the formal sector supply is only about 150 thousand 
M tons. Fulfilling this gap is the major challenge in Nepal.
 
Improved seeds: The Seed Replacement Rate (SRR) for major cereal crops is only about 8 
percent where as it needs to be around 25 % for the proper functioning of agriculture. 

Availability of agricultural credit at reasonable rates is obviously essential for commercial 
agricultural production. Agricultural credit also plays an import role during droughts and 
other distress conditions as borrowing is an important coping mechanism. This is particularly 
a problem for vulnerable population groups in view of their heavy reliance, even in normal 
times, on informal sources of credit characterized by high interest rates.
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5.2	 Availability	related:	Insufficient	infrastructures			
Irrigation: The total cultivable area in Nepal is about 3 million hectares on which irrigation 
is possible only in about 65 percent of the land. Right now more than 1.2 million hectares 
have irrigation facilities of which about 35 % is the perennial.

Agricultural roads: Significant areas of potential agricultural lands are not connected by 
roads, thus making problems in commercializing agriculture.

Electricity: Nepal is facing a heavy load shading problem due to low level of electricity 
production, thus hampering in providing energy required for different agricultural works. 

5.3 Acess Related
Rural employment-generating programs- Nepal do not have a formal employment 
guarantee program except in Karnali zone, as there is, in India. However, several government 
programs mainly local government activities fit this category well.

Public Distribution System (PDS) not established well

Price Control - No effective pricing control mechanism of GoN for essential commodities

5.4 Utilization Related
Food based approaches of nutrition – There is a unit named as National Nutrition Program 
(NNP) under the Department of Food Technology and Quality Control (DFTQC) which is 
entrusted to look after food based nutrition in the country and make complementarities with 
the clinical part of nutrition being carried out by Nutrition Section of Ministry of Health and 
Population (MoHP). Unfortunately, NNP does not come into scene while dealing with FNS 
related activities, especially in policy level fora.

RDA - Lack of Recommended Dietary Allowance (RDA) for Nepalese people

Food Consumption/Dietary survey - Non-establishment of periodic direct method of food 
consumption survey (Dietary Survey) rather system is relied only on indirect method (food 
balance sheet) that does not give exact indication for FNS monitoring.

Nutrition education - Prioritizing Food based Nutrition education and training
 
Nutritional deficiency- Directing food production system according to nutritional 
deficiencies of Nepalese people.

Food safety – integrating food safety system as a part of FNS, without which there will be 
no FNS in the country.

Mission program - No Mission Program of developing and disseminating technologies 
to use underutilized produces such as finger millet, buck wheat, chino, kagunu, potatoes, 
cassava, cola cassia, etc of high hills and mountains to replace air transported rice.
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5.5 Stability related
Most of the factors related to stability dimension of FNS are directly or indirectly influenced 
by natural as well as man made disasters. The disaster management authority lies within the 
domain of ministry of home affairs so data related to different types of disasters and their 
management mainly the functions to be carried at pre, during and post disaster activities 
should be taken into consideration.

6. Opportunities
•	 The Mountains have a comparative advantage in animal production, livestock 

products, temperate fruits and nuts and medicinal plants/herbs. 
•	 The Hills benefit from a comparative advantage in a variety of crops, such as 

off-season vegetables, fruits, tea, coffee, spices, medicinal plants/herbs and 
seed production.

•	 Terai, despite similar agro-ecological conditions with northern India, have 
comparative advantages in tropical fruits, vegetables, oilseeds and cereals. 

•	 Identify several commodities with the best development potential and 
concentrate efforts on the most promising options.

•	 Exploit Nepal’s broad range of ecological zones and its proximity to vast 
regional markets (India, China and Bangladesh):

•	 Capitalize on research and experiences from regions with similar agro-
ecological conditions, particularly in Northern India and Pakistan. 

•	 Build partnership with private actors and NGOs as demonstrated by successful 
collaborative experience in several districts between DADO and NGOs. 

•	 Adopt value-chain and market-oriented approaches to agriculture 
development, capitalizing on and learning from existing successes (e.g. 
Winrock).

•	 Availability of highly qualified manpower in the field of agriculture, 
veterinary/livestock and food processing and food & nutrition.

•	 Significant number of academic institutions to produce required manpower to 
be used in achieving FNS

•	 Increasing infrastructure facilities such as roads, irrigation, electricity, 
technology, etc

•	 Improving R & D setups in public and private sectors  

7.  Ways Forward
•	 The FNS interventions to improve availability, access and absorption are 

cross-cutting in nature and would involve multiple stakeholders. Therefore, 
coordination and partnerships need to be forged between the government, 
bilateral and multilateral donors, private sector, civil society bodies, and the 
communities themselves. 

•	 Better data and estimation techniques are required in order to firstly identify 
food deficit regions and secondly improve the targeting and delivery of food 
based interventions. The functioning of the food management policies and 
systems also needs to be assessed with regard to the pricing, procurement, 
stocking and distribution and the roles of the private sector. 

•	 Economic growth is, however, not enough and there is an urgent need to 
invest solidly in health, sanitation, education and direct nutrition interventions 
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to address the huge issue of child, mothers and other adults’ malnutrition.
•	 The role of trade policies in Nepal and in other countries in general also 

comes into question. In particular, the possible effects of regional trading 
and food stocking arrangements need to be evaluated to ensure national level 
food security. 

•	 Nepal depends on imports for its farm inputs, especially seeds and fertilizers. 
Given this import dependency, the options for improving land productivity 
need to be studied in detail for individual crops. 

•	 One of the looming uncertainties facing agriculture in Nepal is the impact of 
climate change on crop yields and water availability in particular. Assessment 
of the likely climate change impacts is critical to gauge the long-run food 
security scenarios. 

•	 Turning to issues relating to food access, identification, monitoring and 
evaluation of the various safety net programs is necessary to assess their 
impacts on the vulnerable and to design large-scale future interventions. 

•	 The linkage between agriculture performance, poverty and malnutrition 
across regions in Nepal is another area for research to dovetail agriculture 
and nutritional policy interventions.

•	 Redesigning of FNS indicators as given in the Annex-I and monitoring each 
indicators periodically by using appropriate tools. For example, periodic 
conduction of Food Consumption Surveys so as to monitor per capita 
consumption of energy, proteins, vitamins, minerals as well as to monitor 
availability of foods from different groups is to be monitored regularly.

•	 Effective implementation of the provisions made in the first TYIP under Food 
Security sub-chapter, such as establishing Food Security Division in MoAD, 
involving food and nutrition expert in all 75 district level FNS committees, 
etc

•	 Implementation Food Based Nutrition Program as a priority program 
including consumer awareness on food and nutrition 

•	 Formulation of Recommended Dietary Allowances (RDA) for Nepalese 
People so as to replace the practice of using Indian RDA.

•	 Inclusion of estimating system of economic losses (in terms of GDP) due to 
malnutrition and food borne diseases

•	 Instead of relying on WFP (World Food Program) supported food distribution 
as food security program, focus is to be given to use underutilized foods 
such as potatoes, buckwheat, sorghum, kagunu (foxtail millet), chino (proso 
millet), uwa (naked barley), simal tarul (cassava), colocasia, etc as staple 
food especially in hills and mountains.

•	 Subsidy on seeds, fertilizers and irrigation is to be provisioned sufficiently so 
that production of foods could be increased significantly and at the same time 
price of our produces could compete with the Indian produces

•	 Special programs to be launched to minimize the existing heavy post-harvest 
losses
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Annex - 1
Proposed FNS Indicators at Different Levels for Nepal

Social/
Administrative 

Level

Availability Accessibility Utilization Stability

Macro Level 
(National)

Infrastructure for 
food storage

Fertilizer use 
(Nutrients Kg/Ha)

Seed Replacement 
Rate (SRR %)

Per Capita Food 
Production (Kg) 
–Cereals, root & 
tubers; Legumes 
& pulses; Fruits; 
Vegetables; Meat 
products; and  
Dairy products

Food price

Wages

Unemployment rate (%)

Minimum support price

Consumer subsidy for 
BPL

Transportation subsidy 
(remote areas)

Buffer stock (MT)

Anthropometric data: 
Stunting, underweight, 
wasting rate of U5 
Children; 
BMI –adult; LBW rate
Health data: ARI,
DD Rate, Anaemia 
rate, IDD rate, Vit A 
deficiency
Food Consumption 
Data: Energy intake, 
Protein, Fat,
Micronutrients
Food Safety data:
Food adulteration rate, 
No of death due to food 
poisoning, No of cases of 
food-borne illness

Food price 
fluctuation

Regional gaps 
-commodity prices
 
Population Growth

% of rehab 
population against 
affected population 
due to natural 
calamities

Meso Level
(District)

Fertilizer use 
(Nutrients Kg/Ha)

Seed Replacement 
Rate (SRR %)

Per Capita Food 
Production (Kg) 
–Cereals, root & 
tubers;
Legumes & pulses; 
Fruits; Vegetables; 
Meat products; and  
Dairy products

Market and retail
food prices

Unemployment rate (%)

Consumer subsidy 
for BPL HHs – food 
coupon

Transportation subsidy 
(remote districts)

Buffer stock (MT)

Anthropometric data: 
Stunting, underweight, 
wasting rate of U5 
Children; 
BMI –adult; LBW rate
Health data: ARI,
DD Rate, Anaemia 
rate, IDD rate, Vit A 
deficiency
Food Consumption 
Data: Energy intake, 
Protein, Fat,
Micronutrients
Food Safety data:
Food adulteration rate, 
No of death due to food 
poisoning, No of cases of 
food-borne illness

Food price 
fluctuation

Number of strikes/
bandhs
 
Population Growth

% of rehab 
population against 
affected population 
due to natural 
calamities

Micro Level
(Family/
Individual)

Household Food 
Production 
including wild 
foods –Cereals, 
root & tubers;
Legumes & pulses; 
Fruits; Vegetables; 
Meat products; and  
Dairy products

Food purchase

Number of 
employment(including 
agriculture)/HH

Meal frequency

Per capita food
consumption

Weight-for-age

Goiter

Anemia

Illness/year 

Pre/Post-harvest food 
practices

Migration

Changing 
consumption 
behavior

Population Growth

Food price inflation
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Current Issues of Food Safety in Nepal and Necessary Policy 
Interventions

Jiwan Prava Lama*
Department of Food Technology and Quality Control, Babarmahal, Kathmandu

Food not only provides energy and growth requirement for physiological function but also satisfy 
certain emotional and socio-cultural needs of human beings, however; its safety aspect is of 
prime importance. Currently Nepal is struggling for various kinds of food safety issues. Among 
various dimensions of food safety, chemical and microbial safety has been reported to endanger 
the consumer health claiming several lives annually. Total diet study (TDS) conducted in 2009 
and 2010 by department of food technology and quality control (DFTQC) revealed an alarming 
threat of pesticides in Nepalese diet. Residues of veterinary drugs in meat and meat products and 
antibiotic residues in milk were reported several times. Prevalence of the use of non-permitted 
artificial ripening agents in fruits and colorants, growth stimulants and hormones in vegetables 
were reported from public media and consumers. The microbial safety of milk and bottled water 
has been found far below satisfaction. Several cases of coliforms and mesophilic contamination 
have been reported in milk and processed drinking water. The hygienic condition of restaurants 
and street food stalls is very poor. The current state of international law on food safety regulation 
and governance is still unsatisfactory and reforms are desirable in many respects. The state of 
regulation is far below satisfaction in least developed countries like Nepal. Combined with the 
prevailing food safety situation and inadequate knowledge of the consumers towards food quality 
necessitate the enhanced proactive cooperation between consumer welfare organizations, media 
sectors and national and international regulatory institutions. In the context of the current food 
safety situation in Nepal, an immediate and effective intervention plan and activities are felt 
necessary. This paper reviews the existing food safety situation in Nepal and suggests some policy 
intervention and action plans for its improvement.

Keywords: Food safety, Pesticide residues, Veterinary drugs residues, Total diet study (TDS), 
Policy intervention

Introduction
Though food is one of the basic needs of living being, its safety concern was not considered 
seriously in the ancient times. Traditionally people used to take food to fill the bowl. Later on the 
importance of food and its various functions were studied by various researchers. Food provides the 
basic nutrition and essential minerals and vitamins which protect the body from several diseases. It 
has been said that “We are what we eat”. If we eat balanced diet and nutritious food, the body and 
mind grow normally. On the other hand, when diet lacks some essential constituents or contains 
some harmful substances, body may suffer from its ill-effect. Apart from basic nutrition food plays 
vital role to satisfy certain emotional needs of human beings and act as a source of security. From 
ancient times the socio-cultural life of human beings has been revolved around food. Food is 
used as a symbol of hospitality and friendship throughout the world. We express our hospitality 
to a guest through an offer of food or drink. In social gatherings, food serves as an instrument for 
developing social relationships. 

With the advancement of life style, the traditional home kitchen system has already disappeared 
in developed countries. Most people depend on the processed and ready to eat food products. The 
choice of food basically a combination of different factors among which safety aspects is on the 

*Correspondence author, E-mail: jiwanlama@gmail.com
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top followed by convenience and lastly pleasure (Figure 1). Contaminated foods might possess 
pathogenic microorganisms, harmful chemicals or particulate matters (HTIM, 2006). Emergence 
of food borne diseases and increasing consciousness about healthy food has attracted the attention 
of all the policy makers and stake holders to put food safety issues to high priority at every stage 
of the food chain from farm to fork. Almost all the food safety programs target the minimization of 
food contamination of chemical, physical or biological nature.

Figure 1.  Consumer’s preference on food

Microbial contamination of food and lack of proper handling practices causes 100 million people 
each year all over the world. In South East Asia, approximately one million children under five years 
of age die annually from diarrheal diseases; the main cause has been reported to be contaminated 
food and water (WHO, 1997; CSPI, 2005). Prolonged exposure to food contaminants is linked 
to breast and other types of cancer, immune system suppression, nervous system disorders, 
reproductive damage, and disruption of hormonal systems to people. Toxins from various 
sources build up over time in the human body and finally reach the level of ‘toxic overload.’ The 
overuse of chemicals and genetic modifications in microorganisms has poised a great threat to the 
environmental ecosystem and provoked the climate change situation. It has proved to be greatest 
threat to the survival of human beings from these toxic substances. This situation not only threatens 
the world but has knocked the door of the policy makers to revise the existing food safety policies, 
plans and regulatory frameworks.

Food Quality and Safety
Food quality is the extent to which all the established requirements relating to the characteristics 
of a food are met. Examples:

•	Identity of a food in relation to a standard (e.g., standardized food)
•	Declared gross or net quantity (e.g., weight or volume) of a unit of the food or net 

fill of a food container
•	Declared or claimed amount of one or more stated components of a food

Basically the quality of food is assessed on the basis of established standards. Food standards are 
of four different types- 

Legal Standards- Legal standards are mandatory and are set up by law or through regulations. 
Legal standards are generally concerned with the lack of adulteration involving insects, molds, 
yeasts and pesticides; the maximum limits of additives permitted; or by establishing specific 
processing conditions so that extraneous materials do not contaminate foods.
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Company or Voluntary Label Standards- These standards represent those established by various 
segments of the food industry. They represent a consumer image and may become a trademark 
or symbol of product quality. Voluntary standards are generally used by private companies or 
supermarkets and tend to vary depending upon the particular requirements of a given label.

Industry Standards- Those whereby an organize group attempts to establish given quality limits 
for a given commodity. Industry standards are implemented due to the pressure from marketing 
organizations or by specific commodity groups where legal standards are not involved. 

Consumer or grade standards- These represent the consumers’ requirements for a product. Quality 
has become an increasingly important dimension of food and agricultural markets. 

•	 Process-based quality attributes: such as whether the food was produced using 
healthy animals, animal welfare practices used by the producers, and use of 
production practices with specific environmental implications etc.

•	 Product-based quality attributes:  Compositional make-up, Technical specifications 
etc.

•	 Hidden attributes: such as safety (Chemical & Microbial), convenience and   
nutritional characteristics. 

Although food quality and safety are used interchangeably, there are some differences technically. 
Food safety represents that the product produced is safe for human consumption whereas food 
quality is that the product produced meet the required specifications and design. Delivering safe 
food to the dinner table is the culmination of the work of many people- producers, shippers, 
processors, distributors, handlers, etc. In other words, food safety is a shared responsibility of both 
the public and private sectors. As defined by Codex Alimentarius Commission, food safety relates 
with the assurance that food will not cause harm to the consumer when it is prepared and/or eaten 
according to its intended use.
Factors driving changes in food safety systems

•	 Greater public demands for health protection 
•	 Changing human behavior and ecology 
•	 More sophisticated detection and management of HAZARDS 
•	 Changing agriculture practice and climate 
•	 Increase volume and diversity of trade in food 

Food Contamination and Public Health Issues
Food contamination can occur owing to the presence of natural toxins, micro-organisms, chemicals 
and foreign matters. Natural toxins are substances resulted by some micro-organisms, animals and 
plants. Nature has provided many plants with natural poisons to fend off diseases, insects, and other 
predators. The herb sassafras contains a carcinogen and liver toxin. Potatoes contain solanine, a 
powerful, bitter, narcotic-like substance. Different species of mushrooms are also found to contain 
various kinds of toxic substances. Every year many deaths and several cases of hospitalization are 
reported in Nepal due to consumption of poisonous mushrooms (Patowary, 2010). Grayanotoxin 
in honey, shellfish toxin in fish and mycotoxins in grains and feeds are some other examples. 
Contamination of food by micro-organisms is more severe and usually makes people ill. Common 
micro-organisms found in food are viruses, parasites, bacteria and molds. Viruses and bacteria are 
the most common causes of food poisoning.

Currently chemicals in the form of pesticides, cleaning agents used for kitchen surface and 
equipments, and packaging materials (tin, lead, bisphenol A) are more serious causes of food 
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contamination. Acute pesticide poisoning has become a major public health problem worldwide 
following the intensification of agriculture and the promotion of agrochemicals in low and middle 
income countries, with more than 300.000 deaths each year (Konradsen, 2007). Presence of 
veterinary drugs, antibiotic residues and growth hormones in flesh and milk are of more concern 
these days. The excessive use of antibiotics for the treatment of animals resulted in the traces 
to milk and flesh. This has significantly increased the antibiotic resistance of micro-organisms. 
Bovine somatotropin (bST) has been found in use to produce more meat from animals. Arsenic 
drugs are used to promote growth in chickens and other livestock. Specific chemicals which has 
drawn attention of food safety and regulatory agencies include histamine, bisphenol A, melamine, 
acrylamide and Persistent Organic Pollutants (POPs). Acrylamide, a thermally induced toxicant in 
food, has been regarded as carcinogenic and several kinds of control measures have been suggested. 
These compounds are usually developed in starchy foods which are subjected to high temperature 
processing (Timilsena et al., 2010). 

As the production of food stepped out from family homes and restaurants, and more and more 
became a new sector of the industry, many other aspects of foods came to public attention. Food 
producers demanded generally accepted technical descriptions of the important properties of their 
raw materials, intermediate, and final products. They wanted to receive guidance related to the 
storage conditions and as adequate methods for the prediction of the acceptance of their products. 
These industrial demands have led to the development of standardization, first at the national level, 
later at regional and international levels (Lasztity et al., 2004). Food regulatory authorities are 
more concerned about the safety aspect of food. 

The prioritized areas are;
•	 Microbial food-borne illness
•	 Natural toxins in foods
•	 Nutrients in foods
•	 Intentional approved food additives
•	 Genetically modified foods
•	 Processing Contaminants
•	  Animal Drug and Hormone Residues
•	  Migration of toxic substances from packaging materials
•	  Agrochemicals (pesticides and fertilizers)

Chemicals and toxic substances may occur in food from environmental pollution of the air, water 
and soil, such as the case with toxic metals, PCBs and dioxins, or through the intentional use of 
various chemicals, such as pesticides, animal drugs and other agrochemicals. Food additives and 
contaminants resulting from food manufacturing and processing can also adversely affect health. 
Chemical contamination mainly occurs in a variety of ways at different stages of food processing 
and production. 

•	 Chemicals like pesticides residues from the farm level
•	 Veterinary drugs residues in animal origin products 
•	 A cleaning product used in the processing plant while packaging
•	 Fly spray used in the kitchen when preparing food

Therefore, care must be taken at each stage of food production to prevent chemical contamination. 
Microbial contamination may occur from improper handling and processing of foods. Foods 
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consumed raw, such as lettuce, spinach, tomatoes, and scallions, that grow close to the ground are 
susceptible to contamination from animal waste runoff. Honey can contain spores of Clostridium 
botulinum that can germinate and grow in the human body to produce the deadly botulinum toxin. 
Adults are usually protected by stomach acid but infants under 1 year of age should never be fed 
honey (Jansen et al., 2012).

Surveillance of food-borne disease and food contamination monitoring are essential tools for risk 
assessment. For this reason main efforts are directed to the development of adequate methods of 
surveillance of food-borne diseases and food contamination monitoring to provide the necessary 
data for quantitative microbiological and chemical risk assessment. Inspection/surveillance plays a 
vital role in the modern food quality control system (FAO and WHO, 2003).

Each one of these elements of a modern food control system is relevant to the food inspection task, 
especially -

•	 Defined national goals, strategies and policies
•	 Primary and subordinate legislation
•	 Food standards and other technical requirements
•	 Designated institutions to implement policy and legislation
•	 Risk analysis capability
•	 Short and medium term plans, incorporating targets and performance measures
•	 Food control programs setting out specific tasks to be conducted
•	 Systems and methods for inspection and certification
•	 Competent management and trained technical and administrative staff
•	 Buildings and equipment
•	 Analytical capacity in laboratories
•	 Monitoring and surveillance systems for food and food-borne disease
•	 Internal auditing to ensure proper administration of programs and to deter corrupt 

behaviour
•	 Compliance and enforcement programs and procedures
•	 Research capacity
•	 Funding mechanisms
•	 Public information and education capability
•	 Mechanisms for liaison with food producers and traders
•	 Capacity to engage with relevant international organisations

Modern food control systems follow a farm-to-table approach to ensure that food is safe for 
consumers by keeping it free of contamination at every stage, from crop/livestock/wild harvest to 
final sale.

Food contaminants find their route in food before processing, during the processing or after 
processing. Good agriculture practices (GAP), good veterinary practices (GVP), Good storage 
practice (GSP), Good hygienic practice (GHP), good manufacturing practices (GMP) and other 
food safety measures such as HACCP, ISO 22000 standards can be applied for the prevention and 
minimization of the food contamination. The following actions may serve to prevent or to reduce 
contamination of foods and feeds:

•	 Preventing food contamination at the source, e.g. by reducing environmental 
pollution.
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•	 Applying appropriate technology in food production, handling, storage, processing 
and packaging.

•	 Applying measures aimed at decontamination of contaminated food or feed and 
measures to prevent contaminated food or feed to be marketed for consumption.

To ensure that adequate action is taken to reduce contamination of food and feed a Code of Practice 
shall be elaborated comprising source related measures and Good Manufacturing Practice as well 
as Good Agricultural Practice in relation to the specific contamination problem. The degree of 
contamination of foods and feeds and the effect of actions to reduce contamination shall be assessed 
by monitoring, survey programs and more specialized research programs, where necessary.

When there are indications that health hazards may be involved with consumption of foods that 
are contaminated, it is necessary that a risk assessment is made. When health concerns can be 
substantiated, a risk management policy must be applied, based on a thorough evaluation of the 
situation. Depending on the assessment of the problems and the possible solutions, it may be 
necessary to establish maximum levels or other measures governing the contamination of foods. 
In special cases, it may also have to be considered to give dietary recommendations, when other 
measures are not sufficiently adequate to exclude the possibility of hazards to health.

National measures regarding food contamination should avoid the creation of unnecessary barriers 
to international trade in food or feed commodities. The purpose of the Codex General Standard 
for Contaminants in Food is to provide guidance about the possible approach of the contamination 
problem and to promote international harmonization through recommendations which may help to 
avoid the creation of trade barriers.

For all contaminants, which may be present in more than one food or feed item, a broad approach 
shall be applied, taking into account all relevant information that is available, for the assessment 
of risks and for the development of recommendations and measures, including the setting of 
maximum levels (CODEX, 1997).

Challenges in Food Safety: A Nepalese Perspective
Although Department of Food Technology and Quality Control (DFTQC) has been working for 
ensuring the production, distribution and sale of the quality food in the country for more than 50 
years, the prevalence of sub-standard food commodities in the market is still increasing. With 
the increase in food trade and consumer awareness about safety aspect of food, several cases of 
food adulteration and violation of food regulations has been reported. With its regular budgetary 
allocation, DFTQC has been conducting market and industry inspection and sample collection, 
inspection of hygienic status of hotels, restaurants and food outlets and some consumer awareness 
programs (www.dftqc.gov.np). 

In 2011, among the total of 3560 food samples collected randomly from food installations and 
markets across the country 11.4 % did not meet the mandatory requirement of food standard 
of Nepal. Compared to the last three years data, the trend of food adulteration in the year 2011 
is almost constant suggesting more intensive action plans for intervention in the days to come 
(Figure 2). The analysis of regional trend of food adulteration of the samples collected in 2012 
(FY 2068/069) was highest in Karnali zone followed by Bagmati and was reported the least in the 
mid western region (Figure 3). It has been reported that milk and milk products and the processed 
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drinking water demonstrated highest degree of adulteration. The presence of E. coli and mesophilic 
bacteria in these liquid food commodities are of serious threat (DFTQC, 2011). 

Figure 2. Food adulteration trend of the country

A similar study conducted in processed milk revealed the presence of antibiotic residues in almost 
20% of the 140 total samples collected. The safety aspect of meat was also found far below 
satisfaction. Among the 50 samples of meat from different parts of Kathmandu valley, 10 samples 
(20%) were reported to contain veterinary drug residues (VDR). The drug residue was varied with 
the parts of the chicken tested- the highest in liver (92% of samples) seconded by gizzard (72%) 
and least in the muscle (52% of the collected samples). In all the samples tetracycline was found in 
the highest amount, followed by penicillin and sulphonamides.

Figure 3. Regional food quality status-2068/069
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Total Diet Study (TDS) conducted in 2009 and 2010 by DFTQC for the Food Safety Risk Assessment 
from Pesticide Residues in Nepalese Diets. Random samples of food items were collected from 18 
different districts of Nepal representing all the 5 regions. The food samples were investigated for 
97 types of pesticides as per EU protocol. It was revealed the use of banned pesticides in cereals, 
pulses, vegetables, beaten rice and bread. Residue of chlorpyrophos, malathion, cypermethrin and 
fenvalerate were found in bread. 

The application of pesticides in excess amount and application of banned pesticides is another 
challenge in the food safety sector in Nepal. The pesticide residue analysis (1995-2007) 
demonstrated that the ~12% total samples were contaminated with pesticides. Although this study 
revealed the presence of pesticide residues below the MRLs established by EU and Codex in 
honey and tea, the rejection of Nepalese honey from Norway and tea from Germany indicated the 
higher pesticide residue. This kind of threat to the Nepalese exportable commodities was taken 
seriously and DFTQC developed pesticide residue monitoring plan (RMP) which is on the process 
of finalizing with the trading allies. As a part of consumer awareness program pesticide related 
reference materials were produced for dissemination by DFTQC.
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Figure 4. Status of pesticide residue in Nepal (1995-2007), Source: Koirala et al., 2008

In spite of the above worse scenario several food industries are adopting good practices as 
prescribed by CODEX and other food control agencies in Nepal are as follows; 

•	ISO 9001/ ISO 14001 / HACCP certified industries : 194
•	NS certified industries (Food & Feed) : 26 
•	ISO 22000 certified industry: 15
•	Code of practice for safe food production issued by DFTQC

There are still several challenges in the field of food safety in Nepal. They can be pointed out as 
follows:

•	Inadequate Infrastructure of DFTQC throughout the Country  
•	Upgrade of Nepalese Food Act, Regulation & Standards in compliance with 
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international Standards/regulations 
•	Obligation of WTO in SPS/TBT Agreements
•	Addressing international trade issue: pesticide residue/ Veterinary drug residue/ 

Mycotoxins/ Additives/Heavy metals/Processing contaminants/ etc.
•	Food safety approach - farm to fork
•	Strengthening Export/Import Certification system in the country- trade promotion 

activities.
•	Emerging new categories of foods: functional foods/nutraceuticals, GMO/Food 

from Biotechnology 
•	Laboratory upgrading/strengthening- accreditation, Modern methods, Sophisticated 

Equipment, Detection level
•	HRD development- Risk analysis, Risk Based Inspection,  HACCP Based Industry 

Inspection, Quick & Screening test, Spot test
•	Preparedness and alert system during the epidemic/crisis
•	Promotion and adoption of NepalGAP in primary production 
•	Implementation of GHP/GMP/HACCP/ISO 22000 in food industry and food 

services

Policy Amendments and Interventions
Currently Department of Food Technology and Quality Control (DFTQ) is the apex body 
mandated for food quality control and ensure the trade of safe, wholesome and nutritious food 
in Nepalese market. It has a big responsibility to protect the health of the consumer. As the main 
food safety authority, it has been working from its establishment in 1961 under the name of Food 
Department. To regulate the production, distribution and marketing of quality food, the department 
was strengthened with Food Act in 1966 and Food Regulation in 1970. 

 
 

 
 
 
= Department of Food Technology and Quality Control (1) 
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= District Food Inspection Unit (20) 
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Figure 5. Network of DFTQC throughout Nepal
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The department has also given authority to implement Feed Act, 1976 and Feed Regulation, 1984. 
Though the department has given different names in different times, it was renamed as Central 
Food Research Laboratory (CFRL) in 1980 which worked under the same name till 2000 when it 
was changed to Department of Food Tech. & Quality Control (DFTQC). This department has been 
working as Codex contact point since 1983. DFTQC has been working with its 5 regional offices, 
4 food quarantine laboratories, an apple processing unit in Jumla, 20 food inspection units and 
the department itself in the center (Figure 5). In addition to the routine internal work DFTQC has 
been working as a platform and contact point of several international organizations. After Nepal’s 
accession to WTO, the food safety aspects has been in high priority for international organizations 
for promotion of Nepal’s export potential and ensure distribution of safe food. DFTQC has been 
working as;

•	 SPS National Enquiry Point
•	 Codex Contact Point 
•	 INFOSAN (International Food Safety Authorities Network) Focal Point 
•	 Contact Point of INFOSAN Emergency
•	 DFTQC- Collaborative relation in food safety with:
•	 UN- UNIDO/ EC- WTO, WHO
•	 Institute – PTB, AIT

DFTQC has been working in the promulgation of new food law replacing the 45 years old food 
act, 1966. Several of the new issues and food commodities have to be incorporated in new food 
legislation. Some of the initiatives already taken are summarized below;

•	 Amendment of Food Act and Regulation 
•	 Strengthen implementation of Directive on Export Import Inspection and Quality 

Certification
•	 Recall of adulterated food products & action toward food industry 
•	 Capacity enhancement of Testing laboratories and  accreditation process initiation
•	 Strengthening SPS Enquiry Point for access to notifications and alerting exporters
•	 Strengthening SPS measures with the update of inspection formats for food industries 

and food services
•	 Harmonization of standardization
•	 Encouraging technical  support to enterprises to adopt GAP, GHP, GMP, ISO 22000/

HACCP
•	 Accreditation of Central Food Laboratory (CFL)
•	 Operation of mobile inspection van with simple laboratory testing facilities

Conclusion and Future Directions 
Although food is the basic need of life and consumed by every individual, various foods available 
in the market are contaminated with various chemicals, bacteria, heavy metals, and residues from 
pesticides which necessitate a strong regulation, awareness program and action oriented programs 
to create a safer, more toxic-free food supply in the 21th century. Contaminations from industrial 
waste and manufacturing plants are tainting our food supply, our ecosystem, and our health.

In order to set priorities for future activities of national food safety programs it is necessary to 
strengthen the regulation mechanism and multiply the consumer awareness towards the food safety 
issues. In this context, surveillance of food-borne diseases should be given a high priority in the 
development of food safety infrastructure. Available surveillance data suggest that the frequency of 
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food-borne disease is increasing, but disease incidence and cause-and-effect relationships should 
be documented.

There is a need to develop and coordinate a global approach to strengthen surveillance and to 
harmonize reporting systems at national, regional and international levels and to set up laboratory-
based systems covering both outbreaks and endemics and for monitoring microbiological and 
chemical contamination.

The analytical capabilities of laboratory should be enhanced through international laboratory 
networks and the epidemiological basis for monitoring disease incidence through sentinel sites 
for food-borne disease should be developed, especially in developing countries. Additionally there 
will be established common, internationally agreed formats for harmonized data collection and 
determine the minimal data requirements for future food safety initiatives in the regions. 

Building capacity for public health laboratories to conduct laboratory-based surveillance and for 
conducting epidemiologically-based surveillance are important global public health objectives. 
Main efforts should be directed towards the development of adequate methods of surveillance 
of food-borne diseases and food contamination monitoring, as well as the linkage between these, 
to provide the necessary data for quantitative microbiological risk assessment. Relevant typing 
systems, which could potentially be used to link human isolates to food isolates and thereby 
contribute to the evaluation of disease fractions attributable to different food groups, should be 
further investigated.

The implications of introducing risk-based strategies based on optimized surveillance data 
should be investigated. In general, these developments would have, as a necessary prerequisite, 
an integrated and interdisciplinary approach founded on improved collaboration between the 
sectors dealing with food-borne disease registration and food safety within the health area. The 
improvement of the methods for risk assessment for microbiological hazards in food is necessary 
in order to provide accurate, globally representative bases for standard setting by Codex. It is 
essential that all countries in the European Region participate effectively in the development of 
Codex standards. To do so, countries must develop and/or improve their survey and monitoring 
methods for food contamination and intake and use these data to establish achievable international 
limits and recommendations for hazards in food.

Research into the potential adverse health effects of chemicals should be accompanied by 
refinements of knowledge about exposure assessment in order to provide the most precise and 
accurate assessments of the risks posed by chemical hazards. This also serves to provide the basis for 
international harmonization under the World Trade Organization’s Agreement on the Application 
of Sanitary and Phytosanitary Measures (SPS Agreement). Key to this is the strengthening of 
national capacities to conduct health-oriented, population-based monitoring programs to assess 
exposure of populations to chemicals in food and the total diet. 

Less developed countries must develop risk assessment and management capabilities to effectively 
deal with chemical hazards in food. In some countries, existing infrastructures needs to be 
streamlined and strengthened to achieve a higher level of protection. Some countries still do not 
have detailed legislation to control chemicals in food or lack food control capacities to enforce such 
legislation. Developed countries should offer technical and financial assistance in establishing and 
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strengthening basic chemical assessment capabilities in less developed countries in collaboration 
with international organizations.

Revision of not only the food regulations and policy the strengthening of the organizational 
structure and the empowering the legal authority of DFTQC are essential for strong implementation 
of the food law and regulations. One of the best options is to shift the department as Food Safety 
Authority with the appointment of commissioner and other necessary facilities.
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Present Status and Prospects of Nepalese Indigenous Foods

Prof. Dr. Dilip Subba*
Tribhuvan University

Introduction
Culture is proof and symbol of civilization of any community and society. All old civilized 
communities in the world have their indigenous technologies. Indigenous foods are integral 
components of culture. The technologies of indigenous foods are knowledge and skill handed 
down from ancestral generations to younger generations. Traditional technologies are also based 
on different principle of food preservation. Since, Nepal has old, rich food culture. Nepalese 
indigenous foods are praised for their unique sensory characteristics, delicacy, savory flavor, 
unique cuisine, high nutritional quality, functionality and different health benefits; a reflection of 
high quality and valuable traditional skill and talent.  However, now the food habit is changing in 
our community too. The new foods and foods of outside origin are increasingly occupying our food 
market, which is a growing threat to the heritage of traditional foods and culinary skill.

Nepalese Indigenous Foods (NIFs) and their Important Characteristics  
Of course, in case of some foods opinion can be divided if these foods are indigenous to Nepalese 
people or borrowed from elsewhere and later traditionalized. However, some of listed foods may 
not be unanimously accepted as NIFs based on main raw materials used (Table 1). 

Table 1. Nepalese indigenous foods based on main raw material used 
Raw material Indigenous foods
Cereals Anarasa, Bhakka, Bhusba, Chakumar, Chatamari, Chyakhla, Chiura, Dabbe 

(Dabbiya), Dhido, Dhik(u)ri, Golphuki, Hakuwa, Hyan-tho (n) , Jand, Jhilinga 
(Khiuni), Kaliroti, Kasar, Khajuri, Khapsa, Khatte, Laba, Lunghakcha, 
Malpuri, Murai (Bhuja), Perukiya, Phiniroti,  Selroti, Silaura, Sinkamari, 
Sirimla, Syabji, Tilauri (Phulauri), Yamari

Pseudo cereals Chyang, Jand, Khareng, Papanda, Penagolya, Raksi, Sigolya, Tongba, 
Pulses and legumes Adauri, Bara, Bari, Furaula, Kinema, Kwati, Maseura, Phando, Sattu
Rice-pulse Bagiya, Dal-puri, Lakhamari, Puri
Vegetables  Achar, Arikanchan (Aarkanchan, Aarkoch), Bid(r)ia, dried Sisnu, dried 

vegetables, Gundruk, Kalipapro, Kumbharauri, Lattepapro, Sinamani, Sinki , 
Titaudo

Fruits  Achar, Amat, Chuk, Khalpi, Mada, Nimki, Titaura 
Oilseeds  Bara, Chiuri gheu, Mustard oil, Pina pani, Philinge-achar
Milk Churpi, Dahi, Dhaukho, Durkha, Galeue, Gheu, Gundpak, Ju Ju Dhou, Mohi, 

Nauni-gheu, Pustakari, Sollar
Meat Choyala, Kachila, Momo, Sargyangma, Sukuti, Womyuk 
Fish fish cake,  Sidra, Sukuti-macha 
Sugar Chaaku, Sakhar
Miscellaneous Khamir mana, Manapu, Mahuwa raksi, Murcha, Tama (Mesu), Tadi, Yangben

*Corresponding author, E-mail: dilipsubba2009@yahoo.com



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

37

Basically classification may be done based on main raw material(s) used like cereals, grains, pulses, 
legumes, fruits, vegetables, meat, fish, sugar, etc. (Table 1) and main process of preparation like 
fermentation, roasting, puffing, frying, boiling, braising, steaming, drying, use of preservatives, 
evaporation and concentration, pounding, etc. (Table 2).

Table 2.  Nepalese indigenous foods based on main process of preparation 
Process Indigenous foods

Roasting,	puffing Golphuki, Khatte, Murai (Bhujai), Philinge-achar, Sattu, Shyabji, Silaura, 
Sirimla,

Pounding Chiura

Boiling , braising Chatamari, Choyala, Chyakla, Dhindo, Kwati, Lunghakcha, Pina pani, Titaudo

Frying Bara, Bari, Chakumari, Dal-puri, Dhik(u)ri, Fu;aura, Kaliroti, Khajuri, Khapsa, 
Lakhamari, Malpuri, Perukiya, Puri, Selroti

Steaming Bhakka, Dhikri, Momo, Penagolya, Sigolya

Evaporation and 
concentration

Chaaku, Chuk, Gundpak, Pustakari, Sakhar

Fermentation Achar, Churpi, Chyang, Dahi, Durkha, Galeue,  Gundruk, Hakuwa, Hyan-tho(n), 
Jand, Ju Ju Dhou, Khalpi, Kinema, Mahuwa raksi, Mohi, Nigar, Poko, Raksi, 
Sinamani, Sinki, Sollar, Tama (Mesu), Tadi, Tongba 

Drying Adauri , Amat, Arikanchan, Bid(r)ia,  fish cake, Jhilinga, Kalipapro, Khamir 
mana, Kheuni, Kumbharauri, Lattepapro, Mada, Manapu, Maseura, Murcha, 
Sidra, Sukuti, Tilauri, Titaura

Preservatives/
marination

Kachila

Note: Foods with alternative processes e.g. Gheu are not in the list

NIFs vary in consumption pattern and importance (main food, side dish, snack, beverage, 
condiment, etc.) (Table 3). 

Table 3. Nepalese indigenous foods based on consumption pattern 
Main food Bagiya, Dhik(u)ri, Chiura, Chyakla, Dhindo, Golphuki, Hakuwa, Khatte, 

Penagolya, Sattu, Sigolya, Syabji

Side dish/savory dish Dahi, Gundruk, Kinema, Maseura, Sidra, fish cake, Arikanchan, Bidia, 
Kachila, Kumbharauri,  Sinamani, Sinki, Tama (Mesu), Titaudo

Snack Adauri , Anarasa, Bagiya, Bara, Bari, Bhakka, Chakumari, Chatamari, 
Choyala, Dal-puri, Furaula, Kaliroti, Lakhamari, Malpuri, Murai, Puri,  
Selroti, Sukuti (meat, fish), Tilauri

Beverage Chyang, Gheu chiya, Jand, Mahuwa raksi, Mohi, Raksi, Tadi, Tongba

Sweets, confection Chaku, Chakumari,  Dabbe, Galeue, Gundpak, Khajuri, Khurma, Perukiya, 
Pustakari, , Sakhar, Selroti, Yamari

Appetizer, condiment Achar, Chuk, Tama (Mesu)

Starter Khamir mana, Manapu, Murcha
Note: There may not be common agreement 
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A large number of indigenous foods are ethnicity specific. Religion may also have influence on type 
and recipe of Nepalese indigenous foods. NIFs may also be classified based on regional origination 
and customization (Table 4)

Table 4.  Selected NIFs of ethnic origination and customization 
Ethnic

Specialities Brahmin Limbu Maithili Newar Tharu Sherpa, 
Bhote

Kasar Chyakhla, 
Khareng, 
Kinema, Jand, 
Lungghakcha, 
Penagolya, 
Papanda, 
Pena Manda, 
Sargyangma, 
Mesu, Murcha, 
Phando, 
Sejangwa, 
Singolya, Tongba, 
Womyuk, Yangben

Dal-puri, 
Bagiya, 
The(a)kuwa

Bara, 
Hakuwa,  
Khatte, 
Syabji, 
Golphuki, 
Laba, 
Chatamari, 
Chakumari, 
Lakhamari, 
Kachila, 
Choyala, 
Hyantho(n), 
Yamari

Anarasa, 
Bagiya, 
Dabbe, 
Dhik(u)ri, 
Kalipapro, 
Kaliroti, 
Lattepapro, 
Malpuri, 
Phini roti, 
Sinkamari

Momo, 
Tea momo, 
Gheu 
chiya, 
Khapsa

NIFs of 
Intercultural and 
interregional 
adaptation

Achar, 
Chiura, 
Chuk, 
Churpi, 

Dahi, Dhindo,  
Gheu, Gundruk,

Kwati, 
Maseura, 
Mohi,  
Murai,

Raksi, 
Sakhar, 
Selroti, 
Sukuti

Table 5.  Selected NIFs of regional origination and customization

East 
Mountain

East
Terai

Central
Mountain

Central 
Terai

West and 
Far West 
Mountain

West and 
Far West 

Terai

Highland 
(Himalaya)

Chyakhla, 
Jand, Khareng, 
Kinema, 
Lung-ghakcha, 
Manda, Mesu, 
Murcha, 
Papanda, 
Penagolya, 
Pena 
Sargyangma, 
Phando, 
Sejangwa, 
Singolya, 
Tongba, 
Womyuk, 
Yangben

Adauri, 
Amat, 
Arikanchan, 
Bagiya, 
Bhakka, 
Bhusba, 
Bidia, 
Khajuri, 
Perukiya, 
Sattu, 
Thekuwa, 
Tilauri 
(Phulauri)

Bara, 
Chatamari, 
Chakumari, 
Choyala, 
Furaula, 
Golphuki, 
Gundpak, 
Hyantho (n), 
Ju Ju Dhau, 
Kachila, 
Khamir 
Mana, Khatte, 
Kheuni, Laba, 
Lakhamari, 
Manapu, 
Pustakari, 
Silaura, 
Syabji, Yamar

 Tha (e) 
kuwa

Galeue, 
Pina pani, 
Puri, 
Titaudo

Anarasa, 
, Bara, 
Dabbe, 
Dhik(u)ri, 
Kalipapro, 
Kaliroti, 
Malpuri, 
Phini roti, 
Sinkamari

Momo, Tea 
momo, Gheu tea, 
Khapsa
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Present Status in General
1. Technical

•	 Scale of production and mechanization: home and cottage scale; batch 
process, mostly manual, use of simple tools and equipment

•	 Level of knowledge and know how: Traditional know how based on long 
experience 

2. Commercial and Competitive Position
•	 Few of the NIFs are commercialized (regularly prepared and sold in 

restaurant, tea shops, fresh produce bazaar, supermarket and departmental 
stores, and available in wider development and physiographic regions). 
Most NIFs are either occasionally prepared NIFs or under-commercialized 
or with limited market or intended for home consumption (Table 6).

Table 6. Nepalese indigenous foods based on status of commercialization 

Commercialized NIFs 
marketed in wider 

development and geo-
physical regions

Occasionally prepared NIFs/ Under-commercialized 
NIFs/NIFs with limited market/NIFs intended for home 

consumption  

Achar, Chiura, Churpi, Dahi, 
Lakhamari, Maseura, Mohi, 
Murai, Raksi, Selroti, Sukuti

Arikanchan, Bagiya, Bara, Bari, Bidia, Chakumari, Choyala, 
Chyakla, Dabbiya, Dhikri (Dhikuri), Dhindo, fish cake, 
Galeue, Golphuki, Gundpak, Gundruk, Hakuwa, Jand, 
Kachila, Khajuri, Khatte, Kheuni, Kinema, Lunghakcha, 
Mahuwa raksi, Malpuwa, Manapu, Penagolya, Phini roti, 
Pina pani, Pustakari, Sattu, Sidra, Sigolya, Sinki, Sinamani, 
Sinkamari, Syabji, Tadi, Tama (Mesu), Titaudo

•	 Traditional foods are facing stiff competition from foreign foods, and are at 
risk of extinction. For example, Tokha chaku is extinct.

Product Quality and Shelf-Life
There is enough scope for improving processing conditions and product quality based on shelf 
life and perishebility nature NIFs may be classified as highly perishable, perishable and non-
perishable/long life (Table 7). 

Table 7. Nepalese indigenous foods based on shelf- life
Highly perishable Perisheble Non-perisheble & long shelf life

Bara, Bhakka, Dal-
puriChatamari, 
Choyala, 
Galeue, Kachila, 
Lunghakcha, 
Penagolya, 
Sigolya, Titaudo

Anarasa, Bagiya, Bari, Bhusba, 
Chakumari, Chyang, Dabbe, Dahi, 
Dhik(u)ri, Gundpak, Jand, Kaliroti, 
Khajuri, Kalipapro, Kaliroti, 
Khajuri, Malpuri, Mohi, Papanda, 
Perukiya, Phini roti, Puri, 
Pustakari, Selroti, The(a)kuwa

Achar, Adauri, Amat, Arikanchan, 
Bid(r)ia, Chiura, Chuk, Churpi, 
Durkha, fish cake, Gundruk, 
Hakuwa, Jhilinga,  Kumbharauri, 
Lakhamari, Lattepapro, Mada, 
Maseura, Mesu, Murai, Murcha, 
Raksi, Sakhar, Sattu, Sidra, Sinki, 
Sukuti (meat, fish), Tadi, Tilauri
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National Policy 
•	 Science and Technology Policy describe exploitation of traditional knowledge and 

skill in sustainable manner as one priority area, and it emphasizes their use as means 
of living.

•	 Preservation and promotion of traditional technologies is mandated by the act of 
Nepal Academy of Science and Technology

•	 SAARC Region Traditional Knowledge Library is in the process of establishment

Needs and Prospects
•	 Preservation of indigenous food technologies (food cultural heritage) to preserve 

one’s history and identity
•	 Develop indigenous food technologies by commercialization and industrialization
•	 The two are complimentary to each other

Commercialization and Industrialization
•	 These refer to technology transformation from traditional indigenous method of 

home or small scale to modern method and industrialized state
•	 Instances of industrialized indigenous foods (selected) in the world may be taken 

such as;  
•	 Sake, Shoyu, Natto, Miso, soy sauce (Japan), fish sauce (Thailand), Tempe (Indonesia, 

Malaysia, Japan), Papad, Rasogolla (India), maize and sorghum beer (Africa), Ogi 
and Gari (Nigeria), Pluque (Mexico)

Advantages of Industrialization 
•	 NIFs will be introduced to people of different parts of world
•	 Income generation
•	 Feel and pride in industrialization
•	 Preservation of indigenous foods
•	 Development of technology of indigenous foods

Basic Conditions to be considered for Industrialization 
Technical

•	 Modern machines,  mechanization, high production capacity
•	 Application of modern science and engineering techniques

Social
•	 Peoples’ attraction, acceptance

Business/Market Factors

Efforts Needed (Challenges and Opportunities)
Agricultural Sector

•	 Cultivation of traditional species or type of food raw material to maintain authenticity
•	 Sufficient and consistent supply of raw materials

Engineering Sector
•	 Machine design improvement, designing and fabrication of appropriate machines
•	 Application of modern equipment and increased mechanization to increase 

production and better process control such as for grinding, roasting, puffing, frying, 
steaming, drying, fermentation, etc. 
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1. Processing Sector
•	 Application of modern scientific principles, tools, techniques and concepts 

in production process to stay competitive
•	 Raw material standardization, process optimization, product 

standardization,  process economy
•	 Improvement of hygienic conditions of plant and product, and control of 

other hazards (e.g. sand in Murai) to ensure product quality and safety
•	 Maintain freshness, delay deterioration in quality and prevent 

microbiological and chemical spoilage. Highly perishable and perishable 
type NIFs most require preservation 

•	 Preservation and maintenance of microbial culture
•	 Exploit modern principles of food packaging

2. Academic Sector
•	 Documentation to introduce NIFs among readers and entrepreneurs alike all 

around world. 
•	 Inclusion of indigenous foods in university course to grow traditional 

knowledge in industrial state 
•	 R & D in various facets of indigenous foods (chemistry, biochemistry, 

microbiology, biotechnology, nutrition, anti-nutrients, active compounds, 
toxic compounds, health, starter culture, technology, sensory, value addition, 
preservation, financial, etc) and knowledge dissemination to establish 
sound knowledge to transform the indigenous foods (indigenous method) to 
industrial products (modern method)

•	 Study flavor chemistry and medicinal properties of uncommonly used 
Nepalese spices and herbs having characteristic flavor, e.g. Timbur 
(Zanthoxylum armatum), Jimbu (aromatic leaf garlic-Allium hyposistum) 
in order to explore their potential in development of specialized spice 
formulations

•	 Uncover technology secrets. 

3. Social, Trade and Industry
•	 Sincere appreciation and respect should be shown to indigenous foods 
•	 Enhance mass peoples’ attraction and satisfaction towards NIFs; highlight 

their beauty and dietary values 
•	 Promote food expo and food culture tourism to familiarize indigenous foods 

to visitors. 
•	 Familiarize and diffuse the technology of indigenous foods beyond the 

present territories for the good of intercommunity harmony and business as 
well

•	 Obtain patent and intellectual property right 
•	 Interest and will of business society
•	 Project feasibility; maximization of profit

4. National Policy and Legal Matter
•	 Policies should not be for decoration but for implementation
•	 Regulatory provisions may be reexamined, e.g. preparation of alcoholic 

products from finger millet
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Efforts Made / Development/Gaps
Academic Sector

•	 University course in indigenous foods: Method of preparation, food value, quality 
(Table 7). 

•	 Publication of introductory books (Table 7): Method of preparation. Almost all 
published documents are on NIFs of eastern and central regions. 

•	 Research dissertation at PhD, Masters and Bachelors levels (Appendix-I): Product 
development and characterization, product quality improvement, ingredients’ 
effects, recipe optimization, process improvement and optimization, preservation, 
study of indigenous knowledge, study of food value, study of unconventional raw 
materials for product development, raw material treatments, packaging and shelf life 
studies, etc.

•	 Publication of scientific journal papers (Appendix-II): Process efficiency, product 
quality, raw material characterization and suitability of raw materials for processing, 
food value, microbiology, packaging and shelf life studies, etc.

•	 Of the limited research conducted most are on alcoholic fermentation and Murcha. 
Other are on dried meat (Sukuti), Yangben, Selroti, Gundpak, Gundruk, Sinki, 
Kinema, Maseura, dried fish, etc. (Appendix-I and II).

•	 Publication of training manuals and books  
•	 Trainings
•	 Study of food value and chemical composition of indigenous agricultural products 

for their upgrading, e.g. Lapsi, Chiuri, Junar, buckwheat, etc. 
•	 Product development and preservation studies of indigenous agricultural and wild 

plant products, e.g. Mayal, Akbare khursani (Bullnose chilli-Capsicum frutescens 
var. grossum), strawberry, Bael (Aegle marmelos), Sisnu (Stinging nettle-Urtica 
dioca), Dale Chuk (siwakthorn), etc. (Appendix-I & II)

•	 Study of indigenous wild plants for their prospective use as natural insecticides, e.g 
Bojo (Acorus clamus)

Other Sectors
Development in agricultural, processing, engineering, social, trade, industry and policy sectors 
are only symbolic

Conclusions and Way Forwards
•	 Needs and prospects give us the future directions and desired results
•	 Efforts needed should be put into action. Not all needed efforts have been addressed. 

Lots of opportunities remain unexplored. Efforts from academia is encouraging, 
however too insufficient. 

Efforts in other areas are so far negligible.
•	 Work with mission and focus. Consolidated and intensive effort of all stakeholders 

(academia, business people, government, etc.)
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Post-harvest and Food Processing Technology: Present Status, 
Problems, Challenges, Opportunities and Way Forward

Man Bahadur Shrestha*, Achyut Mishra and Mahendra J. Thapa
Food Research Unit, NARC

The thrust of the post-harvest technology theme area is to improve existing small and medium 
scale processing enterprises, which produce a wide range of traditional basic food items that are 
so important for nutrition and food security in many areas of South East Asia including Nepal. 
This includes the horticultural commodities (citrus, apple, etc. in hilly region, banana, mango 
etc. in tropical region), rice, maize, wheat neglected crops, potato, fresh and cold water fish such 
as Trout, Asala etc., broiler and turkey as white meat and many more cash crops such as ginger, 
sugarcane, betel nut, large cardamom etc.   Utilization of nutritious but neglected crops such as 
millets such as finger, proso and foxtail, naked barley and buckwheat is important because they 
are rich sources of micronutrients and need to improve processing technology. The emphasis is 
on traditional products that are important in the basic diet of rural and urban people, and on 
the employment generated through the value added by such processing. This provides important 
opportunities for impact on disadvantaged groups. Often, potential exists to make significant 
advances in value added products through relatively low cost interventions such as improved 
grading and packaging. Products that have growing demand in the country include pickles, 
chutneys, fruit pulps, canned fruits and vegetables, concentrated pulps and juices, dehydrated 
and frozen fruits and vegetables. There are arrays of outstanding challenges ahead to prevent the 
losses during harvesting, storage, processing, transportation, distribution and processing of value 
added products and nutrient retention. However there is the great opportunity of commercial scale 
processing which can always fetch an additional income to the growers and help in stabilizing the 
prices with economic returns. There should be the objective wise research activities and market 
oriented strategies in front of food technologists and nutritionist. Training is the most essential 
thing for capacity building for farmers and agro-entrepreneurs.

Keywords: Post-harvest, Food processing technology, Status, Opportunities, Way forward

Introduction
Post harvest technology plays an important role for food security and poverty alleviation policy 
of the country. It is multidisciplinary in nature and assuming a growing importance to increase 
food production to meet the requirements of the expanding population. Realizing the importance 
of post-harvest technology, Agricultural Perspective Plan for twenty years (2000-2020 A.D.) have 
given due emphasis to the generation and dissemination of post harvest technology to improve 
the socio-economic condition of the country. Food science and technology research programme 
has been active since 1994/95 by food research unit established in 1999 under the umbrella of 
NARC. Besides this some researches related to cereals, fruits and vegetable sectors have been 
conducted by Post harvest division, Government of Nepal. Similarly some small and medium scale 
cottage industries have been trained by Department of Food Technology and Quality Control in the 
field of processing and quality control. However this is highly insufficient for the development of 
food technology sector in the country. From the beginning research projects on quality analysis, 
processing, storage and packaging of perishables are continuing. Realizing the growing importance 
of food science and technology for development and dissemination of advance technology there is 
desperate need of established of Food Science and Technology Research Division under NARC. 

*Corresponding authors, E-mail: shrestham6@hotmail.com
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The division should be responsible to formulate the strategies for minimizing the post harvest losses 
either by modifying or manipulating the existing handling, processing and utilization techniques or 
by innovating and introducing new technologies.

Present Status
Presently, the actual food production status is very poor in our country due to the lack of scientific 
agricultural practices, fertilizer, irrigation facilities, productive age manpower, haphazard land 
plotting system, very week marketing and distribution practices and many more other reasons. 
Even though, if the commodity is produced, farmer and stakeholders do not know the proper 
post harvest handling techniques during harvesting, storage and distribution practices. The present 
status of production of major commodities in Nepal and their overall post harvest losses are listed 
in Table 1.

Table 1. Latest figure of food production in Nepal and their post harvest losses

Commodity Production (M. T.) Overall Loss %

Rice 4460278 37

Wheat 1745811 10

Maize 2067722 13

Fruits 794184 15-45

Vegetables 3203563 20-50

Grain Legumes 318362 13

Oilseeds 176186 20

Rainbow trout 80 -
Source: Agricultural notification and information center, MoAC, Government of Nepal 2010/11

Since 4 years, Government of Nepal has announced the launching of OVOP program in Nepal, 
inspired by successful story of Japan, Thailand and other countries. The OVOP program, worked 
out a great deal of homework by FNCCI, introduced in Nepal is totally based on public private 
partnership concept with the objective of alleviation of poverty in local community by developing 
entrepreneurship among the local people. In this concept, people are motivated for the production 
of specific local produce and to add value as per market demand and promote the branding of the 
product within the country and abroad. Existing OVOP programs running in the country in first 
phase (products: 8 districts: 11) are;

•	 Junar (Sweet Orange) and its value added products : Villages of Sindhuli and 
Ramechhap Districts

•	 Lapsi and its value added products: Villages of Bhaktapur District
•	 Rainbow Trout Fish : Villages of Nuwakot and Rasuwa Districts
•	 Bael and its value added products : Villages of Siraha, Bardiya and Banke Districts
•	 Cymbidium Orchid: Lalitpur
•	 Agro Tourism: Kaski
•	 Lokta Paper: Dolkha
•	 Coffee: Syangja
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According to AEC, (2012), added OVOP programs and their respective districts are as follows;
•	 Supari: Jhapa
•	 Turmeric: Sunsari
•	 Mango: Saptari and Kanchan pur
•	 Fish: Dhanusha
•	 Banana: Chitwan
•	 Rural agro tourism: Lamjung
•	 Zinger: Palpa and Salyan
•	 Timbur: Myagdi
•	 Jirailo Basmati Rice: Doti

Thus, there are altogether 17 products and 22 districts are included in OVOP program in Nepal 
from the year of 2012. Apart from these, there are few numbers of flour, biscuit, noodle and brewing 
industries and majority of them use the raw material from other countries. Products that have 
growing demand include pickles, chutneys, fruit pulps, canned fruits and vegetables, concentrated 
pulps and juices, dehydrated vegetables and frozen fruits and vegetables.

Present status of food processing Industries in Nepal
Important sectors in agro processing industries are: fruit and vegetable processing, grain processing, 
milk processing, meat and poultry processing, packaged/ convenience foods, alcoholic beverages 
and soft drinks etc. Sector wise food processing is described below.

Fruits and vegetable processing
Nepal has potential to grow all types of temperate, sub - tropical and tropical fruits and vegetables 
because of varied agro - climatic diversity. People generally prefer seasonal fresh fruits and 
vegetables at the place where it grown. There are no proper facilities of packaging and transportation 
of fresh fruits and vegetables from the place where it is surplus to the place of lacking. At the time 
of surplus, some small scale industries saved the produce at low price and produce the processed 
products such as beverages, jams, jellies, dehydrated fruits and vegetables, pickles, sauces and 
ketchups.  

Food grain sector
Major food grains include rice, maize, wheat, millets, and pulses.

Rice milling: Conventional rice hullers are very popular for milling of rice in rural areas. In 
conventional rice hullers, bran and husk are produced together and cannot be separated. The by 
- product is generally used for feed. The modern rice mills have separate processing mechanism 
for de-husking and polishing of the paddy. The husk can be utilized for energy and the bran for 
extraction of oil. Existing rice milling techniques have high milling loss 12% which is one of the 
major factors of food insecurity. For the further evidence the milling recoveries in different degree 
of milling and effects on proximate nutrients has been presented in Figure 1. 
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Milling Recovery, Head & Broken Rice
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Figure 1. Milling recoveries and effects on proximate nutrients

Wheat milling: Burr or Disk mills (chakkis) are very common for milling of wheat in rural and 
urban areas. There are few (20-25) numbers of roller flour mills around the country. At present 
flours made by the roller mills are sold to industries of noodles, biscuits, breads, etc and hotels and 
the household purpose. 

Maize milling: Maize is milled generally for feed purpose in Nepal. People of hill and high hill 
having no rice production or diabetic patients use maize grits as major foods. Generally cottage or 
small scale disk mills to grind the maize in to grits in the country. Corn grits are also used for corn 
flakes and other extruded products.
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Underutilized crops: Barley, oats, millets (finger, proso, foxtail), shorghum, buckwheat, amaranths 
etc. are produced in dry hilly area of the country as an alternative crops. The dried grains are milled 
with local process by using dhiki, okhly, janto etc. to prepare grits or flour and consume as staple 
food in these areas. Finger millets are generally used to ferment jand and further raksi as a cultural 
food in some ethnic groups. Due to low production and utilization their milling and processing 
technologies are also in shade. 

Pulse milling: Pulses are the major sources for protein for the vegetarians in Nepal. The pulses, 
generally blackgram, lentil, soyabean, rice bean, cowpeas, kidney bean and mung beans are made 
into dhal by de-husking and fragmenting. Besides cottage type dahl grinder, there are a few medium 
scale pulse milling industries in the country.

Oil extraction:  Oil extraction has been a cottage level activity in the country through Kolhs and 
Oil Ghanis. The introduction of medium scale capacity mechanical expellers has brought in up 
scaling. Small capacity oil expellers have been developed which could be installed in rural areas 
for promoting agri-business and that might provide more employment. 

Processing of commercial crops
Tea, coffee, big cardamom, ginger, betel nuts and sugarcane are major commercial food crops 
grown in Nepal. Tea, coffee and big cardamom emerged as major foreign exchange earner. There 
are few numbers of tea processing industries in eastern Nepal. Nepalese orthodox tea is famous 
around the world and exported in a high value. Nepal is the 9th country of betel nut producer in 
the world and mostly exported. Few cottage type industries are involved in betel nut processing in 
the country. Big cardamoms are dried by farmers in local manner in Bhatti. Coffee are pulped and 
dried in sun to prepare green coffee. Majority of dried cardamom, green coffee and fresh ginger 
are exported. Commercial crops provide more employment opportunities to rural work force and 
therefore, cannot be ignored and require special attention. Research and development is important 
for the improvement of processing and quality of these crops.

Packed and convenience food
Modern packed and convenience foods such as bread, biscuit, confectionery, chocolates, ready to 
eat foods like noodles, cereal flakes, etc have become popular in recent years especially in urban 
areas although traditional foods have been used in the country in the form of roasted, puffed and 
baked products. The extruded foods are also produced in the unorganized sector. The traditional 
ethnic ready to eat foods prepared in hygienic conditions and marketed with better packaging has 
plenty of domestic markets.

Fishing and Fish Processing
Fishery is developing in slow motion in Nepal. Due to the land locked country, only fresh water 
fish can be produced and harvested in Nepal. Grass carp, naini and trout farming are popular among 
the fish farmers. Fish are used for the purpose of table use only till now due to mainly insufficient 
production and the next is absence of fish processing industry in the country.

Meat and Poultry Processing
Some cottage type sausage sukuti making industries are existed in urban areas mostly in Kathmandu 
valley. Compared with meat, poultry industry has registered significant growth. Additionally, 
different ethnic and cultural traditional foods such as momo, chhoyala, chatamari, etc., as well as 
chicken tandoori and buffalo dried meat are popular in Nepalese restaurants. 
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Milk and Milk products
Most of the dairy sectors are organized through the co-operatives. In the dairy sector, there are 
number of small and cottage type dairy industries are existed in the country for producing market 
milk, dahi, paneer, ghee, sweets etc. except two or three larger industries which produces milk 
powder, cheese, yoghurt etc. in addition to these. 

Alcoholic and nonalcoholic beverages 
There is few beer industries including one multinational, some liquor blending industries and 
few small scale wine industries are existed in the country and hold a small markets of alcoholic 
beverage. There are few aerated multinational soft drinks industries in the country. There is huge 
market of homemade local raksi, chhyang, tungba, tadi in rural and even in urban areas produced 
by targeting to low income group people. 

Problems
The main problems in post harvest and food processing technology are the lack of power, subsidies, 
agricultural roads, harvesting, storage, packaging and processing trainings, food and nutrition 
education, poor management in food storage and distribution, brain drain, impunity, land use 
policy and unstable government. Some specific problems are listed as following

•	 Farmers do not have the proper idea of harvesting time and techniques, 
•	 Lack of low cost cold storage practices (cellar, zero energy etc. facilities) or no 

assess of cold stores for perishable commodities
•	 Farmers and producers do not have the proper knowledge of IPM techniques
•	 Farmers and producers do not follow appropriate treatments or processing for 

maintaining quality of food commodity (for both perishable and durable)
•	 Producers or stakeholders or distributors do not follow the appropriate safety 

approaches during food storage, packaging and distribution
•	 Lack of research and development in PHTs.

Challenges
There are arrays of outstanding challenges ahead to prevent the losses during harvesting, storage, 
processing, transportation, distribution and production of value added processed food with high 
quality. Utilization of nutritious but neglected crops such as millets (finger, proso and foxtail), 
naked barley and buckwheat is important because they are rich sources of micronutrients and need 
to improve processing technology. There should be the objective wise research and activities in 
front of food technologists and nutritionist. Some of the following specific challenges are now in 
front of us:

•	 Development of appropriate technologies for the minimization of losses in 
agricultural commodities

•	 Providing training and education for food processing/minimal processing, packaging, 
storage and distribution system to farmers and stakeholders

•	 Facilitate for spreading and widening of cottage type food industries 
•	 Establishing well equipped food processing industries for export quality produces
•	 Implementation of GMP, HACCP, cleaner production practices, food laws and 

regulations, etc. to food industries
•	 Implementation and extension of OVOP program throughout the country
•	 Implementation of post harvest part of APP
•	 Monitoring, appreciation/motivation for good producers and punishment for 
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fraudulent
•	 Improvement in size of produce, aroma, nutrition and early ripening by the 

application of biotechnology
•	 CAS, MAP, active packaging and antimicrobial packaging 
•	 Establishing Food Council for monitoring food technology education throughout 

the country
•	 Development of energy saving technologies such as solar drying, cellar storage, zero 

energy cool chamber for horticultural crops

Opportunities
Processing can always fetch an additional income to the growers and help in stabilizing the prices 
with economic returns. The best overall indicator of the economic contribution of food processing 
to the food system is the value addition. It represents the firm’s contribution to an industry’s value 
addition and the value addition is the indicator of the industry’s contribution to GDP. Processing 
units are a boon for the welfare of the orchardists as they can save their crop from wastage and at 
the same time their produce becomes more valuable, price fetching commodity with suitable post 
harvest treatment packaging and by processing into various products.

There is an opportunity for long term and large investments in food and food processing technologies, 
skills and infrastructure, especially in areas of canning, dairy packaging, frozen food / refrigeration 
and thermo processing. Fruits and vegetables, milk and milk products, meat and poultry, packaged 
/ convenience foods, alcoholic beverages and soft drinks and grains are important sub - sectors of 
the food processing industry. The short term and specific opportunities are listed below

•	 High possibilities of off-season fruits and vegetables so food processing industries 
can be run throughout the year

•	 High potential of small and cottage type juice and wine industries in the country 
because of the high availability of wild fruits (rasp berry, chhuthro, sea buck thorn, 
kafal, jamun, cherry etc.) and herbs having bioactive components

•	 Commercialization of off-season crops in high price by adding value 
•	 Product diversification and value addition in indigenous food items
•	 Employment opportunities for low income group people

Policies and Way Forward
Following policies should be incorporate in the gazette to develop the post-harvest technology;

•	 Formulation and promotion weaning foods and low cost nutritional recipes based on 
millets, legumes and cereals along with nutritional intervention studies

•	 Generation of indigenous and cost effective technology for the preservation, 
processing and value addition of fruits, vegetables and spices. 

•	 Development of technologies in order to minimize milling and extraction losses 
during processing of cereals, legumes and extraction losses during processing of 
cereals, legumes and oilseeds. 

•	 Stop duplication in research and other programs and develop the policy to hold the 
sector wise responsibilities among FRU, DFTQC and PHD.  

•	 Carry out a joint collaborative research work based on post-harvest technology with 
international organizations such as FAO, ACIAR, SDC, UNDP and others

•	 Documentation of the developed technologies in the form of booklets, leaflets, 
seminar papers and proceedings. 
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•	 Disseminate developed research outputs and post harvest technologies by 
coordinating with Food Research Unit, NARC, Department of Food Technology 
&  Quality Control and Post Harvest Division through on farm research, training 
and Medias such as TV, radio, and leaflets to the farmers, processors, extension 
personnel and individuals. 

•	 Carry out Capacity building training  

Market oriented strategies institutionalised through capacity building in targeted organisations and 
associations. Training is the most essential thing for the farmers and agro-entrepreneurs. Priorities 
for training should be identified by the working group, based on demands expressed by the range 
of stakeholders present, and considering sub-regional priorities. These are summarised in the Table 
2, which indicates the area of training, the potential trainees and the type of institution who can 
undertake the training function.

Table 2. Capacity building training format   

Training Area Trainees Trainers

Market analysis and opportunity 
identification (for the 
commodity chain theme area)

Researchers, extension, 
NGO, private sector

Food related institutions 
e.g. NEFOSTA, DFTQC, 
FRU, universities

Product safety and quality 
control (grades/standards)

Farmers, extension workers, 
agro-processors, handlers

NGOs, bureau of standards, 
FAO, UNIDO, UNDP

Enterprise Development: 
(entrepreneurial and managerial 
skills, for the commodity chain 
theme area)

Private sector, NGOs, 
agribusiness, youth and 
women

Agro-enterprise 
development institutions

Information processing 
(Research Design, Data 
collection, statistical analysis, 
web pages) 

Researchers, NGOs, 
extension services

IT institutions

Higher degree education in 
agribusiness, post-harvest 
processing, food quality/safety 
and information technology

Researchers, NGOs, 
extension services, private 
sector

Universities / Research 
Institutions

Collective action, for the 
commodity chain theme area

Youth, Women
Community organisations

NGOs, Extension workers

The project cycle, especially 
monitoring and evaluation, 
relevant for all theme areas

Researchers, NGOs, Private 
sector

Universities, governmental 
organizations
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Functional Foods and Nutraceuticals

Deva Bhakta Shakya, Ph D
Lalitpur Sub-Metropolitan City, Lalitpur GPO Box 93

Introduction
Within past three decades, there has been a phenomenal change in the food industry around the 
world and tremendous changes are seen by consumers with many new food products in the world 
markets. These changes are resulted from a vast range of new ingredients which are now available, 
changes in the consumer needs: lifestyles and food habits; consumers are finding many options and 
choices with many nutritional and health claims to make themselves healthier persons; affordability, 
changes in attitude of governments of different countries, permitting the large number of additives 
that have been used world over for many decades and proven safe.

As family health care cost is increasing and becoming unaffordable, more and more consumers 
are frustrated with the expensive disease-treatment approach predominant in modern medicine 
and quest for utilizing alternative beneficial products like dietary supplement, functional food and 
nutraceuticals are increasing.

There are a wide range of health issues normally seen around the world. The top ten causes of death 
in developed countries, as per the WHO report (WHO, 2011), and the top health issues consumers 
are concerned in preventing are as given in the Table 1.  

Table 1. Top ten causes of death in developed countries   and top health issues consumers are 
concerned in preventing

Top ten causes of death in developed 
countries  (WHO)

Top health issues  consumers are 
concerned in preventing

•	 Heart Disease 
•	 Cancer 
•	 Stroke
•	 Chronic Obstructive Pulmonary Disease
•	 Pneumonia and Influenza
•	 Unintentional Injuries
•	 AIDS and Infectious Disease
•	 Diabetes Mellitus 
•	 Suicide 
•	 Chronic Liver Disease 

•	 Heart diseases
•	 Vision Problems
•	 Lack of energy
•	 Obesity/overweight
•	 Arthritis/joint disease
•	 High cholesterol
•	 High Blood pressure
•	 Memory concentration problems
•	 Diabetes
•	 Acidity/heartburn
•	 Cold/flu

In the case of Nepal (Figure 1.), death resulting from non-communicable diseases and mortality is 
relatively higher and accounts for 50% of all death (WHO, 2011). In 2008, it was estimated that 
total NCD deaths to be around 92,000 and NCD death under age of 60 constituted  almost two 
third ( Table 2.). Death accounted from cardiovascular diseases and diabetes is almost 58% of the 
total NCD death, followed by Cancer (18%) and chronic respiratory diseases (11.4%). Hence it is 
natural for Nepalese populace to show gradual interest in functional food   and nutraceuticals to 
address their health concerns in an economic ways.  

*Corresponding author, E-mail: dbshakya@gmail.com
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Figure 1: Proportional mortality (% of total deaths, all ages)*

Table 2. Non-communicable diseases and mortality in Nepal (estimate of 2008)

NCD mortalityMale FemaleTotal 

Total NCD death (000s)4842.890.8

NCD death under age 60 (% of all NCD deaths)35.331.366.6

Age standardize death rate per 100,000 population 0

All NCDs705.5536.31241.8

Cancers113.9118.9232.8

Chronic respiratory diseases86.454.9141.3

Cardiovascular disease and400.2301.3701.5
Source: WHO, 2011

Functional Foods  
The concept of functional foods was born in Japan. In the 1980s, health authorities in Japan 
recognized that an improved quality of life must accompany increasing life expectancy for the 
expanding number of elderly people in the population if health care costs were to be controlled. 
“Foods for Specified Health Use” (Hamano, 2011).

There is no universally accepted definition of functional foods.  Several organizations like 
International Food Information Council (IFIC), International Life Sciences Institute ( ILSI) and 
Institute of Food technologists (IFT) have attempted to define this emerging food category.  The 
IFIC defines functional foods as foods that provide health benefits beyond basic nutrition.   ILSI 
of  North America  defined functional foods as foods that by virtue of physiologically active food 
components  provide health benefits beyond basic nutrition and IFT Expert committee defined  
functional food   as “foods , food components and dietary supplements  that provide a health benefit 
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beyond basic nutrition (for the intended population)” ( IFT , 2005).  But lately, ILSI –defined  the 
functional food as  “A food is a functional food if it has  clearly been documented that it has  one 
or more properties beneficial to  human health by improving the  state of health or reducing health  
risks in addition to its nutritional  value”. 

According to these definitions, unmodified whole foods such as fruits and vegetables represent 
the simplest example of a functional food.  For example, broccoli, carrots, or tomatoes would 
be considered functional foods because they are rich in such physiologically active components 
as   beta carotene, and lycopene etc. Modified foods, including those that have been fortified with 
nutrients or enhanced with phytochemicals or botanicals, also fall within the realm of functional 
foods. Thus, types of the functional foods typically, include whole foods; fortified, enriched, or 
enhanced foods. Functional foods are considered to provide essential nutrients beyond quantities 
necessary for normal maintenance, growth, and development, and/or provide other biologically 
active components that impart health benefits or desirable physiological effects. The following 
table (Table 3) exemplifies some functional foods and their potential health benefits and nutritional 
claims.  

Table 3. Types of functional foods
Functional 

Food Potential	Health	Benefit Labeling Claim

Whole food
Oat Reduces cholesterol and constipation, 

reduces risk of heart disease
May reduce the risk of heart disease    

Soy Reduces cholesterol and reduces risk  
of osteoporosis, certain cancers, and 
heart disease, reduces risk of heart 
disease

May reduce the risk of heart disease 

Fruits and 
vegetables

Reduces   risk  of  certain cancers, 
and heart disease and nutrient 
deficiencies

May reduce the risk of some 
cancers; may reduce the risk of heart 
disease 

Enriched foods
Grains Reduces   risk  of  certain cancers, 

and heart disease and nutrient 
deficiencies

May reduce the risk of some 
cancers; may reduce the risk of heart 
disease 

Fortified	foods
Juices with 
calcium

Reduces   risk  of osteoporosis,  
reduces hypertension

Helps maintain healthy bones and 
may reduce risk of osteoporosis

Grains with 
folic acids

Reduces risk of heart disease and 
neural tube birth defects

May reduce risk of brain and spinal 
cord birth defect

Milk with 
vita D

Reduces risk of osteomalacia and 
osteoporosis

Helps maintain healthy bones and 
may reduce risk of osteoporosis
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Enhanced foods
Dairy 
products with 
probiotics

Reduces the risk of colon cancer 
and candidal vaginitis, control 
of imflammation, treatment of 
respiratory allergies; diarrhea 
disorders  

Structural/ functional claim

Beverages 
and salad 
dressings 
with 
antioxidants

May support overall healthStructural/ functional claim

Sports barVaries with ingredientStructural/ functional claim

Spread with 
stanol esters

Reduces cholesterolStructural/ functional claim

Tea based nutraceuticalsof Japan and 
China

Figure 2. Some Functional foods and Nutraceuticals

Nutraceuticals   
A nutraceutical was coined from the terms “Nutrition” and “Pharmaceutical” in 1989 by Dr. 
Stephen De Felice, Founder and Chairman of the Foundation for Innovation in Medicine (FIM) 
and was defined as “Any substance that is a food or part of a food that provides medical and/or 
health benefits, including the prevention and treatment of disease.”  Now a day, it is considered 
as “a product isolated or purified from foods that is generally sold in medicinal forms not usually 
associated with food.” A nutraceutical is demonstrated to have a physiological benefit or provide 
protection against chronic disease. Substances used as nutraceuticals for the treatments of some 
major diseases are shown in Table 4. 
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Table 4.  Nutraceuticals used for treatments of diseases (Gupta et al., 2010)
DiseasesSubstancesNutraceutical uses

Antioxidants, Dietary fibres, Omega-
3 PUFA, Vitamins, Minerals

Prevention and treatment of CVD

PolyphenolsPrevent and control arterial disesaes

FlavonoidsBlocks ACE and strengthen capillaries carryoing 
oxygens

Docosahexaenoic acidsModulates insulin resistance and vital for nurovisual 
development

Ethyl estersBeneficials in diabetic patients
Lipoic acidtreatment of diabetic neuropathy
Diatery fibreglucose  control

Obesitycaffiene, Chitosan, green teaBody weight loss

FlavonoidsBlocks the enzymes in esterogen induced cancers

Iso flavones, curcuminsposesses cancer chemo-preventive properties 

lycopeneprevents skin/prostate/adrenal cancer

gama lenolenic acidtreatemnt of problem of imflamation and auto immune 
diseases 

saponinanti-tumor and anti-mutagenic activities
curcuminanti inflamatory,antioxydative properties

beta carotene, lupin, 
lycopene,curcumin, turmerin

neutralising negative effects of mitocondrial 
dysfunction and neural degenerations

Vitamin E, CreatinProtection
Lutein treatment of visual disorders

Xeaxanthintreatment of visual disorders
OsteoarthritisGlucosamine and chondroitin  

sulfates
alleviate symptom of OA

Cancer

Diabetes

Cardiovassoular diseases

Alzheimer Diseases

Vision Improving agents

Although the term “functional foods” may not be the ideal descriptor for this emerging food 
category, recent research conducted by IFIC shows that this term is recognized more readily and is 
also preferred by consumers over other commonly used terms such as “nutraceutical”.

Global Functional foods and Nutraceutical markets
Globally, the functional food and nutraceutical market is estimated to be $140.1 billion in 2010 
and $195 billion by 2012 and is projected by 2016 to reach $207 billion, with compounded annual 
growth rate of 6.5% ( BCC, 2012  ) 

Figure 3.  Global Nutraceutical Market 2009-2016 (US $ millions)
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US, EU and Japan are the largest regional markets for functional foods and nutraceuticals accounting 
for nearly 93% of the global demands. The U.S. alone accounts for nearly 40% of the global market 
for functional foods and beverages. Functional beverages market  (RTD tea or coffee; sports drink, 
energy drink, coconut water , probiotic yoghurt etc) is  estimated  to be worth $57 billion in 2011 
and  speculated  to reach nearly $87 billion in 2016 with compounded annual growth rate of 8.8%.  

Nutraceutical food/ingredient market is the second largest market, generating an estimated $49 
billion in 2011 and expected to reach $67 billion in 2016.   China will evolve into the largest 
global producer and consumer of nutraceutical ingredients by 2020, surpassing the U.S. and EU.  
Brazil, Russia, China and India, as well as Mexico, Poland and South Korea, are expanding and 
diversifying their food and beverage, processing industries. 

The Indian Nutraceutical market finds that the market earned revenues of $1,480 million in 
2011 and could grow to $2,731 million in 2016. Dietary supplements were the largest category 
accounting for 64 percent of the nutraceuticals market, driven primarily by the pharmaceutical 
sector in the form of vitamin and mineral supplements (Frost & Sullivan 2012).  

Present Market status in Nepal.
Some range of functional foods and nutracueticals are available in market be it imported products 
(like ganoderma products or energy drink, alovera juice, Spirulina etc.)  Or traditional products of 
Nepal/India/China - like Chyawanprash, herbal tea, Silajit etc) with different level of health claims 
.Although there is a possibility of larger inflow of functional foods/nutraceuticals in Nepalese 
market, formal entry of such products in Nepal is yet to be open because existing Food Act/
Regulation and /or Drug Act do not have provisions to recognize   functional foods/ nutraceuticals 
as defined.

Many of the functional foods products prepared/manufactured and marketed within Nepal 
are herbal based and are recognised as ayurvedic/ traditional products. However, entry of such 
products in international markets is finding problems particularly in establishing health claims and 
producing certifications required.

Legislative bodies related to functional foods globally 
•	 Although the nutraceutical market is expanding, an ambiguity still exists about the 

regulation of nutraceuticals around the world. Some of the legislative bodies to deal 
with the functional foods and nutraceuticals globally are listed in Table 5 (Kaushik 
and Kaushik, 2010). 

•	 In US, Dietary Supplement Health and Education Act 0f 1997 regulated the 
manufacture and marketing of nutraceuticals   and Food and Drug Administration 
Modernization Act of 2007 made additional options available to the manufacturers 
of nutraceuticals . In Japan, for legally commercialization of functional foods, Food 
for Specified Health Use (FOSHU) was introduced in 1993 for product specific 
approval system   and in 2005 “Food with Health Claim” for introducing standardized 
formula and labeling system          (Tallon, 2008 and Hamano, 2011).  IN EU working 
definition of functional foods was spelt out in 1995 and a year later commission 
concreted action on functional food science in Europe (FUFOSE) was established 
and process for the assessment of scientific support for claims (PASSCLAIM) began 
to support FUFOSE in regulating functional foods and nutraceuticals. (Kaushik and 
Kaushik, 2010; Chan, 2011; FSSAI, 2012)

•	 In India, new “Food Safety and Security (FSS) Act” was made effective from 2008 
and the “Food Safety and Standard Authority of India (FSSAI)” was entrusted to 



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

61

implement the Act. New set of rules and regulations for implementation of FSS 
Act was introduced in 2011 which   covered some aspects of the following: novel 
food genetically modified articles of food, irradiated food, organic food, food for 
special dietary uses, functional food, nutraceuticals, health supplements, and 
proprietary foods and provided detail regarding safety and labeling requirements for 
food processors, vendors, and retailers. However, the rules are yet to elaborate on 
health claims and address a number of issues including the packaging and labeling 
of nutraceuticals, restriction of advertisements and claims made by nutraceutical 
manufacturers etc. (FSSAI, 2012).

•	 In China, Food Hygiene Law 1995 defined food as “any finished product or 
raw material intended for people to eat or drink, as well as any product that has 
traditionally served as both food and medication, with the exception of products used 
solely for medical purposes. Health foods also defined and included functional foods 
and Nutraceuticals and   from 2005, provision of the requirements of assessment 
and review of food safety, effectiveness, quality control, and labelling content 
before approval of registration  included (Tallon, 2008). In contrast to the well-
substantiated scientific evidence collected according to strict scientific procedures 
employed by many countries, Chinese regulations rely more on long established and 
accepted practice and experience developed in Traditional Chinese Medicine and 
health claims are allowed on health foods provided requirements for public health 
are met and the claim in question does not employ medical jargon or terms likely to 
be confused with pharmaceuticals. 

•	 In Nepal, so far there is no specific provisions in the prevailing Acts or regulations, 
defining and or regulating functional foods/nutraceuticals. Although there exist 
Drug Act, 1978; Food Act, 1966 and Food Rules, 1970 to provides legislative 
framework for drugs and foods. Health and nutritional claims of functional foods 
are not considered within their purviews. This situation created difficulties in actual 
promotion of functional foods and nutraceuticals in Nepal.

Table 5. Legislative bodies related to functional foods globally (Kaushik and Kaushik, 2010)

Country Status Legislative Body 

United states  Functional Foods/
Dietary supplements

FDA regulates under the authority of two laws:

· FD&C Act 1938 for food additives.

· DSHEA 1994 for dietary supplements.

Japan FOSHU products MHLW (Ministry of Health Labour & Welfare)

China Health foods SFDA(State Food and Drug Administrtion

European Union Food supplements EFSA(European Food standard authority)

Brazil Functional foods/
Nutraceuticals 

ANVISA(National Sanitary Surveillance 
Agency)

India Functional foods/
Nutraceuticals 

Two Act regulates this category

· Drugs and Cosmetics Act.(1940)

· Food Safety and Standard Act 2006
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Health Claims and Practices
Health claim means any representation that states, suggests or implies that a relationship exists 
between a food or a constituent of that food and health (Health Canada, 1998; Songara   et al, 
2010). 

Health claims include the following:
•	 Nutrient function claim - a nutrition claim that describes the physiological role of the 

nutrient in growth, development and normal functions of the body.
•	 Other function claim- relates to a positive contribution to health or to the improvement 

of a function or to modifying or preserving health other than the nutrient function 
claims.

•	 Reduction of disease risk or therapeutic claims - claims relates to the reduced risk of 
developing a disease or health related condition.  . 

The presentation of risk-reduction claims must ensure that consumers do not interpret them as 
prevention claims. The definition for nutrient function claim was recently moved from the nutrition 
claim section to the health claims section of the Codex guidelines. Other function claims are defined 
as “claims concern specific beneficial effects of the consumption of foods or their constituents, in 
the context of the total diet on physiological functions or biological activities but do not include. 
Such claims relate to a positive contribution to health or to the improvement of a function or to 
modifying or preserving health.” 

In Japan as of April 2011, 955 food products approved as Foods for specified Health Uses      
(FOSHU) and for different functional ingredients, health claim approved (Hamano, H, 2011) are 
as stated in the Table given below (Table 6). 

Table 6. Functional ingredients and approved Health Claims in Japan 

Health Claim Functional Ingredients

Helps maintain good gastrointestinal 
condition

Oligosaccharides, Lactobacillus, Dietary 
fibers

Good for those who have high serum 
cholesterol/are concerned about serum 
triglycerides

Soya protein, peptides, plant sterols, dietary 
fiber etc

Good for those who have high blood pressure Peptides, glycosides, amino acids

Good for those who have high blood pressure Dietary fiber, albumin, polyphenols etc

Helps maintain dental health Xylitol, Polyols, Tea Polyphenols

Helps improve absorption of calcium 
minerals

Oligosaccharides, Heme Iron, Vitamin K, 
Soya Isoflavonoids

Source: Hamano, (2011)

In India also, a host of ingredients have been used by nutraceutical companies with diverse set of 
health claims providing structural functional benefits of the ingredients (Table 7) 
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Table 7. Key ingredients with health claims used by Indian companies (FICCI, 2009)

Ingredients Used  by Industry Categories Health Claims made by 
manufacturers

Omega 3
 and 6

Functional foods ( fortified foods): 
omega fortified malted beverages

Prevention from immflamatory and 
auto-immune diseases, also reducing 
cholesterol, and hence various heart 
attacks

Probiotics Functional foods: probiotic yogurt Improve intestinal microflora and aid 
better digestive health

Beta-glucan Functional foods: e.g. oat enriched 
food

Soluble fibre that soaks up the 
cholesterol

Tocopherol Functional foods: e.g. rice bran 
fortified oil

Cholesterol lowering potential. Prevent 
or delay heart disease and related 
complications, cataracts, macular 
degeneration

Ginsing Dietary supplements: e.g. tonics 
and stimulants

Cure lethargy, arthritis, impotence, 
senility, anti-aging agent

Beta-
carotene 

Dietary supplements: e.g. beta-
carotenes in antioxidants

Prevent night blindness, skin problem, 
enhance immunity, protect toxins and 
cancers

Products under promotion as functional foods/nutraceuticals in Nepalese markets
Entry of functional foods and nutraceuticals products with health claims are recent new phenomenon 
in Nepal. Some Nepalese products and a few products from outside are found sold in supermarkets 
and groceries and some products are promoted through its network services. Some of the products 
available in Nepalese markets are given in Table 8. 

Table 8. Products under promotion as functional foods/nutraceuticals in Nepalese markets

Functional Foods Nutraceuticals

•	 Herbal Tea (Sugar control, Blood 
pressure control, Kidney, Slim, Memory, 
Heart, Gastric, Yarsagumba tea etc.)

•	 Chyawanprash 
•	 Bel Juice
•	 Seabuckthorn juice
•	 Alovera Juice etc 

•	 Aswogandha 
•	 Silajit 
•	 Spirulina ( blue-green algae)
•	 Green tea extract
•	 Omega 3 – fish oil 
•	 Reishi (Ganoderma)
•	 Cordyceps etc.
•	 Gensing 
•	 Narisakti 
•	 Lycozymes etc.
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Some Products of Nepal wit Health claims 

Nepalese Herbal Tea and Health Claims  
Many companies manufacturing herbal products in Nepal are also bringing out a large number of 
products with health claims. The health claims on the herbal tea by one of the herbal companies 
are as reflected in Table 9. 

Table 9. Health claims made for herbal teas produced in Nepal

ProductHealth Claims

Tulsi Tea •         Prevents fatigue and cold, improves immunity and memory 

Kidney Tea 
•        Relievespainanddiscomfortduetokidneyandbladderstone,
uric acid troubles and purifies blood. 

Memory Plus Tea 
•        Itisarefreshinganddeliciousteaforregularuse.Itimproves
memory, concentration and mental alertness; prevents fatigue, stress 

Slim Tea 
•        Itisarefreshinganddeliciousteaforregularuse.Ithelpsto
control over weight and cholesterols. 

Heart Tea •         It is an ideal & refreshing tea for heart patients. 

Liver Tea 

•        Regeneratesandrestoresliverfunctions,protestsliverfrom
toxiceffectsofalcohols,drugs,smoking,jaundice,and,promotes
appetite. 

Guduchi Tea 
•        Promotesappetite,curesstomachdisordersandimproves
urinary and blood circulation. 

Gastric Tea 
•        Itisanidealteatocurehyperacidity,gastritis,flatulence,
indigestion, heart burn and constipation. 

Diabetes Tea •         It is an ideal and refreshing tea for diabetes patients. 

Skin Care Tea 
•        Itisanidealteatorestorenormalfunctioningofsystem,
purify blood, tone up, skin, cure pimples, and skin diseases. 

Blood Pressure Tea •         Controls high blood pressure and mental tension. 

Source: Herbal, (2012)
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Current state of affairs in Nepal
Market for functional foods/ nutraceutical products is fast growing in the world. In many cases the 
therapeutic benefits of such products under market promotion are yet to be verified scientifically 
and lots of work is still needed. There seems to greater market push of such products in countries 
where legislative system is weak. Nepal does not have regulatory framework to allow entry of 
such products in its market, but however, absence of norms, standards and methods of establishing 
health claims, nutraceuticals and functional foods is facing regulatory ignorance, marketing 
incompetence and ethical impunity. 

There seems to be pressure for market introduction of both well established/verified products and 
those which are yet to establish their health benefits. Absence of norms, standards and methods 
of establishing health claims, nutraceuticals and functional foods is facing regulatory ignorance, 
marketing incompetence and ethical impunity.

Nepal, as such will have difficulty to produce/manufacture its own functional foods/nutraceuticals 
as it has a very weak research and technological know-how, and the credibility and quality control 
challenge remains. Nepal is yet to develop capacity to testing, clinical studies, and adherence 
to rigorous industry and scientific methods is necessary for the advancement, acceptance, and 
development of high quality, effective nutraceuticals.

Also in the cases of potential/interested industries/marketers of Nepal, wishing to introduce 
functional foods /nutraceuticals, they should be given thorough guidance required in identifying 
and introducing suitable technologies for production/ distribution; increasing the quality and 
credibility of nutraceutical products and meeting the regulatory requirements of countries where 
the products are planned for    market introduction.

Some other perceived problems and constraints in Nepal
Key Concerns

•	 Food Industry/  marketers are yet to venture into the business of  production/
distribution of functional foods and nutraceutical particularly due to regulatory 
confusions , lack of adequate awareness and understanding and poor vision of the 
market 

•	 Under developed infrastructures for ingredient testing’s for identity, purity, quality, 
strength or composition ; conformity assessments/certifications

•	 Lack of resources for research and gap between academic research and industry
•	 High cost in meeting food safety regulation, GMP /HACCP compliance and 

establishing health claims
•	 Exaggeration in advertising, making consumers believe that functional foods/

nutraceuticals can treat  every diseases
•	 Adulteration/fake and low quality products in the market, causing financial loss and 

damaged health for consumers.
•	 Required capacity does not exist to scientifically verify the health and nutritional 

benefits of the products. 

Existing challenges for the Food regulators
As commercial interest in the marketing of these foods and components grows, regulatory agencies 
are facing new challenges. Our current understanding of the benefits and risks are highly limited 
and existing Food Act and Food regulations and or Drug Act/Regulation are not explicit in many 
aspects. 
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Therefore, regulators are facing many issues from a variety of perspectives. For example:
•	 How should nutraceuticals/functional foods be defined with precision for regulatory 

purposes?
•	 Should such products remain as either foods or drugs under the legal framework? 
•	 What kinds of health claims should be allowed on food labels?
•	 What standards of evidence would be necessary and sufficient to prove a health 

benefit?
•	 Should we simply follow the rules of the games followed by other countries? 

 Policy suggestions
•	 Consider amending existing Food act and regulation to regulate manufacturing, 

processing, importing and marketing of functional foods and nutraceuticals in order 
to protect health and consumer rights.

•	 Greater thrust should also be given on the regulatory system to assess and enforce 
the health claim that appears in the market place. For this capacity of the existing 
institutional mechanism needs to be strengthened and monitoring programs 
introduced.

•	 Some policy measures should also be introduced to provide evidence based and user 
friendly food/health information for consumers to select variety/ range of functional 
foods.

•	 Consumers Awareness programs should be introduced extensively, advising them to 
be more cautious in selecting and purchasing functional foods available (or potential) 
in the market to avoid wasting financial losses on bad medicines.

•	 Create environment for better foreign investment–attracting new technologies for 
production and sales of functional foods and nutraceuticals. 

•	 Focused R&D programs should be encouraged for functional/ nutraceutical product 
development, process development within Nepal; identification and isolation of 
nutraceutical ingredients from agriculture/forest based products of Nepal.

•	 There is increasing need for consumer to have easily readable and understandable 
information about nutraceutical product.

•	 Information on active ingredients, warnings, indications, storage conditions, 
directions, purposes and other information, must be legible and accessible as 
nutraceutical product are now widely available and used without medical supervision. 

•	 Consumers are becoming more actively involved in their own health care, and are 
practicing self-diagnosis and self-medication with nutraceutical product labeling 
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Introduction 
Nepal is endowed with rich bioresources. The variety of geographical terrains in the country 
provides tremendous biodiversity rarely seen in any other single country. The vast range of forest, 
agricultural and plant resource base of the country are quite extensive and diverse which provides 
unique market opportunity for development of biotechnological products and related industries.

Although comprising only 0.09% of global land area, Nepal possesses a disproportionately large 
diversity of flora and fauna at genetic, species and ecosystem levels. The rich biodiversity exert 
immense pressure on exploration and exploitation of biotechnical resource for the production of 
useful, improved and value added products. The country has diverse species of flora and fauna that 
gives the added advantage for biotech companies to carry on their research and drug discovery 
effectively. Though biotechnology has unlimited scope that can be harnessed for national 
development , however, its use in Nepal is primarily limited to tissue culture propagation of some 
economic plants and development of animal vaccines. Biotechnology is absolutely necessary to 
sustain our agriculture improve our production and productivity pattern in the competitive and 
more remunerative way in the emerging world trade scenario. This is essential to achieve  nutrition 
security in the face of major challenges such as  declining per capita availability of arable land; 
lower productivity of crops, livestock and fisheries, heavy production losses due to biotic (insects, 
pests, weeds) and abiotic (salinity, drought, alkalinity) stresses; heavy post-harvest crop damage 
and declining  availability of water as an agricultural input. Investment in agricultural related 
biotechnology has resulted into capability and institutional building over the years. Also progress 
has been rather slow in research for industrial application and utilizing value – added production 
system.

The spectrum of biotechnology application in agriculture is very wide and includes generation of 
improved crops, animals, plants of agro forestry importance; use of molecular markers to tag genes 
of interest, accelerating of breeding through marker – assisted selection; fingerprinting of cultivars, 
land raises, germplasm  stocks; DNA based diagnostics for pests/pathogens of crops, farm animals 
and fish; assessment and monitoring of biodiversity;  invitro mass multiplication of  elite planting 
material ; embryo transfer technology for animal  breeding; food and feed biotechnology. Plants 
and animals are being used for the production of therapeutically or industrially useful products 
with due emphasis on improving efficiency and lowering the cost of production.

Nutrition and balanced diet are the basis of human needs which are essential for good health. 
Biotechnology intervenes in the development and production of improved nutritional quality. 
Further, it provides needed tools for ensuring and monitoring food quality and safety. 

General Status of Food and Industrial Biotechnology
Various organizations are involved in one way or other in the area of exploring food and industrial 
Biotechnology innovations in Nepal. However, these initiatives are at various stages of development 
and the expected outcome may take some years. Some relevant organizations and institutions 

*Corresponding author, E-mail: ktika@ku.edu.np
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which are involved in Research and Development are as follows:
• Nepal Agriculture Research Council (NARC), Khumaltar, Lalitpur is engaged in tissue 

culture propagation of virus-free potato, new culture or rice, and identification of agricultural 
germplasm for biodiversity.

• Nepal Academy of Science and Technology (NAST), Khumaltar, Lalitpur has recently 
established Biotechnology Division which is involved in  various biotechnological activities 
including research  on disease-free plants and species for  agricultural development  and 
medicinal plants.

• Department of Plant Resources, Thapathali is currently engaged in rapid propagation of 
banana and citrus by tissue culture technique.

• The Central Veterinary Research Laboratory, Tripureswar have ongoing research projects 
on development and production of different vaccines against animal diseases such as HS, 
BQ, antrax, swine fever, rabies, renderpest, Newcastle, gumboro, and PPR etc.

• The Central Department of Biotechnology, Microbiology and Food Technology offer 
teaching and research activities in food, industrial and agricultural biotechnology at graduate 
levels .the research projects relate to improvement of processing technology of indigenous 
food processes, including bioactive substances, and isolation, characterization of enzymes 
from native agro-bio diverse niches. 

• In Nepal, the teaching of Biotechnology at undergraduate level was first initiated by 
Kathmandu University almost a decade ago .  Research and Development activities include 
Biodiesel from algae, Bio-ethanol from ligno-cellulosic waste materials from agriculture 
and forestry sources.   Other projects relate to the development of functional food such 
as probiotic, prebiotic and synbiotic products having antiradical effects, investigating 
bioactive compounds from medicinal plants having anticancer effect, development of 
products possessing antioxidant characteristics are underway.

• The teachings of Biotechnology are carried out at Himalayan White House College, Sann 
International, Lord Buddha, KCM and NIST. The research activities are conducted in these 
institutions through undergraduate and graduate dissertations. 

• NIST has microbiology program at undergraduate and graduate level along with 
Biochemistry at undergraduates level plus Food Technology at undergraduate and 
Biotechnology at graduate level. The research programs are limited to undergraduates 
and graduate dissertations. The area of Biotechnology, Food Microbiology, and Food 
Technology are adequately addressed.

• The private sector laboratories such as Botanical Enterprises, Nepal Biotech Nursery, 
Research Laboratory for Agricultural biotechnology and Biochemistry (RLABB), 
Microplants, Green research and Technologies, and Himalayan Botanical Research Centre 
are involved in research and development of tissue culture technology on arboricultural and 
horticultural crops.

Present Status
• Food Biotechnology is still at the verge of our ancestor’s  knowledge, arts and wisdom
• Indigenous Food Biotechnological  Enterprises are predominantly limited at home and 

cottage scale industries
• Some scientific and technological initiatives have resulted into collection of useful industrial 

microorganisms
• Limited information about the functional and neutraceutical  properties and characteristics 

of fermented foods
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• However, recent studies on functional characteristics of food biotechnological products 
are underway such as prebiotics, probiotics, synbiotics, antiradical, and antioxidants etc in 
different kinds of research and development in food products

•  Food contaminants such as aflatoxin in cereals, animal  products (chicken meat), antibiotics 
residues in milk, pesticide residues in vegetable are undertaken

• Detection of Listeria monocytogens in milk and milk products
• Clostridium perfringens spores present in tested raw meat collected from Kathmandu valley 

market 
• Bacillus cereus was detected at the level of 5 – 7 log cfu/ml in majority of raw milk tested
• Even pasteurized milk showed presence of Bacillus cereus

Problems
• Collection, preservation and maintenance of microbial cultures has become cumbersome
• Improvement in food biotechnological processes need to be explored and investigated in 

Nepalese situation
• The load shedding and power interruption is a hindrance to the growth and development of 

biotechnological research and improvement work
• Easy access to reference strains in not available
• Limited national expertise in genetic engineering and its application in biotechnological 

revolution

Issues and Challenges
• Culture collection , preservation and maintenance/management is yet to be established and 

operationalized for the development of bioindustries in Nepal
• Improvement of food biotechnological processes are yet to be explored and nurtured in 

Nepalese condition
• National capacity and human resource development in bioprocessing and genetic 

engineering is a must for the promotion of bioindustries in Nepal 
• Holistic approach for the development of biotechnology has not yet been realized 
• Biotech is an underexplored area in Nepal
• There is no strong government commitment and support in the form of incentives for 

research and development in food and biotechnology research
• There is dearth of required legislations which are compatible with WTO requirements
• Limited resource in the field of Biochemical Engineering, Chemical Engineering 

,Biochemistry, Mycology, Genetic Engineering, and Food & Industrial biotechnology
• Nepal is unable to harness rich bioresources due to lack of biotechnological skills, know-

how and adequate infrastructure
• The transfer of technology and trade-related issues are not given adequate attention by 

the state or stakeholders. Creation of awareness of the product among various units of the 
society is also a big challenge.

• The country has to make a judicious approach in addressing food security and nutritional 
problem for expanding population, and at the same time to conserve and protect our rich 
bioresources. Thus there is big challenge for adopting the right cause of biotechnology 
which can enhance production and productivity without endangering our biodiversity

• Despite whatever policies are framed, the final bottlenecks are due to inadequate resources 
allocated for biotechnological innovations and research programs
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Biotechnology Policy
• Due focus to be given to improvement of crops, human and animal health and waste 

management
• Government will set up a national biotechnology research  and development centre and 

biotechnology coordination committee
• Encourage private participation in the production of quality and disease free plants by the 

use of biotechnology
• Education programs on biotechnology training, academic level will be provided to address 

the specific demands of human resources as required by various stakeholders. Scholarships 
will be provided to potential students at graduate and Ph D level.

• Package of financial incentives for researchers such as a waiver on customs duty for 
imported instruments and chemicals

• A subsidy on electricity will be provided to biological science research institutes and 
processing industries

• Areas under high priority are tissue culture and genetic technologies to select and breed 
improved crop varieties m microbial cultures to manage industrial waste, biosensors for 
monitoring soil and air pollutants, and new tools to help conserve the country’s abundant 
biodiversity 

• The topmost priority to be given to conserve and protect intellectual property rights, 
biosafety, bio-surveillance, and bioethics

• To make necessary legal requirements for development and commercialization of 
biotechnology

• To develop incubator and network for preparing critical mass for the research 
commercialization and  use of food biotechnology

• To facilitate a venture capital and flow of bank loan to be accessed to biotechnological 
resources of Nepal

• To prepare draft laws on registration regarding the ownership of biotechnological resources 
of Nepal

• To formulate, and implement long-term, mid-term, and short-term training for the research, 
development, and expansion of food biotechnology

SWOT Analysis in Food Biotechnology in Nepal
Strengths
• The variety of geographical terrains in the country provides tremendous biodiversity which 

are rarely available in any other single country. The vast range of forest, agricultural and 
plant resource base of the country are quite extensive and diverse which provides unique 
market opportunity for development o biotechnological products and related industries

• Nepal is geographically located between two big markets of the world which is a big 
potential for new product development and innovations

• Nepal has diverse indigenous fermentation processes which can provide immense potential 
for commercialization of a wide range of industrially important microbes

• Biotechnology makes use of biological system, living organisms or derivatives thereof, to 
make or modify products or processes for specific use. It thus includes activities such as 
traditional food fermentations, waste treatments,, drug development, fish farming and crop 
development

• Food biotechnology uses biological techniques  to food crops, animals and microorganisms 
to improve the quality , quantity ,safety, ease of processing and production economics of 
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food. It thus includes the traditional manufacturing processes used for bread, beer, cheese 
and various fermented milk products

Weaknesses
•	 Limited human resource in the field of food and industrial biotechnology 
•	 Low levels of public awareness and participation
•	 High population pressures and prevailing poverty
•	 Weak institutional, administrative, planning and management capacity
•	 Lack of networking facility to exchange knowledge between institutions
•	 Inadequate policies and strategies for food and industrial biotechnology development
•	 Difficult terrain, harsh environmental conditions and a lack of facilities in the 

mountains 
•	 Possibility of extinction of  indigenous knowledge and skill on food biotechnological 

processes
•	 Lack of safety assessment strategies such as risk assessment, nutritional assessment, 

agronomic characterization and molecular characterization 

Opportunities
•	 Nepal’s endowment of microbial resource and indigenous processing technology 

is the greatest resource for exploration and development of bioindustries in Nepal.
•	 Nepal’s unique biodiversity with multitude of ecological niches provides excellent 

opportunity for further development and promotion of food biotechnological 
enterprises

•	 A pure and specific enzymes can be produced by GMO for industrial scale production

Threats
•	 Unless Nepal develops capacity to protect Intellectual Property Rights (IPR) and 

needed regulations , our rich genetic resources will be under perpetual threat from 
outside

Action Plan
•	 Development of integrated national strategies for the development of food and 

industrial biotechnology taking account of optimal use of our natural resources
•	 Human Resources  should be expedited at university level for the following subjects: 

Chemical Engineering, Biochemical Engineering, Biochemistry, Food and Industrial 
Biotechnology

•	 Develop indigenous fermentation process through modernization, scale up, and 
commercialization

•	 Establish  Culture Bank of indigenous and other industrially important microorganisms 
•	 Establish National biotech research centre under National Biotech Development 

Board (NDBD)
•	 Develop multidisciplinary team of scientists and professionals under NDBD for 

identification and development of risk analysis procedures for GM and other foods 
for safety assessments of biotechnological products

•	 Establish Biotech Park and Research Centers
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Conclusion
•	 Form consortium of national experts and institutions for the research and development 

of bioprocessing develop by involving profession organizations like NEFOSTA, 
NA, Government Agency, Institutions, Academics, and investing entrepreneurs for 
revolutionalization of food bioprocessing industries in Nepal

•	 Acknowledgement is extended to all researchers, scientists, food biotechnology, 
who has contributed a lot in the respective fields.

A Way Forward
•	 Search for natural resources including microbial and medicinal plants.
•	 Invest in research and development of bioprocessing industries at government and 

industrial level.
•	 Develop appropriate food biotechnological processes at laboratory level
•	 Scale up the food biotechnology processes at pilot scale production
•	 Improve the food processing technology
•	 Provide training to potential entrepreneurs
•	 Provide consulting services to the new enterprises for the establishment and 

operationalization of bio-processing industries in Nepal.
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Food Science and Technology Education in Nepal

Prof. Jagat Bahadur KC
College of Applied Food and Dairy Technology, Kathmandu

Introduction
Nepal is an agro-economy based country. Majority of the population are engaged in agriculture 
and are in poor condition. Benefit from agro-raw material produced by farmers is possible only 
if value added sellable industrial agro food products are supplied in the market. For this purpose, 
processing, preparation and research on food science and technology is a must. Due to this reason, 
the need for food science and technology education was felt in the country.

Peoples’ quality of life and health depends upon the quality of food. It should satisfy hunger and 
also fulfill the nutritional requirements. Peoples’ desire for living in the town has dramatically 
increased and urbanization is growing very fast in Nepal. Thus, ready to eat industrial processed 
quality food products’ demand is increased day by day. Therefore trained/skilled professionals, 
technologist and food scientist are needed in the country for food research, preparation, processing, 
preservation, storage, distribution and also for marketing of our food products. Because of ethnic 
distribution and geographical bio-diversity various indigenous foods are prepared by the people, 
which need research in marketing and industrialization. Production, preparation, research and 
marketing are needed for all of the indigenous food products. Food scientists also have to think for 
intellectual property rights of indigenous food products.

Introduction and History
Food Technology is a multidisciplinary field of study relating to the application of science to 
preservation, processing, packaging and storage of food. It is an applied science which teaches us 
how to prepare process and preserve food without disturbing its quality and taste as well as keep 
its nutritional value intact.

Considering the above facts to produce middle level skilled man power in food technology- the 
then institute of Applied science and technology started 2 years certificate level course in Dharan in 
the year 2030 B.S. After producing 4 batches of the students, the then authority stopped this course 
and started Intermediate Science. From the year 2036, B. Sc Food Technology 3years course was 
started but later the course was amended and revised and made 4 years Bachelor’s Technology in 
Food. Thus Central Campus of Technology (CCT) under institute of Science and Technology under 
Tribhuwan University for the first time started Food Technology education in Nepal.

Thirty batches of the student have already come to the market till now (2012). CCT also started 
M. Tech in Food Technology course from 2001. Ph. D students are also enrolled from 2004 in 
the Central Department of Food Technology in CCT. Ten batches of M. Tech food students have 
completed the course. As of now, there are nine colleges running B. Tech in Food technology 
courses in Nepal. Among them eight are under TU, which has yearly examination system and one 
is under Purbanchal University which has semester examination system. Two institutions affiliated 
to CTEVT are running Diploma program in Food and Dairy technology at present. 

Basic science courses are the same in both university programmes.  Purbanchal University has 
introduced some courses like Agro-Based Management, Computer Application in Food and Dairy 
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industries, IT based Management, Human Resource and Entrepreneurship Development, Research 
and development in Food technology and Marketing and Exporting of Food Commodities which 
are not included in B.Tech Food Technology program of TU. There is a strong need to update the 
course of B. Tech (Food Technology) Tribhuwan University and make it globally competitive. 
Likewise, there is also an urgent need to revise the course of Purbanchal University and include 
subjects like storage Technology, Honey technology and eliminate the same topics which are 
repeated in different semesters. Similarly, credit hours of some courses need to be shortened 
whereas some courses need to be elongated. HICAST, under Purbanchal University has also started 
M. Sc. in Meat and Dairy Technology since 2007A.D.

During the study period in bachelors and masters program, occasional industrial visits will be made 
to make students familiar with industrial environment and food production system. Besides this, 
each student has to go for in-plant training in the industries for 45 days where they learn how to 
work in the industry. Each student must present a seminar paper in the assigned topic which assists 
them to develop good presentation and expression skills. In the last year/semester of their study, 
each student must carry out a lab based research work. This helps student for their career growth 
and development.  

Charms of Food Technology Education
Food technologists have immense scope and opportunities for their career development.  They 
are acquainted will the skills to be an entrepreneur, food research officers, food scientists, 
food inspectors, food quality controller, food analyst and quality assurance officers. They have 
tremendous employment opportunities in food industries, projects and consultancies. Since they 
have sound knowledge of balanced diet and human nutrition, they can also work as dieticians and 
nutritionists in hospitals. They can play a key role in maintaining food and nutritional security 
of the country. Furthermore, there is high chance of getting scholarships for masters and PhD 
programs in Japan, Australia, Canada, USA and in several European countries.

Problems of Food Technology Education
Despite its increasing popularity, there are some problems in this education in Nepal which 
needs to be addressed at the earliest possible. There is serious lack of updating practices in food 
technology   syllabus to keep up with the pace of international trend. There is absence of food 
engineering and food processing pilot plants in many educational institutions. Till date, there is 
there is no proper coordination between food technology educational institutions, food industries, 
professional organizations and research laboratories. Lecturers and researchers in this field are to 
be provided with sufficient training facilities. Furthermore, the course seems to be costly for rural 
students who aspire to be a food technologist. So, there is need of government subsidies and more 
scholarships in this field of study.

Way Forward 
Food technology education will further spread its horizon in the days to come. For this, first and 
foremost thing to do is we should go to the public and make them aware regarding quality food, 
balanced diet, good manufacturing practices and food safety issues. Universities and colleges 
offering this degree should update their courses and maintain good relationship among universities 
and colleges nation and abroad. Student exchange program among international universities should 
be started. Government should immediately take the initiative to establish FOOD Council as passed 
in the resolution of National Conference on Food Science and Technology, 2012. This will help 
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monitor food technology education throughout the country as well as fight for the rights of food 
technologists’ and develop professionalism as in medical and engineering sector.

Concluding Remarks
Central Campus of Technology is the leading institute for producing Food Technologists in Nepal. 
CCT can thus be interpreted as mother institute in Nepal. Almost 12 students, who studied in 
CCT at different time periods, have been honored with PhD degree in various universities of the 
world. A lot more have become first class officers of GoN and professors in universities. Many 
food industries at present are run by food technology graduates. Some are working in the post of 
CEOs and managers. Hundreds of students are scattered worldwide, and have done well in their 
competitive jobs.
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Microbiological Quality of Milk Produced by Small Dairies 
in Kathmandu

Chakravarty Poudel 1* and Megh Raj Bhandari 2
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Milk is one of the most complete foods available in nature. The milk market of Kathmandu city 
is not only limited to processed milk, the contribution of product from small dairies also being 
quite significant. Although milk and milk products supply all required nutrients, they can also 
serve as the vehicle for food and water borne diseases as well as zoonotic diseases. Considering 
the importance of microbial quality of the milk and its role into the public health, a study was 
conducted to evaluate the microbiological quality of milk produced from selected small dairies in 
Kathmandu in the year 2009. Altogether 20 dairies were selected from four different locations and 
the milk samples were tested for pH, titratable acidity, total plate count, coliform count and yeast 
and mold count. Results indicated that acidity of milk from the eastern part of Kathmandu was 
comparatively higher and so was the pH value. The total plate count (TPC) of all dairies was in the 
range of 1.272×106 cfu/ml to 4.272×106 cfu/ml. Similarly coliform count was found in the range 
of 0.9×102 cfu/ml to 4.27×102 cfu/ml and the yeast and mold count was in the range of 3.450×104 
cfu/ml and 8.000×104 cfu/ml. The study revealed that the microbial quality of milk sold by small 
dairies in Katmandu valley is poor. Hence, there is need of serious efforts from all the concerned 
farmers, dairy processors and government authorities to maintain the quality of fluid milk.

Keywords: Small dairies, Milk, Quality, pH, TPC, Coliforms

Introduction
Nepalese Dairy industry is emerging as a sunrise industry because Nepal is predominantly an 
agricultural rural country having sufficient farming of milk animals. People are directly or indirectly 
dependent on agriculture for sustaining their life. Livestock farming is one of the main traditional 
professions of the country. 

Milk is by far the most important livestock commodity and contribution of milk in the national 
GDP is above 8% and nearly 50% in livestock GDP. Dairy development has multiplier effect in 
the growth of other sectors too. Total milk production per annum amount to 1.3 million MT and 
only 12% of total production enter into the formal dairy sector (AICC, 2007). The contribution 
of agriculture sector in national GDP is 32%, which provides employment to about 65% of the 
total population (AICC, 2008). This leaves a great potential for expansion, including product 
diversification and improvements of product quality (NDDB, 2005).

Handling of milk and milk products by organized formal market is average in the world 68% 
and in developed countries 100%, while in developing countries (such as Nepal) is only 10-15% 
(Shrestha, 2005). The Nepalese dairy industry is now confronted with the problem of ensuring that 
the dairy products exported are in compliance with the stringent SPS requirement of that country. 
Nepalese consumers have also become conscious of food safety and quality. 
The milk, when secreted in a healthy udder is almost sterile. The contamination of milk with 
spoilage and disease producing microorganism may therefore occur at any stage of production, 
collection, processing, marketing and utilization. According to Nepal Food Law, the coliform 

*Corresponding author, E-mail: chakrako@gmail.com



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

78

count in Pasteurized milk must be nil per milliliter of milk. So, all dairy industries must produce 
milk and milk products of high microbial quality. 

Assurance of the quality of dairy products begins at the farms and ends in the hands of the consumers 
(Murphy et al., 2000). In order to improve the quality of milk and milk products, it is necessary 
to eliminate sources of post production contamination and apply proper cleaning. (Gruetmacher 
and Bradley, 1999). The heat treatment of milk prior to packaging for liquid consumption, or 
manufacture into milk based product, is an important critical control point to ensure that pathogenic 
organisms are killed. It also ensures that spoilage organisms are eliminated, or at least reduced in 
number, for optimum quality (IDF, 1994).

Nepal is a member of WTO, so in order to access as well as survive in the global market, our milk 
and milk products need to be of excellent quality for which it must be free from pathogens and 
coliform.

Milk handling by small dairies- The demand of milk and milk products in Kathmandu is found to 
be fulfilled by the products of two distinct categories of industries, large scale dairy industries and 
small scale industries. The small scale dairies or also called small dairies are those which do not 
have milk pasteurization facilities and are being run by small capital investment normally that of 
below 0.1 million rupees. According to the government classification of industries, they fall under 
cottage industries. These types of small dairies are found to be established in a number of several 
hundreds around the Kathmandu valley and supplying significant amount of dairy products daily 
to the local consumers.

Dairy industries should be committed on the principles that all the consumers are entitled to have 
safe hygienic and wholesome milk products and to have protection from unfair trade process which 
is sold, prepared, packed, stored or transported for sale under sanitized and hygienic condition 
(Gran et al., 2002). Earlier studies conducted on microbiological quality of processed and raw 
milk in different parts of Nepal have revealed poor microbiological quality. In this context, the 
general the objective of this study is to investigate on the microbiological quality of milk produced 
by small dairies in Kathamndu, which ultimately will be helpful in adopting measures against the 
possible health hazards that may occur by the consumption of milk products without being aware 
about its quality.

Materials and Methods
The methodology of the research included site selection, collection of samples, transportation 
of the samples to the laboratory, enumeration of total viable bacteria, coliforms and yeast and 
molds. The whole research work was completed within the period of December 2008 to July 2009. 
Following were the main steps involved during the research work.

Survey of small dairies- First of all a general survey was carried out in order to get information 
about small dairy industries and retail milk sellers throughout the Kathmandu district. During 
the survey only such dairies were taken into consideration which did not have pasteurization 
facilities and sell their product in loose packets, also occupy less space and include less manpower. 
After gathering all required information, sample dairies were selected from four different parts 
of Kathmandu district as, northern part expanding from Balaju to Kapan area, southern part from 
Balkhu to Kirtipur, area, eastern part from Bouddha to Koteshowar area and western part from 
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Naikap to Thankot area. Five dairies were selected randomly from each over mentioned areas as 
sample sources. 

Sample collection- Altogether 40 samples of ready to sell fluid milk, 2 from each small dairy 
were collected. The samples were carried in a cold ice box to the HICAST laboratory as soon as 
possible for analysis. There were five ice cabs inside the ice box that always helped to lower the 
temperature of the box. Transportation time taken from all the sampling sites was within 1 hour 
in the morning. 

Physico-chemical analysis- Among the various Physico-chemical parameters pH and titratable 
acidity were observed in the obtained samples.

pH and titratable acidity- pH and titratable acidity of the collected milk samples was determined 
as per NDDB/DSP (2001). 

Microbiological analysis- Microbiological analysis of the samples included the works concerning 
with enumeration of microorganisms. Total Plate count, coliform count and yeast and mold count 
were the microbiological operations carried out on the collected samples. The major steps have 
been discussed below.

Serial dilution of the sample- Serial dilution technique was applied prior to the pour plate technique 
to thin out the microbial population in the samples. Dilution of the milk sample was prepared by 
a series of sterile quarter strength Ringer’s solution (QSRS). Each test tube contained 9ml amount 
of QSRS. QSRS was sterilized at 15 lbs for 121°C for 15 min.   Before the removal of test portion 
of any samples, sample pouches were shaken thoroughly and vigorously to mix the content of 
each pouches to ensure representative portions. Sample pouches were inverted at least 5 times to 
homogenize the sample. Then 1 ml of homogenate was pipetted out and added to the first dilution 
tube. This made the dilution of 10 fold. This dilution was shaken well and 1 ml was pipetted out 
and added to the next dilution tube. Similarly, the serial dilution proceeded as a series of ten folds 
to the required dilution.

Preparation of culture media- Plate count agar (PCA) was prepared for total viable count; Violet 
Red Bile Agar (VRBA) was prepared for coliform count and Potato dextrose agar (PDA) was 
prepared for yeast and mold count (NDDB/DSP, 2001).In case of PDA, pH was adjusted to 3.5± 
0.1 by the addition of 10% tartaric acid solution.

Pour plate method- Pour plate method was applied as described in the procedure given by NDDB/
DSP, (2001).

Incubation- After solidification of the media plates were inverted and incubated. PCA plates for 
the total plate count were incubated at 32±1°C for 48 hours. VRBA plates for coliform count were 
incubated at 45°C for 24 to 48 hours. PDA Plates for the count of yeast and mold were incubated 
at 25°C for 5 days (NDDB/DSP, 2001).

Controls and sterility of glassware, media and dilutions- To check the sterility of Ringer’s solution 
Pipettes, Plates, and medium, the control Plates were poured for each sterilization lot of dilution 
blank and medium used. There was a minimum of one control plate for each medium.
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Colony counting- All colonies on plates were counted after incubation period .Every samples 
of milk had two plates of different consequent dilutions for each medium. The dilutions of the 
samples were such selected that the total number of colonies on at least one plate would be 30 
and 300 (APHA, 1967). The count exceeding 300 colonies in 90 mm petri dish was reported as 
“Too numerous to count” (TNCT). All the plates from any sample having excessive spreader 
growth were reported as ‘spreaders’ (SPR) and plates showing no colonies were reported as “No 
growth” (NG).

Number of colony forming units per ml was calculated as per NDDB/DSP (2001).

Where, ∑c = Total microbial cells in all plates
 V   = Volume of sample

n1   = Number of plates in higher dilution
n2   = Number of plates in adjacent lower dilution
d    = Dilution factor (higher dilution) 

Statistical analysis- Statistical analysis of the obtained data was carried out using MS Excel 
version 2007 and SPSS version 16. Measures of central tendency and one way analysis of variance 
(ANOVA) were used as the statistical tools for the analysis of obtained data in order to determine 
any significant difference in the microbiological quality of milk samples according to location.

Results and Discussions
In this study, total of 20 small dairies in four different locations of Kathmandu district were 
selected. Various information regarding the industry, manpower, total production and hygienic 
condition were gathered by means of a questionnaire. At the mean time ready to sell fluid milk 
samples in loose packs were collected and brought to the laboratory of Himalayan College of 
Agricultural Sciences and Technology (HICAST) for processing of microbiological quality 
assessment. The various tests performed were Physico-chemical tests like pH and titratable acidity 
and microbiological tests like total plate count, total coliform count and total yeast and mold count 
respectively. The whole work was carried out from December 2008 to June 2009.

Survey results on status of small dairies- During the survey, the dairies were found to occupy spaces 
ranging from 150 square feet to 450 square feet the average area occupied being approximately 
247.7 square feet. The number of employees ranged from one to five persons per dairy. Regarding 
any authentic registration only one among the twenty dairies was found to be registered in the local 
authority. Rests of the dairies were found running without any registration. 

Table 1. Area coverage of small dairies
Area coverage (square feet) No. of dairies Percentage 

<200 2 10
200-300 11 55
300-400 4 20
400-500 1 5

>500 2 10



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

81

Figure 1. Daily milk transaction of the small dairies in liters per day

Daily milk transaction- The total amount of milk handled by twenty dairies under study was found 
to be 3,945 liters per day. The lowest amount of milk handled by such small dairy was found to be 
50 liters and the highest as 1,100 liters. The average amount of milk handled per dairy was found 
to be 197.25 liters per day. The average amount of milk sold as fluid milk by a dairy in one day was 
found to be 77 liters. The total milk sold as fluid milk being 1,540 liters. In the study 20% of the 
dairies were found to process less than 100 liters of milk. 40% of the dairies handled milk within 
the range 100 to 200 liters and 25% within the range of 200 to 300 liters. Only 15% dairies were 
found to process milk in amount greater than 300 liters per day.

The proportion of milk sold as fluid milk was found relatively lower than the milk used in 
manufacture of products. The average percentage of milk sold as fluid milk out of total milk 
collected was found to be 30.8%. During the study, some dairies were found selling up to 76% of 
the collected milk as fluid milk while some were found to sell as least as 16%. Rest of the milk was 
found to be converted into various products, yoghurt being produced in the highest amount, desi 
butter in the second highest amount and paneer in the third highest amount.
 
Training and experience of the dairy owners- Among the owners of twenty small dairies visited, 
only four (20%) were found to have acquired training on milk processing and dairy operation. Out 
of the four owners, two of them have got the training from Third livestock development project 
(TLDP) and rest of the two have got it from the dairy industries where they have previously worked. 

Milk container- Black Polythene tank (the one commonly used as water reserve tank) was found to 
be the most common milk container used for storage and transportation purposes among the small 
dairies. 13 dairies out of 20 (65%) were found to use polythene containers along with aluminium 
cans. Seven dairies were found to use only tin and aluminium cans.

Hygienic condition of the dairy- During the survey visit to the concerned dairies, the hygienic 
condition of most of the dairies was seen to be in poor state. No dairy was found to follow the code 
of conduct regulated by Department of Food Technology and Quality Control. The floors were not 
smooth and clean as required. No workers were found to wear apron, caps, boots and gloves during 
handling and processing of milk. Only three among the twenty respondents were found to have 
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knowledge of Good Manufacturing Practices (GMP) and Good Hygienic Practices (GHP) even 
though its proper application seemed to be lacking in their own dairies.

Physico-chemical analysis of milk samples- Two physico-chemical parameters pH and titratable 
acidity were analyzed in the collected milk samples. The findings are discussed below. 

Analysis of pH of the milk samples- The mean pH values of the milk samples from the four 
locations were found to be 6.67, 6.52, 6.60 and 6.67, respectively. The highest pH was found 
to be 6.8 and the lowest 6.45. The normal pH of fresh milk usually varies from 6.6 to 6.8 (De, 
2005). Some samples of milk were found to have pH lower than this normal range. The pH of 
milk depends closely on temperature (Walstra et al., 2005). The pH of milk is found decreasing 
with increasing temperature as that of water. Fall in pH also may result due to increase in acidity 
as a result of microbial action. The analysis of variance (ANOVA) of pH of milk samples showed 
significant difference between samples of Eastern part with samples of Northern, Southern and 
Western part, respectively (p<0.05).

pH

6.4

6.5

6.6

6.7

Northern Part Eastern Part Southern Part Western Part

Figure 2.  pH of milk samples from different locations.
The Bars having different superscripts show significant difference (p<0.05)

Analysis of titratable acidity of the milk samples- The milk with highest titratable acidity was 
found to contain 0.23% (as lactic acid) acidity and that with the lowest was found to contain 0.11%. 
The mean titratable acidity of the milk samples from the four locations was found to be 0.144, 
0.188, 0.154 and 0.136, respectively. The analysis of variance (ANOVA) of acidity of milk samples 
showed significant difference between samples of Eastern part with samples of Northern, Southern 
and Western part, respectively (p<0.05).

The natural acidity in milk is caused by the presence of casein, acid Phosphates, citrates etc. The 
higher the solid non fat content in milk, the higher the natural acidity and vice versa (De, 2005). 
The titratable acidity of fresh milk varies from 0.13 to 0.15 percent. Developed acidity is due to 
lactic acid, formed as a result of bacterial action on lactose in the milk. Here, the acidity of milk 
from eastern part was found comparatively higher than that of other parts. This may be due to 
development of lactic acid by microbial action on milk. Some acidity values were found even 
lower than the normal.
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Figure 3. Acidity (% as lactic acid) of milk samples from different locations.
The Bars having different superscripts show significant difference (p<0.05)

The higher pH values and lower titratable acidity values of such milk to some extent indicate the 
possible addition of caustic soda, probably for the preservative purpose. Or it may be due to some 
other reasons like heat treatment of milk which decreases acidity to some extent by freeing carbon 
dioxide molecules (Walstra et al., 2005).

Microbiological analysis of milk samples- For the microbiological analysis, total plate count, 
coliform count and yeast and mold count were performed on the collected milk samples. The 
procedure applied for microbiological analysis was pour plate technique. The results of various 
counts are discussed below (Table 2, 3 and 4).

Table 2. Average total plate count of milk samples

Location Sample 
Dairy

Total Plate Count (TPC)
cfu/ml Mean SE Log cfu/

ml
Mean SE

Northern 
Part

A 1.81×106

2.25×106 5.20×105

6.25

6.31
0.08

B 1.54×106 6.18
C 2.18×106 6.33
D 4.27×106 6.63
E 1.45×106 6.16

Eastern Part

F 2.72×106

2.29×106 3.80×105

6.43

6.33
0.07

G 1.72×106 6.23
H 2.27×106 6.35
I 1.27×106 6.10
J 3.45×106 6.53
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Southern 
Part

K 3.27×106

2.36×106 2.71×105

6.51

6.35
0.05

L 1.45×106 6.16
M 2.00×106 6.30
N 2.54×106 6.40
O 2.54×106 6.40

Western Part

P 1.81×106

2.54×106 3.04×105

6.25

6.39
0.06

Q 3.00×106 6.47
R 2.09×106 6.32
S 3.27×106 6.51
T 2.54×106 6.40

Table  3. Average coliform count of milk samples

Location Sample 
Dairy

Coliform Count
cfu/ml Mean SE Log cfu/

ml
Mean SE

Northern 
Part

A 2.36×102

2.23×102 5.06×10

2.372

2.30
0.10

B 1.81×102 2.257
C 4.00×102 2.602
D 2.09×102 2.320
E 0.90×102 1.954

Eastern 
Part

F 1.36×102

2.28×102 3.82×10

2.133

2.33
0.07

G 2.72×102 2.434
H 1.81×102 2.257
I 2.00×102 2.301
J 3.54×102 2.549

Southern 
Part

K 3.27×102

2.54×102 4.00×10

2.514

2.38
0.05

L 1.81×102 2.257
M 1.90×102 2.278
N 2.00×102 2.301
O 3.72×102 2.570

Western 
Part

P 2.36×102

3.17×102 3.97×10

2.372

2.48
0.06

Q 4.00×102 2.602
R 2.45×102 2.389
S 4.27×102 2.630
T 2.81×102 2.448
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Table  4. Average yeast and mold count of milk samples

Location Sample 
Dairy

Yeast and Mold Count
cfu/ml Mean SE Log cfu/

ml
Mean SE

Northern 
Part

A 8.00×104

6.32×104 6.53×103

4.903

4.791
0.05

B 5.36×104 4.729
C 4.45×104 4.648
D 7.45×104 4.872
E 6.36×104 4.803

Eastern 
Part

F 5.36×104

5.59×104 2.73×103

4.729

4.745
0.02

G 6.63×104 4.821
H 5.09×104 4.706
I 5.63×104 4.750
J 5.27×104 4.721

Southern 
Part

K 7.36×104

5.50×104 4.10×103

4.867

4.726
0.03

L 6.45×104 4.809
M 3.45×104 4.538
N 4.81×104 4.682
O 5.45×104 4.736

Western 
Part

P 7.00×104

6.21×104 6.72×103

4.845

4.789
0.06

Q 7.18×104 4.856
R 5.00×104 4.698
S 5.63×104 4.750
T 6.27×104 4.797

Total plate count of milk samples- The mean total plate counts in the four locations were found to 
be 2.25×106, 2.29×106, 2.36×106, 2.54×106 cfu/ml, respectively (Table 3.1). Among all the samples 
the highest count was 4.27×106 cfu/ml (6.63 log cfu/ml) and the lowest was 1.27×106 cfu/ml (6.10 
log cfu/ml). Total plate count is performed to determine the estimated number of total viable 
bacterial colonies. It does not indicate any particular group of organism. The results of total plate 
count to some extent resemble to that obtained by Sapkota (2004) and Shah (2006) who found total 
plate count in the range of 106 and 107 respectively. If we follow the Indian Standard (IS: 1479, Part 
III, 1962), all the tested milk samples fall under “fair” grading (Table 5).
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Figure 4. Total plate count, coliform count and yeast and mold count of the milk samples in log 
cfu/ml.

The possible causes of high microbial load in the milk may be due to poor hygienic condition 
of the farm, milking utensils and milking practice (Sapkota, 2004). Lack of immediate chilling 
facility after milking also helps in increasing the microbial load. Regarding the total plate count, 
no significant difference was found between the samples of all four parts (P>0.05).

Table 5. Bacteriological standards of milk

SPC /ml Grade

Not exceeding 200,000 Very good

Between 200,000 and 1,000,000 Good

Between 1,000,000 and 5,000,000 Fair

Over 5,000,000 Poor
(Source: De, 2005)

Coliform count of milk samples- All the samples showed positive results for coliform. The mean 
coliform counts in the four locations were found to be 2.23×102, 2.28×102, 2.54×102, 3.17×102 cfu/
ml, respectively (Table 3.3). Among all the twenty samples, the highest count was 4.27×102 cfu/ml 
(2.63 log cfu/ml) and the lowest was 0.90×102 cfu/ml (1.95 log cfu/ml). No significant difference 
was obtained in coliform count between the samples of different locations (p>0.05).

Coliforms are the indicators of fecal or sewage contamination (Chatterjee, 2006). Coliform group 
of organisms are taken as indicator organism since they are found in large number and survive for 
long period, if present as well as can be detected easily in laboratory. Among them E. coli is the 
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major indicator organism of milk and water sanitary quality. The presence of coliform bacteria 
in milk indicates poor sanitary condition of the dairy as well as possible presence of food borne 
pathogens in it. During the study each and every samples of milk were found to have coliform 
bacteria in significant number.

The results are similar to the findings of Sapkota (2004) who has reported coliform count in the 
range of 2.59×104 to 4.4×107 in the raw milk of Kathmandu valley. DFTQC also has reported 
coliform counts greater than 2.4×103 in the substandard pasteurized milk samples (DFTQC, 
2007/08). Adhilkary (2006) in his study found coliform count as high as 6.9×105 cfu /ml in raw 
milk of Kathmandu valley. These all above mentioned results show poor hygienic quality of milk 
in Kathmandu valley. The presence of coliform in milk might be due to poor hygienic condition 
of the farm, use of contaminated water, lack of cleaning and sanitation of the working area etc. 
Presence of coliforms in milk indicates that there may be presence of pathogens like Salmonella, 
Shigella, Vibrio spp., Entamoeba histolytica, Giardia lambia and their cysts etc. which are of fecal 
origin (Jay, 1987).

Yeast and mold count of milk samples- The mean yeast mold counts in the four locations were 
found to be 6.324×104, 5.596×104, 5.504×104, 6.216×104 cfu/ml, respectively (Table 3.4). Among 
all the twenty samples, the highest count was found to be 8.000×104 cfu/ml (4.903 log cfu/ml) and 
the lowest 3.450×104 cfu/ml (4.538 log cfu/ml). The analysis of variance (ANOVA) of yeast and 
mold count of milk samples showed no significant difference between samples of different parts 
(p>0.05). This finding is in agreement with the study done by Shah (2006), who found yeast and 
mold in the range of 104 to 106 in raw milk of Kathmandu valley. The major sources of yeast and 
molds in milk are the surrounding environment, skin of the milking animal, fodder etc. (Frazier 
and Westhoff, 2006).

Conclusions and suggestions
Microbiological quality of milk produced by small dairies in Kathmandu was evaluated in terms 
of total plate count, coliform count and yeast and mold count. The total plate count of the milk 
samples was found within the range of 1.272×106 cfu/ml to 4.272×106 cfu/ml, yeast and mold in 
the range of 3.450×104 cfu/ml to 8.000×104 cfu/ml and no sample was found free from coliform 
bacteria. The population of coliform bacteria was found within the range of 0.9×102 cfu/ml to 
4.27×102 cfu/ml. The result revealed that the microbial load of the milk produced by such small 
dairies is relatively higher indicating their poor quality. Hence in order to maintain overall quality 
of milk good hygienic practice, good manufacturing practices and other recommended code of 
conducts should be implemented.

Suggestions- The study on microbiological quality of milk produced from small dairies indicated 
poor hygienic quality of the milk. In one hand, the milk from such small dairies has helped in 
fulfilling the increasing milk demand of the valley and on the other hand such contaminated milk 
could be detrimental to consumer health. So considering the role of small dairies in fulfilling the 
market demands, there is urgent need to improve their milk quality to safeguard the consumer 
health. In order to improve the microbiological quality of milk produced by small dairies, following 
suggestions have been made;

1. Focus should be given to cleanliness and sanitization of farms, milking utensils, milking 
persons, dairy workers and processing equipments.

2. Maintaining of cold chain in milk from the farm till distribution to the consumers is 
necessary.
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3. Pricing system based on the microbiological quality of milk should be brought into 
practice to encourage the farmer for hygienic milk production.

4. Mechanism should be developed for proper management of the small dairies as cottage 
industries and routine quality monitoring of their products.

5. Proper training and technical support to small dairy entrepreneurs should be provided 
focusing on good manufacturing practice. 

6. Code of conduct for farmers and processing plants should be implemented strictly.
7. Timely revision and effective implementation of the food act is necessary from concerned 

authority.
8. Consumers should be notified about the quality of milk they are consuming and possible 

consequences by consuming contaminated milk.
9. Good Veterinary Practices (GVP) and Good Agriculture Practices (GAP) should be 

encouraged to the farmer’s level.
10. Comprehensive quality policy for milk and milk products at national level should be 

launched focusing upon quality assurance system rather than quality control system.
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Food Safety Regulation in Nepal and Issues in the Regulation of 
Meat Safety

Dr. Yadav Sharma Bajagai*
Ministry of Agriculture Development, Government of Nepal

Food safety is an increasingly debated issue in Nepal due to its widespread effect in public health 
and international trade. Membership of the country in World Trade Organization (WTO) and its 
obligation to harmonize the food safety related rules and regulation with the international standards 
and regulations due to Sanitary and Phytosanitary (SPS) agreement of WTO make the country 
review and update existing rules and regulations regarding food safety and quality management. 
There are still rules and regulations yet to be harmonized with codex principles and standards. 
Application of Hazard Analysis and Critical Control Point (HACCP) principle in food businesses 
is still not mandatory.  Meat is one of the most unsafe food items causing great deal of public health 
hazard. Although the government has formulated and enacted slaughterhouse and meat inspection 
act in 1999, it is not enforced till now. Lack of resource and infrastructure, inadequate awareness 
among stakeholders and political instability in the country are suggested to be the causes for 
failure to enforce the legislation. This paper will review the food safety regulation system in Nepal 
and discusses the issue related to the safety of meat and draws the recommendation for the effective 
implementation of legislation to ensure safe meat to the consumers.  

Keywords: Food safety regulation, Meat safety, SPS, Nepal

Introduction
Nepal is a landlocked south Asian country between India and China with 147,181 sq. km of area 
and approximately 27 million populations (CBS, 2009). Being member of different international 
organizations, Nepal has many food safety related obligations to comply with rules and regulations 
of those organizations. Food safety related issues started to become matter of increased concern 
and one of the priority areas of the government after the country has become member of the world 
trade organization (WTO) in 2004 (Jull, 2006; Pant, 2007). Being a developing country, food 
chains are generally long in developing countries like Nepal as compared to those in developed 
countries due to poor infrastructure which makes the food more vulnerable to be contaminated 
with harmful agents (microorganism and chemicals) (FAO, 2003). In addition, infrastructures 
related to technical regulation, conformity assessment and safety of food are still in developing 
phase which requires more focus and investment for better functioning (Singh, 2005). Similarly, 
Inspections and regulation of food related business are challenging and difficult due to scattered 
and large number of primary producers, traders and retailers (Singh, 2005). 

Legislations to Regulate Food Safety
Regulation of the safety of food in Nepal began in 1966 by enforcing the food act by the government 
(Pant, 2007). Although food safety regulation began as early as 1966, its importance was increased 
after 1990s due to increased economic liberalization and international trade (Pant, 2007). 
Traditionally, food safety related rules and regulations were basically based on inspecting and 
analysing end products to ensure safety of the food (Singh, 2005; FAO, 2009). But this approach 
has been increasingly replaced by total quality management i.e. ‘farm to fork’ approach which 
focuses on all level of production, processing, transportation and trading (Singh, 2005). Modern 
food safety related regulations and policies have been generally formulated following codex 
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principles and guidelines focussing on preventive measures to produce safe food (FAO, 2003). 
Similarly, existing regulations and standards have also been reviewed to make them complying 
with codex standards wherever feasible according to national regulation and infrastructures (FAO, 
2003). 

Requirement for international markets and provisions under sanitary and phytosanitary (SPS) 
agreement as a member of WTO made the government impose regulations and standards to ensure 
food safety and to protect human, animal and plant health from exotic pests and diseases (Jull, 
2006; Pant, 2007). Most of the new regulations are under three food safety related parent statutory 
laws namely Food Act 1966, Plant Protection Act 1972 and Animal Health and Livestock Services 
Act 1998 (Pant, 2007). 

Although Nepal, being a member of WTO, is bound to formulate and enforce sanitary and 
phytosanitary measures based upon the standards, guidelines and recommendations of Codex 
Alimentarius Commission, the International Animal health Organization (OIE) and the 
International Plant Protection Convention (IPPC) (WTO, 1995), the country is still not adopting all 
international standards and guidelines due to lack of adequate resources (Singh, 2005). Similarly, 
Hazard Analysis and Critical Control Point (HACCP) is still not mandatory for food producers, 
processor and handlers in Nepal (FAO, 2009). But, the country is giving priority to review and 
reform existing legislation on food safety to comply with international regulations and standards 
(Jull, 2006).  

Food Act 1966 and Food Rules-1970- Food Act 1966, which has been amended several times, 
is the primary legislation governing regulation of food safety in Nepal (Jull, 2006).  The act and 
rules are continuously being amended as an attempt to comply with international standards and 
guidelines (Jull, 2006). Following are the major provision made in the Food act 1966 to ensure 
safe food (Jull, 2006).

•	 Ban in production, sale and distribution of inferior, contaminated or unsafe food 
items.

•	 Prosecution for misbranding of food items by false statement.
•	 Provision for the detention of food products under suspicion. 
•	 Requirement of license for food establishments.
•	 Provision of penalties (including sanction) to firms and corporate bodies if found to 

responsible in the production, sales and distribution of unsafe food.
•	 Establishes the government bodies responsible for enforcement of food safety 

related rules and regulations and describes their functions and responsibilities.
•	 Set out the power and process to formulate food standards and quality.
•	 Regulates the packaging requirements, labelling requirements and storage 

requirements of a food item. 

However, the food act and any other legislation have no provision to regulate the traceability of the 
food items which should be addressed to keep track of the food (Pant, 2007).  

Plant protection act 2007 and Plant protection rules 2010- These legislations regulate the trade of 
plants and plant products. The major objective of the act is to protect national or regional fauna by 
preventing introduction, establishment, prevalence and spread of pests while during trade of plant 
and plant products. The act has provision to designate any national level office as National Plant 
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Protection Organization. Similarly, the act has also provision relating to entry permit, sanitary 
certification and re-export certificate of plant and plant products. Pest control provision has also 
been included in the act.

Animal health & livestock services act 1998 and Regulations 1999- The animal health and livestock 
service act 1998 and regulations 1999 have been formed and enforced for healthy production, 
sale and distribution of animal and their products (Pant, 2007). The act also regulates import and 
export of livestock, their products and livestock production material important for food and health 
purpose of the people (Jull, 2006; Pant, 2007). The act made the provision for animal quarantine 
posts to regulate the import of animals, animal products and animal production materials. 

Others- There are several other legislations which directly or indirectly regulate food safety. 
Following legislations affect the food safety and quality sectors either directly or indirectly. 

•	 The Pesticide Act 1991 and Regulations 1993– regulate the use of pesticides in 
agriculture including maximum residue limit of pesticides (Pant, 2007).

•	 Animal Slaughterhouse & Meat Inspection Act 1999 and Regulations 2001 – 
regulates safety of meat (detail in 6.1).

Institutional Infrastructure to Regulate Food Safety
Quality infrastructures with well defined roles and responsibilities with integrated legislation and 
monitoring system will ensure safe food to the public and goodwill for international trade (FAO, 
2009). In Nepal, food safety and quality management lies under the jurisdiction of Ministry of 
Agriculture and Cooperatives (FAO, 2009). Department of Food Technology and Quality Control 
(DFTQC) under Ministry of Agriculture and Cooperatives is the major government institution 
responsible for food safety and quality management (Jull, 2006). Enforcement of food act 1966 
is the major regulatory activity of the DFTQC. Although food safety related matters are mostly 
handled by the DFTQC, Department of Agriculture (DoA) and Department of Livestock Services 
(DLS) share some responsibilities to regulate food safety (Pant, 2007). Similarly, Nepal Council 
for Standards (NCS) and Nepal Bureau of Standards and Metrology (NBSM) are the governing 
body for food related standards (Li et al., 2003). 

Generally, DFTQC is responsible to regulate food in the market and ready to eat food while DoA 
and DLS are responsible to regulate primary production and some processing. But there are lots of 
gaps and overlaps in the roles and responsibilities of these organizations which make the regulation 
process more complicated (Singh, 2005). Similarly, Ministry of Health and Population is also 
involved in the process for epidemiological study of food related illness (FAO, 2009). Lack of 
coordination among different government institutions is reducing their efficiency (Singh, 2005). 
Consumer groups organized in different organization are also actively involved in creating 
awareness to the general public and creating pressure to the government in the formulation and 
implementation of the rules and regulation (FAO, 2009).  

Department of Food Technology and Quality Control (DFTQC)- Department of Food Technology 
and Quality Control, which is established in 1961, is the competent authority which has mandate 
to enforce rules and regulations regarding food safety and quality management to ensure the 
availability of safe and quality food (DFTQC, 2007). Following are the major activities of DFTQC 
regarding food safety and quality management (DFTQC, 2007):

•	 Food inspection and checking compliance of food industry and retailers.
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•	 Licensing and record keeping of food industries.
•	 Work as SPS inquiry point and communicate about SPS related rules, regulations 

and standards.
•	 Standardization and harmonization of food.
•	 Certification for export and import of food.
•	 Execution of consumer awareness activities about food safety and quality.
•	 Development of appropriate food technology and training.

Department of Livestock Services (DLS)- Department of Livestock Services also share some 
responsibilities for the implementation of rules and regulation in animal production to ensure 
safety of animal origin food (MoAC, 2009). Enforcement of Animal Health & Livestock Services 
Act 1998, Animal Health & Livestock Services Regulation 1999, Animal Slaughterhouse & 
Meat Inspection Act 1999 and Animal Slaughterhouse & Meat Inspection Regulation 2001 is 
under the jurisdiction of this department. Animal disease surveillance, management of animal 
quarantine check posts, regulation of drug and hormone used in food animals are some of the 
major responsibilities of the DLS.

Department of Agriculture (DoA)- Department of Agriculture (DoA) is generally responsible 
to enforce food safety related rules and regulation in pre-harvest agriculture production system. 
Enforcement of Plant Protection Act 1972 comes under the jurisdiction of DoA (MoAC, 2009). 
Extension of Good Agricultural Practice (GAP) to the farmers, pest surveillance, pest risk analysis 
and management of plant quarantine check posts are some of the major activities of the DoA to 
ensure safety of plant origin food (Pant, 2007; MoAC, 2009). 

International Membership- In the present world of interdependence and economic globalization 
international relationship, bilateral and multilateral agreements and international trade also affects 
the policy, rules and regulations of a country. The country has to comply with the rules and 
regulation of such international organization and agreements. Nepal is the member of following 
international organizations which affects the food safety related policy, rules and regulations. 

•	 Codex Alimentarius Commission 
•	 World trade organization (WTO)
•	 Food and agriculture organization (FAO) of the United Nations (UN)
•	 South Asian association for regional cooperation (SAARC)/
•	 World organization for animal health (OIE)
•	 Bay of Bengal Initiative for Multi-Sectoral Technical and Economic Cooperation 

(BIMSTEC)

Food Standards
National Council for Standards (NCS) is the government body responsible to approve and endorse 
Nepalese standard. Nepal Bureau of Standards and Metrology (NBSM) acts as the secretariat for 
the NCS which prepares the country standards (Nepal standard) of food products and methods of 
food processing (Singh, 2005).  There are more than 100 Nepal standards in food sector related with 
food, food processing, transport and storage (Table 1) (Karki & Guragain, 2005). Nepal is one of 
the active members of South Asian Regional Standards Organization (SARSO) established in 1999 
and has been involved in the formation of regional standards of food and food processing methods 
(Singh, 2005). In addition, a separate government institution called Food Standardization Board 
(FSB) is present according to the provision in the Food Act 1966 which make recommendations to 



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

94

the government about food standards, principles and guidelines according to international practices 
and principles (Jull, 2006). 

Table 1. Number of Nepal Standards related with food, food processing, transport and storage. 
Food Groups No. of Standards

Milk and milk products 18

Fats and oils 16

Fruit and vegetable products 17

Spices and condiments 22

Tea, coffee, cocoa and their products 3

Salt 2

Cereals, pulses, and their products 23

Processed drinking water 2

Sweetening agent 3

Sweets and confectionary 3

Total 109
Source: Department of Food Technology and Quality Control (2009)

Regulation of Meat Safety and Issues
Meat is one of the major food items consumed in almost every Nepalese household. Annual 
consumption of meat is approximately 242,000 metric ton (MoAC, 2010). Buffalo, goat, sheep, 
pig and poultry (chicken) are the major meat animals in Nepal. Although meat is an excellent 
source of protein and other nutrients in human diet, it can pose a significant health risk due to easy 
growth of pathogenic microorganisms and other zoonotic disease agents. Despite its widespread 
consumption in Nepal, meat is one of the most unsafe food items sold in the market (Sankhi, 
2006; Karna, 2010). In an attempt to ensure the availability of safe meat to the public, government 
of Nepal formulated and enacted the Animal Slaughterhouse and Meat Inspection Act 1999 and 
regulation 2001. Among more than 100 food standards of Nepal, no standard is found about meat 
and meat products. 

Animal Slaughterhouse & Meat Inspection Act 1999 and Regulations 2001
The animal slaughterhouse and meat inspection act has two major objectives, firstly to prevent 
adulteration and contamination of the meat during and after slaughtering and secondly to ensure 
slaughter of healthy animals without any disease condition which can make the meat unsafe for 
human consumption (Sankhi, 2006; Karna, 2010). This law has compulsory provision of ante 
mortem inspection of the animals by qualified meat inspector before slaughtering in slaughter 
house or designated place (Joshi et al., 2003). After ante mortem inspection the inspector either 
give permission to slaughter the animal or reject or hold for further examination (Joshi et al., 
2003). Similarly, carcass of the animal after slaughter should also be inspected by meat inspector. 
The inspector marks the wholesome meat with stamp and also has right to condemn whole or the 
part of the carcass in case of any disease condition (Joshi et al., 2003) The inspector may send the 
carcass for further test in case of any doubt (Joshi et al., 2003).
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Major Issues Relating to the Safety of Meat
High prevalence of meat borne zoonoses- Studies by different scientists have evidenced that 
prevalence of meat borne zoonotic diseases in Nepal is very high as compared to those in developed 
countries (Majagaiya, Regmi, Shah, & Manandhar, 2008). In a study 9.2% of the meat
samples collected from capital city of Nepal (Kathmandu) were found to be positive for Salmonella 
species which is one of the major causes of food poisoning (Majagaiya, et al., 2008). Approximately 
50% of the isolates were multi drug resistant. In another study, Maharjan et al.  (2006) found 11.4% 
of meat samples with salmonella positive in Kathmandu. 

Similarly, several meat borne parasitic zoonoses like trichinellosis, taeniasis, echinococcosis/
hydatidosis etc. have been reported from different part of the country in different meat animals (Joshi 
et al., 1997; Rajshekhar, 2004; Manandhar et al.,  2006; Sapkota et al., 2006; Joshi et al., 2007). 
Pigs in several urban area of the country has found infected with Taenia solium (pork tapeworm) 
which can cause taeniasis and cysticerosis  in the consumers (Joshi et al., 2001; Joshi, et al., 2007). 
Joshi, et al., (2007) reported that approximately 14% of the pigs slaughtered in Kathmandu were 
positive for taeniasis. Similarly, approximately 11% of the buffalo slaughtered in Kathmandu for 
meat purpose has been found infected with echinococcosis/hydatidosis (Manandhar et al., 2006). 

Failure to enforce Animal Slaughterhouse & Meat Inspection Act- The act has the provision 
that the government can enforce the act in designated area from designated date upon notification 
in Nepal gazette (Karna, 2010). The most frustrating fact about the law is that it hasn’t been 
successfully enforced till now (Karna, 2010). The government has tried to enforce the act in some 
of the municipalities of the country by constructing slaughter houses but those slaughter houses 
were not utilized by the meat enterprisers (Pant, 2007; Karna, 2010). Turbulent political situation 
of the country for more than a decade and lack of adequate awareness among meat entrepreneurs, 
consumers and other stakeholders are suggested as the reasons behind the failure of enforcement 
of the law (Karna, 2010). 

Lack of infrastructures- The country is still not fully capacitated in terms of infrastructure 
and human resource development to implement food safety regulations (FAO, 2003). There 
are no adequate numbers of modern abattoirs in the country. Some slaughter houses made with 
the assistance of donor agencies are also not being operated satisfactorily (Joshi, et al., 2003). 
Lack of modern and hygienic abattoirs made people slaughter the animals in streets, open lands, 
pasturelands, riverside and courtyards (Joshi, et al., 2003). Meat animal traders collect the animals 
from farmers and keep them in certain designated places for sale. These animals are bought by 
the butchers who kill the animals to sell meat by themselves or by meat sellers nearby (Sankhi, 
2006). Presently, there are some modern slaughter houses ready to use and a few more are being 
constructed (Sankhi, 2006). Awareness in meat entrepreneurs and consumers about the importance 
of good slaughtering facilities in the health of consumers is very important to operate these facilities 
smoothly (Sankhi, 2006).

Poor hygienic practice during slaughtering and marketing of meat- Poor hygienic practices 
during slaughtering and marketing of meat is one of the major contributing factors for unsafe 
meat in Nepal (Joshi, et al., 2003). Slaughtering animals in open and unhygienic places, use of 
dirty water during slaughtering process, and selling meat in open and non-refrigerated places are 
some of the unhygienic practices being used by the entrepreneurs (Sankhi, 2006).  Slaughtering 
of animals in unhygienic place and use of polluted water contaminate the meat with different 
microorganism which can be harmful for the health of the consumers. Keeping quality of the meat 
processed in these facilities is also bad. 
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Due to continuous effort from the government and many other non-governmental development 
partners, there are some progress in practice of slaughtering and meat handling (Sankhi, 2006). 
Butchers started to use covered courtyard with concrete floor to slaughter the animals and meat 
seller started to keep meat covered and refrigerated (Sankhi, 2006). 

Lack of awareness among stakeholders- Lack of information and knowledge about food safety 
among all stakeholders including producers, traders, consumers and even some government 
agencies has been regarded as one of the reasons preventing successful implementation of rules 
and regulation regarding food safety (Singh, 2005). Most of the small entrepreneurs are not aware 
about Good Hygienic Practices (GHP) which directly impede the safety of their products (Singh, 
2005). Lack of awareness among different stakeholders has been stated as one of the major causes 
for the failure of enforcement of the slaughterhouse and meat inspection act (Karna, 2010).

Conclusion
Food safety is one of the major agendas in policy and economic forum in Nepal. People are not 
adequately aware about safety of the food and importance of hygienic practice in food businesses. 
Prevalence of food borne diseases is very high.  Although there are lots of effort to review and update 
old laws and regulations, they all are still not based on standards and principles of codex and other 
international organizations. There are still many things to achieve like infrastructure development, 
legislation upgrade, awareness of people etc. to ensure safety of food from all sources. Resource 
(financial, technical and infrastructure) constraint is one of the major hindering factors to develop 
infrastructure and to formulate and enforce new food safety rules and regulations. 
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According to ILAC, Accreditation is the independent evaluation of conformity assessment bodies 
against recognized standards to carry out specific activities to ensure their impartiality and 
competence. In this regard, ISO has formulated ISO/IEC 17025:2005 standards which, specifies the 
management and technical requirements for the competence to carry out tests and/or calibrations, 
including sampling regardless of the number of personnel or the extent of the scope of testing and/
or calibration activities with key advantages to testing laboratory of formal recognition for testing 
competence, a marketing advantage, a benchmarking of technical competency and customers 
and employee satisfaction. These arrangements are managed by the International Laboratory 
Accreditation Cooperation (ILAC), in the field of laboratory and inspection accreditation, and 
the International Accreditation Forum (IAF), in the fields of management systems, products, 
services, personnel and other similar programmes of conformity assessment. Both organizations, 
ILAC and IAF work together and coordinate their efforts to enhance the accreditation and the 
conformity assessment worldwide. Accreditation bodies have been established in many regions 
and countries under the name of Regional cooperation bodies (5), Full member (MRA) signatories 
(96), Affiliate members (19) and affiliates (25) under with the primary objectives of ensuring 
conformity assessment. Due to free trade concept of WTO regime, laboratory accreditation became 
an essential to address the TBT issues in different value chain of food products. To address this 
issue Nepal government has to approve the Nepal Accreditation Act to form Nepal Accreditation 
Board (NAB) so that the laboratories within the country will easily get accreditation from NAB. 

Keywords: Laboratory accreditation, ISO, Testing Laboratory, Food Industry, Global trade

Introduction
ISO (International Organization for Standardization) the term was derived from the 
Greek isos, meaning ‘equal’, which is the world’s largest non-governmental organization for 
developing and publishing of International Standards. It is a net work of the 162 countries, one 
member per country, with a Central Secretariat in Geneva, Switzerland, which co-ordinates the 
system. ISO enables a consensus to be reached on solutions that meet both the requirements of 
business and the broader needs of society. ISO has developed over 18,500 International Standards 
on a variety of subjects including ISO/IEC 17025 and some 1100 new ISO standards are published 
every year. 

Back ground History of ISO 17025: 2005 
Prior to the issuing of ISO 17025:1999 there was no internationally accepted standard for laboratory 
quality systems that could provide a globally accepted basis for accreditation. Accreditation was 
based on national standards. However, it was derived from ISO Guide 25 as a main standard 
for testing and calibration laboratories after the third revision of ISO Guide 25 issued by the 
International Organization for Standardization in 1999. 

*Corresponding author, E-mail: raikrishna1@gmail.com
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Although, ISO 17025:1999 was accepted by ISO subscribing countries in late 1999 and came 
into effective use during the first quarter of 2000 after its adoption as a national standard by most 
countries around the world. The exercise intended to harmonize ISO 17025 and ISO 9001 was, in 
the event, regarded as imperfect, especially in that ISO 9001 placed great emphasis on continual 
improvement in the quality system. Although this was included in ISO 17025, its importance as a 
part of the standard was not strongly emphasized. Hence a revision of ISO 17025 was undertaken 
and this led to ISO 17025:2005 which was adopted as an ISO standard in late May of 2005, 
which specifies the general requirements for the competence to carry out tests and/or calibrations, 
including sampling regardless of the number of personnel or the extent of the scope of testing and/or 
calibration activities. A prerequisite for a laboratory to become accredited is to have a documented 
quality management system. The usual contents of the quality manual follow the outline of the 
ISO/IEC 17025 standard. ISO/IEC 17025:2005 is for use by laboratories in developing their 
management system for quality, administrative and technical operations. Laboratory customers, 
regulatory authorities and accreditation bodies may also use it in confirming or recognizing the 
competence of laboratories. ISO/IEC 17025:2005 is not intended to be used as the basis for 
certification of laboratories. However, for medical testing lab ISO 15189 is applicable, which is 
quite different than ISO 17025: 2005. 

What is Laboratory Accreditation? 
Accreditation means that evaluators i.e. testing and calibration laboratories, certification and 
inspection bodies have been assessed against internationally recognized standards to demonstrate 
their competence, impartiality and performance capability. Organizations those provide certification, 
testing, inspection and calibration services need accreditation from internationally recognized body. 
Because of WTO obligations on SPS and TBT, laboratory accreditation has become a mandatory 
task for every testing and calibration laboratories to get the international recognition for their test 
reports or certificates. As a result, number of accredited laboratories has increased significantly in 
the last five years. There are currently almost 40,000 accredited laboratories, representing growth 
of over 50% since 2004 (Figure 1). 

Figure 1. Total no. of accredited laboratories in world
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International Recognition of Laboratory Accreditation 
Accreditation involves assessment of the laboratory by an internationally recognized accreditation 
body and is organized through a national laboratory accreditation board which has a mutual 
recognition agreement with other such accreditation boards in other countries. In order for 
accreditation bodies to recognize each others’ accreditations, the International Laboratory 
Accreditation Cooperation (ILAC) has establish methods of evaluating accreditation bodies 
against another according to ISO standard (ISO/IEC Guide 58 - which became ISO/IEC 17011: 
Conformity assessment-General requirements for accreditation bodies accrediting conformity 
assessment bodies). 

Based on geo-political regions such as the European Community, and Asia-Pacific, the Americas 
and others ILAC has established regional co-operations to manage the work needed for such 
mutual recognition around the world. The regional body applies rules for membership, including 
compliance with ISO 17011, and audits national bodies for compliance. Mutual recognition is 
then organized between the regional bodies, so simplifying the whole system and shortening the 
timescale. These regional bodies (all working within the ILAC umbrella) include the European 
Cooperation for Accreditation of Laboratories (EAL), the Asia Pacific Laboratory Accreditation 
Cooperation (APLAC), Southern Africa Accreditation Cooperation (SADCA), the Inter-American 
Accreditation Cooperation (IAAC) and African Accreditation Cooperation (AFRAC). Additionally, 
there are 96 full members (MRA signatories), 19 affiliates and 25 stakeholders under ILAC member 
category.  

International recognition of accreditations awarded by national bodies is based on the conclusion 
of Mutual Recognition Agreements (MRAs) between national bodies. The mechanism is that the 
bodies seeking to agree to recognize each other’s accreditations will audit each other’s operations 
against ISO 17011: Conformity assessment—General requirements for accreditation bodies 
accrediting conformity assessment bodies. 

National Accreditation Body
In some developed countries such as USA and Canada there are more than one Accreditation 
Bodies (ABs). In other countries there is often only one Accreditation Body. Typically these bodies 
encompass accreditation programs for Management Systems, Product Certification, Laboratory, 
Inspection, Personnel and others. The first laboratory accreditation bodies to be established were 
NATA in Australia (1947) and TELARC in New Zealand (1973) most other bodies are based on 
the NATA/TELARC model and include UKAS in the UK, FINAS in Finland and DANAK in 
Denmark to name a few. In SARC region, there are National Accreditation Board for Testing and 
Calibration Laboratories (NABL), India, Pakistan National Accreditation Council (PNAC), Sri 
Lanka Accreditation Board for Conformity Assessment (SLAB) established under the Act No. 32 
of 2005 (20Labs), Bangladesh Accreditation Board (BAB), Bangladesh and National Accreditation 
Focal Point (NAFP) in Bhutan Standard Bureau, which are working in conformity  assessment for 
the other private or public laboratories in testing/calibration/ medical testing area.  

In India National Accreditation Board for Testing & Calibration Laboratories (NABL) under the 
Ministry of Department of Science & Technology, Government of India provides accreditation, 
under which 906 testing, 394 calibrating and 340 medical testing laboratories have already been 
accredited in India. In Nepal, the government has moved to establish the Nepal Accreditation 
Board (NAB) to facilitate accreditation of domestic laboratories. A draft of the Nepal Accreditation 



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

101

Act prepared by the Ministry of Industry and the Nepal Bureau of Standards and Metrology 
(NBSM) has to be approved by parliament of Nepal. In the absence of internationally accredited 
laboratories in the country, exporters have been facing difficulties in getting certification required 
to export their products. Establishment of the NAB is believed to help boost Nepal’s exports in the 
international markets.

In order to bring competence and monitor of private sector laboratories in Nepal, laboratory 
accreditation scheme called Nepal Laboratory Accreditation Scheme (NEPLAS) has been already 
in practice by NBSM, which is bases on ISO17025:2005; however, it is not traceable to ILAC. 
More recently, Accreditation Education Research & Scientific Services Center, Nepal a private 
organization has become an affiliate member of ILAC from Nepal. 

NABL India has played a major role of accreditation body in SARC region, under which 906 
testing, 394 calibrating and 340 medical testing laboratories have already been accredited in India

Benefits	of	Accreditation	to	Laboratory	
i. A formal and international recognition of testing competence
ii. A recognition of testing and calibration competence 
iii. A competitive marketing advantage
iv. A benchmark for quality and performance 
v. Better control of laboratory operations and continual improvement
vi. Increase of confidence in testing/calibration as well as personal performance
vii. Litigation purpose 
viii. Establishment of public credibility and reliability upon the testing so able to make a good 

will 
ix. Compliance to GLP
x. Environmental friendly 
xi. Development of good professional practice (GPP)
xii. Employee satisfaction and confidence 

Benefits	of	Accreditation	to	users	
i. According to the principle of tested once acceptance everywhere, the savings in terms of 

time and money due to reduction or elimination of the need for re-testing of products. 
ii. Government departments/authorities/agencies may use test report for regulations, 

investigational work or for planning of project etc. 
iii. Private and public enterprises can use test report to ensure the compliance with specifications. 
iv. Manufacturers may use data for product development, failure analysis, quality control, 

quality management certification purpose, truthful advertising etc. 
v. Users of accredited laboratories will enjoy greater access for their products, in both domestic 

and international markets, when tested by accredited laboratories.
vi. Consumer satisfaction and confidence on products 

Scope for Accreditation 
Mainly the scopes of Accreditation in food would be testing of different food laboratories of 
chemical and biological. However, NABL India has categorized different laboratories as per 
given below (Table 1). Besides testing laboratory it has categorized other two i.e. calibration and 
medicinal laboratories too. Moreover, the scope of accreditation can be extended to RM providers, 
PT providers etc. 
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Table 1. Scopes of Testing Lab  Accreditation
Testing Laboratories Calibration LaboratoriesMedicinal Laboratories
	Biological 
	Chemical 
	Electrical 
	Electronics 
	Fluid-Flow 
	Mechanical 
	Non-Destructive 
	Photometry 
	Radiological 
	Thermal 

	Electro-Technical 
	Mechanical 
	Fluid Flow 
	Thermal & Optical 
	Radiological 

	Clinical Biochemistry 
	Clinical Pathology 
	Haematology and 

Immunohaematology 
	Microbiology and Serology 
	Histopathology 
	Cytopathology 
	Genetics 
	Nuclear Medicine (in-vitro tests 

only) 
Source: NABL India

Requirements for Laboratory Accreditation
Requirements for Lab accreditation- The major requirements for Laboratory accreditation are 
as shown in Figure 2. The infrastructures, competent and motivated human resource are the 
primary need of Laboratory Accreditation, followed by management commitment for getting the 
competence and quality is top requirement and other quality policy, procedure, work instructions, 
forms and format etc. 

Figure 2: Pyramid of Laboratory Accreditation 

According to ISO/IEC 17025:2005, there are major two requirements, which are given as below. 
1. Management Requirements
2. Technical Requirements 

Management requirement comprises the clauses numbers from 4.0 to 4.15, while Technical 
Requirements comprises the clauses from 5.0 to 5.10. Legal entity of organization, management 
system, document control, review of requests, Complaints handling, Control of non-confirming 
testing, CAPA, Internal audit and MRM are the major components of Management requirements. 
In other hand, competent personal, environmental control, standard test methods, calibration, MU, 
equipments, RM, Sampling, Quality Assurance, Reporting the results, Document archiving are the 
major Technical requirements for ISO/IEC 17025:2005. 

Apart from these two requirements, laboratory should additionally be fulfilled the specific 
requirements of Accreditation body, if required. 
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Procedure for Accreditation
The application procedure is more or less similar to all accreditation bodies. The general steps 
needed by NABL, India, protocol is given as below. 

Stage I
•	 Preparation of application for accreditation body giving all desired information and 

specific requirements of the body. 
•	 Normally Laboratories are required to submit multiple set of duly filled in application 

forms for each field of testing / calibration along with sets of Quality Manual and 
Application Fees. 

•	 Secretariat of Accreditation body receipts the application and will issue 
acknowledgement to the laboratory. After scrutiny of application for it being 
complete in all respects, a unique Customer Registration Number will be allocated 
to laboratory for further processing of application. 

•	 Accreditation body will then nominate a Lead Assessor for giving Adequacy 
Report on the Quality Manual / Application submitted by the laboratory. A copy 
of Adequacy Report by Lead Assessor will be provided to Laboratory for taking 
necessary corrective action, if any. The laboratory shall submit Corrective Action 
Report.

•	 After taking satisfactory corrective action by the laboratory, a Pre-Assessment audit 
of the laboratory will be organized by Accreditation body. Laboratories must ensure 
their preparedness by carrying out its internal audit and management review before 
Pre-Assessment.

Stage II 
•	 Accreditation body will organize the Pre-Assessment audit at laboratory site by 

Lead Assessor
•	 A copy of Pre-Assessment Report will be provided to Laboratory for taking necessary 

corrective action on the concerns raised during audit, if any. 
•	 The laboratory shall submit Corrective Action Report to the Accreditation body  
•	 After laboratory confirms the completion of corrective actions, Final Assessment of 

the laboratory will be organized.

Stage III 
•	 The accreditation body will organize the Final Assessment by a team at the laboratory 

site for its compliance to ISO 17025:2005 and specific criteria of own. 
•	 Assessors shall raise the Non-Conformance(s), if any, and provide it to the 

laboratory in prescribed format so that it gets the opportunity to close as many Non-
Conformance(s) as they can before closing meeting of the Assessment. 

•	 The Lead Assessor will provide a copy of consolidated report of the assessment to 
the laboratory and send the original copy to Accreditation body.

•	 Laboratory shall take necessary corrective actions on the Non-Conformance(s) / 
other concerns and shall submit a evidential report to Accreditation body within a 
prescribed time frame.

Stage IV 
•	 After satisfactory corrective action by the laboratory, the Accreditation Committee 

examines the findings of the Assessment Team and recommended additional 
corrective action, if any, by the laboratory. 
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•	 Accreditation Committee shall make the appropriate recommendations regarding 
accreditation of a laboratory to Accreditation authority. 

•	 Laboratories are free to appeal against the findings of assessment or decision on 
accreditation by writing to the top management of Accreditation body. 

Stage V
•	 Accreditation body will grant the Accreditation to laboratory based on the 

recommendation of Accreditation committee. It will be valid for a certain period. 
For example NABL grants for 2 years and it will conduct periodical Surveillance 
audit of the laboratory at intervals of one year. 

•	 Laboratory shall apply for Renewal of accreditation to it at least 6 months before 
the expiry of the validity of accreditation.

Achievements on Laboratory Accreditation in Nepal
In SARC region many private laboratories as well as government ones are already got accreditation; 
however, some are still under progress for that. Recently, Zest Laboratories (Pvt) Ltd, Bhaktapur, 
become the first accredited private lab from NABL in 2011. Similarly, Central Food Laboratory, 
under DFTQC, has completed final assessment for chemical testing of foods (27 scopes) and likely 
to be accredited soon. Food and chemical testing laboratory under NBSM has also already applied 
for accreditation and waiting for the conformity assessment procedure. 

Table 2. Name of different Laboratories working in Nepal
Laboratories

Government
1. Central Food Laboratory, Department of Food Technology and Quality Control , 

Kathmandu  ( CFL/DFTQC) 
2. Nepal Bureau of Standard and Meteorology, Kathmandu, (NBSM) 
3. Veterinary Standards and Drug Administration, Kathmandu (VSDA) 
4. Natural Products Research Laboratory, Department of Plant Resources, Kathmandu 

(NPRL/DPR) 
5. Chemical Laboratory, Department of Mines and Geology, Kathmandu(CL/DMG) 
6. Drug Research Laboratory, Department of Drug Administration, Kathmandu(DRL/

DDA) , Now, National  Medicine Laboratory ( NML)
7. Natural Products Research Laboratory, Nepal Academy of Science and Technology, 

Lalitpur (NPRL/NAST) 
8. Food Research Unit, Nepal Agriculture Research Council, Lalitpur ( FRU/NARC) 
9. National Forensic Laboratory, Lalitpur  ( NFL) 
Private Sector
1. Nepal Environmental and Scientific Services (P.) Limited, Kathmandu, ( NESS) 
2. Soil Test (P) Limited, Kathmandu (SLT) 
3. Cemat Pvt. Limited, Kathmandu  ( CEMAT) 
4. Water Engineering and Training Center, Kathmandu  (WETC) 
5. Vishwa Laboratory and Research Service, Kathmandu( VRLS) 
6. Water Analysis Services , Kathmandu (WAS) 
7. Nepal Research Foundation P Ltd, Birgunj (NRFL) 
Non-Governmental Organization
1. Environment and Public Health Organization, Kathmandu (ENPHO)
Private Public Partnership
1. SEAM/N Laboratory, Biratnagar  ( SEAM/N) 
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Moreover, Nepal Laboratory Accreditation Scheme (NEPLAS) for accreditation of private 
laboratories as per ISO17025:2005 operated by NBSM has already awarded accreditation in 
different testing scopes for 19 private sector laboratories. A survey conducted by SMTQ Forum 
Nepal (2010) shows there are 9 public, 7 private, 1 NGO operated and 1 operated under public 
private partnership laboratories conducting different testing scopes as given in Table 2 and 3 
respectively. 

Table 3.  Types of commodity/products testing under Laboratories in Nepal
S.N.LaboratoryCommodities

2NBSMFood, Feed, water & Effluent, spirit, Chemicals including detergents, cements, paints, 
leather, coal, fertilisers, textile, plastics, petroleum products, wood, electric wire, pipe, 
steel, bags, shoes etc

4NPRL/DPRMedicinal plants,  Aromatic plants 
5CL/DoMGRock, Ores, Minerals, Coal, Water, Soil, Geochemical samples
6DRLDrugs (Capsule, liquid, Ointment, Vaccine and injection)

8FRU/NARCFood 
Biological Samples (Semen, Wild life products, Weapons, Hair fiber)
Alcohol, Crime, DNA Profile

11STLWater and Waste water, Food, Cement, Sand,  Soil, Fertilizers, Waste water, Air

12CEMAT Water and Waste water, Alcohol, Food

15WASWater and Waste Water
16NRF, BirgunjPharmaceuticals (Allopathy, Ayurvedic), Food, Water and Waste water
17SEAM/Nepal  , 

Biratnagar
Water and Waste water, Food

18ENPHOWater and waste water, Solid waste, Soil, Compost and Dust, Air Quality

7Medicinal Plants, Water and Waste water, Industrial Chemicals (Solvents, Pectin, PVC, 
Acetic Acid), Food, Agrochemicals (Fertilizers, Pesticides), Miscellaneous

NPRL/NAST

14Food, Water, Waste water, Alcoholic Beverages, Chemical Fertilizers, Coal, Cement, 
Soil

VLRS

9NFL

10Water and Waste water, Air Pollutants Cement and Fly Ash, Fertilizer,  Soil,  Food 
Products,  Spirit and Alcoholic drinks, Pesticides, Coal and Briquettes, Rock and 
Minerals, Molasses, Petroleum Products, Noises

NESS 

13Meat and Meat Products, Fruit Juice, Milk, Tea and Coffee,  Water and waste water, 
Cement

WETC 

1Food and Feed CFL/DFTQC

3Veterinary medicine, Vaccine , Feed, Meat and Meat products, eggs, milk and milk 
products

VSDA

Challenges for Laboratory Accreditation in LDCs
•	Building a foundation for  National Quality Infrastructure e.g. National 

Accreditation Board
•	Policy and priority for Laboratory accreditation is lacking both in Govt. and private 

sector
•	Lacking of authorized institution/Lab for PT and Calibration
•	Getting accreditation in full scopes as required by customers
•	Competent and motivated human resource with good professional practice (GPP) 

and retention policy
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•	 Bureaucracy and change resistant behavior 
•	 International trade
•	 WTO agreements on SPS and TBT
•	 Customer Requirements  and expectation 

In other hand, Nepal is in slow progress in implementing the SPS and TBT requirements of WTO. 
Accreditation in all competent scopes (test wise) and establishment of residual monitoring plan are 
still under progress. Lack of competent human resource, National Accreditation Board, Calibration 
service, PT facility within the country directly influenced upon the accreditation work. 

Conclusion
Not only to fulfilling the WTO requirements (SPS and TBT) to all countries, Laboratory 
accreditation now become essential and vital too for maintaining food safety and health safety 
of common people. This could promote the international trade of agro based products and may 
influence a positive impact on National economy of the country. 

In government side, Nepal Accreditation Act is still under progress and the formation of Nepal 
Accreditation Board has to be completed. In other hand, a private organization named Accreditation 
Education Research & Scientific Services Center, Nepal has recently became an affiliate member 
of ILAC. Therefore, the joint effort of public and private sector could more work on conformity 
assessment for laboratories accreditation including medical testing lab. 

Meanwhile, a private laboratory named Zest Laboratories (Pvt) Ltd, has succeeded to achieve 
the accreditation from chemical testing from NABL in 2011. Similarly, Central Food Laboratory 
under DFTQC and chemical testing Food laboratory under NBSM are in progress of achieving 
accreditation from NABL, India very soon. Now gradually, other laboratories including medical 
testing in private and public sector are showing interest for accreditation in different scopes. 

In conclusion, the government should work together with private sector and International agencies 
such as UNIDO, WTO, PTB etc to achieve the quality infrastructure in country and  supporting for 
the  implementing ISO/IEC 17025:2005 and to remove the technical barrier in international trade 
of Nepal. 
 
Ways Forward

•	 Nepal Accreditation Act has to be approved and enacted to establish Nepal 
Accreditation Board 

•	 National Quality Council has to be established in order to initiate Accreditation and 
to regulate Conformity Assessment Bodies. 

•	 Quality Culture has to be promoted in public or private organizations so as moving 
toward the laboratory accreditation

•	 Mandatory implementation of GAP, GHP, GMP, and HACCP in food and drug 
manufacturing establishments, which create the importance of lab accreditation in 
food testing. 

•	 National Metrology Center has to be established in order to enhance effective 
reliable valid measurement traceable to international standards. 

•	 PT/ILC Program has to be run regularly with the establishment of National 
Reference Lab as a PT provider. 

•	 Public Private Partnership for Standard, Metrology, Testing and Quality with 
private sectors and international donor agencies. 
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A total of 211 random samples from different stage of butter manufacturing chain were collected 
and subjected to microbial and physio-chemical analysis. Physico-chemical analysis of cooking 
butter and table butter were performed in terms of fat and moisture content which were found 
to be upto 86% - 16.01% and 90 % - 18.37% respectively. The average heterotrophic bacterial 
and fungal count was found to be 5.079 log CFU/ml and 4.912 log CFU/ml in raw milk compared 
to butter which was found to be 3.659 log CFU/ml and 3.861log CFU/ml respectively. The major 
bacteria detected from the butter manufacturing chain include E. Coli isolated from raw milk, 
Citrobacter spp. isolated from pasteurized cream. Similarly, the major species of yeast isolated  
include Candida albicans, Cryptococcus spp., Saccharomyces spp., and Kluyveromyces spp. at 
varying frequency percentage ranging from 7.1%-14.9% whereas the major molds isolated include 
Paecilomyces spp., Pleospora spp., Rhizopus spp., Aspergillus spp., Alternaria spp., Penicillum 
spp., Mucor spp., Cladosporium spp., Diplosporium spp., Helminthosporium spp. and Geotrichum 
spp.(Oospora) at varying frequency percentage ranging from 1.8%-35.7%.These isolated fungi 
were tested and evaluated for protease, lipase and gelatinase activity on the selective medium. 
The maximum protease, lipase and gelatinase activity showing fungi belong to Geotrichum spp. 
(Oospora), Mucor spp. and Alternaria spp. with 7.50mm, 5.63mm and 5.96mm diameter of zone 
of hydrolysis respectively. Besides, the effect of salt concentration (1% - 15%) on the growth of 
selected fungi was determined and it reveals that upto 15% salt the selected fungal strain showed 
growth which indicate that the salt alone does not work as a preservative for butter. Upon 
comparison, the microbial quality of table butter with cooking butter, the former was found less 
contaminated than the latter. 

Keywords: Butter, Coliforms, Gelatinase, Lipolytic, Proteolytic

Introduction
Butter is a dairy product in the form of fat concentrate which is obtained by churning cream, 
gathering the fat into a compact mass and then working it. It is made by churning fresh or fermented 
cream or milk and is essentially the fat of the milk. It is used as a spread and a condiment, as 
well as in cooking applications, such as baking, sauce making and pan frying (Sukumar, 2004; 
Van Miller et.al, 2011).The principal constituents of a normal salted butter are fat (80-82%), 
water (15.6-17.6%), salt (about 1.2%) as well as protein, calcium and phosphorous (about 1.2%).
Moisture content, Salt, pH  are  the  physico-chemical  parameters  that  is  responsible  for  the  
organoleptic quality of butter. Butter remains a solid whenrefrigerated, but softens to a spreadable 
consistency at room temperature, and melts to a thin liquid consistency at 32–35°C (90-95°F). 
The density of butter is 911 kg/m3 (1535.5 lb/yd3) and its  pH range from slightly acidic to neutral, 
which is compatible with most any food i.e. pH of salted and unsalted butter are 4.31-6.7 and 4.2-
5.2 respectively(Thapa,1994; Van Miller et.al., 2011).It is very high in fat and fat-soluble 
vitamins A,D,E and K. Butter being one of the popular varieties of dairy products and of high 
nutritive value, it could if contaminated, constitutes a public health hazard as well as economic 
losses throughout its deterioration(El-Diasty et al., 2007).

*Corresponding author, E-mail: rach.daw@hotmail.com
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This study has been carried out to detect spoilage organisms especially fungi that can grow in 
butter despite its three major physico-chemical parameter i.e. Salt, moisture content and pH, that 
restricts their growth and development. Their count is used as an index of storability and sanitary 
quality of the product. Also to some extent this organism could produce common exo-enzymes 
such as Protease, Lipase and gelatinase etc. that effect on the quality of butter. Butter being high 
in fat content lipase producing micro-organism are more concerned as they may cause rancid 
flavor by breaking butter fat into glycerol and fatty acids.

Materials and Methods
Collection of  samples : A total  of  211 random samples consisting of  (31) raw milk and (31) 
raw cream, (31) Pasteurized milk, (31) Pasteurized cream, (81) Cooking butter and (6) different 
market butter  were collected and transferred to laboratory for mycological analysis.

Isolation and identification of isolates- For isolation of Moulds and Yeasts the technique described 
by El-Diasty et al., (2007) was adopted.

Raw milk, pasteurized milk, raw cream and pasteurized cream samples- Eleven ml of each 
sample were weighted in sterile beaker separately and labeled accordingly.

Butter samples: Eleven grams of butter sample was weighted in aluminum foil with sterile spatula 
and serial dilution was performed. 

Other raw materials: Other raw materials used in butter manufacture include skim milk powder 
(SMP), Skim Milk powder and water mixture (SMPw) along with tap water. Eleven grams of SMP 
sample was weighted in aluminum foil with sterile spatula. Similarly, 11 ml of Tw and SMPw each 
sample were weighted in sterile beaker separately labeled and processed.

Serial dilution of the samples- The collected samples were transferred into a conical flask 
containing 99ml warm sterile peptone water1% (40±1°C)  to prepare a dilution of 10-1 and  from 
this dilution, a series of dilution was performed up to 10-6 and labeled accordingly. Similarly, each 
sample was serially diluted. 

Pour plate technique-For heterotrophic bacterial count, 1ml of sample was plated on Plate 
Count Agar (PCA) by pour plate technique, and was incubated at 37°C for 24 hours. Similarly, for 
coliform count, 1ml of sample was plated on Violet-Red Bile Salt Agar (VRBA) and incubated 
at 37°C for 24 hours. For the enumeration of total fungi, 1ml of sample was placed on Sabouraud 
Dextrose Agar (SDA, containing 0.05 mg of chloramphenical per ml) and incubated at 25°C for 
48-72 hours.After incubation the colonies isolated were enumerated (BAM, 2002).

Screening and identification of coliforms- The isolated colonies which are purple red surrounded 
by zone of precipitated bile acids on VRBA were subcultured and point inoculated on Nutrient 
Agar (NA). Then, the plate were incubated at 37°C for 24 hours and identified by gram staining 
and different biochemical tests (BAM, 2002).

Screening and identification of yeast- The isolated yeast colonies were subculture on Yeast Malt 
Extract Agar (YMA). Then, plates were incubated at 28°C for 48-72 hours. Then, the isolated 
colonies were identified by colony morphology, gram staining, germ tube test, carbohydrate 
fermentation test and Urea hydrolysis tests (Lodder and Rij, 1970).
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Screening for proteolytic activity of isolated Mould and Yeast- Skim milk Agar (SMA) was 
prepared aseptically for each mould and yeast isolates. Each mould and yeast isolates were point 
inoculated (Single point inoculation) into SMA in which Skim milk was added just before pouring 
the medium into Petri plates. The plates were labeled properly and incubated at 25°Cfor 7days.
After the incubation period, the plates were observed for clear zone of hydrolysis and it was 
measured (O’reilly and Day, 1983).

Screening for lipolytic activity of isolated Mould and Yeast- Tributyrin Agar (TA) was prepared 
aseptically for each mould and yeast isolates. Each mould and yeast isolates were point inoculated 
(Single point inoculation) into TA. The plates were label properly and incubated at 30°C for 3days.
After the incubation period, the plates were observed for clear zone of hydrolysis (clear zones 
surrounding the lipolytic colonies) and were measured (Koburger and Jacger, 1987).

Screening for gelatinase activity of isolated Mould and Yeast- Gelatin Agar plates (1% gelatin 
added to Nutrient agar) was prepared aseptically for mould and yeast isolates. Each mould and 
yeast isolates were inoculated (Single point inoculation) into Gelatin Agar plate. The plates were 
labeled properly and incubated at 30°C for 3days.After the incubation period, the plates were 
flooded with HgCl2 solution and observed for hollow zone formation around the colony (i.e. 
opaque colony) and were measured (Manandhar and Sharma,2006).

Swab tests of pipelines and equipments used in butter manufacturing chain-For the swab test, 
swab was prepared and sterilized in hot air oven (160°C for 60 min.).From the selected area 
within the butter manufacturing chain swabbing was done including that from butter worker 
hands and transferred to tube containing 10ml sterile diluents (1% peptone water) and labeled 
accordingly. Swab from different sampling points was then plated onto PCA, SDA and VRBA 
for total heterotrophic bacteria, fungal and coliform count respectively.

Monitoring of air microflora from processing plant area (CIP, Plate exposure method) - For 
the microbial examination of processing plant area, VRBA, PDA and NA were prepared. Each of 
these media was labeled properly according to the sampling points. Then, the media were placed 
at different selected places and kept exposed within processing area for about 15mins.Each of 
the plate were incubated at 35°C for 12-48hr for  SDA and at 37°C for 12-24hr for VRBA and 
NA respectively. Finally, the result was expressed as the number of the colonies in each plate are 
counted and expressed in CFU/ml (A Working Group of the Scottish Quality Assurance Specialist 
Interest Group, 2004).

Results and Discussions
For microbial quality analysis, PCA was used for the total heterotrophic bacterial count, VRBA for 
coliforms, SDA and YMA for mould and yeast count respectively. Upon microbial analysis using 
various test, coliforms and molds were identified as hazards associated in butter manufacturing 
process. 

Results given in Figure 1 reveals the average bacterial load from 31 butter chain, the mean value 
of total heterotrophic bacterial count was found to be 5.079 log CFU/ml in raw milk (RM), 4.972 
log CFU/ml in raw cream (RC), 3.788 log CFU/ml in pasteurized milk (PM), 3.638 log CFU/ml in 
pasteurized cream (PC) and 3.659 log CFU/ml in final butter sample respectively. The minimum 
and maximum heterotrophic bacterial count in raw milk, raw cream, pasteurized milk, pasteurized 
cream and butter was found to be 1.000 log CFU/ml & 6.427 log CFU/ml, 3.000 log CFU/ml & 
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6.415 log CFU/ml, 0.968 log CFU/ml & 6.230 log CFU/ml, 0.985 log CFU/ml &6.040 log CFU/
ml and 0.867 log CFU/ml & 6.495 log CFU/ml respectively. The microbial load were found to be 
decreased in the second and third stage compared to initial raw milk (RM) and raw cream (RC) 
samples as milk and cream were pasteurized for butter production.

Figure 1. Enumeration of average microbial load in different samples

Similarly, the mean total fungal count was found to be 4.912 log CFU/ml in raw milk, 5.098 log 
CFU/ml in  raw cream, 3.872 log CFU/ml in pasteurized milk, 3.622 log CFU/ml in pasteurized 
cream and 3.861 log CFU/ml in butter respectively .The minimum and  maximum  fungal count 
in raw milk, raw cream, pasteurized milk, pasteurized cream and butter was found to be 0.826 log 
CFU/ml & 6.981 log CFU/ml ,2.502 log CFU/ml & 7.903 log CFU/ml ,0.867 log CFU/ml & 5.635 
log CFU/ml,0.767 log CFU/ml & 5.154 log CFU/ml and 0.867 log CFU/ml & 6.477 log CFU/ml  
respectively. The microbial load was found to be decreased in the second and third stage as milk 
and cream were pasteurized.

Regarding, the coliform count, it was found to be 3.955 log CFU/ml in raw milk, 3.409 log CFU/ml 
in raw cream, 0.979 log CFU/ml in pasteurized milk, 0.589 log CFU/ml in pasteurized cream and  
0.520  log CFU/ml in butter respectively. Whereas the minimum and maximum coliform count in 
raw milk, raw cream, pasteurized milk, pasteurized cream and butter in was found to be 1.149 log 
CFU/ml & 6.682 log CFU/ml, 0.667 log CFU/ml & 6.640 log CFU/ml, 0.900 log CFU/ml & 6.537 
log CFU/ml, 0.667 log CFU/ml & 6.134 log CFU/ml and 0.667 log CFU/ml & 4.492 log CFU/ml 
respectively. Also the microbial load of the cooking butter (50 random samples) was enumerated 
and the total average heterotrophic bacterial count was found to be 4.489log CFU/ml, coliform 
count 0.844 log CFU/ml and fungal count 3.914 log CFU/ml. Whereas the minimum 
and maximum heterotrophic bacterial count, coliform and fungal count for cooking butter was 
found to be 1.227 log CFU/ml & 6.159 log CFU/ml,0.826 log CFU/ml & 5.100 log CFU/ml and  
0.667 log CFU/ml & 6.478 log CFU/ml respectively. 
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Figure 2. Microbial load in different other raw materials

The result in Figure 2 illustrates the average log counts of other raw materials i.e. in Skim Milk 
Powder (SMP), SMP&water mixture (SMPw) and Tap water (Tw). The average total heterotrophic 
bacterial count was found to be 3.380 log CFU/ml in SMP, 4.636 log CFU/ml in SMPw and 
3.416 log CFU/ml in Tw .The average total fungal count was found to be  2.802 log CFU/ml in 
SMP,3.588 log CFU/ml in SMPw and 4.598 log CFU/ml in Tw. Regarding the coliform count, it 
was found to be 1.226 log CFU/ml in SMP,1.493 log CFU/ml in SMPw &1.569 log CFU/ml 
in Tw. The average total load of heterotrophic bacteria, coliform and fungi was found to be high 
in Skim Milk Powder and water mixture (SMPw) as compared Skim Milk Powder (SMP) only.

Figure 3. Occurrence of Yeast at different stages in butter manufacturing chain

Figure 3, illustrates the occurrence and identification of yeast at different stages in butter 
manufacturing Chain.Total 67 yeast isolates were selected on the basis of gram staining and 
sugar fermentation test. The major yeast isolates were Kluyveromyces spp., Saccharomyces spp., 
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Cryptocaccus spp., Candida spp. (C. albicans) with a frequency distribution of 14.9%, 1.5%, 3.0% 
and 1.5% respectively. Remaining, 79.1 % yeast isolates were unidentified due to mixed culture. 
Among these, out of 14 yeast identified, the frequency percentage of Kluyveromyces spp. was 
14.3% isolated from raw cream and remaining 57.1% from butter samples. Saccharomyces spp. 
was 7.1% isolated from raw milk. Each 7.1% isolates of Cryptococcus spp. was detected from raw 
milk and raw cream respectively. 7.1% of Candida spp. as C. albicans was detected from butter 
sample.

Figure 4. Identification of Moulds from various stages in butter production

The results in Figure 4 shows identification of Moulds from various stages in butter production 
using macroscopic and microscopic techniques as the technique is specific for each mould species. 
Out  of 56 mould isolates selected on the basis of colony morphology  the mould isolates that 
were  identified  possibly   belongs   to   genera   of Alternaria spp., Aspergilus spp., Cladosporium 
spp., Diplosporium spp., Helminthosporium spp., Mucor spp., Oospora spp., Paecilomyces spp.,  
Penicillium spp., Pleospora spp., Rhizopus spp. From total 56 isolates selected for identification, 
the frequency percentage of isolates identified   as Alternaria spp. was found to be 7.1%, Aspergilus 
spp. was 5.4%, Cladosporium spp. and Penicillium spp. each was 8.9%, Diplosporium spp. was 
3.6%, Geotrichum spp. was 35.7%, Mucor spp. was 23.2% and the remaining Paecilomyces spp., 
Pleospora spp., Rhizopus spp. and Helminthosporium spp. each was found to be 1.8% respectively. 
Among these, Alternaria spp. was isolated from pasteurized cream(PC)(1.8%), Geotrichum spp. 
isolated from raw milk (RM) ,raw cream (RC) (each 3.6%) and  pasteurized cream (PC) (1.8%), 
Mucor spp. isolated from pasteurized milk PM(1.8%).Finally, mold such as Alternaria spp.(5.4% 
), Aspergilus spp.(5.4% ), Cladosporium spp.(8.9%), Diplosporium spp.(3.6%), Geotrichum spp. 
(26.8%),  Penicillium spp. (8.9%), Mucor spp (21.4%) and the remaining Helminthosporium spp., 
Paecilomyces spp., Pleospora spp., Rhizopus spp. (each 1.8%) was isolated from the butter sample.
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Figure 5. Gram negative bacteria from various stages in butter production

The results  in Figure 5,  reveals bacteria especially gram negative from various stages in butter 
production.Altogether 23(20 from  different  stages  of  butter  manufacturing  process  and 3 
isolates were from the swab test of butter receiving  vat and butter worker hands)  suspected 
gram negative short rods belonging to Enterobacteriaceae family were isolated. From biochemical 
test, out of total 7 suspected Enterobacteriaceae family member, the frequency percentage 
of isolates identified as Citrobacter spp. and Escherichia coli each was found to be 14.3% 
respectively. The remaining non-fermentor  (NF) of sugars namely lactose, sucrose and dextrose 
available in Triple sugar iron Agar (TSI Agar) were found to be 42.9%. Among these, Escherichia 
coli was isolated from raw milk (RM), Citrobacter spp. from  pasteurized cream (PC)  and  the 
non-fermentor (NF) were isolated from raw milk (RM) and pasteurized milk  (PM). Unfortunately, 
bacteria namely Salmonella spp. was isolated from pasteurized milk (PM) and V.cholera from raw 
milk (RM) were suspected only through biochemical test and with a low frequency percentage of 
1% only which could be due to chance or cross contamination. Finally, the butter sample was found 
free of these organisms.

Figure 6. Proteolytic, lipolytic and gelatinase activity showing fungi (molds and yeasts) from 
different stages in butter chain

Figure 6 reveals the occurrence of fungi (mold and yeast) with Proteolytic,Lipolytic and Gelatinase 
activity isolated from butter chain. The  frequency percentage of major  identified Proteolytic fungi 
i.e. molds was found to be as Geotrichum spp. ( Oospora) was 15%, Mucor spp. was 8% whereas 
Lipolytic molds  was found to be Aspergillus spp. was 67% ,Geotrichum spp.(Oospora) was 45%, 
Mucor spp. was 15% and  Penicillium spp. was 20%. Similarly, the identified Gelatinase enzyme 
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liberating molds was found to be as Alternaria spp. was 25%, Aspergillus spp. was 67%.and 
Geotrichum spp. (Oospora) was 20% .Among the mold isolates Aspergillus spp. was found to have 
maximum Proteolytic and lipolytic activity compared to other genera .Some organisms are found to 
have both proteolytic as well as lipolytic activity which includes species of Geotrichum (Oospora) 
and Mucor. Simiraly, some organisms are found to have both lipolytic as well as gelatinase positive 
activity which includes Geotrichum spp. (Oospora) and Aspergillus spp.Besides, the frequency 
percentage of major Proteolytic,Lipolytic and Gelatinase activity showing fungi i.e. yeasts, most 
of the unidentified yeast have shown positive activity in 2%, 6% and 4% respectively as indicated 
by clear zone of hydrolysis in their selective medium. 

Figure 7. The microbial load of cooking butter and table butter

The result in Figure 7 is a Comparative study on the microbial quality of Cooking and Table butter. 
The total heterotrophic bacterial count , Coliform count and fungal count of table butter was found 
to be 4.333 log CFU/ml,0.931 log CFU/ml,4.471 log CFU/ml respectively and that of Cooking 
butter was found to be 5.339 log CFU/ml,0.527 log CFU/ml,5.579 log CFU/ml respectively. This 
shows the heterotrophic bacterial, coliform and fungal count was high in cooking butter compared 
to table butter.

The results in Table 1 reveal the comparative value of physico-chemical parameters of the cooking 
butter and table butter from chemical analysis. The physico-chemical properties especially fat and 
moisture content of 5 cooking butter and 6 table butter of different brands were analyzed .These 
values verify the standard except one table butter sample i.e. Bas and its moisture content was 
found 18.37%,which is greater than the normal standard by 2 units. However, its moisture content 
is within the standard value.
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Table 1. Physico-chemical analysis of butter samples

S.N. Sample Sample Code Fat Content (%) Moisture Content (%)

1 Cooking butter Bs1 84 15.90

2 Bs2 86 13.80

3 Bs3 84 15.81

4 Bs4 85 14.60

5 Bs5 84 16.01

6 Table butter Baa 90 10.40

7 Bam 86 14.95

8 Bas 82 18.37

9 Bd 84 15.61

10 Bsi 84 16.08

11 Bn 85 14.84

Table 2. Salt tolerance (average) capacity of isolated Fungi

S.N. Isolation Code No. Percentage of 
Salt Tolerated Average % of Salt Tolerated

1. Molds BF7 Upto 10 % 9 %

BF15 Upto 10 %

Lb7 Upto 12 %

BF17 Upto 12 %

BF3 Upto 4 %

BF12 Upto 6 %

2. Yeasts BY8 Upto 13 %

11%

BY19 Upto 1.7 %

BY20 Upto 10 %

Lb4 Upto 15 %

Lb11 Upto 9 %

Lb18 Upto 15 %
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The results in Table 2 show the salt tolerance capacity of the isolated fungi. Out of 12 total selected 
fungi based on their enzyme activity, yeast was found to have on an average percentage (upto 
11%), high salt tolerance capacity than molds (upto 9%).

In this study the fungal count of cooking butter  (31)  in chain was found to be 3.861 log CFU/ml, 
cooking butter (50) random sample was found to be  3.914 log CFU/ml  and butter of different 
brands (6) was found to be  4.471 log CFU/ml. This data satisfy the standard limit as dictated by El-
Diasty et al., accorodingly the butter of good quality must not contain total mould and yeast count 
more than 50/ml, while fair, poor and very poor quality butter usually contain mould and yeast 
count in the range of 51-100,101-500 and 500/ml respectively and by Wisconsin Milk marketing 
board accordingly for butter the Yeast/ mold count should be <=20 CFU per gram.

Regarding, the coliform load of cooking butter  (31) in chain was found to be 0.520 log CFU/
ml, cooking butter (50) random sample was 0.844 log CFU/ml and butter of (6) different brands 
was found to be  0.931 log CFU/ml. This data of average colifom count is in accordance with 
specification given by Wisconsin Milk marketing board ,accordingly the coliform load for butter 
should be <=10 CFU per gram.

The total heterotrophic bacterial, fungal and coliform load was enumerated from the five major 
samples taken at different stages in butter manufacturing chain. The average total heterotrophic 
bacterial count and fungal count of raw milk (RM) and raw cream (RC) was found to be the 
highest in the entire butter chain whereas the microbial load were found to be decreased in the 
second and third stage compared to initial raw milk (RM) and raw cream (RC) as these samples  
were subjected to pasteurization. Similarly, the average total heterotrophic bacterial, fungal and 
coliform load was a little bit high in pasteurized milk  (PM) than pasteurized cream (PC) but is 
in the same range. Also, there is a gradual increase in the average microbial load in raw cream 
(RC), obtained through centrifugal separation of pasteurized milk (PM) which clears that, there 
occurs contamination at the stage of centrifugal separation of milk either from handling or from 
environmental sources so this stage could be one of the Critical Control point (CCP) and therefore 
microbial contamination should be control at this stage. Regarding, the average coliform load 
in raw milk (RM), it was found to be the highest and least in final butter. The average coliform 
load was  reduced to around zero at second and third stage sampling point as milk and cream are 
subjected to pasteurization that helps to reduce the load of microorganism which were present in 
the initial raw samples at a high range. 

The final butter sample was found free from coliforms contamination but however  presence of 
coliform load in the raw milk (RM) and pasteurized cream (PC) may be  due to the improper 
handling techniques and unhygienic condition of dairy plant .The coliform bacteria found in 
pasteurized milk (PM) and pipelines after the pasteurization, is a sign of reinfection which indicates 
that cleaning and disinfection routines need to be improved .Since, pasteurized cream (PC) 
sampling is also done from churning vat and cream storage tank there may be the contamination 
from storage environment and from butter churning vat surfaces which are exposed to working 
area(Bylund,1995).

The average total bacterial, fungal and coliform load in other raw materials such as Skim milk 
powder (SMP), Skim milk powder and water mixture (SMPw) along with Tap water (Tw) used 
in the manufacture of butter was also determined. The major microbial load was found high in 
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Skim milk powder and water mixture (SMPw) compared to Skim milk powder (SMP) only and 
it’s obvious since Skim milk powder (SMP) itself harbor microorganism being rich in nutrient. 
Therefore the good microbial quality raw materials are essentials. Regarding the quality of tap 
water (Tw) used its coliform and fungal load was found high. The coliform could get accesses to 
water through improperly maintained water treatment devices or leakage in the water supply or 
through contaminated insects, snakes, mice or other creatures getting into the water whereas fungal 
could get accesses through air contamination. 

In  this  study ,the yeasts identified were found to be of genera Cryptococcus from raw milk 
(RM) and the raw cream (RC) ,Candida spp.(C. albicans) from butter, Kluyveromyces from raw 
cream (RC) and butter and Saccharomyces spp. from raw milk (RM) at varying level ranged from 
7.14%-14.29%.Pauesterized milk  (PM) and pauesterized cream (PC) were found free of potent 
and pathogenic yeast . All the yeast isolates from this study were found to be grown at 37°C and 
42°C except some isolates were unable to grow at 42°C. The positive growth at 37°C showed 
that all yeast isolates were found to be mesophilic. The study by Okpalugo,  (2008) also reported 
that mesophilic yeast were the main cause of spoilage in butter and could increases the bacterial 
load by 98%. The growth of yeast in butter sample at 42°C indicated the thermotolerant yeast 
as their ability to survive due to its ability to tolerate high temperature. In  this study   some  yeast  
isolates  from  the  different  stages  in  butter manufacturing chain also showed the growth at 
42°C-44°C indicating thermotolerant property.

Similarly, the major molds identified from cooking butter samples includes Alternaria 
spp., Aspergillus spp., Cladosporium spp, Diplosporium spp., Geotrichum spp.(Oospora), 
Helminthosporium spp., Mucor spp., Paeciomyces spp., Penicillium spp., Pleospora spp., Rhizopus 
spp. etc at varying percentages ranging from 1.79%-35.71%. Among these some molds shows 
Proteolytic, lipolytic and gelatinase activity while some doesn’t. Besides, the total 81 cooking 
butter samples examined, the average percentage of mould and yeast count/gm are found to be 
56.79% and 11.11% respectively. The generally high lipid content and low water content make 
butter more susceptible to spoilage by molds than by bacteria. Since due to high water content, 
the size of the water droplets in the water-in-oil emulsion being less than 6 µm, butter is subject to 
rapid microbiological spoilage at normal temperatures (Jay, 2005).

Regarding , the major bacteria  identified  from  the butter manufacturing  chain   were  found  
to  be Citrobactor spp. from  pasteurized cream (PC),Escherichia coli from raw milk (RM). 
Unfortunately, bacteria namely Salmonella spp. from pasteurized milk (PM), V.cholera  from raw 
milk (RM) were suspected only through biochemical test and  with a low frequency percentage 
of 1% only which could be due to chance or cross contamination and there required confirmatory 
test for these organism Also, few gram negative bacteria as non-fermentor (NF) of sugars (namely 
lactose, sucrose and dextrose available in Triple sugar iron Agar, TSI Agar) were also isolated 
from raw milk (RM) and pasteurized milk (PM). In this study,  detection of pathogenic group 
of coliforms was nil in  the  raw materials  namely  skimmed milk powder(SMP), skimmed 
milk powder and water mix (SMPw) and in tap water (Tw) used in butter manufacturing. The 
presence of coliform i.e. E.Coli in the initial raw milk (RM) indicate low quality raw materials 
and its contamination could be basically through three main sources: from within the udder, from 
the exterior of the udder, and from the surface of milk handling and storage equipment (Bramley 
and Mckinnon,1990). Equally important are the temperature and length of time of storage, which 
allow microbial contaminants to multiply and increase in numbers. Similarly, the presence of 
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another coliform i.e. Citrobacter spp. in the pasteurized cream (PC)  indicates  the  post processing   
contamination or recontamination after pasteurization (Post-Pasteurization Contamination)because  
these  organisms  are  unable  to  survive  the heat treatments applied during butter manufacture. 
However, in finished products such as pasteurized milk (PM) and pasteurized cream (PC), high 
coliform counts are related to contaminated raw ingredients, underprocessing or mishandling 
during or after production. 

Similarly, according to Meshref AMS (2010) ,the microbiological quality and safety examination of 
cooking butter in Beni-Suef governorate-Egypt revealed that 100, 100, 36.7, 31.7, 31.7 and 23.3% 
of the examined samples were contaminated by psychotropic bacteria, molds and yeasts, coliforms, 
faecal coliforms, E. coli and S. aureus, respectively. None of the examined cooking butter samples 
contained P. aeruginosa. However, in this study on examination of the microbiological quality and 
safety of cooking butter 98.7 and 67.9% of the examined samples were contaminated by bacteria 
and molds and yeasts respectively. But none of the examined cooking butter samples contained 
coliforms, faecal coliforms, E. coli, P. aeruginosa, and S. aureus. Samples such as raw milk (RM) 
and pasteurized milk (PM) were contaminated by colifroms namely E. coli and Citrobacter spp. 
by 6.45%.

The maximum and minimum diameter of zone of hydrolysis shown in their selective medium 
was found to be 7.5mm and 2mm by Proteolytic, 5.63mm and 1.1mm by Lipolytic and 6.7mm 
and 1.23mm by Gelatinase liberating organism isolated from butter. These zone dimensions were 
concerned in part with the multiplication rates of the organisms and, in part, with the elaboration of 
the enzyme(s) either by secretion or on dissolution of the microorganisms. Zone diameters always 
increased as the incubation time was extended, up to certain maxima which in some cases may be 
characteristic of given species (Harry et.al.1958).

Beside these, the effect of salt concentration on the growth of positive enzyme activity showing 
selected fungi was determined. Twelve selected fungi were studied for the effect of salt with 
different concentration (of 1%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%, 1.6%, 1.7%, 1.8%, 1.9%, 2% and 
up to 15%). To identify up to how much salt concentration, the isolated fungal growth is inhibited 
up to 15% salt concentration was considered in this work. Although, in salted butter used salt 
concentration is usually in the range of about 2.5% (Sukumar, 2004). Depending upon the type of 
organism, growth of some organism was inhibited by 1.7% salt concentration i.e.BY19, some by 
4-6% salt concentration i.e. BF3, BF12, some by 10% i.e. BF7, BF15 and BY20 and few required 
even up to 15% i.e. Lb18 salt concentration. 

On performing swab test of the pipelines, worker hands and plate exposure technique within 
the selected area in the butter manufacturing chain also showed the similar organisms that were   
isolated from the initial raw sample and the final product. Therefore this clears that the presence of 
organisms was through the dairy environment due to improper hygienic practice in the dairy plant 
and that from the worker hands. Besides, the butter used in this study is cooking butter in which 
salt as a preservative is not added and so there may be good environment for the contaminating 
organisms to survive. Therefore, the growth of coliforms in the raw milk (RM) and pauesterized 
cream (PC) is possible due to recontamination and was able to survive in this product. Therefore, 
the proper CIP must be performed in dairy plant as well good hygienic practice by the dairy workers 
is also essential to avoid the cross contamination.
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Also the physico-chemical properties mainly fat and moisture content of five cooking butter and 
six table butter of different brands was compared. The values of fat & moisture content of cooking 
butter and table butter of different brands verify the Codex standard and Nepal standard. According 
to codex standard, fat content for salted and unsalted butter should be about 80% and 82% whereas 
the moisture content should be maximum16%.According to Nepal standard (DFTQC), Fat should 
not be less then 80%, SNF should not be more then 2%, moisture content should not be more than 
16% but when labeled moisture content is 18% and salt, annatto color could be added. In case of 
one of   table butter sample i.e. Bas its moisture content was determined to be 18.37%, which is 
greater than the normal standard by 2 units. However, its fat content is within the standard value. 
Also, the salt tolerance capacity of twelve total selected fungi having positive enzyme activity 
was studied and yeast were found to have on  an average percentage (11%) of  high salt tolerance 
capacity than molds (9%).

Conclusions
In conclusion the obtained results showed high contamination of cooking butter with different 
types of yeasts and moulds which constitute a public health hazard especially if they are toxin 
producer; obviously it is of an importance to prevent mold growth to stop toxin production. 
The major pathogenic yeast isolated and identified from the butter chain belongs to genera 
Candida albicans, Cryptococcus, Saccharomyces and  Kluyveromyces at varying frequency 
percentage ranging from 7.1%-14.9%. Likewise the major molds isolated includes Paeciomyces 
spp., Pleospora spp, Rhizopus spp. Aspergillus spp., Alternaria spp., Penicillum spp., Mucor 
spp., Cladosporium spp., Diplosporium spp., Helminthosporium spp. and Geotrichum spp.
(Oospora) from the examined samples at varying frequency percentage ranging from 1.8%-35.7%.
Proteolytic mold belongs to genera Geotrichum spp. (Oospora), Mucor spp. and Unidentified yeast 
whereas Lipolytic molds belongs to Penicillium spp., Aspergillus spp. along with Geotrichum 
spp. (Oospora),Mucor spp. Similarly ,the gelatinase activity showing molds belongs to genera 
Aspergillus spp.,Alternaria and Geotrichum spp. (Oospora).Some organisms are found to be 
both proteolytic as well as lipolytic which includes species of Geotrichum (Oospora) and Mucor. 
Simiraly, some organisms are found to be both lipolytic as well as Gelatinase activity showing 
positive which includes species of Geotrichum (Oospora), Aspergillus and a single species of 
yeast as indicated by clear zone of hydrolysis in their selective medium. Among the mold isolates 
Aspergillus spp. was found to have maximum Proteolytic and lipolytic activity compared to other 
genera. Regarding , the major bacteria  identified from the butter chain includes Citrobactor spp. 
from pasteurized cream (PC), Escherichia coli from raw milk (RM).Unfortunately ,bacteria namely 
Salmonella spp. from pasteurized milk (PM) , V. cholera  from raw milk (RM) were suspected only 
through biochemical test and with a low frequency percentage of 1% only which could be due to 
chance or cross contamination. Besides, there wasn’t any pathogenic group of coliforms detected 
in other raw materials used in butter manufacturing. Finally, there should be prevention on the 
natural contamination of raw materials, storage food under conditions which prevent mold growth 
and strict hygienic measures and regulations should be imposed during processing, packing and 
transportation.
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Development of Whey Protein Beverage from 
Mozzarella Cheese Whey
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Whey protein was precipitated from Mozzarella cheese whey by concentrating at 90 oC for 10 min 
at different pH. The maximum protein concentrate was achieved at a pH of 3.5 with a yield of 4.3 
± 0.1%. Furthermore, whey protein beverage was developed using different proportions of whey 
protein. It was found that the beverage made from 4% protein had the best sensory qualities. Shelf 
life studies of the beverage packed in glass bottles were done under refrigerated conditions for 60 
days. The results revealed that there was a slight change in the acidity of the beverage. Microbial 
analysis showed an increase in the total plate count and mold count during the storage period, 
however, with insignificant effects on the overall quality of the product. It seems that whey protein 
beverage could be developed from mozzarella cheese whey and could be stored for 60 days under 
refrigerating conditions. 

Keywords: Cheese whey, Whey protein, Protein concentrate, Beverage

Introduction 
Whey, the yellow-green liquid that separates from the curd during manufacture of cheese and 
casein, has long been considered by the dairy to be a waste byproduct and, thus a disposal problem. 
Whey is a source of biological and functional valuable protein i.e. whey protein (Legarova and 
Kourimska, 2010). Milk contains two major protein fraction, including casein, which provides 
about 80% by weight of the total protein and whey protein, which provides about 20% by weight 
of the total protein. The proteins appearing in the supernatant of milk after precipitation at pH 4.6 
are collectively called whey proteins. These globular proteins are more water soluble than caseins 
and are subject to heat denaturation. The principle fractions are ß-lactoglobulin, alpha-lactalbumin, 
bovine serum albumin (BSA), and immunoglobulin (Ig) and the minor proteins are lactoferrin, 
glycomacropeptide, lactoperoxidase (Acharya, 2010). Whey protein is a pure, natural, high quality 
protein of milk. It is one of the best proteins for human food use, due to its balanced amino acid 
profile and superior digestibility (Adhikari, 2005). Whey protein contains all of the essential 
amino acids, and therefore, is a high quality, “complete source” of protein (Luhovy, 2007). More 
specifically, whey protein are a rich source of branched chain amino acid (BCAAs), containing the 
highest known levels of any natural food source (Etzel, 2004). BCAAs are important for athletes, 
since, unlike the other essential amino acid, they are metabolized directly into muscle tissue and 
are the first amino acid used during periods of exercise and resistance training (Jelicic et al., 2008). 

Whey proteins are often the preferred source for ready-to-drink (RTD) protein beverages because 
of their excellent nutritional qualities, bland flavor, ease of digestibility, and unique functionality 
in beverage systems (Rittmanic, 2006). Whey proteins are added to a variety of foods and 
beverages for functionality and added nutrition. A rapidly growing area of whey protein use in 
foods and beverages is the sports drink category. There are two categories of whey protein-fortified 
drinks: those at neutral pH and those at low pH. The drinks at low pH have a clear and refreshing 
appearance, compared to the shake-style drinks at neutral pH (Beecher, 2006).

*Corresponding author, E-mail: salucall@gmail.com



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

124

Most of the cheese industry of Nepal are throwing the whey as the waste and not attempting to 
utilize it in new product. By utilizing whey this industries not only produce useful product but also 
reduce their cost of main product i.e. cheese. Therefore the attempt has been made to utilize the by-
product of cheese industry (i.e. whey) into a useful product such as a whey protein and incorporate 
it in the formulation of ready-to-drink beverage.

Materials and Methods
The whey used for precipitation of whey protein concentrate was Mozzarella cheese whey produced 
at Nepal Dairy Pvt. Ltd, Hattiban, Lalitpur. Firstly cheese whey was collected in plastic jars (5 
liters) and then immediately stored at refrigeration temperature 40C in industry. Then the whey 
was transported at the chilling condition from the industry to the laboratory. And then proximate 
analysis (pH, acidity, fat, protein, lactose, total ash, and total soluble solid) of whey was carried out. 
Filtration of whey was done in order to remove remaining solid parts of cheese before precipitation 
of whey protein. After that three different precipitation methods were carried out to isolate whey 
protein concentrate (WPC) and thus precipitated WPC was freshly incorporation in formulation of 
ready-to-drink beverage (i.e. whey protein beverage).

Method-A: This is heat precipitation method propose by Matthews (1984). In this method, cheese 
whey was directly heated to temperature 900C for 10 minutes at its original pH. During heating 
whey protein was precipitated and cooled to room temperature. Then it was centrifuged at 5000 
rpm for 15 minutes to separate whey protein concentrate and qualitative test (protein content and 
solubility) of separated WPC was done.

Method-B: This is also heat precipitation method but it is slightly different than previous method. 
This method was proposed by El. Desoki, (2009). In this method, first pH of whey was adjusted 
to 4.6 and then heated to temperature 900C for 10 minutes. During heating whey protein was 
precipitated and cooled to room temperature then left for overnight. Next supernatant was thrown 
out and then centrifuged at 5000 rpm for 15 minutes to separate whey protein concentrate and 
qualitative test (protein content and solubility) of separated WPC was done.

Method-C: This is also heat precipitation method but it is slightly different than previous two 
methods. This method was proposed by Modler and Emmons (1976);  Lupano (1994). In this 
method, first pH of whey was adjusted to 2.0-3.5 and then heated to temperature 900C for 10 
minutes. After that it was cooled up to 60-550C then 2% Sodium bicarbonate (NaHCO3) was added 
up to pH 4.5 to precipitate whey protein and then it was left for overnight. Next centrifugation was 
done at 5000 rpm for 15 minutes to separate whey protein concentrate (WPC) and qualitative test 
(protein content and solubility) of separated WPC was done.

Whey protein beverage: The freshly precipitate whey protein concentrate (WPC- 45%) from 
cheese whey was used for the production of whey protein beverage. The beverage was prepared 
by adding WPC in processed water and 10% sugar was added in it. It was then mixed well so 
that all sugar get dissolved in the solution then pH of beverage was reduced to 4.1 by adding 2% 
ortho-phosphoric acid. Then it was heated up to 720C for 1 min and 0.3% cardamom flavor, 0.01% 
apple green color and 0.04% potassium sorbate were added to it before bottling in sterilized glass 
bottle. After that the bottle was sealed with cap and stored at 40C immediately. Optimization of 
product was carried out by developing beverage with WPC at different proportion i.e. 1%, 2%, 
3% and 4% and sensory evaluation was done to get the best final product in term of color, flavor, 
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taste, appearance, mouth-feel and overall acceptability. The shelf life of prepared beverage filled 
in sterilized glass bottle and stored at refrigerated condition (40C) was done for 60 days in terms of 
chemical parameters (pH and acidity) and microbial count.

Analytical procedure- While examining fresh whey and final product; whey protein beverage, 
only few parameters like total soluble solids by Hand Refractometer (Ranganna, 2001), fat content 
by Gerber Method (AOAC, 2005), protein content by Kjeldahl Method (AOAC, 2005), acidity 
by titration method (Pearson, 1981), pH by pH meter, total sugar and lactose content by Lane and 
Enyon method (AOAC, 2005), total ash content by electric muffle furnace (Ranganna, 2001) were 
analyzed.

Microbial analysis of final product (such as Total plate count, Total coliform count and Yeast and 
mold count) was done by Pour plate technique (NDDB, 2001).

Sensory evaluation- Sensory evaluation was performed by 9 point hedonic scoring test (9 = 
like extremely, 1 = dislike extremely) for color, flavor, taste, appearance, mouth-feel and overall 
acceptance. The evaluation was carried out by 10 panelists comprising of graduate students, 
teachers and staffs of NCFST. Each panelist was provided with 4 samples coded with random 
numbers for final product with Sensory evaluation card.

Statistical analysis- Data on physicochemical and sensory analysis were tabulated for comparison 
and were graphically represented using Microsoft Excel-2007, Data were statistically processed 
by GenStat Discovery Edition 4, GenStat for Analysis of Variance (ANOVA). Means of the data 
were separated whether they are significant or not by using LSD (least square difference) method.

Results and Discussions
The whey used for the production of whey protein concentrate (WPC) was Mozzarella cheese 
whey. The results obtained from proximate analysis of fresh cheese whey are listed below in 
tabulated form in Table 1.

Table 1. Physio-chemical composition of fresh cheese whey 

Parameters Amounts 

Lactose (%) 4.5±0.51

Protein (%) 0.9±0.03

Fat (%) 0.5±0.14

Total ash (%) 0.42±0.01

Moisture content (%) 93.02±0.48

TSS (0Bx) 6.0

pH 4.2 at 250C

Acidity (%) 0.40±0.02 (as lactic acid)
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Table 2. Yields and protein content from different methods

Methods Yields (%) Protein Contents (% db) Protein Solubility

A 4.01a ±0.29 38.40a ±0.62 Not good

B 3.88a ±0.32 41.98b ±0.99 Slightly good

C 3.65a ±0.21 45.10c ±0.52 Very good

Note: Values are mean ± s. d. Values followed by same superscripts within same column are not 
significantly different (p<0.05) and different superscripts within same column are significantly 
different (p<0.05)

Table 2 showed that the yield from the method A was highest (i.e. 4.01±0.29%) than other two 
methods but protein content (i.e. 38.40±0.62%) and its solubility was relatively lower than 
other methods. The protein content of whey protein from method C was found to be highest 
(45.10±0.52%) and the solubility of protein was very good than other methods even though the 
yield 3.65±0.21% from this method was less. Thus method C was selected as the best method 
for the further precipitation of whey protein concentrate (WPC) on the basis of protein content 
and its solubility. The statistical results showed that there was no significant difference in yields 
(p<0.05) between methods A, B and C but significant difference was found in protein content 
(p<0.05) between all the three methods. The yield of whey protein was found to be affect by 
pH and heat treatments during precipitation from different methods. The protein content of whey 
protein concentrate (WPC) from method C was highest than other two methods. This might be due 
to presence of low amount of lactose, fat and mineral content in WPC from method C.

Table 3. Yields of whey protein at different pH

pH Yields (%)

2 3.57a ±0.08

2.5 3.75b ±0.07

3 3.98c ±0.08

3.5 4.30d ±0.06

Note: Values followed by different superscripts within same column are significantly different 
(p<0.05)

For the optimization of method C, whey protein was precipitated at different pH values i.e. 2.0, 2.5, 
3, 3.5 and yield was obtained as in the above table 3. The yield of whey protein concentrate (WPC) 
at pH 3.5 was found highest (i.e. 4.30±0.06%) and least was at pH 2 (i.e. 3.57±0.08%) than other 
pH. Therefore precipitation process was optimized on the basis of its yields from experiments and 
further precipitation of WPC was done at pH 3.5 for the incorporation in protein beverage. . The 
statistical results showed that there was significant difference in yields (p<0.05) between all the 
samples at pH value 2.0, 2.5, 3, 3.5. The mean score for the yield at pH 3.5 was found to be highest 
(i.e. 4.313) and the least was at pH 2 (i.e. 3.540).
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Optimization of product on the basis of whey protein- The final product (whey protein beverage) 
was optimized on the basis of whey protein content in beverage. The whey protein concentrates 
precipitate from best method (Method C) on the basis of yields, protein content and its solubility 
was used for the incorporation of whey protein concentrate in beverage. Whey protein beverage 
was developed with the modification in formulation or recipe of Protein-enhanced water with 
natural strawberry flavor given by Dairy Management Inc. (Anon, 2008). Whey protein concentrate 
was used in the proportion of 1%, 2%, 3% and 4% to develop the whey protein beverage. Then 
the best final product with the appropriate proportion of whey protein was obtained through the 
sensory evaluation.

Sensory evaluation of whey protein beverage- Sensory evaluation of trial compositions were 
carried out to find out the best proportion of whey protein in beverage through sensory evaluation. 
The products developed were evaluated on the basis of color, flavor, taste appearance, mouth feel 
and overall acceptance. The results obtained by sensory evaluation are given in the Figure 1.

Figure 1. Effect of whey protein variation on sensory attributes of beverage

Note: Sample A= Product with 1% whey protein concentrate (WPC), Sample B= Product with 2% 
WPC, Sample C= Product with 3% WPC, Sample D= Product with 4% WPC
Same alphabet at top of the bars indicates not significantly different (p < 0.05) statistically.
 
Statistical analysis showed that there was significant difference in color (p<0.05) between sample 
A and sample D in term of sensory score. Significant difference was found in flavor, taste and 
overall acceptability (p<0.05) between sample A, B, C with sample D in term of sensory score. 
For mouthfeel, significant difference (p<0.05) was found between sample A and D, sample B 
and D, sample C and D, sample B and C. But no significant difference was found in appearance 
(p<0.05) between all the samples in term of sensory score. Statistically the product with 4% whey 
protein concentrate (i.e. Sample D) was found to be significantly (p<0.05) superior than all of its 
counterparts.

Overall summary of sensory evaluation of final product
Color: Sample D > Sample C > Sample B > Sample A 
Flavor: Sample D > Sample A = Sample B > Sample C
Taste: Sample D > Sample C > Sample B > Sample A
Appearance: Sample D= Sample C > Sample B > Sample A
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Mouthfeel: Sample D > Sample C > Sample B > Sample A
Overall acceptance: Sample D > Sample C > Sample B > Sample A

Therefore Sample D with 4% whey protein was selected as a best product from sensory evaluation.

Table 4.  Proximate analysis of final product (Sample D)
Parameters Amounts  
pH 4.1
Acidity (%) 0.13±0.03 (as phosphoric acid)
TSS (0Bx) 10.0
Fat (%) 0.3±0.02
Protein (%) 3.7±0.03
Total ash (%) 0.51±0.02
Total sugar (%) 12.0±0.33
Moisture content (%) 85.94±0.34

Finally product was prepared with recipe of 85% water, 4% whey protein, 10% sugar, 0.3% 
cardamom flavor, 0.01% apple green color and 0.04% potassium sorbate. Table 4 showed the 
results of proximate analysis of final product. According to Ismail et al., (2011), the result of 
chemical analysis of Mango based whey beverage was pH 4.86 with acidity 0.15% as ascorbic 
acid, TSS 140Bx and Total sugar 16%.

Shelf life of the product- Shelf life evaluation was carried out for the highest sensory scored 
beverage sample (i.e. Sample D). It was stored in packaging material (glass bottle) at refrigeration 
condition i.e. 40C. Shelf life of the product was evaluated according to chemical parameters (like 
acidity and pH) and microbial count (such as total plate count, total yeast and mold count and 
coliform count). 

Figure 2. Microbial profile of final product during storage period
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The above graph showed that the microbial load was increased with the increase in storage period. 
The TPC was found 0.2×103 cfu/ml even after pasteurization of product during packaging and then 
it was found increase in load up to 2.9×103 cfu/ml on 60 days of storage. The increase in microbial 
load was not so high that it affects the quality of product. The yeast and mold was absence during 
packaging of product but it was found increase up to 2.0×103 cfu/ml on 60 days. The analysis 
showed that the final product was found to be free of Coliform for 60 days during storage period. 
The microbial limits for non-alcoholic beverage are TPC<50,000 cfu/ml and coliform must be 
absent (Stannard, 1997). And the result obtained for TPC was within the limit and coliform was 
absence in stored product for 60 days. Thus these conclude that the product was acceptable even 
after 60 days storage at low temperature.

        
Figure 3. Change in pH and acidity of final product during storage period

The pH and acidity of the final product was determined for 60 day at the interval of 15 days during 
storage period at refrigerated condition. From the above graph showed that the pH and acidity of 
the product was found constant i.e. pH 4.10 and 0.13% acidity up to 15 days and started decreasing 
pH from 4.10 to 4.00 and increasing acidity from 0.13 to 0.19% after 15 days storage. There was no 
significant change found in pH and acidity of product. And there was not seen any affect on quality 
of product even after storage for 60 days at low temperature. These results were in agreement with 
the findings of Ismail et al., (2011), who reported a decrease in pH and an increase in acidity of 
whey-based mango beverage during storage at low temperature (i.e. 40C). According to Hussain 
et al., (2010), the decrease in pH and increase in total titratable acidity during cold storage period 
may be due to activity of some acid producing bacteria such as Alicyclobacillus acidoterrestris and 
due to chemical reactions. 

Table 5. Energy value per 100 ml of whey protein beverage
Nutrients Quantity (g) Energy/g Total energy (Kcal)

Total carbohydrate 12 4 48

Total protein 3.7 4 14.8

Total fat 0.3 9 2.7
Grand total 65.5 

Table 5 showed the energy value per 100 ml of final product. Hence, energy contributed by 100ml 
of prepared whey protein beverage was found to be 65.5 Kcal.
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Conclusion
The study showed that whey protein concentrate precipitated from method C proposed by Lupano, 
(1994); Modler and Emmons, (1976) was found to be best on the basis of protein content and its 
solubility and the yield of whey protein was higher at pH 3.5. The 4% whey protein concentrate 
beverage was more acceptable on the basis of sensory evaluation. Shelf life of the product packed 
in glass bottle and stored at refrigerated condition (40C) was found to be better for 60 days on the 
basis of microbiological analysis. Finally ready-to-drink whey protein beverage was developed 
with 4% whey protein concentrate. Development of product with different flavors and fruit juices 
and with or without the addition of minerals, vitamins and antioxidant on sensory quality of product 
can be studied.
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OVOP Grade Standard: Concept and Protocol for Granting 
OVOP Logo for Processed Food Products of Nepal

Nawa Raj Dahal* 
Department of Food Technology and Quality Control, Babarmahal, Kathmandu

One Village One Product (OVOP) movement, which was originated in Japan in 1971, is now 
a popular term of rural development in Asia. Nepal has a short experience of about 5 years in 
implementing OVOP programme basically focusing on Junar (in Sindhuli and Ramechhap 
District), Lapsi (in Bhaktapur District), Bael (in Bardia and Sarlahi District), Rainbow-Trout (in 
Rasuwa District) and Coffee (in Kaski and Syanja district) with respect to food products. Some of 
the processing enterprises are now in progress producing and marketing of processed products 
based on those commodities. This is the high time to recognize and promote those products both at 
National and International level. In this regard, this paper wishes to share the information about 
OVOP grade standard and the protocol recently developed by Government of Nepal for granting 
OVOP logo to these products with Nepali identification.

Keywords: OVOP, Lapsi, Junar, Bael, Grade standard, Logo

Introduction
One Village One Product (OVOP), called ‘Isson Ippin’ in Japanese, is a successful community 
centered and demand driven rural economic development programme of Japan. Dr. Morihiko 
Hiramatsu, former governor of Oita Prefecture of Japan, developed a successful model for rural 
development; he named it One Village One Product (OVOP) and promoted it as a campaign to 
all the towns and villages in Oita in 1979 (Jayant, 2007). OVOP has no limitation in product 
identification, any product or service or event could be the OVOP product. The selected product 
need to have local essence, worth to value addition, and globally accepted which is the most 
important things to be considered while identifying the products. The central government does 
not interfere in village development activities. Only the local government assists in institution 
development, market facilities development and honored the groups and individuals with rewards. 
The role of leaders is also equally important. They educate potential leaders through regional 
training schools. At a time when OVOP is spreading widely in Asian countries, a thought of OVOP 
programme development in Nepal was also evolved in 2006. The main objective of the programme 
is to alleviate poverty in local community and to benefit local producers and the business enterprises 
through promotion of demand driven and export potential local products utilizing local resources 
and the local skills. OVOP in Nepal is a PPP based programme. Different activities have been 
undertaken to enhance production and marketing of the selected products (Shakya, 2011). In order 
to recognize and promote the OVOP products, Government of Nepal has recently developed the 
OVOP Grade Standard Criteria and protocol for granting OVOP Logo for processed food products. 
In this regard, this paper presents the information about OVOP grade standard and protocol for 
granting OVOP logo to these processed food products.

Terms for OVOP Equivalence
Different Countries spell OVOP in different terms. Some of the Terms for OVOP equivalents 
recently common in the world are given in Table 1.

*Corresponding author, E-mail: nawarajd@yahoo.com
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Table 1. Terms of OVOP equivalences in different countries

OVOP Equivalence Country

One Factory One Product Shanghai, China

One City One Product Shanghai, China

One district One Product Shanghai, China

One Village One Treasure Wuhan, China

One Town One Product Jiangsu, China

One Capital One Product Jaingsu, China

One Village One Product Shanxi, China

One Village One product Jiangxi, China

One Barangay, One Product The Philippines

One Region One Vision The Philippines

Satu Kampung Satu Produk Movement Malaysiya

Back to Village East Java, Indonesia

One Tambon One Product Movement Thailand

One Village One Product Movement Cambodia

Neuang Muang Neuang Phalittaphan Movement Laos

Neg Bag Neg Shildeg Buteedekhhn Mongolia

One Village One Product Day Los Angeles, USA

One Parish One Product Movement Louisiana, USA
Source: Shakya, 2011; Jayant, 2007

Principle of OVOP 
The OVOP movement is based on the following three principles.

1.  Think Globally, Act Locally
2.  Self-reliance and Creativity
3.  Human Resource Development

The first principle ‘Think Globally, Act Locally’ that is meant for the creation of globally acceptable 
products and/or services based on local resources. Local residents are expected to create globally 
marketable products and/or services which represent local people’s pride in material and cultural 
richness of their home villages/towns. The story behind any product or its development helps 
attract consumers’ attention such as local flavour will help add values to local products while the 
use of local human and material resources will help make economic activities sustainable. (Jayant, 
2007, Shakya 2011)
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The second one is ‘Self-reliance and Creativity’. These two factors are crucial since local knowledge 
and instinct can aid the discovery of ‘buried treasures’ in each village/town. Everything local is 
potentially valuable, but whether the potential turns into a reality depends on the initiative and 
effort of the local people. (Jayant, 2007, Shakya 2011)

The last one is ‘Human Resource Development’ which aims at fostering local people with 
challenging and creative spirit. For example, the regional development policy of Japan has 
traditionally focused on construction of infrastructure like roads and bridges. The OVOP movement, 
in contrast, emphasizes visionary local leadership with challenging and creative spirit. The success 
of any OVOP product/service largely depends on its quality - developed and improved by local 
people themselves. (Jayant, 2007, Shakya 2011)

OTOP: A Model Program of OVOP
Among the Asian countries, Thailand stands for a model country in implementing OVOP program. 
OTOP meaning, ‘One Tambon One Product’, is a Thai version of OVOP. Tambon stands for sub-
district. The OTOP is one among many Thai Government projects which aim for the development 
at the grass root level. The former Thai Prime Minister Thaksin Shinawatra launched OTOP in 
Thailand in 2001. OTOP is considered as one of the examples of successful programme under 
OVOP modality.  Since the OTOP idea was borrowed from Oita, Japan where village community 
is the focal point of the movement but, in the case of Thailand, it is a national perspective. In other 
words, OTOP is a national development policy of the Thai Government. Government announces 
‘poverty war’ and made policy to promote OTOP to confront the most alarmed problem of poverty 
(Karonu et al., 2011).

The contribution of Japan External Trade Organization (JETRO) was very worth to promote 
OTOP in Thailand at its early stage. JETRO launched a one-year programme to support Thailand’s 
development of OTOP and promote OTOP products in the Japanese market from January to 
December 2002. The targeted industries include textiles, wooden products, baskets, ceramics 
and mulberry papers. In conducting this programme, JETRO has coordinated with the OTOP 
committee, Department Export Promotion, and other related organizations in Thailand and Japan. 
The philosophy of OTOP is entirely based on three fundamental principles of Oita movement 
(Karonu et al., 2011).

There are three different types of producers group registered under OTOP Registration Year 2010 
(Table 2). They are Community Occupation group; One-Person Owner group; and Small and 
Medium Enterprises (SMEs) group and registered producer groups where upon 33, 228 groups are 
involved in 2010.

Table 2.  OTOP Producer Registration Year 2010

Categories of Producers Number of Groups

1. Community Occupation Group 22,200

2. One-Person Owner 10,303

3. Small and Medium Enterprises (SMEs) 725

Total 33.228
Source: Shakya, 2011



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

134

Similarly, a total of 85,173 products have been developed under different categories registered 
in 2010 (Table 3). The products promoted by OTOP come under 5 different categories. They are 
food, beverage, fabric and dressing wear, furnishing, decoration and souvenir and herbal products.

Table 3.  OTOP Product Registered in 2010
Categories of Products Number of Products

1. Food 20,330
2. Beverage 3,073
3. Fabrics and Dressing Wear 21,386
4. Furnishing, Decoration and Souvenir 31,334
5. Herbal products 9,050

Total 85,173
Source: Shakya, 2011

OTOP Grading System 
The product evaluation for branding of the products in Thailand is done by the OTOP National 
Administrative Committee and the Ministry of Interior. Community groups, SMEs and individual 
entrepreneurs must register their products to participate in this contest. Only one product can be 
submitted by each producer in the contest. The general evaluation criteria for the contest are: 1) the 
product is exportable and has a brand quality 2) Production can be sustainable and with consistent 
quality, 3) The product can provide customer satisfaction, and 4) The product has an impressive 
background story (Karonu et al., 2011; Shakya, 2011)

The grading of each product is made at various administrative levels according to established 
official procedures. Thailand follows the double grading system as given in Table 4

Table 4. Double Grading System in Thailand
Criteria Score

1. Local Level 60
a) Product Quality 30
b) Marketing Capability 30
2. National Level 40
a) Product Quality 20
b) Marketing 20

Total 100
 Source: Karonu et al., 2011; Shakya, 2011

First, product quality will be scored for up to 30 points at the local level. Second, the marketing 
capability measured by the number of obtained markets and the period of group activities will be 
scored for up to 30 points. Finally, up to 40 points will be scored at the national level by the use 
of same criteria of quality and marketing. The five-star certificate is granted only to the product 
having more than 90 points and qualified as good quality and exportable. The product scoring 80 to 
89 points is branded as 4 Starred products which means a fairly good quality, nationally recognized 
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and make exportable upon further improvement. One star product is defined as a product unable to 
attain 2 stars due to its many weakness and difficulty for development (Table 5). A sample of label 
of product with OTOP 5 star logo is given in Figure 1.

Table 5. OTOP Grading System
GradeScoreRemarks
5 stars 90 points and aboveGood quality. Exportable
4 stars  80-89 pointsFairly good quality. Nationally recognized. Exportable upon 

improvement.
3 stars 70-79 points.Average quality. Able to attain 4 stars upon improvement.
2 stars 50-69 pointsAble to attain 3 stars. Periodically assessed.
1 star below 50 pointsProduct is unable to attain 2 stars due to its many weaknesses 

and development difficulty.
Source: Karonu et al., 2011; Shakya, 2011

Figure 1. Products with the OTOP 5-star logo
Source: Karonu et al., 2011; Shakya, 2011

Based on the score, 10,982 products have got star certificate as of OTOP Product Champion (OPC) 
Year 2000 in Thailand as given in Table 6.

Table 6. Number of OTOP products with star in 2000
CategoryNumber of Products

1 Star477
2 Star2654
3 Star2904
4 star3498
5 Star1449
Total10,982

Source: Karonu et al., 2011; Shakya, 2011
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The OTOP program was launched in 2001. In the same year, The OTOP product sales have been 
recorded to 245 million Baht i.e. equivalent to 8 million USD. The sales trend continued to increase 
in each year till the year 2008. In 2009, the amount of sales has been found slightly decreased. 
The sales figure again increased in 2010 which accounts 68,484 million Baht equivalents to 2283 
million USD. This indicates the successful implementation of the program in Thailand (Karonu et 
al., 2011; Shakya, 2011).

The OTOP has focused on different development strategies. They had outlined 10 years development 
road map starting from the year 2002 to 2011 to boost up OTOP program. For each year, they have 
had a separate plan. The Year 2002 was announced as the year of ‘in search of OTOP’. Similarly, 
the year 2011 is a year for ‘OTOP value creation for creative economy’. The 10 year OTOP road 
map is given in Table 7.

Table 7. OTOP 10 Years road map
Year Categories Remarks
2002 In search of OTOP
2003 OTOP Product Champion (OPC)
2004 Standard Campaign Nepal recently in this stage
2005 OTOP Market Promotion
2006 In search of excellent OTOP
2007 Knowledge – Based OTOP
2008 Entrepreneur Promotion
2009 OTOP Tourism Villages
2010 OTOP Network Promotion
2011 OTOP value creation for creative economy

Source: Karonu et al., 2011; Shakya, 2011

Initiation of OVOP programme in Nepal
The impact of OVOP has spread widely in Asian countries and Nepal could not remain untouched. 
As a result, Nepal Government in 2006 spelled out the enforcement of OVOP in Nepal through its 
Budget Speech. The success of OVOP program in many countries including Thailand has inspired 
Nepal in a form of national prioritized program. In 23rd March, 2006 a meeting was held at Ministry 
of Agriculture and Cooperatives (MoAC) in the presence of the Minister and the Secretary of the 
MoAC, President of the FNCCI, Executive Director of Agro Enterprise Centre (AEC)/FNCCI, and 
the under secretaries to discuss on the concept note about launching OVOP program in Nepal. A 
suggestion was also made to form a working task force under the chairmanship of the President of 
FNCCI for the implementation of the program. AEC/FNCCI in coordination with Joint Secretary 
of the Agro Business Promotion and Statistics Division, Directorate of Fisheries, National Citrus 
Development Program has worked out in detail on product development like Junar (Sweet Orange), 
Lapsi (Hug Plum), Rainbow Trout, and Bel (Stone Apple) to be promoted in OVOP program. On 
14th of May, 2006, a meeting of the High Level Committee of MoAC under the chairmanship of 
Honorable Minister for Agriculture and Cooperatives took place. The Secretary of MoAC, MoICS, 
Ministry of Local Development (MoLD), Joint Secretaries, Third Vice President of FNCCI, 
Chairman of AEC Board, and Executive Director of AEC/FNCCI were present in the meeting. The 
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Committee has principally agreed to implement OVOP program. OVOP Programme in Nepal is 
a Public Private Partnership (PPP) based program which was officially launched in July 17, 2006 
for 5 years as a pilot project. For execution of OVOP in Nepal, an especial working procedure 
called ‘EK GAON EK UTPADAN (OVOP) KARYAKRAM KARYANBAYAN KARYABIDHI’ 
has been developed which was amended in 2007 (Shakya, 2011). This is an official document as a 
guideline to implement OVOP in Nepal. Details of the working procedures on OVOP in Nepal can 
be assessed from AEC, FNCCI.

The OVOP program in its first year with 4 products has extended in 7 districts. In the second year 
of its operation, the program has been extended in two new additional districts with new products. 
Similarly, in the fourth year, the program was successful to introduce two new products in two 
additional districts. By the end of five year of its operation, 8 products in 11 districts have been 
extended (Shakya, 2011). Products supported by OVOP Programme in different districts in Nepal 
in first phase are shown in Table 8. During the period of 5 years, the program has basically focused 
on production and marketing side. Different agriculture inputs and technical training had been 
provided to the producers for the extension of the production area as well as quality production. 
Similarly, different inputs and technical training had been given to improve market and marketing 
system development.

Table 8. OVOP Products and districts included in first phase in Nepal
Products Districts Introduced Year

1 Junar Ramechhap and Sindhuli 2006
2 Lapsi Bhaktapur 2006
3 Bel Bardiya and Siraha 2006
4 Rainbow Trout Nuwakot and Rasuwa 2006
5 Cymbidium Orchid Lalitpur 2007
6 Agro Tourism Kaski 2007
7 Lokta paper Dolkha 2009
8 Coffee Syangja 2009
Products	and	Districts	included	in	first	phase:	Products:	8,	Districts:	11

Source: Shakya, 2011

On first phase of the programme, Food Technology R&D activities were conducted for the 
development of appropriate technology packages on OVOP products especially on Lapsi, Junar 
and Bael. The developed technology packages were then disseminated through trainings to the 
processing entrepreneurs of Bhaktapur, Sindhuli & Remechhap and Bardia districts respectively. 
The developed technologies were preservation of pulp of Lapsi, Junar and Bael, Preparation of 
Mada, Candy, Titaura and Pickles from Lapsi, Preparation of juice, Squash, RTS and wine from 
Junar and Bael (Table 9). Similarly altogether 300 entrepreneurs (80 from Bhaktapur, 80 from 
Sindhuli, 80 from Ramechhap and 60 from Bardia districts) were trained about the developed 
technologies during the first phase of this programme (Table 10). As a result of these activities, 
some of the processing enterprises were developed and are now producing and marketing those 
respective products in the respective districts (DFTQC, 2007; DFTQC, 2008; DFTQC, 2009; 
DFTQC, 2010; DFTQC, 2011). 
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Table 9. Food Technology packages developed in first phase by OVOP programme
Products Technology Package

Junar Preservation of Pulp, Junar Squash, Junar RTS, Junar Wine
Lapsi Preservation of Pulp, Lapsi Mada, Candy, Titaura and Pickle
Bel Preservation of Pulp, Bael Squash, Bael RTS, Bael Wine

Source: DFTQC, 2007 to 2011

Table 10. Status of Food Technology Transfer (Training) activities in first phase by OVOP 
programme

Product/Technology Districts Number of 
Entrepreneurs Trained

Junar/ Preservation of Pulp, Junar Squash, Junar 
RTS, Junar Wine

Sindhuli 80

Junar/ Preservation of Pulp, Junar Squash, Junar 
RTS, Junar Wine

Ramechhap 80

Lapsi/ Preservation of Pulp, Lapsi Mada, Candy, 
Titaura and Pickle

Bhaktapur 80

Bel/ Preservation of Pulp, Bael Squash, Bael 
RTS, Bael Wine

Bardiya 60

Total Number of Enterpreneurs 300
Source: DFTQC, 2007 to 2011

In the second phase (2012/13 to 2017/18) of the programmes in Nepal, additional 9 products in 11 
districts are added in 2012; as a result altogether 17 products and 22 districts are included in OVOP 
program in Nepal from the year of 2012. OVOP products and districts which were added at the 
second phase in 2012 are presented in Table 11.

Table 11. Added OVOP Products and their respective districts 
Products Districts Introduced Year

1. Supari Jhapa 2012
2. Turmeric Sunsari 2012
3. Mango Saptari and Kanchanpur 2012
4. Fish Dhanusha 2012
5. Banana Chitawan 2012
6. Rural Agritourism Lamjung 2012
7. Zinger Palpa and Salyan 2012
8. Timbur Myagdi 2012
9. Jirailo Basmati Rice Doti 2012
Added products and districts in second phase: products: 9, districts: 11.

Source: AEC, 2012
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OVOP Grade Standard criteria for processed Food products 
At the end of the first phase, it is realized that OVOP products need their identification so that 
consumer from home and abroad as well as other related stakeholders can identify those products. 
To address the issue, six member OVOP Quality Standardization and Monitoring Committee was 
formed on the chairmanship of Director General of DFTQC including one each individuals from 
Nepal Beurau of  Standards and Metrology (NBSM), Agriculture Enterprises Center (AEC) of 
FNCCI, Post Harvest Management Directorate (PHMD) of Department of Agriculture (DOA), 
Fishery Research Division (FRD) of Nepal Agriculture Research Council and Horticulture 
Development Directorate (HDD) of DOA at the year of 2068 B.S. This committee has recently 
developed OVOP Grade Standard Criteria and Protocol for granting OVOP Logo/Star to the OVOP 
products referring the Status of Japan and Thailand. 

OVOP Grade Standard Criteria for Processed Food Products of Nepal is based on the criteria 
presented in Table 12. This grade standard criteria was formulated by OVOP Quality Standardization 
and Monitoring Committee and approved by OVOP Central Committee at July 10, 2012. Details of 
these Criteria can be assessed from OVOP Grade Standard Secretariat at DFTQC.

Table 12. Criteria included in OVOP Grade standard in Nepal
Criteria Score

Location of Plant 10
Design and Facility 20
Equipments 10
Calibration 10
Selection, Receiving and Storage of incoming materials 20
In process control measures 30
Water 10
Cleaning and Sanitation 10
Human Resource 20
Personal Hygiene 30
Pest Control 10
Waste Management 10
Maintenance and Preventive Maintenance 10
Quality Assurance of Final Products 15
Identification, Segregation and Disposition of NC Products 10
Documentation and Record Keeping 5
Consumer focus 10
Marketing Capability 10

Total Score 250

Criteria for Grading
1.  For score more than 200 (i.e. more than 80%) + Compliance to Mandatory Legal as 

well as Compliance to International SPS Provision will be awarded as Five Star (i.e. 
of Export Grade).
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2.  For score between 150 and 199 (between 60 to 79%) + Compliance to Mandatory 
Legal Provision will be awarded as Three Star (i.e. of National Grade).

3.  For score between 100 and 149 (between 40 to 59%) + Compliance to Mandatory 
Legal Provision will be awarded as One Star (i.e. of Local Grade).

4.  For score less than 99 (i.e. less than 39 %) won’t be awarded for Star and recommended 
for re-application after compliance to the OVOP Grade Standard.

Protocol for granting OVOP Logo for processed Food products
Protocol of granting OVOP Logo for Processed Food Products formulated by OVOP Quality 
Standardization and Monitoring Committee and later approved by OVOP Central Committee in 
July 10, 2012 is given in Figure 2.

Figure 2. Protocol for Granting OVOP Logo for processed food products of Nepal
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About the compliance of mandatory legal provision
OVOP Auditor should consider national legal provision to be complied by food industry especially 
based on existing Food Act, Regulations and Mandatory Food Standards. He/she focuses primarily 
on the following three points.

1.  Mandatory Label for processed foods as per Food Regulation.
2.  Receipt of License for Food Industry from DFTQC and its timely renewal.
3.  Test Report of processed food products from Third party Laboratory to verify that 

whether the quality of product is in compliance to mandatory national food standard. 
Initially should be tested for all products and then retested at least once in a year 
thereafter.

About the Scoring on OVOP Grade Standard
Before scoring, OVOP Auditor should consider the approved, common and international principles 
and practices of Good Hygiene (GHP), Good Manufacturing (GMP) as well as Principles and 
Practices of Hazard Analysis and Critical Control Point (HACCP) and Food Safety Management 
System (ISO 22000) based on the International Codex Standard.

OVOP Logo for Processed Food Products of Nepal 
Three logos were approved as per the criteria for grading. OVOP logos for processed food products 
of Nepal developed by OVOP Quality Standardization and Monitoring Committee and approved 
by OVOP Central Committee in July 10, 2012 are given in Figure 3 to 5. 
1.  Score more than 200 (i.e. more than 80%) + Compliance to Mandatory Legal as well as 

Compliance to International SPS Provision will be awarded as Five Star (i.e. of Export 
Grade). The logo of this grade will be of green color stating Export Quality as shown in 
Figure 3. 

Figure 3. Logo for processed food with Five stars

2.  Score between 150 and 199 (between 60 to 79%) + Compliance to Mandatory Legal 
Provision will be awarded as Three Star (i.e. of National Grade). The logo of this grade will 
be of blue color stating nationally recognized as shown in Figure 4.

Fig 4: Logo for Processed food with Three Stars
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3.  Score between 100 and 149 (between 40 to 59%) + Compliance to Mandatory Legal 
Provision will be awarded as One Star (i.e. of Local Grade). The logo of this grade will be 
of yellow color stating nationally recognized as shown in Figure 5.

Figure 5. Logo for processed food with One star

Concluding Remarks
One village one product (OVOP) programme was launched by Government of Nepal through 
budget speech of fiscal year 2006/07 (2063/64 B.S.) as a public private partnership (PPP) 
programme in coordination with Ministry of Agriculture Development (MoAD) and Federation 
of Nepalese Chamber of Commerce and Industry (FNCCI) as a pilot project. Recently first phase 
of the programme (2006/07 to 2011/12) was completed and now second phase of the programme 
(2012/13 to 2017/18) is on the progress. 

On first phase of the programme, Nepal has developed some of the important Food Tech. Packages 
especially focusing of Lapsi, Junar and Bael viz. preservation of pulp of Lapsi, Junar and Bael, 
Preparation of Mada, Candy, Titaura and Pickles from Lapsi, Preparation of juice, Squash, RTS and 
wine from Junar and Bael. Similarly around 300 entrepreneurs were trained about the developed 
technologies during the first phase of this programme. As a result of these activities, some of 
the processing enterprises are developed. At the end of the first phase, it is realized that OVOP 
products need their identification so that consumer from home and abroad as well as other related 
stakeholders can identify those products. To address the issue, Government of Nepal has recently 
developed OVOP Grade Standard Criteria and Protocol for granting OVOP Logo/Star to the OVOP 
products referring the Status of Japan and Thailand. 

Since the concept of OVOP Grading Standard Criteria and OVOP Logo is the new approach in 
Nepal on recognizing products developed by OVOP Campaign, all of the related stakeholders 
including consumer and entrepreneurs need to be educated and awared about the concept of the 
standard criteria and protocol with especial focus on Logo. Nation’s priority on this aspect need to 
be addressed in the days to come.
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Study on the Changes in Ascorbic Acid, Crude Protein, Soluble 
Sugars and Crude Fibre in Chickpea during Germination

Ram Kumar Shrestha1,2* and Surendra Bahadur Katwal1

1Central Campus of Technology, Hattisar, Dharan

The chickpea (Cicer arietinum L.) samples were collected and coded as A, B, and C for Inaruwa, 
Sunsari, Rajghat, Morang and Gauradah, Jhapa respectively. Samples were subjected to analysis 
of change in vitamin C, crude protein, soluble sugars and crude fiber for raw, 12hr soaked, and 
24, 48, 72, and 96hr germinated ones. Significant changes were seen on vitamin C, crude protein, 
soluble sugars, and crude fiber at p<0.05. The highest value (54.12 mg/100g) of vitamin-C was 
observed at 72hr of germination for sample B. The highest value (24.28 %) obtained for crude 
protein was at 72hr of germination for sample A. The maximum soluble reducing sugar and 
minimum non-reducing sugars observed at 96hr of germination were 8.62, 8.63, and 6.54 %; 8.87, 
8.85, and 8.82 % for samples A, B, and C respectively. The lowest values of crude fiber observed at 
96 h of germination were 3.61, 3.61, and 3.60 % for sample A, B, and C respectively.

Keywords:  Chickpea germination, Vitamin-C, Crude protein, Soluble sugars, Crude fiber

Introduction
Pulses are the edible seeds of pod bearing plants of ‘Leguminosae’ family. Pulses have high protein 
content from 20-40% which makes them important in human from the point of view of nutrition 
(Manay and Shadaksharaswamy, 2001). However, the proteins from the pulses are known to be 
of inferior quality, due to the deficiency of sulfur-containing amino acids as well as due to other 
factors like digestibility, availability of amino acids, anti-nutritional factors. Pulses are commonly 
consumed in combination with cereals and make good the deficiency of lysine in cereals, while 
cereals supply sufficient sulfur-containing amino acids, to supplement the deficiency of amino 
acids in pulses (Gupta, 1982). The edible leguminous seeds are important sources of proteins in the 
diets of low-income groups of the population in the developing countries (Swaminathan, 1987).

Germination improves the nutritive value of food pulses. The riboflavin, niacin, choline, and 
biotin contents of all pulses increase during germination. Germination brings a change of some 
starch to sugars, which are more digestible and absorbable. The germination process reduces and/
or eliminates most of the anti-nutritional and toxic factors in several pulses. Also, preparations 
obtained from sprouted pulses are more delicious (Manay and Shadaksharaswamy, 2001). The 
activities of many enzymes such as amylases, proteases, phytase, cytase increase in germination. 
The trypsin inhibitor activity is reduced, so the digestibility coefficient and biological value of 
the protein increases. Due to the action of cytase and pectinase, the cell walls are broken and the 
availability of nutrients increases (Swaminathan, 1987). Thus, germination increases the quality of 
legumes by increasing the available nutrient contents and by reducing the anti-nutritional factors. 
In Nepal, ‘Kwanti’ is eaten in some parts and it is the mixture of different pulses that are subjected 
to soaking and germination. It is consumed as soup (Shrestha, 1994). The changes in vitamin 
C, crude protein, soluble sugars (reducing and non-reducing), and crude fiber contents during 
germination of chickpea was studied.

Materials and Methods
The chickpea (Cicer arietinum L) samples (250g) from a location and taking 10 spots samples were 

*Corresponding author, E-mail: rkstha005@yahoo.com
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collected from local market of Inaruwa, Sunsari; Rajghat, Morang and Gauradah, Jhapa and coded 
as samples A, B, and C respectively.

Germination of chickpea- After cleaning and sorting manually chickpea was washed and soaked 
with tap water for 12 h. They were drained and allowed to germinate in the plastic jar as per 
Hessayon, 1998 at room temperature 28 ± 2ºC covering  the mouth with muslin cloth. The jar was 
filled with water and poured off. The jar was placed horizontally tilted condition in the dark until 
the seeds would germinated. The seeds were rinsed twice daily. For this purpose the jar was half 
filled with water and then drained it away through the cloth at the mouth. It helped keep the moist 
environment for sprouting.

Harvesting of samples for analysis- The seeds and seedlings harvested at 0 (12 hr soaked), 24, 48, 
72, and 96 hr of germination from the jar. The fresh samples were subjected to the determination 
of ascorbic acid along with its moisture determination. But for the determination of sugar content, 
crude protein, crude fiber, the harvested seeds and seedlings were dried in drier at 60°C and packed 
in plastic bags. Later on, the required samples were weighed and ground for the analysis.

Chemical analysis- Moisture content  by hot air oven method (AOAC, 2005);  ascorbic acid by 2, 
6-dichlorophenol-indophenol visual titration method; crude protein (Nx 6.25) by Micro-Kjeldahl 
method; total and reducing sugars by Lane and Eynon Method (Ranganna, 2004) and crude fiber 
was determined as per AOAC (2005) in lab of Central Campus of Technology, Hattisar, Dharan.
Data analysis- The obtained data were processed for mean, standard deviation, ANOVA two 
factors without replication (an add-in feature of MS Excel) and Least Significant Difference 
(LSD) was calculated as given by Duncan (1967).

Results and Discussions
Changes in ascorbic acid during germination-The ascorbic acid content for samples A, B, and 
C of chickpea with raw and germinated samples are presented in Table 1. A gradual increment in 
vitamin-C was observed in all of those samples. The statistical analysis showed that the change in 
vitamin-C content was very much significantly different (p<0.05) for germination time treatment 
but not significant difference between samples (p<0.05).

Chitrakar (1998) observed maximum ascorbic acid content after 72 hr of germination. Malleshi 
and Klopfenstein (1996) have reported that the malted legumes showed significantly higher level 
of ascorbic acid. They found 160 % ascorbic acid increase in chickpea. Chattopadhyaya and 
Baneerjee (1952) have reported 10-12 mg/100g ascorbic acid in chickpea germinated for 48 h. 

Table 1. Vitamin-C on chickpea of raw and different stages of germination (mg/100g of dry 
matter)*

Sample Raw 12hr soaked 24 hr germ. 48 hr germ. 72 hr germ. 96 hr germ.

A 0 10.56 ± 0.68 36.79 ± 0.41 50.67 ± 0.66 53.55 ± 0.51 49.72 ± 0.49

B 0 10.81 ± 0.32 37.35 ± 0.79 51.39 ± 0.85 54.12 ± 0.52 50.8 ± 0.69

C 0 9.91 ± 0.54 37.85 ± 0.15 49.92 ± 0.41 53.24 ± 0.32 50.08 ± 0.29
*The figures are mean ± standard deviation of 3 determinations

germ. = Germination
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Changes in crude protein during germination- The statistical analysis showed that the changes 
in crude protein were significantly different in germination time treatment but not significant 
change between samples (p<0.05). Mallette et al., (1968) and Bonner and Varner (1965) have 
mentioned that the protein reserves of the seeds are rapidly changed into simpler compounds 
during germination and translocated to the utilization point. Jain (2003), Singh (1988), Power and 
Ingle (1988) have also reported a little increase in crude protein content during 72 h of germination. 
Kakade and Evans (1988) and Shrestha (1994) have also observed gradual change in crude protein.

Table 2. Crude protein on chickpea of raw and different stages of germination (% of dry matter)*
Sample Raw 12hr soaked 24 hr germ. 48 hr germ. 72 hr germ. 96 hr germ.

A 22.78 ± 0.40 23.27 ± 0.08 23.51 ± 0.21 23.84 ± 0.10 24.28 ± 0.08 23.44 ± 0.06

B 22.79 ± 0.08 23.38 ± 0.22 23.54 ± 0.23 23.84 ± 0.08 24.25 ± 0.09 23.58 ± 0.18

C 22.85 ± 0.25 23.54 ± 0.08 23.69 ± 0.15 23.83 ± 0.05 24.21 ± 0.11 23.67 ± 0.11
*The figures are mean ± standard deviation of 3 determinations.
 germ. = Germination 

The results obtained are presented in Table 3 and Table 4. All the chickpea samples showed trace 
amount of the soluble reducing sugars but considerable amount of non-reducing sugars. 

Table 3 Reducing sugars on chickpea of raw and different stages of germination (% of dry matter)*
Sample Raw 12hr soaked 24 hr germ. 48 hr germ. 72 hr germ. 96 hr germ.

A 1.01 ± 0.01 2.97 ± 0.14 3.59 ± 0.05 4.82 ± 0.02 7.1 ± 0.06 8.62 ± 0.16

B 1.02 ± 0.02 2.91 ± 0.09 3.54 ± 0.08 4.83 ± 0.01 7.21 ± 0.02 8.63 ± 0.16

C 1.02 ± 0.03 2.95 ± 0.10 3.59 ± 0.06 4.84 ± 0.02 7.25 ± 0.06 8.54 ± 0.19
*The figures are mean ± standard deviation of 3 determinations.

germ. = Germination 

The statistical analysis showed that the change in soluble sugars were significantly different at 
p<0.05. Singh (1988) and Jain (2003) have noted that during germination the soluble sugars 
increased due to the action of α-amylase and β-amylase which is already present in inactive form, 
which gets activated during germination. Mallette et al., (1968) have mentioned hydrolysis of 
starch by amylase during germination. Aman (1979) has noted that the germination causes a slower 
decrease of oligosaccharides in chickpea.

Table 4 Non-reducing sugars on chickpea of raw and different stages of germination (% of dry 
matter)*

Sample Raw 12hr soaked 24 hr germ. 48 hr germ. 72 hr germ. 96 hr germ.

A 11.32 ± 0.07 10.59 ± 0.17 10.18 ± 0.08 9.69 ± 0.12 9.34 ± 0.03 8.87 ± 0.11

B 11.35 ± 0.08 10.6 ± 0.10 10.2 ± 0.14 9.7 ± 0.13 9.39 ± 0.05 8.85 ± 0.11

C 11.34 ± 0.05 10.61 ± 0.11 10.17 ± 0.10 9.69 ± 0.15 9.41 ± 0.11 8.82 ± 0.12
*The figures are mean ± standard deviation of 3 determinations

germ. =Germination 
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Jaya and Venkataraman (1981) reported a decrease in the concentration of total carbohydrates 
during 96 h of germination. Chitrakar (1998) obtained higher than our findings.  Hagazi (1974) 
stated that the total, reducing sugars and non-reducing sugars had increased germinated for four 
days as compared with the raw. 

Changes in crude fiber during germination- The crude fiber content was determined by AOAC 
(2005) and the result obtained is presented in the Table 5. The statistical analysis showed that 
there was significant decrease in crude fiber during germination time treatment but not significant 
change between the samples (p<0.05).

 Table 5. Crude fiber on chickpea of raw and different stages of germination (% of dry matter)*
Sample Raw 12hr soaked 24 hr germ. 48 hr germ. 72 hr germ. 96 hr germ.

A 5.35 ± 0.06 4.86 ± 0.07 4.49 ± 0.06 4.22 ± 0.06 3.87 ± 0.03 3.61 ± 0.06

B 5.24 ± 0.11 4.80 ± 0.02 4.51 ± 0.04 4.24 ± 0.05 3.81 ± 0.04 3.61 ± 0.02

C 5.33 ± 0.11 4.87 ± 0.04 4.54 ± 0.06 4.27 ± 0.03 3.84 ± 0.03 3.60 ± 0.03
*The figures are mean ± standard deviation of 3 determinations
  germ. =Germination

Singh (1988) has explained that on germination by the action of the cytase and pectinase there 
is decrease in the crude fiber. Likewise, Aman (1979) has mentioned that germination causes a 
slower decrease in crude fiber in chickpea. Jaya and Venkataraman (1981) have reported a change 
in concentration of hemi-cellulose during germination but the composition did not alter. Power and 
Ingle (1988) have stated that complex carbohydrates are minimized during germination. 

Conclusions
Gradual increase in vitamin-C content was observed and found maximum for all the three samples 
of chickpea at 72 hr of germination. The crude proteins were gradually increased up to 72 hr of 
germination and then were decreased. The soluble reducing sugars were increased but soluble non-
reducing sugars were decreased gradually in all the samples of chickpea. The crude fiber contents 
were observed to be decreased gradually during germination in all the three samples of chickpea. 
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Rheumatic heart disease (RHD) remains a significant health problem in the developing world, 
affecting 15.6 million people worldwide, with a prevalence of 1.2/1000 in 5-15 year old school 
children in Nepal. RHD is largely a disease of poverty, of which overcrowding, poor nutrition, poor 
health-care access and limited health resources are major contributing factors. Considering the 
nutritional status of RHD, the survey was done in Dharan and nearby VDC’s. Thirty post operative 
patients ranging from the age 9 to 37 were included in the survey. The daily calorific value was 
calculated on the basis of the questionnaire. On the survey it was found that there was a significant 
increase in calorific value but only six of them were meeting up the recommended calorific intake 
value. Besides it was found that there is a significant increase in carbohydrate, protein, vitamin 
A and riboflavin intake but not fat before and after the surgery in weight increasing patients. 
Loss of appetite was one major symptom of the diseases before the surgery and more over lack of 
knowledge about this disease had leaded the patients to the valve operation otherwise it can be 
cured in primary phase. Sixty percentages of total patients were categorized as normal after the 
surgery and the percentage of underweight was reduced from 36.67% to 30%. Poverty was major 
reasons for malnutrition in the patients in the pre-surgery conditions.

Keywords: RHD, SGNHC, BMI, Calorie, Nutrition

Introduction
Group-A streptococcus (GAS) causes a broad spectrum of disease. GAS causes mild superficial 
infections of throat or skin to infections such as cellulitis and erysipelas, severe invasive infections 
including bacteraemia and necrotising fasciitis (often complicated by the streptococcal toxic shock 
syndrome) (WHO, 2005).

GAS also causes post-streptococcal complications of acute rheumatic fever (ARF) and acute post-
streptococcal glomerulonephritis (APSGN) and these may lead to further complications (e.g. ARF 
may cause rheumatic heart disease, which in turn may be further complicated by endocarditis or 
strokes) (WHO, 2005).

Acute rheumatic fever is a non-supportive complication of group A beta hemolytic streptococcal 
sore throat. This commonly affects the school going children especially joints, skin subcuteaneous 
tisue, brain and heart. So, it’s commonly called the diseases which licks the joint but bites the 
heart (English, 1993). It’s concluded that approx 18.1 million people suffer from serious GAS 
whereas 1.78 million new cases occur each year. Over 50,000 deaths occur each year and GAS 
is responsible for this (WHO, 2005). RF is the inflammatory diseases which are caused by S. 
pyogenes such as scarlett fever or strep throat (Kumar et. al., 1989). In Nepal, the prevalence rate 
of RHD is 1.2 per 1000 in 5-15 year old school children in Nepal (Regmi and Pandey, 1997). RHD 
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is largely a disease of poverty, of which overcrowding, poor nutrition, poor health-care access and 
limited health resources are major contributing factors (Meyer, 2009)

As streptococcal sore throat, ARF occurs most commonly in young school child, median age 
between 9 to 11 years and very early infantry (Gene and Mam, 1989).

Food has the significant role to pay in illness. Diet may have to be modified depending upon 
the heart diseases, the severity of the problem, and the nutritional status of the patient as well as 
metabolic change involved (Khanna et. al, 2005)

Materials and Methods
Thirty post operative RHD patients were taken in the survey from Dharan, Panchkanya, Bayarban, 
Chatara, Barahchhetra, Bhanjhyang, Nishane,  Bharauli, Panmara. 

Rheumatic heart diseases patients were selected mainly from the information’s based on information 
of organizations named DHERSEC. And every patient was asked to fill the consent before doing 
the survey (to pass the ethical issues). If patients agree then the nutritional analysis was done. The 
patient name was coded in patient id as ethical issues are one of the important factors for doing 
the research.

In the survey the height and weight before the surgery was noted from the discharge summary from 
SGNHC and the present height and weight was measured through measuring tape and weighing 
machine. Based on these data the BMI was computed before as well as after the surgery and it was 
categorized as per the standard of WHO as shown in Table 1.

Table 1. Category of BMI

Classification BMI Category Risk of Developing Health Problem

Underweight Less than 18.5 Increased

Normal Weight 18.5-24.9 Least

Overweight 24.9-29.9 Increased

Obese Class I 30-34.9 High

Obese Class II 35-39.9 Very High

Obese Class III ≥40 Extremely High

In addition to this the quantitative amount of dietary food items was also noted before as well as 
after the surgery. Based on the response of the questionnaire by the patients the nutrients like fats,  
carbohydrate, protein, vitamin A and riboflavin was computed from the food composition table 
provided from Department of Food Technology and Quality Control (DFTQC) on the food items 
that are eaten daily.

The daily calorific value was calculated from the nutrients computed from fats, proteins and 
carbohydrates. The adequacy of calorific intake was determined from the daily calorific intake. 
Since the post operative patients of RHD has reduced physical activity the daily calorific value for 
men was 2350 Kcal and for females it was 1800 Kcal as per mentioned in the book of Subangi A. 
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Joshi. The adequacy was determined by the following:

A paired sample of t-test was done through 95% level of confidence as the statistical analysis via 
SPSS 16.0.

Results and Discussion
General results- In the results it was found that the number of female candidates was more than 
males. The females to males ratio was 1.3:1 i.e., 17 females and 13 males were taken in the survey. 
It was also seen that the nine of the respondents were from Dharan, four each from Panmara and 
Barban and five from Chatara. 

Similarly regarding the age it was seen that the maximum respondent’s age was 22 whereas the 
mean age of the patients was 21.67 with a standard deviation of 7.102. The age of the patients was 
ranging from the nine to 37 years. In the same way New York Heart Association (NYHA) index 
from SGNHC was noted from the discharge summary. In the NYHA classification it was seen 
that NYHA III category patients was more as compared to other. The NYHA classification of the 
patients is given in Table 2.

Table 2. Distribution of Sample according to NYHA
NYHA Frequency

I 3

II 10

III 13

IV 4

Total 30

The main caste of the research area was Tamangs, Rai and Limbu, Dalits, Chhetri, Newar, Tamang, 
other terai caste (Madhesis) and Tharus. It was found that in the survey the Dalits were more as 
compared to other caste.

Anthropometric results- In the weight it was seen that there was the maximum weight gain of 8 
kg in the patients and 4 kg maximum weight decrease in the patients. It was seen that there was 
weight increase in 28 patients and two patients had the weight decrease. It was found that there 
was a significant increase in weight among weight increasing patients (p<0.05) whereas in the 
case of weight decreasing patients it was found that there was no significant decrease in weight 
in (p>0.05). Similarly in the height it was seen that 17 patients had already completed the stage 
of growth and only 13 patients were found to be height increase. The increase in height in height 
increasing patients was found to be significant increase (p<0.05). Regarding BMI was computed 
from the height and weight from the data recorded and measured. In the case of the BMI, it was 
seen increase as well as decrease in BMI in patients. Average BMI increase among 28 patients 
was found to be 2.377 kgm-2 whereas the average decrease in BMI in two patients was 1.18kg m-2 

Representing the BMI in according to category given in Table 3.

i. 

ii. 
1800 – calorific intake

1800 × 100% for females

2350 – calorific intake
2350 × 100% for males
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Table 3. Representing BMI according to its Category

BMI Category No. of Patients
before the Surgery

No. of the Patients
after the Surgery

Underweight 11 9

Normal Weight 17 18

Over Weight 1 2

Obese class II 1 1

Total 30 30

In the case of the BMI it was found that there was a significant increase in BMI in the case of the 
BMI increasing patients (p<0.05) whereas in the case of the BMI decreasing patients it was found 
that there was no significant decrease in BMI in the case of the BMI decreasing patients (p>0.05).

Dietary intake results- All most all of the post operative patients are reduced physical activity. 
In the case of nutrients fats, carbohydrate, protein vitamin A and riboflavin was computed. From 
which fats, protein and carbohydrate was the major energy giving constituent. 

In the weight increasing patients it was found that there was a significant increase in riboflavin, 
protein, vitamin-A and carbohydrate after the surgery (p<0.05) but in the case of the fat it was 
found that there was no significant increase in fat (p>0.05). And in the case of the weight decreasing 
patients it was found that there was no significant increase in either of nutrients computed (p>0.5). 
The general fruits and vegetables taken by patients are given in Table 4.

Table 4. General fruits, vegetables and meats products consumed by the patients
Main Food Food Available

Grains Rice, maize, wheat, millet, etc

Fruits Papaya, banana, guava, mango, litchi, sugarcane, cucumber, apple

Green Leaves Mustard leaves, radish leaves, ferns

Roots and Tubers Potato and sweet potato

Oil seeds Mustard

Pulses Black gram, cowpea, soyabean, gram,

Other Vegetables Pumpkin, cauliflower, cabbage, brinjal, radish, carrot, etc.

Fermented Products Kinema, gundruk, sinki

Meat Serve Pork, chicken, mutton, fish, eggs, buff,

Liquid Foods Milk, coffee, black tea, milk tea

As per mentioned in discharge summary of SGNHC, the patients had stopped eating leafy 
vegetables like cabbage, abandoned citrus fruits and vegetables. In addition to this the post 
operative patients had stopped eating liver of animal. It was also found that tab farin was one of the 
common medicines being used by the patients as an oral anti-coagulating agent.
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Calorific values- The comparative calorific intake values of patients before and after the surgery 
was computed from the major energy giving constituent i.e., protein, carbohydrate and fat. In the 
adequacy of the calorific intake it was seen that only 5 post operative patients are getting the daily 
recommended calorie as per mentioned. 

Conclusion
From this research it was concluded that there was a lack of knowledge of rheumatic heart 
diseases and balanced diet. Among the 30 patients it was found that only 60% i.e., 18 patients 
were categorized to normal category. It was also found that poverty was one of the main causes of 
the diseases other it could be treated in pre-surgery phase i.e, ARF. It was also found that the post 
operative patients were using warfarin an anti-coagulating agent. If they are lacking the then there 
may be the coagulation of blood in brain which may results in paralysis. Besides this the duration 
of surgery is also an important factor, the surgery duration was ranging from 18 to 24 months.

The average carbohydrate intake was found to be 270.5gm before the surgery and 346.5 gm after 
the surgery, similarly fat was 5.75 gm before the surgery and 3.91 gm after the surgery. In the case 
of protein it was found that the intake of protein was 33.42 gm before the surgery and 51.28 gm 
after the surgery, vitamin A was 293.65 IU before and 718.6 IU and riboflavin was 0.46 mg before 
and after the surgery it was 0.954 mg per day. The average calorific value for male was found to 
be 1354.4 kcal before the surgery whereas after the surgery it was found to be 1708.24 kcal per 
day and in the case of females 1201 kcal and after the surgery it was found that 1563.76 kcal. It 
was also found that there was a positive correlation between the weight increase and calorific value 
increase i.e., 0.244 and was found to be significant.
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Nepal’s Food Policy and Strategy Reconciliation with Global 
Food and Nutrition Situation

Upendra Ray*
Regional Food Technology and Quality Control Office, Biratnagar, Nepal

This article presents the implementation of food and nutrition security policy and strategy 
in Nepal. Nutrition is a link between food and health related to the fulfillment of energy and 
nutrient requirements from food leading to wellbeing and good health. Access on safe reliable 
and nutritious food supply is the basic human need and rights of the people. Food and nutrition 
education/communication help to promote good practices in agriculture, food supply and nutrition. 
The Millennium Development Goals (MDGs) will not be achieved without improvement of the 
nutritional status of human life cycle. Thus food quality and safety strategies program should to 
properly implement.     

Keywords: Food security, Nutrition security, Food safety, Millennium development goals (MDGs)
 
Introduction
Hungers and malnutrition remain the most devastating problems facing the majority of the worlds 
poor. No one can doubt the seriousness of this problem which afflicts millions of human being. 
So, food and nutrition security is a major global challenge in the world. In keeping with the 
developmental goals and objective of Nepal’s Eight Plan (1992-97) and International conference 
on nutrition (ICN, was held in Rome in December 1992) plan of Action on nutrition, Government 
of Nepal committed itself to prepare a national strategy and plan of action on food and nutrition 
security. This issue is currently being debated at the national and international levels. 

Food Security - Food security exists when all people, at all times, have physical, social and 
economic access to sufficient, safe and nutritious food that meets their dietary needs and food 
preferences for an active and healthy life (FAO: WFS 1996 modified in 2009).

Nutritional Security - Nutritional security conveys the meaning of nutrition wellbeing for all and 
sustainability by ensuring adequate intake of energy, protein and micronutrients and adequate 
utilization of these nutrients in the body.
 
The relation between food, nutrition and health is presented in Figure 1. Nutrition is a link between 
food and health, regarding the fulfillment of nutrient and non nutrient requirements from food in 
human life cycle. Its ultimate goals are nutrition security and well being for all. When we continue 
from agriculture to health there are various factors link food security, food and nutrition education 
and food culture are directly effects on health. 

Figure 1. Relationship among food, nutrition and health

*Corresponding author, E-mail: rayupendra@yahoo.com
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Food security -The global issue- Food security and good nutrition depends on adequate food 
supply and this in true on a sound agriculture policy and a good system of food distribution. 
The social, cultural, economic and agricultural factors are the basic etiological factors causing 
nutritional disease and they are closely linked with excessive increase in the population. Food 
and nutrition challenges are 1) continuing and persistent under nutrition 2) over nutrition and diet 
related diseases 3) food safety and quality.

Undernourishment- FAO estimates in 2009 that over 1000 million people were under nutrition 
worldwide and facing problem of post food and financial crisis where as paradoxically, WHO 
estimated that there were 400 million obese adults.  Globally, 20 million LBW baby born each 
year in developing countries as the outcome of inadequate fetal nutrition and growth leads to child 
under nutrition and to high risk of diet related diseases in adults (UNICEF, state of the world’s 
children, 2005) every year 6 million children die from malnutrition before five years of age. In 
developing countries 1 of 3 children has stunted growth and nearly the same percent are under 
weight. The prevalence of child under nutrition is highest in south Asia, where 44% are stunted 
and 46% are under weight. Where as malnutrition status Nepal demographic and health survey, 
NDHS 2006, stunted 43%, under weight 45% and wasted 12% and iron, iodine and Vitamin-A 
deficiencies remain the main vitamin and minerals deficiencies globally with severe consequence. 
Zinc and folate also become a major concern. Main causes of vitamins and minerals deficiencies 
are poor diets and frequent infections often lead to multiple micronutrient deficiencies in the same 
population.
 
Energy density of the diet increased in all countries during 20 years (over nourished)
Dietary energy derived from fat which is fifty percent increase in China, India and South Africa 
where as twenty percent increase in Philippines and Mexico (from FAO, 2006). Countries like 
Mexico, China and India have with specific dietary change like.
Mexico

•	 Sugar (particularly soda) and refined carbohydrates increased
•	 Fruits and vegetables decreased
•	  China
•	 Animal products (particularly pork)  vegetable oil increased
•	  India
•	 Dairy products vegetable oil increased no change in fruits and vegetables but 

intake lower than requirement.
•	 Pulses decreased                  
•	  Nepal
•	 Vegetables products consumption increased but intake lower than requirement 

(FAO, 2006). 

Consequences of Malnutrition
1.	 Individuals

•	 Poor growth and cognitive function
•	  High morbidity and mortality
•	  Low productivity and low quality of life

2.	  Family: Burden and poor development
3.	 Community and nation: Burden and poor development (MDGs will not be achieved)
4.	 Millennium Development Goals (MDGs) will not be achieved without nutrition 

improvement.
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Nepal Food Policies  
The national average of daily per capita calorie requirement is fixed at 2250Kcalorie and 
ecologically it is estimated that the average per capita daily Kcal requirement is 2340 Kcal for 
hill/mountains and 2140 Kcal the Tarai. Body Mass Index (BMI) is in between 18.5-25 Kg/Sq.m. 
Micronutrient deficiencies like Vitamin- A, Iron and Iodine being public health problem. We have 
less effective food (quality and safety) control system for addressing food quality and safety at 
national, regional and local level. Till now food policy has not been formulated to prevent and 
control of malnutrition. Our food based strategies and actions plan shall not be ensuring safe and 
nutrition foods supply for consumer and trade. Our national commitment with sound nutrition 
improvement strategies and goals are less implemented. 

Nepal strategic framework of food management (SFFM)
Proposed National Food Committee Acts include food security, food safety, food quality and food 
education.  The Authority of the national food committee

• Setting policy, planning strategies, monitoring and assuring food security, food safety, 
food quality and food education.

• Advices and provisions of guidance to the related ministries/authorities.
• Advices the cabinet in case of food disaster for action and land uses.

Implementation of the strategic framework of food management (SFFM)
1.	Integrated the SFFM in the coming national economic and social development plan.
2.	Each sector implementing the SFFM and reports back to the national food committee.
3.	Three thematic committees for promotion the implementation on food security, food 

quality and safety and linking food to nutrition and health.

Food chain approach
A proposed building block for an effective food (quality and safety) control system is presented in 
Figure 2. 

Figure 2. Food chain approach
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Conclusions
•	 Food security is a fundamental to good nutrition and health.
•	 Nutrition is a link between food and health.
•	 Under and over nutrition with related diseases and food quality and safety are major 

global challenges.
•	 Burden and consequences of under and over nutrition to individuals, families, 

communities and nations have been recognized.
•	 MDGs will not be achieved without nutrition improvement at all level.
•	 Multiple strategies and actions are required for achieving food and nutrition security and 

food safety.
•	 Nutrition indicators are most useful for goal setting and follow up actions i.e. birth weight, 

under weight of under 5, stunting and weight for height.

References
Government of Nepal/National planning Commission, (1998). National Plan of Action on Nutrition.
NDHS, (2006). Government of Nepal, Ministry of Health, Nepal demographic and health survey, 

Available at: www.FAO.org/publication/safi/en/



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

158

Nutritional Status of Preschoolers and Women of Bagmati Slum 
of Kathmandu Valley

Santosh Dahal*
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Survey was conducted to assess the nutritional status of women residing near Bagmati River, 
Kathmandu, Nepal of landless community and their children aged in between 6 to 59 months. 
Mothers and their children of 30 households were surveyed with the help of questionnaire and 
anthropometric measurements. 24 hour recall method was used for the estimation of food and 
nutrient consumption. Average calorie intake of women was 1655.7±430.32 kcal/day which was 
only 74.41 ± 19.34 % of recommended dietary allowance (RDA). 90% of Calorie intakes of women 
of the target population were below RDA. Similarly women below RDA for protein, Vitamin A, 
Calcium and iron were 76.67%, 86.67%, 70% and 93.33% respectively. 87.5% of children were 
below RDA for energy. Similarly children below RDA for protein, Vitamin A, Calcium and iron 
were 62.5 %, 93.75 %, 81.25 % and 81.25 % respectively. Calorie and nutrient deficiencies were 
much higher in the children aged 37-59 months. All children samples for 37-59 months were below 
RDA for energy and iron. Similarly children below RDA for protein, Vitamin A and Calcium were 
57.14%, 85.71 % and 92.86 % respectively for that age group. More than a third were underweight 
(40%) and almost one fifth were wasted (20%). Underweight and wasting were also high in 
children (54-59 months) compared to younger children, p<0.05. Prevalence of wasting based on 
MUAC was also highest in the age group 54-59 months.  Chronic energy deficiency (CED) affected 
almost one in every three (33.33 %) mothers. About one in every ten (10%) mothers was at risk of 
overweight. The presence of under-nutrition among children and mothers along with overweight 
mothers suggest a potential double burden of malnutrition in the slum community of Kathmandu 
valley.

Keywords: Women, Children, Calorie, RDA, Nutrition

Introduction
Rapid urbanization, inefficient land administration and inadequate capability to cope with the 
housing needs of people in urban areas have contributed to the development of informal settlements 
(Shrestha, 2010), which is a common phenomenon in all Third World Countries (Abrams, 1964; 
Payne, 1977; Lloyd, 1979; O’Connor, 1983). Such settlements popularly known by different names 
in different countries have common features - substandard shelter, inadequate basic amenities, 
unhealthy neighborhoods and hazardous sites. Due to illegal land occupation, they have to live daily 
with the perpetual fear of eviction and demolition by authority, besides threat of natural disasters 
such as flood, landslides and earthquake. Low socio-economic growth, poor infrastructure, rapid 
urbanization including poor governance has caused urban poverty and increased number of slums 
and squatter settlements in the Kathmandu valley. Even after five decades of planned development, 
one third of Nepalese are still living in absolute poverty, deprived of basic amenities of life such as 
foods, cloths, shelter, health, education and drinking water (PAF, 2003).

The 2007 Interim Constitution remains the overarching document within Nepal’s legal framework. 
It includes broad equality protections, anti-discrimination provisions, and an impressive number 
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of substantive human rights. The constitution protects a number of economic rights, though in a 
somewhat limited fashion, including the right to food and the right education. It also provides for 
the right to property, and provides a number of provisions committing the state to engage in land 
reform (Nepal Interim Const., 2007). Landlessness impacts the right to an adequate standard of 
living and the interrelated rights to housing, food, water, and work. Access to food is therefore 
one of the biggest struggles for landless families, particularly large families. Such poor living 
conditions make the slum inhabitants vulnerable to poor health and malnutrition. Moreover, most 
children and women in these slums remain un-reached by national primary health and nutrition 
interventions. Accurate data on the nutrition and health status of the slum population are also 
lacking for various reasons.

Anthropometric measurements provide an excellent indication of the nutritional status of vulnerable 
groups and individuals. They are usually the central component of the nutritional surveillance 
systems that have evolved over the past 25 years. However, to provide a basis for action, they need 
to be complemented with other types of information on the reasons why people are underfed. There 
are other ways of evaluating nutritional status, particularly with regard to energy, protein, vitamin 
and mineral deficiencies. The purpose of this study was to highlight the prevalence of underweight, 
wasting and stunting among preschool children and the extent of chronic energy deficiency (CED) 
and overweight among their mothers in landless community of Kathmandu valley. The present 
study also highlighted the extent of calorie and nutrients deficiency among them. The objective of 
this research was to study the nutritional status of women of landless community and their children 
aged 6 to 59 months near Bagmati River, Kathmandu.

Methodology
The survey used a quantitative research methodology. The variables of the study were height, weight, 
MUAC, age, sex, and food and nutrients consumption. The type of study was an anthropometric 
nutrition survey with dietary assessment. 24 hour recall method was used for the estimation of food 
and nutrient consumption. For the anthropometric measurements the households of the targeted 
children (aged 6 to 59 months) and their mothers were randomly selected in landless community 
near Bagmati River, Kathmandu.  The household questionnaire was completed in every household 
selected for the anthropometric measurements.

Data analysis- The data was analyzed using Nutrisurvey2007 and ENA software. For certain 
analyses on correlations between household dietary diversity or food insecurity and anthropometric 
indicators, SPSS was used.

Results and Discussions
24 hour recall method was used for the estimation of food and nutrient consumption of target 
population. Caloric intake of women averaged 1655.7±430.32 kcal/day, amounting to 74.41 % ± 
19.34 % of daily total energy requirements. Table 1 shows the average calorie and nutrient intake 
of samples of target population. 

Out of 30 women calorie intake of 27 were below RDA, which showed only 10% of women met 
RDA for energy, 90% were below RDA for energy. Similarly percentage of women below RDA 
for protein, Vitamin A, Calcium and iron were 76.67%, 86.67%, 70% and 93.33% respectively.
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Table 1. Average Intake of Calorie and Nutrients per day
Sample Energy (Kcal) Protein (g) VitaminA (µg) Calcium (mg) Iron (mg)

Woman

% Average

1655.7±430.3
2225*

74.41±19.34

43.1±15.58
50*

86.2±31.1

210.18±228.97
600*

35± 38.16

368.78±280.58
400*

92.2± 70.14

14.95±10.4
30*

49.8±34.75

Children 
( 6-36 month)

% Average

931.84±319.95
1240*

74.48±26.88

22.06±10.5
22*

99.4±48.68

219.22±119.51
400*

54.8±29.87

248.69± 185.2
400*

62.17±46.3

8.11± 6.9
12*

66.7±58.04

Children
(37-59 month)

% Average

1091.6±271.5
1690*

64.59±16.06

31.5±16.99
30*

105±56.65

222.43±145.3
400*

55.6±36.32

185.16± 98.4
400*

46.3±24.6

8.14± 4.28
18*

45.24±23.8

*ICMR Recommended Dietary Allowances (RDA)

Out of 16 children (aged 6-36 months) calorie intake of 14 were below RDA, which showed 87.5% 
of children were below RDA for energy. Similarly percentage of these children below RDA for 
protein, Vitamin A, Calcium and iron were 62.5 %, 93.75 %, 81.25 % and 81.25 % respectively. 
Calorie and nutrient deficiencies were much higher in the children aged 37-59 months. Samples 
of all children (100%) in that group were below RDA for energy and iron. Similarly percentage of 
these children below RDA for protein, Vitamin A and Calcium were 57.14 %, 85.71 % and 92.86 
% respectively.

The WHO regards a BMI of less than 18.5 as underweight, while a BMI greater than 25 is 
considered overweight and above 30 is considered obese.

Table 2.  Energy Status of Mothers Based on BMI

Status No of Woman (n=30) %

Chronic energy deficiency 10 33.33

Low weight- normal 4 13.33

Normal 13 43.33

Overweight 3 10

The mean ± SD BMI of mothers was 20.56 ± 2.87 kg/m2. CED affected almost one in every three 
mothers. About one in every ten mothers was at risk of overweight. The result of dietary analysis 
showed that 25.59 % of energy and 13.8 % of protein was deficient in the diet. That value was 
correlated with the chronic energy deficiency of 33.33% based on BMI.
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Figure 1. Energy status of mothers based on BMI

Children with a weight-for-height below -2SD from the median of the reference population are 
too thin for their height, or wasted, while those with a weight-for-height below -3SD are severely 
wasted.

Table 3. Prevalence of acute malnutrition based on weight-for-height Z-scores 
All

n = 30
Boys
n = 17

Girls
n = 13

Prevalence of global malnutrition (<-2 z-score)(6) 20.0 %(3) 17.6 %(3) 23.1 %

Prevalence of moderate malnutrition 
(<-2 z-score and >=-3 z-score) 

(4) 13.3 %(2) 11.8 %(2) 15.4 %

Prevalence of severe malnutrition (<-3 z-score) (2) 6.7 %(1) 5.9 %(1) 7.7 %

Analysis of data showed the prevalence of global malnutrition in girls (23.1 %) was greater than 
that in boys (17.6%) with overall prevalence of 20%.

Figure 2. Situation of wasting of children
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Figure 2, shows comparative situation of wasting of children with WHO standard. Figure 3, shows 
comparative situation of wasting among boys and girls with WHO standard. From the figure 3 we 
can conclude that prevalence of wasting was more in girls than boys.

Figure 3. Comparative situation of wasting among boys and girls

Among them, in total 30 children, 6 children were found global acutely malnourished (20%) with 
4 moderately wasted (13.3%) and 2 severe wasted (6.7%) with the highest prevalence (16.7%) in 
the age group 54-59 months.

The MUAC is a useful tool for rapidly identifying children at a higher risk of mortality at the 
community level. According to new international guidelines and recommendations MUAC was 
taken for children of 6 month to below five years.

Table 4. Prevalence of acute malnutrition based on MUAC cut off’s by sex

All
n = 30

Boys
n = 17

Girls
n = 13

Prevalence of global malnutrition
(< 125 mm)(4) 13.3 %(2)11.8%(2)15.4%

prevalence of moderate malnutrition
(< 125 mm and >= 115 mm)(3) 10.0 %(1) 5.9 %(2)15.4%

Prevalence of severe malnutrition
(< 115 mm)(1) 3.3 %(1) 5.9 %(0) 0%

Among 30 childrens 1 children (3.3%) had MUAC less than 115 mm, 3 children (10.0%) had 
MUAC between 115 and 125. Prevalence of wasting based on MUAC was highest in the age group 
54-59 months. Calorie and nutrient deficiencies were also much higher in the children aged 37-59 
months.
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Figure 4, show the prevalence of wasting was higher at higher age group. The Figure 4 also shows 
higher prevalence of wasting based on MUAC in the age group 54-59 months.

Figure 4. Prevalence of acute malnutrition by age, based on MUAC cut off’s

Table 5. Prevalence of underweight based on weight-for-age Z-scores by sex
All

n = 30
Boys
n = 17

Girls
n = 13

Prevalence of underweight (<-2 z-score)(12) 40.0 %(7) 41.2 %(5) 38.5 %
Prevalence of moderate underweight
(<-2 z-score and >=-3 z-score) (7) 23.3 %(4) 23.5 %(3) 23.1 %

Prevalence of severe underweight (<-3 z-score) (5) 16.7 %(3) 17.6 %(2) 15.4 %

Analysis of data showed the prevalence of underweight was 40% with moderate underweight 
23.3% and severe underweight 16.7 %. Among them, in total 30 children, 12 children were found 
underweight (40%) with 7 moderately underweight (13.3%) and 5 severe wasted (16.7%) with the 
highest prevalence (66.6%) in the age group 54-59 months.

Table 6. Prevalence of stunting based on height-for-age Z-scores and by sex

All
n = 30

Boys
n = 17

Girls
n = 13

Prevalence of stunting  (<-2 z-score)(12) 40.0 %(7) 41.2 %(5) 38.5 %

Prevalence of moderate stunting
(<-2 z-score and >=-3 z-score) (6) 20.0 %(2) 11.8 %(4) 30.8 %

Prevalence of severe stunting (<-3 z-score) (6) 20.0 %(5) 29.4 %(1) 7.7 %
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Figure 5.  Prevalence of underweight by age

Analysis of data showed the prevalence of stunting was 40% with moderate stunting 20% and 
severe stunting 20 %. Among them, in total 30 children, 12 children were found stunted (40%) 
with 6 moderately stunted (20%) and 6 severe stunted (20%) with the highest prevalence (83.3%) 
in the age group 54-59 months.

Conclusion
Calorie intakes of 90% of women of the target population were below RDA. Similarly percentage 
of women below RDA for protein, Vitamin A, Calcium and iron were 76.67%, 86.67%, 70% and 
93.33% respectively. Iron and vitamin A deficiency of target womens were much higher then protein 
and calcium. Calorie intakes of 93.33% of children aged 6-59 months of the target population were 
below RDA. Energy and nutrients deficiency in elder children among target population were much 
higher than that of young children. CED affected almost one in every three mothers. About one 
in every ten mothers was at risk of overweight. Analysis of data showed the prevalence of global 
malnutrition in girls (23.1 %) was greater than that in boys (17.6%) with overall prevalence of 
20%. Highest prevalence of wasting, underweight and stunting were found in the age group 54-
59 months. The presence of under-nutrition among children and mothers along with overweight 
mothers suggest a potential double burden of malnutrition in the slum community of Kathmandu 
valley.
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A Case Study of Food Based Approach for Achieving 
Nutrition Security

Shingha Bahadur Khadka*
Koteshwor–35, Kathmandu, Nepal

This study has been designed to analyze situation of nutrition security as a result of implementation of 
food based and education interventions. The main objective of this paper is to highlight the learning 
of food based approach for achieving nutrition security. Specific objectives are to 1) document the 
effect of food based approach in study sites 2) share the study findings for further replication and 
scaling up of proven interventions and 3) recommend viable interventions for achieving food and 
nutrition security. The study method is social, cross sectional and descriptive and based on field 
work and desk review. Respondents are institutions and beneficiaries of interventions. Field study 
was done in June 2012 and sites were Baitadi and Kailali districts.  Study tools were focus group 
discussion, semi-structures interview, case study, participatory observation and key informants 
interviews. Principle findings of the work are that food and nutrition security is linked to a number 
of cross cutting issues of individuals and societies including capacity of community, socio-cultural 
system, livelihoods assets, access to services and information, disasters, etc. It would be very 
difficult to break the social believes/or taboos. Community workers could be role model in their 
community to improve nutrition and food security, and they could have face social problems as a 
result of initiation of new innovations against social taboos. As an enterprise, village model farms 
are providing services in the community. Improved nutritional status of under two years old children 
and pregnant and lactating women as a result of establishment of homestead food production and 
adoption of essential nutrition activities and behavior change communication.  Homestead food 
production beneficiaries (HFPBs) have been disseminating the importance of Homestead food 
production (HFP) and replicated HFPs in the community. Developed self confidence and increased 
statuses of HFPBs and access to government services.

Keywords- Food security, Nutrition security, Food based approach, Homestead food production, 
Essential nutrition actions

Introduction 
Agriculture plays a crucial role in country’s economy. About 66% of total populations are 
depended on agriculture and about 25% of populations are under poverty, and poverty is worst 
in the remote hills and mountains of Far and Mid West Nepal. Due to increasing population and 
declining agricultural growth, Nepal is considered a structurally food deficit country. About 21 % 
of total land is cultivated and year round irrigation is 38%. Around 40% of rural households (HHs) 
produces enough food and 3.4 million land holdings produce barely enough food for six months of 
HH food needs, and local production is generally sufficient for only three to six months (Khadka, 
2010). Domestic production is barely adequate to meet the increasing needs of the population and 
since 1990, chronic food insecurity is present in country, and most of food insecure people live 
in the Mid and Far West.  Nepal is also particularly vulnerable to climate change and has recently 
experienced increased drought and flooding.  In Nepal, 66% of households are experiencing food 
shortages, 43% of HHs are skipping or reducing meals, 30% of HHs in the hill and mountain 
regions are forced to consume seed stock and 73% of HHs in the mountain regions sends at 
least one member out for work (www.usaid.gov). Many HHs are facing significant problems in 
accessing food due to poverty and physical remoteness. In aggregate and percentage terms, food 
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deficit is usually 3-5% of total utilization in cereal equivalent. Poor (45 %) and very poor (60 %) 
have food insufficiency for six months or more (WFP and NDRI, 2008). About one third of the 
populations are living without minimum caloric intake required for a healthy living. The poor food 
security situation is in turn contributing to poor nutrition outcomes for many HHs in Nepal. Hunger 
perpetrates poverty and hunger makes people more vulnerable to diseases. It leaves them weak and 
lethargic, reducing their ability to work and same devastating cycle is repeated form generation 
to generation and this will continue to be so until we take effective action to break it. Reducing 
malnutrition is a cornerstone in reducing poverty. The low production is due to the predominance 
of rain fed agriculture, traditional farming practices, inadequate technical advice for farmers due 
to poor extension services, the limited availability of credit, and frequent droughts and floods. 
Deep rooted poverty, inequality, poor governance and social exclusion are the backdrop to food 
insecurity and forced people to live in hunger and malnutrition resulting to poor development of 
the people and country as a whole. 

There are weak linkages between producers and consumers and poor access to markets for farmers. 
The rugged terrain increases transport costs, impedes links of products to markets, and makes 
service provision difficult for large parts of the country. Due to extremely low levels of income 
and agricultural production, the poorest HHs must allocate almost three quarters of their income 
to food. Low and declining investment in agricultural research and extension, poor enabling 
environment, confusing and contradictory regulations, poor access to quality inputs and services 
and limited basic infrastructure, etc. resulted in poor production and productivity and significant 
post-harvest losses compounded for food insecurity. Other major problems are climate change 
risks; low local organization capacity, poor coordination and policy gaps; high inflation of food 
prices (in 2010/11 price was increased by 15-18%, whereas agricultural GDP growth rate was 
only 2.5 to 3.5%); lack of livelihood opportunities and market volatilities; and limited access to 
capital, especially for marginalized groups. The nutritional status of young children and women 
of reproductive age reflects household, community, and national development. Nutrition status of 
the population reflects history to date, future potential and health status. Malnutrition impairs an 
individual’s ability to function resulting in poor work performance, reduced learning capacity and 
inadequately developed life skills thereby negatively affecting the quality of life and the socio-
economic development of the country. Malnutrition in Nepal is among the highest in the world 
(CBS, WFP), and Nepal ranks 3rd in terms of poor nutrition among the 12 countries of South Asia 
(WHO, 1988-2004 and NNSP and MOHP, 2004). Globally, malnutrition contributes to around half 
of all child deaths and 56 % in Nepal, and associated with many of the risk factors for maternal 
death (STHP, 1997-2017). According to NDHS (2006), most common forms of malnutrition 
are protein energy malnutrition (PEM), iodine deficiency disorders (IDD), vitamin A deficiency 
(VAD), and iron deficiency anemia (IDA) (GON, New ERA et al., 2006). Undernutrition is a 
serious problem in Nepal which constrains the country’s economic development.  Chronic energy 
deficiency in women remains high.  The prevalence of low birth weight babies is reported as 20-32 
% in hospital studies and 14-19 % in community-based studies.   
 
Food security- World Food Summit, 1996 defined food security as “Food security exists when all 
people, at all times, have physical and economic access to sufficient, safe and nutritious food that 
meets their dietary needs and food preferences for an active and healthy life” (ftp://ftp.fao.org/es/
ESA/policybriefs/pb_02.pdf). It has four pillars; (1) Food availability- availability of sufficient 
quantities of food of appropriate quality, supplied through domestic production or imports 
(including food aid), (2) Food access - access by individuals to adequate resources (entitlements) 
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for acquiring appropriate foods for a nutritious diet.), (3) Utilization - utilization of food through 
adequate diet, clean water, sanitation and health care  to reach a state of nutritional well-being where 
all physiological needs are met (this brings out the importance of non-food inputs in food security), 
and (4) Stability - to be food secure, a population, household (HH) or individual must have access 
to adequate food at all times. They should not risk losing access to food as a consequence of sudden 
shocks (e.g. an economic or climatic crisis) or cyclical events (e.g. seasonal food insecurity). The 
concept of stability can therefore refer to both the availability and access dimensions of food 
security.
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Figure1. Dimension of food insecurity

Entitlements are defined as the set of all commodity bundles over which a person can establish 
command given the legal, political, economic and social arrangements of the community in which 
they live (including traditional rights such as access to common resources). Dimension of food 
insecurity is given in Figure 1, and it is important to understand to overcome the problem of food 
insecurity in a sustainable manner.

Nutrition security- Nutrition security can be defined as adequate nutritional status in terms of 
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protein, energy, vitamins, and minerals for all HH members at all times (Göttingen et al., 2009), and 
it is more than food security. Food and Nutrition security is achieved, if adequate food (quantity, 
quality, safety, socio-cultural acceptability) is available and accessible for and satisfactorily 
utilized by all individuals at all times to live a healthy and happy life (Göttingen et al., 2009). To 
highlight the importance of nutrition in holistic approach, definition combines food and nutrition 
and use the term “Food and Nutrition security” emphasizing several aspects (Box 1), i.e., not only 
‘Availability’, ‘Accessibility’, but also ‘Use and Utilization’ of food. The nutrition focus adds 
the aspects of caring practices and health services and healthy environments to the definition and 
concept of food security. 

Box 2:  Malnutrition indicators
Stunting - stunting or height-for-age of children below five year age, is a measure of chronic 
malnutrition. Stunting develops over a period of time as a result of inadequate nutrition, repeated
 infections or both.
Wasting - wasting or weight-for height for children under five year age, is a measurement 
of acute malnutrition. It is a result of recent rapid weight loss or a failure to gain weight, due to 
insufficient food intake and infection or both.
Underweight – underweight or weight-for age, reflects chronic malnutrition for children under 
five
 year age. This measurement attempts to capture wasting and stunting in a single 
measurement of malnutrition.

Besides poverty and ability of HHs to access sufficient food, many other factors determine the 
nutritional status of a child. The root causes of malnutrition are poverty, inadequate food intake, 
heavy disease, food shortages, and limited efforts made to address malnutrition. These problems 
are due to inappropriate feeding practices, inadequate access to food, inadequate maternal and 
child care, inadequate health care, and poor hygiene and sanitation practices. Most common forms 
of malnutrition are protein energy malnutrition, iodine deficiency disorders, vitamin A deficiency 
and iron deficiency anemia. There are different indicators (Box 2) of malnutrition and varieties of 
cause, and not evenly spread throughout the country. 

Box 1: Food security & nutrition 
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Trend of malnutrition between 2001 and 2011 is decreasing (Figure 2) and according to NDHS 
2011, stunting, underweight and wasting of under five year age children is 41%, 29% and 11% 
respectively. Similarly, trend of infant mortality rate (IMR) and under five year mortality (U5MR) 
rate is also decreased (figure 3) (MOHP, New ERA and ICF International, 2012).  Rural malnutrition 
is much greater than urban and malnutrition is double in Mountain and Hills of Far and Mid 
Western region. Overall, children and women are most vulnerable to malnutrition and hunger due 
to socio-cultural issues. Diets are varied, typically high in carbohydrate and low in protein, fat 
and micronutrient and intra-household food distribution discriminate against women and girls. 
16 % of rural HHs have very poor diet and as a result of culture, women usually receive less 
quantity and quality food.  A total of 55% to 85% of drinking water sources are micro-biologically 
contaminated, more than half of rural communities do not have access to health facilities and 66 % 
of HHs does not have toilet facility. 

Figure 2: Trend of under five years malnutrition
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Food based approach - Food-based approaches improve nutrition through increasing the 
availability, access to and consumption of a nutritionally adequate diet from a variety of foods. 
This approach, developed within aright to food framework, builds on the primary importance 
of the food and agriculture sector for improving diets, alleviating household food insecurity and 
raising levels of nutrition (http://www.fao.org)

.

Figure 3: Trend of IMR and U5MR 
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Food habit- There is saying that ‘people will eat for tongue not for health’. In Nepalese context, 
diets are varied, typically high in carbohydrate and low in protein, fat and micronutrient. As a 
result of culture, women usually receive less quantity and quality food, even left over food. The 
prevalence of caste system and social hierarchy are more vulnerable to shocks, crisis and food 
insecurity. The 16% of rural HHs have very poor (and 11% have poor) food consumption patterns 
and consume maize on a daily basis, complemented by rice, barley and tubers, depending on the 
season (OCHA, 2008). A 2005 nationwide survey found that 30% of rural sample population 
consumed a nutrition poor homogenous diet that exposes them to an increased risk of food 
insecurity. Intra-household food distribution discriminate against women and girls, this pattern is 
reflected in general with Terai women being the most likely to have inadequate diets. Women in 
the Terai have been found to have the highest incidence of low body mass index (BMI) at 40%, 
almost twice the level of women in the hills (22%). This is partly due to cultural practices that 
restrict their access to a balanced and adequate diet, particularly around pregnancy (UNCT, 2007).  
Due to various reasons, consumptions of diverse vegetables is lacking in communities. According 
to NDHS study, prevalence of anemia of 6 -59 months old children is 46 % and 48 % in 2011 and 
2006 respectively.
 
Post-harvest losses- More food grains can be made available by reducing the loss in various post-
harvest operations. About 60 - 70 % of production remains at farmers/labourers level, where larger 
part of losses occur (FAO, 1975). Amongst different losses, storage loss is high and it is high in 
Terai and low in Mountain. Difficult to generalize the extent of storage loss, because of various 
reason like storage practices, storage period, types of grains, climatic condition, geographical 
location, local customs, variation in processing loss due to method and efficiency of process and/
or  machine and capacity of human resources involved, etc. Variations in loss reported, 19 % 
(paddy) (APPROSC, 1982), farm level loss 10 % (HMG, 1978) and 8 - 9 % loss (Rural Save Grain 
Programme in Nepal). Storage loss of paddy is reported 15 - 30 % (Pfalser, 1972).  Improvement 
in traditional storage practices is necessary for several benefits like retain quality, minimize storage 
loss and generate employment. Adequate drying and satisfactory storage structure are important to 
control storage loss.
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Root causes of malnutrition in Nepal- The root causes of malnutrition are poverty, inadequate 
food intake, heavy disease, recurring food shortages, limited efforts made to address malnutrition 
and widespread misconception that malnutrition is only a food issue, in fact,  malnutrition is a 
complex multidimensional problem needing a multi-sectorial approach (UNCT, 2007).Conceptual 
framework of malnutrition is given in figure 4 and four categorical elements of the framework are 
food insecurity, inappropriate care, poor health and poor environment. The underlying causes are 
illnesses, poor dietary intake, lack of sanitation and hygiene, lack of mothers’ education, lack of 
awareness, lack of appropriate education, cultural practices and taboos, women’s low social status, 
poor transport linkages and low levels of agricultural technology, lack of political will to improve 
the situation and inadequate complementary feeding. They also tend to be greatly indebted, purchase 
food on credit with high frequency, have children who are severely underweight or stunted, lack 
sanitation facilities and live in food deficit areas. These problems are due to inappropriate feeding 
practices, inadequate access to food, inadequate maternal and child care, inadequate health care, 
and poor hygiene and sanitation practices. Similarly, political instability, frequent transfer of 
health managers, poor accountability of service providers, poor health status of many mothers, 
lack of community participation in the management of health facilities and harmful socio-cultural 
practices and behavior. Interventions have so far not been implemented on a sufficient scale to have 
a large impact on infant mortality, and it is particularly difficult to reach the poorest (UNCT, 2007). 

Key agencies working in Food and nutrition security- Different agencies are supporting to 
government of Nepal in food security and nutrition and important amongst them are UN agencies; 
International financial institutions; Bilateral and multi-lateral; Embassies; INGOs; NGOs; Private 
sectors. Media could play important role in this sector but it could not happen so far. The major 
interventions in food and nutrition security are;

•	Food production
•	Nutrition education
•	Golden 1000 days for nutrition awareness
•	REACH initiatives
•	Food fortification and supplementation
•	Food and cash for assets activities
•	Micronutrient supplementation and food fortification
•	School feeding
•	Girls’ incentive program
•	Mother and child health care (MCH) 
•	Food security monitoring

Figure 5: Intergeneration cycle of malnutrition 
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The main objective of this research work is to highlight the learning of food based approach for 
achieving nutrition security in far western region of Nepal. 

Materials and Methods
The study method is social, analytical and descriptive and based on field work as well as desk 
review. Respondents are institutions - government, UN agencies, INGOs and NGOs who are 
working in food and nutrition security - and communities who have been involved and benefited 
from these interventions. Field study sites were Kailali and Baitadi districts.  

Focus groups discussion, semi-structures interview, case study, participatory observation, transect 
walk and key informants interviews were major tools used in the study.

Results and Discussions
Criteria for beneficiaries- HH was the basic unit for beneficiaries and land (800 m2 -1200 m2 for 
VMF and 40 m2 – 75 m2 for HFPB) and either pregnant women or child under two year at their 
HHs were the basic criteria for beneficiaries. Considering the maximum group size 20, if number 
of under two year child comes more than 20 in selected ward, then youngest child is the criteria.

Major activities- Major activities were four as below:
•	 Homestead farm production  (HFP) – vegetable seed, poultry and related training
•	 Essential nutrition activities (ENA) – considering the principle of ‘FATVAH’ 

Frequency, Amount, Texture/consistency, Varieties, Age and Hygiene
•	 Behavior change communication (BCC) – Counseling, meeting and regular home 

visit
•	 Training.

Groups composition- In Kailali, group size varies between 15-20 depending on the types of 
community residing in the ward or area, groups members in HFPBs are heterogeneous representing 
Dalit, Janajati, Chhetri and Brahman with good sense of harmony. In Baitadi, groups sizes vary 
between 12 – 18 depending on the types of community residing in the ward or area, groups’ 
members are heterogeneous with good sense of harmony. But in Janapragatishil Posan Upabhokata 
samuha, Dehimandu-1 Rele, all HFPBs groups members were homogeneous, Bohara, because all 
the HHs were Bohora in that area.

Input support
Materials input- Capacity development, replication, scaling up and sustainability on the project 
initiatives, innovations and approach were major focus of the project. Inputs were provided free of 
cost to the VMFs and HFPBs only in first year of project implementation. Summary of input are 
below:

For VMFs 
•	 Improved chicken - 20 chicken (mix of Giriraj, New Hampshire and Black Austrolop)
•	 Vegetable seeds (green leafy, yellow orange colour, and other micronutrient rich 

vegetable) - micronutrient rich seeds for three seasons containing 8 to 12 varieties 
for each season.

 
For HFPBs 

•	 Improved chicken – five chicken (mix of Giriraj, New Hampshire and Black 
Austrolop)

•	 Vegetable seeds - micronutrient rich seeds for three seasons containing 8 to 12 
varieties for each season.
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Non-materials input- Training, capacity development, group meeting, follow-up, home visit were 
non-material input for targeted beneficiaries.

Training and beneficiaries- Basically two types of training were given for women focusing to 
nutrition security, first, Essential nutrition actions/Behavior change communication (ENA/BCC) 
focusing to infant and young child feeding (IYCF), maternal nutrition, nutritional care of the sick 
child, prevention of vitamin-A deficiency, control of iron deficiency, use of iodized salt, improved 
hygiene and sanitation and counseling; and second, Homestead food production (HFP) focusing 
to planting of vegetables, compost preparation and use, integrated pest management, and poultry 
raising. A total of 17016 beneficiaries - 10218 and 6798 from Kailali and Baitadi respectively - 
were trained.

Trainees mentioned that training have been proved very beneficial to participants. FCHVs have 
improved their skills in ENA/BCC counseling and HFP, learned about vegetable seed production 
and poultry breed improvement. Good effects of training have been clearly observed in VMFs and 
HFPs and community members who does not have opportunity to participate in the project have 
been replicated the vegetable gardening in the communities.

Effect and impact in community - Project interventions have produced substantial effect and 
impact in the communities especially in the area of vegetable production and nutrition. Project 
activities, especially kitchen garden have been replicated in the vicinity of the project sites. Many 
changed has been came in the family and community related to mothers and child nutrition, growth 
and development. Increased income of the group members from selling of vegetables amongst the 
effects/impact, major are as follows;

•	 In Baitadi, eliminated food and social taboos - reformed the practices of keeping 
newly delivered women for 11 days in cattle shed, 

•	 Increased awareness – on importance of vegetable cultivation and poultry raising 
and consumptions, consumption of meet and meat products, preparation of 
complementary feeding (CF) like LITO (porridge) and JAULO (soft rice), 

•	 Improved baby feeding and caring practices – practices of complementary feeding 
to under five years children, comparatively to elder children, younger one are well 
nourished and clever,

•	 Vegetable farming - practices of vegetable farming have been significantly 
increased. Before the project interventions, most of the direct beneficiaries were 
planting two to four types of vegetables for few months in small peace of land in a 
haphazard manner, but now, they have been planting in a professional manner i.e. 
in row and bed, frequently weeding, etc., even in small area. In terai, vegetables are 
being cultivated round the year except in flooding time,

•	 Vegetable consumption - practices of diverse vegetable consumption have been 
significantly increased and they shared very interesting story about vegetables 
consumptions. Before the project interventions, most of the direct beneficiaries were 
eating few vegetables for few months and dominant vegetables was fried potato and 
vegetables, but now  majorities have been eating green vegetables through out the 
year,

•	 Social taboos - social and food taboos especially caring of PLW and children and 
feeding them have been substantially decreased. Giving green vegetables, poultry 
and meat and egg for PLW and young child were restricted but now that is not 
happening. In Baitadi, there was no practices of chicken raising and eating of egg 
and poultry in Brahman and Chhetri HHs but now that practices have been changed, 
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•	 Hand washing – importance of hygiene, hands washing activities before critical 
steps like after using toilet, before taking food and feeding children, etc. Now a days, 
children are looking for soap to wash the hands after using the toilet, 

•	 Food hygiene - beneficiaries have good knowledge about food hygiene and food 
preparation,

•	 Growth promotion - practices of growth promotion is being practiced in monthly 
group meeting,

•	 Scaling up of project interventions - one member of HFPBs group should teach 
the five members of the community what they have learned from AMMA projects 
to those who does not have opportunity to participate in the AAMA interventions,

•	 Group formation and mobilization - VMFs mobilizes groups. Registered HFPs 
groups in DLSOs and DADOs, and DDCs and VDCs have recognized groups and 
groups are getting different opportunities and services from line agencies. HFPBs 
have been scaled up in neighboring VDCs,

•	 Confidence - majorities of HFPBs are confident to share their views without 
hesitation, and enthusiastic for learning and sharing,

•	 Groups meeting and saving - monthly regular meeting and monthly saving is being 
practiced by some HFPBs and credit is given for treatment of patients, paying of 
school fee, treatment and care of post delivery women and pregnant women.

Income level of VMFs and HFPBs- As a result of the VMFs and HFPs, about 30 % of HHs have 
been eating sufficient amount of diverse vegetables from their own farm almost for entire year and 
purchase same amount only in rainy season in Kailali. In Baitadi, draught is the major problem 
for year round vegetable production, and about 50 % of HHs eat diverse vegetable from their own 
production for at least for seven to eight months. This has substantially contributed in food and 
nutrition security. 

Beneficiaries have saved huge amount of money from producing vegetables. More or less, about 
30% of beneficiaries sells either vegetables, vegetable seeds or poultry in local market. Last year, 
income of Janakinagar – 4, Khairani, Kailali, VMF was NRs 20 – 25, 000 from selling of vegetables 
and poultry. In Dehimandu – 1, Rela, Baitadi, majorities of HFPBs have been producing vegetables 
for HHs consumption and VMF, Manju Bohara, is selling the vegetables and last year she sold 
cabbage of NRs 11, 000, tomato of NRs 2500 and radish seed of NRs 400 – 500.

Demonstration effect of VMFs and HFPs- good demonstration effect of VMFs and HFPs was 
observed in both districts, especially in those HHs who does not have practiced kitchen gardening. 
Good performance of HFPBs was complementary factors for demonstration effect. As a result, 
HHs who does not have opportunities to benefit from project have started kitchen gardening.

Self-confidence of beneficiaries -VMFs and HFPBs have developed significant level of self 
confidence and increased their statuses in community. They have increased access to government 
authority and line agencies for different services.

VMFs as enterprise- As a result of providing services by VMFs in the community, gradually they 
have been converted to enterprise. Now, most of the VMFs have been selling different vegetables 
for 4- 6 months per year and earning good amount of money, and that was distinctly observed in 
their HHs including education of children, god health of family and hygiene and sanitation and 
their recognized social status.
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Community workers as role model- Community workers (FCHVs, VMF and HFPBs) could be 
role model in their community to improve nutrition and food security, and they could have face 
social problems as a result of initiation of new innovations against social taboos.  HFPBs have been 
disseminating the importance of Homestead food production (HFP) and ENA/BCC and replicated 
HFPs in the community and improved hygiene and sanitation behaviors in communities. 

Improved nutritional status- Improved nutritional status of under two years old children and 
pregnant and lactating women (PLW) as a result of establishment of homestead food production 
and adoption of ENA/BCC. During field study  mothers groups told that ENA  and “FATVAH 
method” (age specific Frequency, Amount, Texture, Variety, Active feeding, and Hygiene) of 
complementary feeding were more understandable and practical for mothers  and contributed in 
nutrition security and improving nutrition status of under two year child and PLW (Khadka, 2011).

Capacity development and mobilization of FCHVs and HFPBs and establishment of VMF (which 
demonstrated that families can improve nutrition by growing nutritious foods) have been proved 
in reducing the taboos and improving nutritional status of children and PLW. FCHVs, VMFs and 
HFPBs are working as nutrition volunteers to promote nutrition education and homestead food 
production. Improved use of Essential Hygiene Actions (EHA) within HHs has been proved for 
proper use and utilization of food. Hygiene is an essential part of improving nutrition because 
diarrhea and gastrointestinal infections prevent the absorption of nutrients from food. Lack of clean 
water and poor sanitation and hygiene are determinants of malnutrition. Promotion of EHA actions 
- treatment and safe storage of drinking water; hand washing at critical times and safe disposal of 
feces – have shown paramount role in improving nutritional status of communities.

Food insecurity situation- Main reasons for food insecurity are categorized according to four 
pillars (Table 1). 

Table 1. Summary of main reasons of food insecurity

Availability Access Utilization
Stability/

vulnerability to 
food

•	 Low agricultural production 
and productivity and high 
population growth

•	 Poor access to agricultural 
extension services and market

•	 Small land holding
•	 Fudalism and labour 

management
•	 Misuse of food commodities 
•	 Dependency syndrome on 

food aid
•	 Seasonal migration of 

economic active population
•	 Low status of farmers  

discourages youth in farming
•	 Effect of climate change.

•	 Unequal food 
distribution 

•	 High transportation 
cost and lack of 
road network and 
market in remote 
area

•	 Lack of emergency 
back up services

•	 High price 
inflation and poor 
purchasing capacity 
of people

•	 Social and 
geographical 
disparities and 
exclusion.

•	 Lack of 
awareness on 
nutrition and 
food  habit 

•	 High levels of 
malnutrition 

•	 Poor basic 
services 

•	 High disease 
incidence.

•	 Low income 
•	 Frequent 

disaster 
•	 Social 

conflict
•	 Poor political 

and economic 
governance 
and other 

•	 No 
functioning 
of traditional/
indigenous 
community 
food safety 
net.
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Major problems faced by VMFs and HFPBs- Due to prevailing socio-economic and environmental 
situations, VMFs and HFPBs have been facing different problems, and major problems which have 
been strongly affecting the continuation of present interventions are:

•	 Irrigation problem – they needs support in irrigation in both district
•	 High mortality rate of chickens - in most of the cases, improved chickens are not 

available because they have been died because of disease and inadequate caring 
practices

•	 Poultry raising training – advance training including breed improvement
•	 Lack of full support from family members because guardians of the family is 

unaware about the project interventions and role of VMF and HFPBs

Conclusions
Malnutrition is a complex multidimensional problem and needs a multi-sectorial approach. 
Now, holistic understanding of the complex nature of Food Security and Nutrition, categories of 
causes, different levels of actors and the variety of integrated intervention to tackle either acute or 
chronic food insecurity and malnutrition is important. Local and indigenous foods are important 
for food and nutrition security, and efforts have to be made to promote understanding of the 
relative nutritional value of locally available foods and it can be done through nutrition volunteers, 
community volunteers in coordination with other agencies working. Improvement in traditional 
storage practices is necessary for several benefits like retain quality, minimize storage loss and 
generate employment. Adequate drying and satisfactory storage structure are important to control 
storage loss.

FCHVs of target districts get ENA/BCC training, and there are possibilities of replication of HFP 
and ENA/BCC. HFPBs groups have been registered. Role of DPHOs, DADOs, DLSOs, DDCs 
and VDCs seems to be useful for sustainability and they have committed to mobilize their human 
resources for monitoring of HFPBs activities. FCHVs, VMFs and HFPBs are also playing significant 
role for sustainability of HFPs and ENA/BCC interventions.  Integration of agriculture with health 
could also contribute for sustainability. Groups of HFPBs themselves know the importance of the 
groups and they have been registered in DADOs and DLSOs. All these efforts will contribute for 
sustainability. 

Major lessons learnt were effectiveness of integrated approach, combination of agriculture and 
nutrition, VMFs has been developed as resource center and enterprise, remarkable change in social 
and food taboos, food habit and behaviors change,  involvement of government authority and line 
agencies and IPs in different stage of project cycle management.

Major gaps in nutrition are lack of adequate nutritional knowledge, lack of institutional coordination 
among key institutions, lack of national level legal framework, lack of institutionalization, lack of 
replication of proven interventions, lack nutrition mainstreaming and nutrition sensitive programming. 
Additional gaps are lack of government capacity, poor agricultural services, poor capacity for 
disaster risk management, lack of institutional coordination among key institutions, weak PPP, 
lack of national level legal framework, lack of investment priority, lack of institutionalization for 
productive safety net, lack of land use plan and hazard mapping, lack of target programme on food 
security.

Major issues in food insecurity are low agricultural production and productivity and high post harvest 
loss, high population growth, constraints in food supply, prone to disaster (amongst the study of 
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200 countries of world, Nepal is in  11th position from earthquake, 30th from water induced disaster, 
and in Asia 6th vulnerable country from effect of climate change), fragile political situation and 
social unrest, poor natural resource management, high poverty, low road network, no easy access 
to markets, supply constraints, poor purchasing capacity and high food prices and low income (HHs 
income spent on food is 59 % nationally and 30-40 % increase on food expenditure is equal to total 
current expenditure for the poor and extreme poor), dependency on food aid, poor governance, 
social and geographical discriminations, poor health and sanitation situations, etc. 

Major nutritional issues in Nepal include high prevalence of low birth weight, childhood 
undernutrition, chronic energy deficiency in mothers, vitamin A deficiency, iodine deficiency 
disorders, and iron deficiency anaemia (Pokharel et al., 2009). The main nutrition challenges to be 
addressed are listed below:

•	 Harmful feeding practices and behaviours (e.g. males eat first, low weight gain 
during pregnancy, traditional practices toward pregnant and menstruating women)

•	 Inadequate understanding of nutrition, particularly for pregnant women and young 
children (e.g. breastfeeding, complementary feeding, infant and young child feeding)

•	 Limited access to safe drinking water and sanitation facilities and poor sanitation 
and hygiene awareness (e.g. food safety and preparation; hand washing)

•	 Inadequate access to and/or utilization of high nutrient food, and
•	 Food behaviours and practices remain the major barriers and lack of food diversity

Recently National Planning Commission (NPC) has prepared food security and nutrition planning 
framework and action plan. Government of Nepal has decided that Ministry of Agriculture 
Development is focal point for food security. In recent years, significant efforts have been made 
for awareness and commitment for addressing food insecurity and malnutrition.  Food security and 
nutrition has received considerable priority in the Three Year Plans, 2010-13, and global Scaling 
up Nutrition (SUN) framework.  NPC is providing policy guidance and leadership for the Food 
and Nutrition Security Plan of Action. The World Bank, UNICEF, the World Food Program and 
the REACH Initiative have all committed to supporting the NPC to create a Secretariat to track 
the implementation of the multi-sectorial planning framework for food security and nutrition.  
Ministry of Agriculture development has implemented the Nepal Food Security Monitoring and 
Analysis System (NeKSAP) with WFP support.

Recommendations
Based on the findings of study, following points are major recommendation for implementation of 
food based approach to improve nutrition security in the context of AAMA program. 

•	 For the sustainability of project initiatives, enabling mechanism and environment 
has to be made to link with existing or upcoming programme/project in the project 
sites before phase out of any project/programme,

•	 Linkage of Essential hygiene actions (EHAs) with Essential nutrition actions (ENA) 
would develop the synergy in achieving nutrition security,

•	 Homestead food production should be continue with irrigation support depending 
on the local situation which will motivate HHs/community for food and nutrition 
security,

•	 Market linkage for selling of vegetables and seeds is essential for fair price,
•	 Participation of VMFs and HFPBs guardians, especially in project orientation, is 

paramount important  so that they would get support from family members to fulfill 
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their roles, and
•	 School interventions for nutrition and hygiene needs to be considered to expedite the 

project effect and impact.
•	 Required coordinate multi-sectorial response to address food insecurity and 

malnutrition focusing to i) food production through investing on agriculture, 
livelihoods diversification, and capacity building ii) developing/strengthening 
productive food safety net, iii) enhancement of community knowledge on nutrition, 
iv) support for an improved delivery of emergency nutrition response, v)  adoption of 
improved nutritional practices, vi) strengthening food availability and accessibility, 
and vii) developing integrated policy including early warning system and improved 
MIS and their management, and execution of strategy and program.  

•	 Country needs to adopt strategies to harmonise health and nutrition and food security 
focusing to ‘utilization’ including integration of HHs food security, public health and 
social protection to alleviate under nutrition. Underutilization, food quality has to 
top priority; there is a saying that “unsafe and poor quality food is no food”. Gender 
and social and geographical inclusion has to properly addressed in strategy because 
women, girls and child are more important for nutrition development otherwise 
intergeneration under nutrition will perpetuate. 

•	 Considering the international and regional policy and strategies, there could be three 
priority, 1) nutrition sensitive development (low cost approach of development), 2) 
nutrition specific interventions, and 3) food and nutrition security for all, and two 
approach, 1) direct nutrition specific interventions for pregnant and under two year 
children with short term direct interventions, and 2) broad multi-sectorial nutrition 
sensitive approach for combating malnutrition and improving nutrition outcomes.

•	 Input and services are not only enough for food production and need to think and practice 
collective and cooperative approach for promotion of food production and productivity.  
It will emphasis the avenues for large food production, irrigation and agricultural 
tools and creates opportunities for investment for multiplier effect. Along with 
the increasing of soil fertility, possibilities of year round farming also needs to be 
explored for creating virtuous cycle of food production which will give more profit 
and motivation to farmers. Farmers are facing problem in marketing of agricultural 
produces and middle persons are taking undue advantages, and this situation can be 
overcome through increasing access to market.

•	 Policy is very important to address the issues of food and nutrition security. 
Considering the causes of malnutrition and dimensions of food security, food and 
nutrition security is a cross-cutting policy issue which needs multidimensional 
interventions to address in a sustainable manner. Major macro- and sector policies 
on Food and Nutrition Security could be following;

•	 Macroeconomic policies,
•	 Agricultural sector policies,
•	 Health and population policies,
•	 Marketing and pricing policies,
•	 Trade policies,
•	 Infrastructure policies,
•	 Poverty alleviation and social sector policies, and
•	 Education policies.
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Alpinia zerumbet (Alpinia) (Family: Zingiberaceae) is a perennial ginger growing widely in the 
subtropics and the tropics. With fast growth and strong resistance to pest and diseases, this species 
grows abundantly in the Ryukyu Islands, and has been a traditionally important and economic 
plant in Okinawa, Japan. We identified a range of novel biological activities of this plant and 
investigated the nutraceuticals involved withthese bioactivities. Several compounds, including 
kawains, phenolic acids, flavonoids, phthalates and phytosterols were identified with potent 
functional activities. Our results revealed that these compounds exhibited activity against enzymes 
responsible for retroviral (HIV-1, influenza) replication, diabetes complications (AGEs) and 
atherosclerosis formation. Furthermore, we showed the possible roles of polyphenols in extending 
the lifespan of Caenorhabditis elegans both under normal and stressed conditions and found that 
the alpinia polyphenols perturb the expression of genes in the nematode in order to cope with 
the stressed environmental conditions. Finally, alpinia leaf powder was investigated as poultry 
feed supplement, and our results showed that the polyphenolic compounds could significantly 
enhance the antioxidant activity in the chicken meat, as well as increase the hyaluronic acid in 
the chicken comb. Our study, therefore, shows that alpinia could be used as a source of functional 
and nutraceuticals compounds, which could isolated and may be further used as lead candidates 
in drug designing against a variety of pathological diseases. 

Keywords: Alpinia zerumbet, Functional properties, Nutraceuticals, Polyphenols

Introduction
Alpinia zerumbet (alpinia) (Family: Zingiberaceae) is a perennial ginger growing widely in the 
subtropics and tropics. It is widely used in folk medicine for its anti-inflammatory, bacteriostatic, 
and fungi static properties (Zhogbi et al., 1999). The essential oil extracted from its leaves possessed 
both relaxant and antispasmodic actions (Bezerra et al., 2000). In Okinawa, alpinia leaves are used 
to prepare a traditional food, mu-chi, which is widely believed to have preventive measures against 
common cold (Tawata et al., 2008). Many researchers have focused their interests and investigation 
on this shrub for the purpose of finding bioactive compounds against variety of human diseases. 
We review here research achievements of our laboratory focusing on the functional properties and 
nutraceuticals compounds present in alpinia. We attempt to present the bioactivity and potential 
health benefits of alpinia, and the effects of the essential oil and other components contained 
therein. Information regarding the phytochemistry, in vitro experiments, and animal model studies 
performed in our laboratory is included. In this review, we focus more on the bioactivity and the 
mechanism involved. 

Nutraceuticals Compounds
Many efforts have been made during the last several decades to investigate the constituents of 

*Corresponding author, E-mail: atul616@yahoo.com
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alpinia, leading to the isolation and structure characterization of several compounds which are 
categorized into polyphenols, kawains, chalcones, labdadiene, etc. The polyphenolic compounds 
are suggested to the the major bioactive agent for health benefits. These compounds are derivatives 
of the pentose phosphate, shikimate and phenylpropanoid pathways in plants (Randhir et al., 2004). 
The chemistry of phenolic compounds in relation to their antioxidant activity and their occurrence 
in various foods, their bioavailability and metabolism has been described elsewhere (Balasundram 
et al., 2006). We have identified several phenolic compounds from alpinia that have shown to 
possess antioxidant and antimicrobial activities (Elzaawelly et al., 2007a, b, c).

Furthermore, we have isolated kawain compounds from alpinia and have investigated their several 
bioactivities. Notable one includes antioxidant, antimicrobial (Elzaawelly et al., 2007 a), anti-
neuraminidase and HIV-1 integrase inhibitions (Upadhyay et al., 2011), advanced glycation 
endproduct inhibition (Chompoo et al., 2011), antiatherogentic properties (Chompoo et al., 2012) 
etc. Several compounds from the essential oil of the alpinia leaf were identified and bioactivities 
were probed (Upadhyay et al., 2012a). The chemical structures of identified and isolated compounds 
are shown in Figure 1. 

Figure 1. Chemical structures of major compounds present in the EO of alpinia leaf i) γ-terpinene, 
ii) cineole, iii) p-cymene, iv) sabinene, v) 4-cravamenthenol, vi) β-linalool, and vii) methyl 
cinnamate. Isolated compounds from alpine, viii) DK, ix) DDK, x) labdadiene

Functional activity
The traditional benefits of traditional medicines have been recognized for centuries. Although there 
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is still lack of evidence for clarification of their typical mechanisms, unlike Western medicines; it 
is still widely accepted by people from East Asia and beginning to be accepted by the rest of the 
world. Great number of plants sources is being search for their possible antimicrobial, antitumor, 
antioxidant, etc. activities. We investigated several bioactivities of alpinia and have discussed their 
probable mechanism. 

HIV-1 integrase inhibitions
AIDS represent one of the most important modern epidemics with over 40 million people infected 
worldwide. The replication of HIV requires three enzymes: protease, integrase and reverse 
transcriptase. Insertion of viral genome inside the infected cell is mediated through the encoded 
enzyme integrase, which has been a rational target for treating HIV inhibition (Pommier et al., 
2005). Synthetic integrase inhibitors like raltegraveir (also known as isentress or MK-0518) is 
being used in reducing HIV load (Hanley et al., 2009). However, the increasing resistance of HIV 
to synthetic drugs demands the search for novel compounds from plant based sources. In this 
regard, we investigated the leaves and rhizomes of alpinia. The aqueous extracts of leaves and 
rhizomes had integrase inhibitory activity with IC50 of 30 and 188 µg/mL. 5, 6-Dehydrokawain 
(DK) and dihyro-5, 6-dehydrokawain (DDK) were isolated and tested for enzyme inhibition. DK 
and DDK strongly inhibited integrase with IC50 of 4.4 and 3.6 µg/mL, respectively (Upadhyay et 
al., 2011). 

Neuraminidase inhibition
The impingement of influenza on human health is undeniably escalating, impact being more 
serious during the winter season (Moscona, 2005). Human cases of avian influenza, and more 
recently, the outbreak of aggressive porcine A/H1N1 strain in 2009 have heightened awareness 
of the treat of pandemic. The disease is associated with a RNA virus that contains hemagglutinin 
and neuraminidase as surface antigens. Neuraminidase is involved in the release of progenyvirus 
form infected cells, by cleaving sugars that bind the mature viral particles (Chandrasekharan et 
al., 2008). The results indicated revealed that DK and DDK could inhibit neuraminidase with IC50 
of 25.5 and 24.6 µM, respectively. Furthermore, 8(17), 12-labdadiene-15, 16-dial (labdadiene), 
isolated from alpinia, exhibited neuraminidase inhibition with IC50 value of 36.6 µM (See Figure 
2). The kinetic studies revealed that all these compounds showed mixed type of inhibition with Ki 
values ranging from 0.3 to 2.8 µM. It was found that DDK is a slow and time-dependent reversible 
inhibitor of neuraminidase probably with methoxy group as its functionally active site (Upadhyay 
et al., 2011). 
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..
Figure 2. Effect of EO on neuraminidase inhibition. (A) Lineweaver-Burk plot in the presence of 
EO at concentrations of 0, 30, 40, 50, and 60µg/ml. (B) Secondary plot of Lineweaver-Burk plot. 
The slopes were plotted against the respective concentrations

Moreover, the essential oils (EO) of alpinia leaves were investigated for their inhibitory activities 
against neuraminidase. The results showed dose-dependent inhibition of neuraminidase with a 
sharp increase at the lower concentrations (See Figure 2a) The IC50 value of NA inhibition by EO 
was found to be 41.5 ± 2.7 µg/mL, whereas the kinetic studies revealed that at EO concentrations 
of less than its IC50 values (i.e. at 30 and 40 µg/mL) the enzyme was competitively inhibited 
with Km value of 0.04 min-1. However, at higher concentrations (i.e. at 50 and 60 µg/mL), EO 
had mixed type of inhibition against neuraminidase. These suggest that at lower concentration, 
EO binds with the free enzyme or the enzyme-substrate complex at its active site, however, at the 
higher concentrations; it binds to a site different from the active site where the substrate binds. The 
estimated Ki value of 56.25µg/mL was obtained from the secondary plot of Lineweaver-Burk plot 
(See Figure 2b)

The GC-MS analyses identified 39 different compounds in the EO. The identified compounds 
with their retention indices and amount in percentage are listed in Table 1. The EO was a complex 
mixture mainly consisting of monoterpenes and sesquiterpenes. The major compounds in the 
EO were α-terpenine (14.6%), cineole (13.8%), p-cymene (13.5%), sabinene (12.5%), and 
4-cravamenthenol (11.9%). 

Table 1. The main chemical components of the essential oil in Alpinia leaf.

S.No. Compounds Retention Index Peak Area (%)

P α-Thugene 929 4.12
2 α-Pinene 934 2.02
3 Norborndadiene 943 0.08
4 Camphene 947 0.22
5 Sabinene 974 12.51
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6 β-Pinene 976 3.15
7 Myrcene 989 0.69
8 α-Phellandrene 1002 0.31
9 Terpinolene 1014 4.19
10 p-Cymene 1024 13.50
11 1,8-Cineole 1031 13.82
12 γ-Terpinene 1059 14.59
13 cis-β-Terpineol 1068 0.55
14 β-Linalool 1100 0.50
15 cis-p-Menth-2-en-1-ol 1121 0.59
16 Terpinen-4-ol 1173 11.92
17 α-Terpineol 1193 1.28
18 trans-p-Menth-1-en-3-ol 1206 0.42
19 Benzylacetone 1237 0.06
20 Piperitone 1248 0.03
21 Bornyl acetate 1280 0.37
22 Cumic alcohol 1287 0.18
23 Carvacrol 1296 0.13
24 Thymol 1317 0.05
25 p-Menth-1,4-dien-7-ol 1324 0.07
26 Caryophyllene 1411 2.40
27 α-trans-Bergamoene 1428 0.09
28 Aristole-9-ene 1434 0.15
29 α-Humulene 1446 0.38
30 α-Selinene 1479 0.15
31 γ-Cadinene 1505 0.42
32 α-Bulnesene 1514 0.25
33 Nerolidol 1559 0.38
34 Caryophyllene oxide 1573 3.02
35 Carotol 1593 0.13
36 Humulene epoxide 1599 0.29
37 β-Eudesmol 1646 0.65
38 iso-Aromdendrene epoxide 1662 0.21
39 α-Zingiberene 1701 0.02

Total - 93.89
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Anti-diabetic properties- The burden of diabetes and its complications is globally increasing. 
WHO reports that 346 million people worldwide have diabetes and it is projected that diabetes will 
double between 2005 and 2030. Since the formation of advanced glycation endproducts (AGEs) 
plays a major role in age-related disease like diabetes, the search for AGEs inhibitors from plant 
based sources intensifies. 

AGEs are a complex and heterogeneous group of compounds that have been implicated in diabetes-
related complications. The AGEs are closely associated with hyperglycemia and their patho-
biochemistry could explain many of the changes observed in diabetes-related complications (Singh 
et al., 2001). AGEs are products of non-enzymatic glycation and oxidation of proteins and lipids. 
In this study, we investigated the inhibitory properties of DK, DDK, and labdadiene on AGEs 
formation by examining the inhibition of fructosamine adducts and α-dicarbonyl formation. The 
results indicated that labdadiene had a similar activity to rutin and quercetin against fructosamine 
adduct. The inhibition of α-dicarbonyl compounds formation by labdadiene was significantly 
higher than that of DK and DDK. These results showed that labdadiene is a potent antiglycation 
agent which was found to inhibit AGEs formation in three different steps in the pathway (Chompoo 
et al., 2011). 

Anti-ageing properties of alpinia polyphenols- Plants contain a variety of polyphenolic compounds 
that are not involved in primary metabolism but deter herbivores and protect against UV-induced 
damage as well as against stress conditions. Furthermore, the health beneficial effects of a diet 
rich in fruits and vegetable are, at least in part, attributed to polyphenols that are present in many 
herbal edibles. Many phenolic compounds revealed a remarkable spectrum of biochemical and 
pharmacological actions thought to be due to their antioxidative and free-radical scavenging 
properties (Middleton et al., 2000). Antioxidants counteract the excessive formation of reactive 
oxygen species (ROS) resulting in oxidative stress, a pathological situation related to various age-
dependent diseases, cancer and aging (Forsberg et al., 2001; Griffiths 2005; Schroecksnadel et 
al., 2006). Extensive studies suggests that ROS, by-products of cellular respiration, play a role 
in normal aging by causing random deleterious oxidative damage to a variety of tissue (Harman 
1956; Muller et al., 2007). 

Furthermore, in spite of improved treatments, age-related diseases are still leading causes of death 
worldwide. It has been observed that people from Okinawa, have longer, yet healthier, lifespan 
compared to Western people. This has been related to the intake of typical Okinawan medicinal 
and edible plants, containing antioxidant constituents such as polyphenols, which are able to act a 
s free radical scavengers (Suda et al., 2005). In this study, we investigated the longevity extending 
effects of alpinia leaf polyphenols (ALP), obtained from the phenolic rich fractions alpinia, in 
Caenorhabditiselegans, a model organism for anti-aging studies. 

At concentrations of 2.5, 5, and 10 µg/mL, ALP increased the thermo- as well as oxidative-tolerance 
in the C. elegans. We further found that 100 µg/mL of ALP could significantly extend the lifespan 
of the nematode (Upadhyay et al., 2012b). These results demonstrated a great longevity potential 
for ALP, both under normal and stressed conditions. We further found the radical scavenging 
activity of ALP in vitro and then investigated if it can have the same effects in vivo. The results 
showed that ALP can enhance the stress resistance of C. elegans under environmental stress to 
prolong its longevity. A variety of genes are involved in the regulation of the lifespan of C. elegans. 
In this study, we investigated the effects of ALP in the regulation of superoxide dismuates-3 (SOD-
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3) and heat shock protein-16.2 (hsp-16.2) genes. Both SOD-3 and HSP-1.2 are the downstream 
effectors of DAF-16 and can serve as stress-sensitive reporters to predict longevity in C. elegans. 
The rt-PCR results showed that there is an increase in expression of SOD-3 and hsp-16.2 genes in 
the treated samples (Figure3). These results demonstrated that ALP could significantly enhance the 
longevity of C. elegnas under normal as well as stressed conditions. The lifespan extending ability 
may be attributed to its free radical scavenging activity, through up-regulating reporters such as 
hsp-16.2 and SOD-3 systems. These results implicated that alpinia polyphenols have beneficial 
effects on the lifespan of C. elegans and that they may have great potentials in search for natural 
compounds against aging or age-related diseases. 

Application of the research
Development of chicken feed supplement- Chicken meat is one of the widely consumed foods 
throughout the world. Basically, it is considered as a source of protein and to a lesser extent, fat. 
Even though meat is not generally assumed to have dietetic antioxidants, researches have shown 
that feed supplement increases the antioxidant potentiality of meat and meat products. 

In this study, one day-old broiler chicks were purchased from a local commercial hatchery. Chicks 
were randomly assigned to five groups. A control group was fed with a commercial diet. The 
other groups were fed diets supplemented with 100 mg dried leaf powder/g chicken/day. After 
2 months all broilers were slaughtered under commercial conditions. Breast and thigh meat was 
removed from each carcass upon slaughter. All samples were stored at -20 oC until analysis. Thigh 
and breast meat (n=3) from each dietary group, at the time of analysis, was thawed overnight at 4 
oC and minced through 5-mm plates. Lipophilic and hydrophilic fractions from each sample were 
obtained and analyzed for antioxidant activity and total phenol content. 

The results indicated that chicken fed with alpinia powder supplement had higher polyphenolic 
content with superior sensory quality (Figure 3). These results conclude that alpinia leaf powder 
may have probable application in the designing of chicken feed supplement.

Figure 3. Effects of ALP in the expression of aging-associated genes, SOD-3 and hsp-16.2. Actin-3 
was used as the housekeeping gene. The worms were treated with 0, 25, 50, and 100 µg/mL of ALP 
extract for four days. The figure shows that there is a dose-dependent increase in the expression of 
hsp-16.2 and sod-3 genes
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As herbal supplement- In order to further utilize the experimental results, we designed herbal 
supplement primarily using alpinia leaf powder followed by several other treatments (Makise and 
Upadhyay, 2012). This supplement was investigated for anti-aging studies, and we have found that 
the product can up-regulate the expression of sirtuin-2 genes in C. elegans. Sirtuin-2 genes are 
believed to play a key role in an organism’s response to thermal stress or lifespan extending effects 
during low calorie diet (Sinclair and Guarente, 2006). 

Concluding Remark
Plants are potential major natural sources of compounds with a wide range of bioactivities. Several 
studies show that bioactive compounds have been found to be one of the most plentiful classes of 
constituents in the plant kingdom, and they have been reported to have multiple biological effects. 
Alpinia showed a variety of bioactivities, more promising ones being the HIV-1 integrase and 
neuraminidaseinhibitions. Both of these enzymes are necessary for the replication of two of the 
most atrocious virus, HIV and influenza. The anti-diabetic studies also aid to the possible application 
of the nutraceuticals isolated from alpinia in the drug designing. The longevity extending studies 
certainly increases the scope of this herbal plant. Finally, the commercial application both as 
poultry feed and as herbal supplement for human beings have indecisively made this plant highly 
economical and sustainable. 
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Nepal is a country of cultural and geographical diversity and having a plenty of medicinal plants. 
Asthamandal is found to be used as nutraceutical food since antiquity. Asthamandal is prepared 
from mixture of eight ingredients - five spices: Black Pepper, Ginger, Coriander, Pipla (Piper 
longum), Hing (Ferula assafoetida); Black Salt (mainly sodium chloride with trace impurities of 
sodium sulphate, sodium bisulfate, sodium bisulfite, sodium sulphide, Iron sulfide and hydrogen 
sulfide etc); rice and Mung bean (Vigna radiate). The mixture is generally consumed after cooking 
in boiling water. Asthamandal had been recommended by traditional practitioners (Vaidhyas) as 
a medicinal food for weak and sick people and also for the growing children, athletes, pregnant 
woman, lactating woman etc. Traditionally, medicinal plants are used to treat more than one 
disease because they possess very high bioactivity against common targets. These days, due to some 
side effects of allopathic medicines, people are interested on alternative medicines. Ingredients 
of Asthamandal have rich source of valuable bioactive compounds including antioxidants, anti-
inflammatory and antiseptic properties and on the other hand the blend of cereal and legume 
makes the diet balance by mutual fortification of essential amino acids. In this study, we present 
the results of the survey carried out in the Kathmandu valley among 34 traditional herbal shops. It 
was found that only 8 shops sell Asthamandal while yet another study on 665 school children of 20 
different schools showed that, only 5 children knew about the product. It seems that Asthamandal 
has become obsolete within a community and extensive studies should be done in order to promote 
this traditionally important alternative medicinal product. 

Keywords: Asthamandal, Alternative Medicine, Bio-active Compounds, School Children, Mutual 
Supplementation

Introduction
Nepal is a country of great altitudinal, ethnic and cultural diversity. Indigenous communities have 
their own traditional foods. Many of them have a great nutritional value which is yet to be studied. 
Due to lack of research and documentation, these indigenous foods are in the state of vanishing 
from their originality. 

While talking such indigenous nutritional food of the community with their nutritional status, it 
would be the good solution to improve their nutritional status. It would be the very effective way 
to combat the poor nutritional status with these foods. The 2011 Nepal Demographic and Health 
Survey (NDHS) survey found that 29%, 11 % and 41% of children below the age of 5 years 
to be underweight, wasting, and stunted, respectively based on the WHO child growth standard. 
Forty six percent of children of ages 6-59 months are anemic. The result showed that majority of 
children who suffer from anemia are classified as having mild or moderate anemia (27 and 19 % 
respectively) while less than 1% are severely anemic. On the other hand, 35% of women showed 
evidence of anemia, and the majority was mildly anemic (29%). 

In the capital city Kathmandu, only 21.19 % of the school children were in normal BMI range, 
77.94 % underweight, 0.66 % overweight and 0.22 % obese as per the WHO BMI classification 
(Guragain, 2010).

*Corresponding author, E-mail: hguragain@gmail.com
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This paper aims to introduce the Nepalese Indigenous food Asthamandal which is about to be 
obsolete among the community. Because of urbanization and globalization, people are adapting 
foods which are available in market and change their food habit with the influence of media. 
Ancient literature published 200 years back have documented the Asthamandal as one of the 
medicinal food. However the proper research and documentation are not yet sufficient to explore 
the food to claim it as an alternative medicinal food in the international market.

What is Asthamandal?
Asthamandal (In Sanskrit language: Astha- Eight and Mandal-Group), a Nepalese  indigenous 
food,  is the mixture of eight ingredients which is being fed to growing child, athletes, different 
patients, pregnant woman, lactating woman, and so many groups as a medicinal food. It is basically 
served as the soup of Rice (Oriza sativa) and Mung Beans (Vigna radiate) along with spices and 
black salt. The spices include Black pepper, Ginger Powder, Coriander, Pipla (Pipper longum) and 
Hing (Ferula assafoetida). The traditional Nepalese Vaidhyas and household generally recommend 
the Astamandal when one feels weak and thin. The Hindu religious book Shikharnath (in chapter 
Aushadhikanda), published around 200 years ago has mentioned about the eight ingredients 
of Athamandal and its usefulness against the several diseases. There is a slight variation in the 
combination doses of eight ingredients depending upon their practices. The powder of Black 
pepper, Ginger, Coriander and Pipla are mixed with oil fried Hing and it is cooked with 2 parts of 
Mung bean and 1 part rice with addition of water and the black salt. After cooking, it is served as 
hot soup (Personal communication, 2010).

Why Asthamandal?
In developed countries, popular demand for and scientific interest in alternative medicine, 
particularly medicinal herbs, have increased considerably in recent years. Some herbs commonly 
used in medicine have been studied and chemical constituents that could represent the therapeutic 
actions of the herbs have been identified. However, numerous mechanisms are likely involved in 
the various actions of a single herbal medicine. Explanation of these mechanisms will provide the 
scientific basis for establishing the efficacy and safety of all forms of medicinal herbs (Peter, 2001).

Despite of research, a very potential nutraceutical food, that is, Asthamandal is being disappeared. 
The research would again help to explore our indigenous alternative medicine to the national and 
international interest. Since all the ingredients are cheap, locally available and already accepted 
by our taste and easy to prepared, Asthamandal may regain its position and might be capable to 
replace the imported weaning foods which are claimed as the healthy foods.

Some studies on the nutraceutical values of ingredients of Asthamandal- The study of 
Asthamandal seems to be scarce; however there are plenty of studies on its ingredients individually 
or in combination of few. The major ingredients rice and Mung bean increase the protein quality 

Survey I- In this study, a survey regarding the Asthamandal was carried out in July- Aug, 2010 
among the 34 traditional herbal shops inside Kathmandu Valley, Nepal. 
Methodology- A questionnaire was developed with total 17 questions to understand the seller 
themselves and to acquire the knowledge of Asthamandal, history, method of preparation and 
uses, ingredients, recipe and its quality and shelf life, medicinal value, type of consumers and 
their feedbacks etc.
Result- It was found that only 23.5 %, that is, 8 shops were selling Asthamandal. Those, who 
were selling the Asthamandal, were in the business from at least five generations. There were 
some variations in preparation methods and recipe, however the ingredients are same.     
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by mutual supplementation of essential amino acids. Methionine and cysteine were limiting in 
beans and lysine was limiting in rice. Apart from protein quality improvement, rice and Mung 
bean were also compared with the Oral Rehydration Solution (ORS) in a study where the patient 
between 3 months to 5 years of age suffering from acute diarrhea with moderate dehydration, 
were successfully rehydrated with the rice and Mung bean solutions.  The percentage of patients 
recovering from diarrhea within the 72 hours study period was 58 (puff rice), 48.4 (WHO- ORS) 
and 48.8 (Mung bean) (Bhan, 1987). 

Peng et al., (2008) had found that Mung bean extract had the highest Total Phenolic Content among 
the four beans, namely Mung bean, black bean, soybean and cow bean. Likewise Guixing et al., 
(2011) found that Mung bean had a high level of phenolics among 16 beans including lima bean, 
broad bean, common bean, pea, jack bean, goa bean, adzuki bean, hyacinth bean, chicking vetch, 
garbanzo bean, dral, cow bean, rice bean, mung bean and soybean. In the same study Mung bean 
had the highest tyrosinase inhibition activity. The inhibitors of tyrosinase had been used to treat 
some dermatological hyperpigmentation illness connected with overproduction of melanin, which 
also play a significant role in the cosmetic business as a skin whitening agent (Huang, 2007).

The four spices used in Asthamandal have plenty of useful bioactive compounds. The followings 
are the few of the examples of their medicinal values; 

Black pepper- The use of black pepper as a drug in both the Indian and Chinese systems of 
medicine, apart from its wide spectrum use as a food additive, is well documented (Atal et al., 
(1975);  Nadkarni (1976) and Kurup et al., (1979). Black Pepper is described as a drug that enhances 
digestive power in the body; improves appetite; and cures colds, coughs, dyspnea, diseases of 
the throat, intermittent fever, colic, dysentery, worm infestation, and hemorrhoids. Pepper is also 
prescribed to relieve toothache, muscular pain, inflammation, leucoderma, and even epileptic fits 
(Ayier and Kolammal, 1966 and Kirtikar and Basu, 1975).

Ginger- Ginger is a medicinal plant that has been widely used in Chinese and Ayurvedic 
herbal medicines all over the world, since antiquity, for a wide array of unrelated ailments that 
include arthritis, rheumatism, sprains, muscular aches, pains, sore throats, cramps, constipation, 
indigestion, vomiting, hypertension, dementia, fever, infectious diseases and helminthiasis. The 
main pharmacological actions of ginger and compounds isolated therefrom include immuno-
modulatory, anti-tumorigenic, anti-inflammatory, anti-apoptotic, anti-hyperglycemic, anti-
lipidemic and anti-emetic actions. Ginger is a strong antioxidant substance and may either mitigate 
or prevent generation of free radicals. It is considered a safe herbal medicine with only few and 
insignificant adverse/side ects. Badreldin et al., (2007). Recent research shows that ginger is a safe 
and effective for the treatment of pregnancy induced nausea and vomiting (Ding et al., 2012). 
Pipla- The primary constituents isolated from various parts of Pepper longum are piperine, 
piperlongumine, sylvatin, sesamin, diaeudesmin piperlonguminine, pipermonaline, and 
piperundecalidine. It is most commonly used to treat chronic bronchitis, asthma, constipation, 

Survey II- Another study to assess the knowledge of Asthamandal among the 665 school children 
studying in different 20 schools inside Kathmandu valley, Nepal was carried out in the year 2010. 
Methodology- A questionnaire was developed with a total 8 questions to understand the level of 
knowledge of Asthamandal, frequency and method of use and taste etc.
Result- Only 5 children knew about Asthamandal and having it regularly. The rest of students 
even did not hear the product name.     
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gonorrhea, paralysis of the tongue, diarrhea, cholera, chronic malaria, viral hepatitis, respiratory 
infections, stomachache, bronchitis, diseases of the spleen, cough, and tumors. Suresh et al., (2010).

Trikatu is an Ayurvedic preparation containing black pepper, Pipla and ginger, which is prescribed 
routinely for a variety of diseases as part of a multidrug prescription. These herbs along with 
piperine (alkaloid of peppers) have been shown to possess diverse biological activities in 
mammalian systems (Johri  and Zutshi, 1992).

Coriander- The seeds (rather than leaves) are mainly responsible for the medical use of coriander 
and have been used as a drug for indigestion, against worms, rheumatism and pain in the 
joints (Wichtl, 1994). Five fractions (b-carotene, b-cryptoxanthin epoxide, lutein-5,6-epoxide, 
violaxanthin and neoxanthin) were isolated from a coriander which are found to be antioxidant 
(Nonete et al., 2005). Extracts and preparations from spices such as coriander seeds have been 
reported to improve glucose tolerance (Pruthi, 1993). Other studies have also demonstrated a 
hypoglycemic effect of coriander seed on carbohydrate metabolism (Gray and Flatt, 1999 and 
Chithra and Leelamma, 2000). Coriander  is generally used in gastrointestinal complaints such 
as anorexia, dyspepsia, flatulence, griping pain, vomiting, sub-acid gastritis, and diarrhea, and in 
disorders resulting from delayed gastrointestinal transit, including anorexia and indigestion (Tatsuta 
and Iishi 1993). Coriander seeds are used as stomachic, spasmolytic and carminative and for their 
digestive stimulation and antibilious effect (Usmanghani et al., 1997). Maryam and Akram (2011) 
found that Coriander seeds decrease serum glucose by increasing insulin release from the pancreas.

Hing- Hing is not only used as a culinary spice but also traditionally used to treat various diseases, 
including asthma, gastrointestinal disorders, intestinal parasites, etc. This oleo-gum-resin has 
been known to possess antifungal, anti-diabetic, anti-inflammatory, anti-mutagenic and antiviral 
activities. A wide range of chemical compounds including sugars, sesquiterpene coumarins and 
polysulfides have been isolated from this plant. Recent studies have shown new promising antiviral 
sesquiterpene coumarins from this old phytomedicine (Milad and Mehrdad (2011). 

Black salt- It was found to be practiced that black salt a very promising medicine against diarrheal 
patient, especially children. Secondly, it is excessively used in spicing salts as the taste maker and 
also believed to have a very good digestion powder (personal communication, 2011)   

Conclusion
The medicinal value of Asthamandal is yet to establish, however the medicinal values of its 
ingredients show its importance as the alternative medicine. The evidences of ancient practices 
against several diseases support Asthamandal as an alternative medicine. However, the only few 
shops selling Asthamandal in the country and very few people knew about the product show that 
Asthamandal has become obsolete within a community and extensive studies should be completed 
in order to promote this traditionally important alternative medicinal product. Additionally, this 
nutritious traditional food which is made up of locally available and cheap raw materials could be 
helpful to combat against the malnutrition problem of the country. 
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Moisture Sorption Characteristics of Beaten Rice 
(Taichung Chiura)

Hareram Pradhan, Binaya Prasad Shrestha and Krishna Prasad Rai*
Central Food Laboratory, Department of Food Technology and Quality Control

Babarmahal, Kathmandu

Moisture sorption isotherms of food stuffs are very important in different areas of food science, 
food engineering, and food technology. The moisture sorption isotherms of beaten rice (Taichung 
Chiura) were determined at 30°C and 45ºC over a relative humidity range of 11-92% using static 
gravimetric method. Three models viz. the Guggenheim, Anderson and de Boer (GAB) model, the 
Brunauer, Emmett and Teller (BET) model and the Caurie model were used to fit the experimental 
data. The result showed that the beaten rice has a type II BET classification. The GAB monolayer 
moisture content at 30°C and 45°C were obtained as 7.63g (R2=0.96, P=1.86%) and 7.5g (R2=0.97, 
P= 2.83%)  per 100g dry matter respectively, whereas the BET monolayer moisture content at 
above temperatures were obtained as 5.75g (R2=0.983, P= 6.24%) and 5.46g (R2=0.986, P= 
5.24%) per 100g dry matter and according to the Caurie model monolayer moisture content at 
respective temperatures were 7.84g (R2=0.984, P= 4.79%) and 7.23 (R2= 0.984, P= 5.26%). The 
GAB model was best among the three models for describing equilibrium moisture data as it has 
lowest P value at both temperatures. 

Keywords: Moisture sorption, Beaten rice, GAB model, BET model, Caurie model

Introduction
Beaten rice is a traditional cereal based product of Nepal, which is made from paddy. Normally, 
Taichung Chiura made from Taichung variety of paddy is a special type of beaten rice produced 
in Kathmandu valley and it is major dish in Newari community. Beaten rice (Taichung Chiura) is 
prepared by soaking paddy ( 2-3 days) in water, boiled until small cracks appear, cooled, drained 
the excess water, dried and roasted until it start to puff, pressed through two heavy roller disc, 
winnowed to remove husk and dust, cooled and packaged in air and moisture tight material 
(Mishra, 2004; Shrestha and Rao, 2007). 

The study of sorption properties of foods is of interest because the relationships between moisture 
content and water activity are essential for the design and optimization of many processes in the 
food industry such as drying, packaging and storing (Noshad et al., 2012). Knowledge of sorption 
properties of food stuffs are of great importance especially with regard to quantitative approaches 
for predicting the shelf life of dried foods. These isotherms are extremely important tool in the 
microbiological stability and acceptability of food products drying equipment design, calculation 
of moisture change that may occur during storage and for the selection of packaging materials 
(Santos et al., 2012). The sorption isotherm relates the water activity to the water content of the 
mixture of water and material at a certain temperature and pressure. The water activity is defined 
as the ratio of partial vapor pressure in equilibrium with the water in the food material and the 
vapor pressure in equilibrium with pure water at the same temperature (Quirijins et al., 2005; 
Santos et al., 2012). The graphical relationship between the equilibrium moisture content and 
the corresponding environmental humidity, expressed as water activity (aw) of food at constant 
temperature and pressure is known as the moisture sorption isotherm (Caurie, 2005; Quirijins et 
al., 2012; Santos et al., 2012). 
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The shape of the isotherm may change depending on the type of product and its affinity for water. 
Brunauer, Emmett and Teller (1938) have described five types of sorption isotherms. Analysis of 
the shape of sorption isotherms shows that they may be divided into three zones, strongly bounded 
monolayer water, less rigidly and capillary adsorbed water and solvent or free water (Mathlouthi, 
2001). 

Several models to describe moisture sorption isotherm have been proposed including kinetic 
models based on a multilayer (Brunauer, Emmett and Teller and Guggenheim, Anderson and de 
Boer model), semi-empirical (Ferro- Fontan (FF), Handerson and Hasley models) and empirical 
models (Smith and Oswin models) (Sirpatrawan, 2009). In the past, BET sorption isotherm was 
the model that had the greatest application to water sorption by food and foodstuffs, although it 
was known to hold only for a limited range of water activity (aw) from 0.3 to 0.4 (Timmermann, et 
al.,2001).  In the last years, the (GAB) isotherm equation has been widely utilized to describe the 
sorption behavior of foods as it has cover the water activity range from 0.1 to 0.9 and also has been 
shown to fit experimental sorption data for almost all products including biomaterials and textiles 
(Iglesias and Chirife, 1995; Lewicki, 1997; Ertekin and Sultanoglu, 2001; Sirpatrawan, 2009). 
The GAB equation has been recommended by the European Project Group COST 90 on Physical 
Properties of Food as the fundamental equation for the characterization of water sorption of food 
materials (Timmermann et al., 2001). 

Caurie equation is the reformulation of the classical BET multi-molecular adsorption equation 
resulted in a unimolecular equation in which a third parameter was introduced into general 
statements that measure the density of the most strongly adsorbed molecules. This equation is 
applicable to all isotherm shapes and delineates limits between which three states of unimolecularly 
adsorbed could be identified along the isotherm (Caurie, 2005). The aim of the research was to 
determine the adsorption isotherm data and to fit the data in the GAB, BET and Caurie model 
hence to obtain the different physical properties of beaten rice (Taichung Chiura). 

Materials and Methods
The sorption method used was the static gravimetric technique, which is based on the use of 
saturated salt solutions to maintain a fixed relative humidity when equilibrium is reached. The 
water activity of the product is identical to the relative humidity of the atmosphere at equilibrium 
conditions and the mass transfer between the product and the ambient atmosphere is assured by 
natural diffusion process. Nine different saturated salt solutions were used and their corresponding 
relative humidity at different temperatures was given below (Table 1). All salts used were of 
reagent grade. 

Table 1. Relative Humidity of different salt solutions at different temperature

Salt
Relative Humidity (RH), %

At 30°C At 45°C

Lithium Chloride, LiCl 11.28a 11.16a

Potassium Acetate, CH3COOK 21.61a 19.76b

Magnesium Chloride, MgCl2 32.44a 31.1a

Potassium Carbonate, K2CO3 43.17a 43.0b



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

197

Magnesium Nitrate, Mg(NO3)2 51.4a 46.93a

Sodium Nitrite, NaNO2 63.3c 61.4d

Sodium Chloride, NaCl 75.09a 74.52a

Potassium Chloride, KCl 83.62a 81.74a

Potassium Nitrate, KNO3 92.31a 87.03a

Source: a Greenspan (1977), bSopade, et al., (1996), cRanganna (2000), dNoshad et al., (2012)

Beaten rice (Taichung Chiura) was purchased from the beaten rice mill at Thimi, Bhaktapur.   
Triplicate samples of about 5 gram were weighed (Electronic Balance, OHAUS, d=0.0001g) 
in clean and previously dried glass petri-plates. These samples were placed in the desiccators 
(Sopade et al., 1996) containing excess salt over saturated salt solution. The lids were sealed with 
petroleum jelly. The desiccators were placed in incubator set to 30 and 45°C. The samples were 
weighed in the interval of 3 days (Lamharrar et al., 2007) for initial 15 days and interval of 2 days 
until equilibrium was reached (Debnath et al., 2002). The samples were allowed to equilibrate 
until there was no discernible weight change, as evidenced by constant (±0.01 g) weight values 
for four consecutive weighing (Sopade et al., 1996; Ertekin and Sultanoglu, 2001). For all salt 
solutions with relative humidity greater than 50%, 5 ml toluene in test-tubes were placed inside the 
desiccators to prevent microbial growth (Ertekin and Sultanoglu, 2001). Moisture content of the 
beaten rice was determined by Air Oven Method (AOAC, 2005). 

Large number of models has been proposed in the literature for the sorption isotherms. In the 
present study, the GAB, the BET and the Caurie models were used to fit the experimental data. The 
models are given below (Santos et al., 2012).

1. GAB Equation

 

(1-kaw) (1-awk+aw kG)
mokGaw

m =
 .....................(1) 

Where, 
aw is the water activity over the saturated salt solution,
m is equilibrium moisture content (expressed in dry matter),
m o is the monolayer moisture content (expressed in dry matter) in  which moisture content 
corresponds to the formation of monomolecular layer on the internal surface of the food, 
G is the Guggenheim constant, which is related to the difference between the sorption heat 
of the monolayer and the multilayer (Timmermann et al., 2001; Santos et al., 2012). It is 
a measure of the strength of binding of water to the primary binding sites. The larger the 
G, the stronger water is bound in the monolayer and the larger the difference in enthalpy 
between the monolayer molecules and multilayer molecules (Quirijins et al., 2005), and 
k is the correction constant for the properties of the multilayer molecules with respect to 
the pure water (Quirijins et al., 2005; Santos et al., 2012). When k approaches one, there 
is almost no distinction between multilayer molecules and liquid molecules. In that case 
the water molecules beyond monolayer are not structured in a multilayer, but have the 
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same characteristics as the molecules in the bulk liquid. The more the sorbed molecules are 
structured in a multilayer, the lower the value of k (Quirijins et al., 2005), G and k are the 
characteristic of the product (Santos et al., 2012). 

The equation (1) was converted to the following form by Bizot (1983) (Santos et al., 2012; 
Strange and Onwulata, 2002; and Furmaniak, 2009)

Coefficient A, B and C in equation (2) and the multiple correlation coefficient (R2) are 
determined by a least-square regression of the second degree polynomial equation. These 
values are related to the thermodynamic parameters according to the following equation 
(Timmermann, et al., 2001);

2. BET Equation

............................(3)

Where, 
m is equilibrium moisture content (expressed in dry matter),
m o is the BET monolayer moisture content (expressed in dry matter),
B is the BET constant and is related to net heat of sorption (Sablani et al., 2004); it is related 
logarithmically to the difference between the chemical potential of the sorbate molecules in 
the pure liquid state and in the first sorption layer (Timmermann et al., 2001).
The constants B and mo in equation (3) are obtained by converting the equation into 
linearised form (Timmermann et al., 2001; Strange and Onwulata, 2002). 

...........................(4)

Plotting aw versus aw/(1-aw)m we can obtained both the constants B and mo.
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3. Caurie equation

.......................(5)

and,
(y= c + mx)

.....................(6)

Where,
m  is equilibrium moisture content (expressed in dry matter),
m o is the monolayer moisture content (expressed in dry matter),
C is the constant believed to be related to monolayer moisture content mo,
n is unit volumes of space or adsorption centers on the unimolecular surface,
C1/n represent the weight of primary adsorbate molecules per unit volume of space and it 
is a measure of density of strongly bound primary adsorbate molecules (formerly the BET 
monolayer molecules) (Caurie, 2005),

Plotting ln(aw/1-aw) versus lnm gives the straight line and constants mo, C
1/n

,
 C and n are obtained by solving equation (5) and (6).

The criterion used to evaluate the goodness-of-fit of each equation was the mean relative 
percentage deviation P (%) value which was defined as (Ertekin and Sultanoglu, 2001)

Where mei and mpi are the experimental and predicted moisture content and N is the number 
of experimental data. The P value below 10% is indicative of a good for practical purposes. 
Lower the value of P, better the precision of fit (Ertekin and Sultanoglu, 2001; Sirpatrawan, 
2009).

Results and Discussions
Experimental results- The experimental data of equilibrium moisture contents at 30 and 45°C 
at nine water activities are given in the Table 2. It takes from 15 days to 29 days to reach the 
equilibrium at both temperatures. Among the five types of isotherms, the obtained curve is of 
type II as it is of sigmoid shape of Brunauer et al. classification as shown in Figure 1. These 
isotherms are typical of products with high starch content (Santos et al., 2012). These could be 
attributed to the water sorption of the biopolymer constituents such as fiber, protein, carbohydrates 
etc. Quirijins et al., (2005), Sirpatrawan (2009), Santos et al., (2012), Timmermann et al., (2001) 
and Rijal (2007) had also obtained similar results for other cereal products.
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Table 2. Equilibrium moisture content at different water activities at different temperatures
30°C 45°C

aw EMC±SD aw EMC±SD
0.1128 4.4±0.08 0.1116 3.75±0.10
0.2161 6.74±0.09 0.1976 5.74±0.23
0.3244 8.38±0.06 0.311 7.39±0.07
0.4317 9.86±0.01 0.43 8.9±0.05
0.514 10.91±0.09 0.4693 9.29±0.06
0.633 12.43±0.11 0.614 11.53±0.11
0.7509 14.64±0.07 0.7452 13.53±0.02
0.8362 17.53±0.10 0.8174 15.92±0.05
0.9231 22.67±0.18 0.8703 18.56±0.16

According to GAB or BET models, the sigmoid shape of the isotherms can be described in terms 
of a three-stage moisture adsorption process. The water present in the first zone of the isotherm 
is most strongly sorbed, and least mobile does not have capacity to dissolve solutes and is not 
available for chemical reactions. This fraction contains polar groups of high binding energy to 
hydrophilic components (crude fiber, starch, proteins) being saturated with water molecules. The 
high moisture end of the first stage, which is known as BET monolayer, corresponds to the amount 
of water needed to form a monolayer and is most accessible part of the first stage. During the 
second stage, additional water molecules are bound onto the monolayer as multilayer coverage 
and are held in solid matrix by capillary condensation. This water is available as a solvent for low 
molecular weight solutes and for some biochemical reactions. During the third stage, excess water 
is present in macrocapillaries placed in intermolecular free spaces, or as part of the liquid phase. 
The excess water is available as a solvent and readily supports the growth of microorganisms 
(Santos et al., 2012). 

  
Figure 1. Adsorption isotherm of Beaten rice (Taichung Chiura) 
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The EMC increases gradually at low aw values, while at high aw the EMC increases rapidly. At 
constant aw the EMC value decreases at higher temperature. This is due to higher temperature will 
decrease the binding energy between molecules. Because of an increased state of excitation of 
molecules, their mutual distance increases and the attractive force between them decrease. They 
become less stable and break away from the water binding site of the food materials. Consequently, 
an increase in temperature induces a reduction in the equilibrium moisture content at a specific 
water activity (Quirijins et al., 2005). 

Fitting of sorption models to experimental sorption data- The experimental sorption data were 
fitted into different models. The constants, R2 and P in different models were obtained and presented 
in the Table 3.

Figure 2. Fitting experimental data with GAB equation

Figure 3. Fitting experimental data with BET equation
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Figure 4. Fitting experimental data with Caurie’s equation

The obtained GAB and BET constants are similar to the results obtained by different researchers 
in cereal products (Timmermann et al., 2001; Rijal, 2007; Furmaniak et al., 2009; Sirpatrawan, 
2009; Santos et al., 2012). The monolayer moisture value is reduced at higher temperature. This 
may due to a reduction in the total number of active sites for water binding as a result of physical 
or chemical changes induced by temperature (Quirijns et al., 2005). It has been revealed that 
GAB monolayer moisture values are about 10-40% higher than the BET value, while the energy 
constant G  is much lower (35-50% and even more) than B. The GAB constant k for starchy 
food lies from 0.65 to 0.75 (k =0.7) (Timmermann et al., 2001). A lower value k indicates more 
structured state of the sorbate in the layer following the monolayer, the so called GAB layer, as 
in the sorbate’s pure liquid state. The obtained k values at two temperatures also fall within the 
range. This indicates Taichung Chiura has also shown similar thermodynamic characteristics as 
shown by different cereals products. Furthermore, higher G value at 30°C than at 45°C indicates 
the monolayer moisture is strongly bounded at lower temperature but, higher k value indicates less 
structured multilayer at lower temperature.

Table 3. Parameters estimated with different models

 At 30°C At 45°C

GAB model mo 7.63 7.5

G 15.3784 11.9676

k 0.7101 0.696

R2 0.96 0.97

P (%) 1.86 2.83

BET model mo 5.75 5.46

B 29.0 18.3
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R2 0.983 0.986

P (%) 6.24 5.24

Caurie model mo 7.84 7.23

C 5.6161 5.1578

C1/n 1.3444 1.3624

n 5.8309 5.305

R2 0.984 0.984

 P (%) 4.79 5.26

The R2 values at both temperatures are lower in GAB as compared to BET and Caurie model. The 
mean relative percentage deviation P (%) values are least in GAB model than in other two models 
(P<2.83%). The lower the value of P the better the precision of fit, so GAB model describe best 
among the three models. Furthermore, BET equation has its own limitation that it gives satisfactory 
result in aw from 0.3 to 0.4 (Timmermann et al., 2001).

The predicted adsorption isotherms for beaten rice (Taichung Chiura) at different temperatures 
using GAB and Caurie model are shown in the Figure 2 and Figure 3 respectively.

Figure 5. Predicted adsorption isotherms according to GAB model
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Figure 6. Predicted adsorption isotherms according to Caurie’s model

Conclusions
Adsorption isotherms of beaten rice (Taichung Chiura) were determined using the static gravimetric 
method. The graph obtained was of sigmoid shape, characteristics of type II BET classification. 
Equilibrium moisture content was decreased as temperature was increased. The GAB, BET and 
Caurie model were used to fit the sorption data. The mean relative percent deviation (P) was 1.86 
at 30 °C and 2.83% at 45°C for the GAB model, which were least among the three models. So, the 
GAB model was selected as the best model. The Caurie model describes the adsorption of water 
differently and P values obtained with this model at both temperatures were ≤ 5.26 and hence this 
model can also used to fit the experimental data.
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A study was conducted to prepare composite Roti by incorporating soy flour and mung bean 
flour separately at the ratio of 5%, 10% and 15% substituting wheat flour. It has been found that 
the protein content of such composite Roti were significantly enhanced at the level of 14.15%, 
27.99%, 39.2% for soy flour incorporated and 3.92%,7.01% and 11.15% that of mung bean flour 
incorporated Roti at the above mentioned ratio. The study showed that mung bean flour could be 
incorporated up to 15% where as soy flour could be incorporated up to 5% with respect to their 
sensory qualities.  

Keywords:  Roti, Composite flour, Quality 

Introduction 
The term composite flours implies the mixture of wheat flour with general other starch and protein 
source cereals, legumes and oilseeds flours (Gautam, 1985). First time cassava flour was used 
in breads and biscuits making. The biscuits offered a better use of composite flour than bread 
(Asselberge, 1970). FAO composite flour programme has been under the way for some years in 
different parts of the world. FAO publications show that they really want to tasks in low income 
groups. Firstly to ensure that there are increase supplies of energy foods and secondly that protein 
and protective foods requirement are also increased (Shrestha, 1991). 

Wheat flour with ground nuts, soya, sesame, millet, Bengal gram, mung bean, barley etc. flours 
was blended and developed the bakery products as dietary supplements for children and adults. 
Such incorporation increased the nutritional value of bakery products without adverse effect on the 
quality (Mc Dowell, 1973).

Roti (chapatti) is a traditional bakery product of Indian origin. Perhaps, it may be the simplest form 
of bakery products. People in south Asia including Nepal, India, Pakistan have been using wheat 
times immemorial as Roti (Chapati), a kind of unleavened pan baked cake, which is made from 
whole-wheat flour. At present about 80-90% of wheat consumption in India is in the form of Roti 
(chapatti) and its culinary varieties. Consumption of chapatti is now becoming more and more 
popular (Manay and Shadaksharaswamy, 1997).

Traditionally, chapatti is prepared from whole wheat flour, Wheat contains about 8-12 % proteins 
and its limiting amino acids are lysine. In contrast, soybean and mung bean are abundantly rich in 
lysine. Wheat soy blends are also used for bread making and the rheological and baking qualities 
have been studied (Kaur et al., 1991). According to Mudambi et al., incorporation of Soyflour 
with whole wheat flour of rice bean flour up to a level of 5% gave an organoleptically acceptable 
product.

Composite flour chapatti made by replacement of whole wheat flour up to 25% of barley flour 
did not affect the chapati quality adversely (Sidhu et al., 1989). According to Rao et al., chapati 
made from germinated wheat had better taste (sweet) but slightly harder texture compared to non-
germinated wheat flours chapatti.

*Corresponding author, E-mail- umchapagai@gmail.com



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

207

In this study, preparation of Roti (chapatti) from composite flours was done to utilize the protein 
rich legumes and oilseeds to enhance the protein quality of the wheat flour Roti as well as to find 
the level of incorporation of different protein rich flours.

Materials and Methods
Preparation of ingredients- Wheat flour, soybean and mung beans were purchased from local 
market, Dharan. Soybeans and mung beans were cleaned, dried, roasted, de-husked and ground 
to powder separately. The powder was sieved in a 60 mesh sieve and packaged in a poly bag for 
further use.  

Recipe
Type A- Wheat: Soy flour (A1-95:5, A2-90:10, A3-85:15)  
Type B – Wheat: Mung Bean (B1-95:5, B2-90:10, B3-85:15)  

Composite Flours thus prepared were blended with salt and water, kneaded until the desired 
consistency of dough was obtained. It was allowed to rest for 15 min at ambient temperature. The 
dough of each blend was weighed and divided into five equal parts. Each portion was rounded 
into smooth ball and placed in the centre of a specially designed platform (wooden platform). The 
dough was rolled to uniform thickness with a wooden rolling pin (Belana), to a circle of about 6 
inch in diameter. Roti was baked by traditional method on a non-sticky skillet (Tawa), allowing 
each side to cook and puff efficiently and cooled.

Flow chart of Roti making
 

Kneading Sheeting Leavening Coolin
g  

Ingredients 
Mixing 
(Wheat flours, 
Composite 
Flours, Salts, 
Water etc) 

Sample preparation- The optimum blend flour Roti were prepared, cooled and packed in 
polypropylene bags and sealed airtight. Each bag contained two Roti and such 20 polypropylene 
bags were made having 10 bags of each blend (i.e. of soy flour and mung bean flour). Quality 
Evaluation of composite Roti stored in polypropylene at ambient condition .Fresh and stored  (0 hr, 
24 hr, 48 hr, 96 hr and so on) Roti were evaluated by a panel of semi trained panelists for sensory 
attributes of texture , mouth feel and overall acceptability.

Quality analysis- The fresh Roti from different blends of codes A1, A2, A3, B1,  B2, B3 were 
analyzed to evaluate their protein quality (AOAC, 1975),  as well as carried out sensory quality  
by panel of semi trained panelists for sensory attributes color, texture and overall acceptability .

Statistical analysis- The data obtained were analyzed statistically for ANOVA and LSD (Gomez 
and Gomez, 1984 and Rangana, 1999) and found out the optimum blend composite Roti.

Results and Discussions 
Effect of incorporation of soy flour / Mung bean flour on sensory quality of Roti- The Roti       
(chapatis) of different blends were provided to 13 semi trained panelists for sensory evaluation 
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in terms of color, texture and overall acceptability. All scores were summed up and optimal blend 
from soy and mung bean flour incorporation were found out by statistical analysis. 

Table 1.  Shows the acceptability scores of Roti of different blends 

Parameter
Samples

A1 A2 A3 B1 B2 B3

Color 7.69 7.23 6.84 8.33 7.0 5.75

Texture 7 6.69 6.69 7.75 7.08 6.5

Overall Acceptability 7.23 7 7 8 6.83 6.16

The analysis of variance (p>0.05) showed that composite Roti from 5 % , 10% and 15 % mung 
bean flour incorporation were not significantly different in terms of color, texture and overall 
acceptability. This indicated that Mung bean flours could be incorporated effectively upto 15 % 
substituting wheat flour for the preparation of Roti. But degree of liking showed that 5% blend Roti 
was superior in terms of color, texture and overall acceptability.

The ANOVA (p<0.05) of soy incorporated Roti showed that 5%, 10% and 15% soy flour 
incorporation was significantly different from each other in terms of color, texture and overall 
acceptability. The LCD (p< 0.05) also showed that the three samples were significantly different to 
each other in terms of color, texture and overall acceptability and degree of liking showed the Roti 
having 5 % soy flour substitution was superior. 

It was observed that the sensory score decreased with increasing the level of soy flour or mung 
bean flour. This could be because of deterioration of sensory qualities. The appearance of both soy/
mung incorporated Roti deteriorated with brownish yellow color, more number of black spots. 
Similar results found by Kaur and Bawa (2000).

Incorporation of soy flour or mung bean flour in dough slightly deteriorated the texture of 
Roti. From Zayas (1991), water retention and protein solubility are critical factors in protein 
functionality because they affect texture, color and other sensory properties. Water absorption and 
holding without protein dissolving is an important function of soy proteins and bean proteins. The 
addition of 8% soy flour to tortillas slightly increased water retention (Bressani, 1981). But the 
texture in case of experimental Roti deteriorated may be due to low solubility and water holding 
capacity of soy flour and mung bean flour prepared. Because Zayas says those heat treatments 
during processing insolubilise the protein and functional properties are impaired. The scores for 
both mouth feel and overall acceptability decreased with increased composite flour content. It may 
be due to deterioration in color, texture and flavor of the Roti. A slight offensive beany flavor was 
prominent in soy- Roti. There was also a typical flavor of mung bean flour Roti. And it was found 
that the beany flavors were due to improper drying and processing.

Effects of incorporation of soy flour/mung bean flour on quality of blends- The protein content 
of wheat flour, soy flour and mung bean flour were found to be 9.68 %, 32.72 % and 17.32% 
respectively. The gluten content of wheat flour was found to be 9.53 % where as that in soy flour 
and mung bean flours were almost negligible. A decrease in gluten content as the percent of 
sorghum flour increased in blends, indicating a decline the quality and quality of gluten (Rao and 
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Rao, 1987). Using the different blends of flours, composite Roti were prepared and subjected for 
the chemical analysis as well as sensory evaluation. 

Table 2.   Protein content of composite flour Roti

ParametersProtein 
content (%db)

% Protein 
incrementParametersProtein 

content (%wb)
%Protein 
increment

CR 9.680CR9.680
A111.0514.15B110.063.92
A212.3927.99B210.357.01
A313.539.2B310.7611.15

CR- Controlled Roti (Without Composite flours)
* A1, A2, A3 - Soy Flours incorporated Composite Roti of 5%, 10% and 15% respectively
* B1, B2, B3-Mung Bean Flours incorporated Composite Roti of 5%, 10% and 15% respectively

Protein content of wheat flour is very important in estimating the baking quality of the flour. The 
protein content of the wheat flour taken for experiment is within desired range described in Anon. 
(1996). The protein content of soy flour is lesser than reported by Gopalan et al., (1985), may be 
due to difference in variety. Protein content of mung bean flour is similar to report of FAO (1989).

Roti flour desires of higher crude fibre content, but experimental wheat flour has lesser crude fibre 
content. The soy flour and mung bean flour both have crude fibre content of 2.85 % and 2.28% 
respectively. That will enhance the crude fibre content in composite Roti. Ash content of wheat 
flour is very low compared to soy flour and mung bean flour. The addition of soy flour or mung 
bean flour therefore enhance the mineral contents of Roti especially calcium, phosphorus and iron 
contents (Rawat et al., 1994).
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Figure 1.  Effect of incorporation of soy flour/ mung bean flour on protein contents of composite 
Roti

Effect of incorporation of soy flour / mung bean flour on physical quality of Roti- The effect 
of incorporation of soy flour / mung bean flour on physical parameters like appearance, puffing 
quality, black spots, texture etc. have been shown in Table 2 and 3.
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Table 3.  Physical qualities of soy flour incorporated Roti

Physical
Qualities 

 Types of Composite Roti 

A1 B1 A2 B2 A3 B3

Appearance Slightly 
brown

Slightly 
yellow Moderately Moderately 

brown
Highly 
brown

Bright 
yellow

Puffing 
quality Very good Very good Satisfactory Satisfactory Fair Fair

Black spots Very few  few Few Slightly more Fair Slightly 
more

Texture Soft Soft Soft soft Slightly 
hard

Slightly 
harder

Appearance (color) of Roti was slightly deteriorated with incorporation of soy flour. It caused more 
brownish / black spots on the surface of Roti could be because of enhanced Maillard reaction due 
to presence of more proteins contributed by soy flour. Kaur and Bawa (2000) have reported similar 
results. Similarly, the appearance of mung bean flour incorporated Roti was bright yellow, which 
were undesirable with respect to chapatti color. It had also more brownish/ black spots on the 
surface of Roti, could be because of enhanced Maillard reaction due to presence of more proteins. 
In both types of Roti, increasing the level of incorporation of soy and mung bean flours, puffing 
quality reduced. That could be because of decline of quality and quantity of gluten in blends. 
Similar results observed by Rao and Rao (1987).

Effect of fortification of Soy flour / mung bean flour on nutritional quality- The fortification of 
both these flours had an objective of enhancing the protein quality. The protein content in different 
flour blends (Table 1) indicated that fortification of soy flour and mung bean flour enhanced the 
protein quality and content.

Nutritional quality in terms of amino acids profile and minerals profiles could not be made. But 
the various previous researches have shown that incorporation of soy or any other legumes flours 
profoundly enhanced the protein quality. According to Rawat et al., (1998), fortification of wheat 
flour with soy flour at 10 % level enhanced their protein content by 28.8 % and available lysine 
content by 19%. Such fortification also resulted in increasing the calcium, phosphorous, and iron of 
chapattis by 25.4%, 45.7% and 38.2 % respectively. Bhat and Vivian reported that baking reduces 
the lysine content of soy fortified chapattis by 3.87%. It has also been reported that 87% reduction 
in trypsin inhibitor occurs on baking of soy chapattis (Rao and Subramanium, 1979).

Conclusion
On the basis of present work, mung bean flours could be satisfactorily incorporated up to 15% 
substituting wheat flour for the preparation of acceptable quality Roti where as soy flour up to 5% 
only. Composite Roti have been found to enhance the protein content thereby protein quality. The 
degree of liking found to be decreasing with increasing amount of composite flours.
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Relating Indigenous Knowledge and Food Security in 
Athapahariya Community of Dhankuta District

Rewati Raman Bhattarai*, Basanta Kumar Rai and Suman Rai
Central Campus of Technology, Hattisar, Dharan, Nepal

An exploratory survey of relating indigenous knowledge and food security in Athapahariya 
community of Dhankuta district (East Nepal) taking 7, 8 and 9 wards of Dhankuta municipality as 
the representative sites was carried out.  This study examined and documented the role of indigenous 
knowledge in enhancing household food security in Nepal focusing on Athapahariya group of 
Dhankuta district. It specifically identified the indigenous practices which enhances household 
food security; determined the extent of use indigenous knowledge versus western knowledge in 
enhancing household food security; identified the factors that limit the use of indigenous practices 
in enhancing food security. The data were collected using semi-structured questionnaires, personal 
interviews and group discussions. The finding showed that many people depend on the use of 
indigenous knowledge practices in sustaining subsistence farming and enhancing household food 
security. Nutritional survey of children positioned them in ‘Hunger’ group and the study site was 
classified as ‘Chronically Food Insecure’. There is a need to build strong awareness programs 
by extension agents on indigenous knowledge systems in order for farmers to appreciate its role 
in enhancing household food security in especially rural areas where the factors of production is 
scarce.

Keywords: Local knowledge, Indigenous practices, Food security, Athapahariya, Nepal

Introduction
Food insecurity is pervasive much of the total population of Nepal. Latest data show that 41% of 
the population are undernourished, 39% of children under five are underweight, while almost one 
in every second child stunted – one of the highest rates in the world (NEFOSTA, 2009). In Nepal, 
food insecurity is most obvious in the remote parts, among the ethnic groups, most of whom are 
poverty-stricken. Athapahariya Rai of Dhankuta district, Nepal is one of such communities who 
are facing the food insecurity annually; since the staple crops will only feed them around four to 
five months in general. About 80% people can feed the family from staples for 3- 6 months (Dahal, 
1985).

The influence of dominant food culture especially rice (Oryza sativa) has minimized the local food 
culture in Athapahariya community, contributing food insecurity. Such adoption of new foods, 
local foods are slowly fading away from agriculture practices and have lost knowledge about 
these foods. Despite of good land ownership by most of the people, the staples production is 
low due to the old-fashioned agriculture practices, culture, attack on crops by monkeys (Macaca 
mulatta), agro-climatic condition, lack of awareness and lack of irrigation, which is the main cause 
of food scarcity. The food production has not patched up with the population. Food self sufficiency 
is not adequate. The food insecurity problem in Athapahariya community clearly indicates that 
sustainable development has yet to occur.  

Food insecurity as such has many manifestations and is a problem that can result from a host of 
reasons, anything from poverty to unpredictable disasters, and there appears no single solution to 
it. Experts advocate multi-pronged approach to overcome it (NEFOSTA, 2009), intervention with 
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indigenous knowledge (IK) being one of the simplest approaches (Gorjestani, 2000; FAO, 2007; 
Harriet et al., 2009). This proposal therefore attempts to analyze and unravel the links between 
indigenous knowledge and food security, the findings of which, hopefully, will be of immense help 
in devising traditional/simple approaches for combating food insecurity. 

The people in Dhankuta district seem to be in perpetual cyclic food insecurity and the most affected 
are the poor strata of ethnic groups. One such ethnic group is Athapahariya. There exists a great 
gap of information on Athapahariya and there is no mention of this group in official records like 
Central Bureau of Statistics and District Profiles. Some works on Athapahariya, particularly 
anthropological, are available but works on other aspects are almost non-existent. For instance, 
no work has been done on many important and relevant areas like indigenous knowledge, ethno-
botany, gender discrimination, nutritional status, livelihood, etc., that are intimately related to food 
security, food vulnerability and food sovereignty. Since the whole of Dhankuta district appears 
to be food insecure (based on data of District Profile), there is adequate reason to believe that 
Athapahariya, who fall in the lower socio-economic strata, are the most affected. 

Indigenous peoples are depriving every year due to lack of food access and availability. Since, 
Dhankuta is hilly region, it is also facing livelihood crisis which has also lead to the food 
vulnerability. However, use of indigenous knowledge can be beneficial to combat against famine 
and food crisis. Hence, this research will help the people to become more aware about preservation 
of the traditional and indigenous knowledge to cope up with the chaotic and depriving stage of 
food security, so that food security can be maintained at both the individual and household levels 
in coming future.

Materials and Methods
Description of the research site- Dhankuta is a hilly district and consists of 1 municipality and 
35 village development committee (VDC). It has a population of 0.17 million and around 30,000 
households. The district is a mosaic of about 12 ethnic groups, 3 dalits and non-ethnic groups (Khas and 
Newar). The Athapahariya group is confined to Bhirgaun and Belhara VDC and Ward No. 7, 8, and 
9 of Dhankuta municipality. However, Ward No. 7, 8, and 9 of Dhankuta municipality is chosen 
for the research site.

Sample size- For the present study, 100 households was randomly sampled in Dhankuta 
municipality in odd manner covering 12.19% of total households in Dhankuta municipality. For 
the same, dietary survey was carried out with 100 key respondents to find the types and amount 
of daily food intake to relate the energy required by an individual and to assess malnutrition. 
Similarly, 100 children under five years were selected randomly to find out the nutritional status.

Nature and sources of data- Primary data were obtained by interviews and direct observations. 
The sources of primary data are mainly the key respondents, focus group discussion bodies (women 
participants, at least 80% of them with experience of motherhood), housewives, head of the family, 
children under 5 years old, etc.

Sampling procedure- The sampling was done randomly in odd manner. This study covered ward 
no. 7, 8 and 9 of Dhankuta. 
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Data collection technique- Data were collected randomly in odd manner. Firstly, exploratory 
qualitative research (baseline survey) was conducted using key informant interviewing, focus 
groups, and unstructured observation techniques. Structured data collection was used. Economic 
status indicators were collected at the household level from the household head, including 
ownership of land, animals and material possessions. Household food stores and usage patterns 
were obtained through structured interview.

Data on indigenous knowledge were collected through semi-structured questionnaires. The 
question for the interview mainly related to ethno-botany and ethno-zoology directly (direct 
observation) or indirectly (interview) pertaining to food security. The responsibilities and role of 
woman in running a family was obtained by homogeneous focus group discussion. Gender based 
discrimination/gender inequality in-terms of land ownership, food distribution, food habit etc; were 
documented. Three such focus group discussions were held at different locations inviting different 
women participants; consist of 8-10 women participants, at least 80% of them with experience of 
motherhood. 

The nutritional status of the people, especially children below five years was assessed by 
anthropometric measurement, body mass index and dietary assessment. Secondary data were 
obtained from official records like those of District Development Committee, VDCs, Central 
Bureau of Statistics and unpublished materials on the Athapahariya Rai. However, recent data, 
especially about census, are not available due to the technical problem.

Field observation- The preliminary field observation (Ward No. 7, 8, and 9 of Dhankuta 
municipality) was done in advance.  Direct observation techniques were followed. Finally, final 
field work was initiated for the main research work.

Interview- Different peoples were interviewed with structured and semi-structured questionnaires 
for obtaining the data.

Key informants interview- Key informants like housewives, head of the family, old peoples, 
members of Central and district executive committee, Kirat Athapahariya Samaj of Dhankuta were 
involved for interviewed in a case study. 

Focus Group Discussion- Focus group discussion (FGD) was carried out in ward no 7, 8 and 
9. Before carrying out FGD, the group or organization or team were identified and selected to 
inform about the programmed schedule, date and time in advance. The set of questionnaires/ 
materials were distributed. Moderators (researcher) have explained and established the context for 
the objective of the programme and describe the ground rules of the programme. The intensity of 
the comments and specific responses, based on personal experience, were given more weight and 
noted down. The degrees of similarity between the responses were collected. The frequencies of 
responses were checked. Finally, the analysis was conducted.

First Focus group discussion was held on 2/9/2068 at office of Chuliban Deurali Samudayic 
Upavokta Samuha, Dhankuta 7 and 8. Similarly, second and final FGD were organized on 30/9/2068 
and 7/10/2068 at Ward no 7 and Samjhana Mahila Kendra, Pelekpang, Dhankuta-9 respectively. 
All the three groups are the groups of ladies and more than 90% of them have experience the 
motherhood.
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Focus group discussion were carried out on Indigenous knowledge and food security, for which 
FGD were run at different locations inviting different women participants, consist of 8-10 women 
participants, at least 80% of them with experience of motherhood. The incidental joining by other 
persons to share the information was not considered objectionable. 

Data analysis- The raw data was processed with appropriate techniques. Qualitative data was 
analyzed, inferred, and presented in tables and figures as appropriate. Quantitative data was 
processed with statistical softwares such as GenStat, and Data Analysis (Excel add-in). 

Results and Discussions
The study included 100 each household survey, dietary survey and anthropometric survey; were 
carried out in ward number 7, 8 and 9 of Dhankuta district. There was no one single indicator that 
can measure food insecurity. Therefore, a number of proxy indicators as described in the following 
paragraphs were applied and triangulated to identify the extent of vulnerability. 

Household survey- 100 households survey covering 12.2% of total households in Dhankuta 
municipality was carried out. It was conducted by random sampling technique in odd manner. The 
total households of 26, 49 and 25 were taken and survey from ward no 7, 8 and 9 respectively.

Food availability and access- Out of three major Athapahariya communities, Athapahariya peoples 
of ward no. 8 always prefer fresh food which comprised of 54.17% as compare to other wards. 
3.85% of Athapahariya peoples of ward no. 7 prefer mostly fresh and 61.54% of Athapahariya 
peoples of ward no. 9 always prefer both always fresh and mostly fresh.

The major grain harvested is maize (Zea mays) and millet (Eleusine coracana). Millet is grown 
highest in ward no.9 (15.38%) whereas ward no. 7 (3.85%) has lowest. Rice is harvested only by few 
families which comprised 7.69% in both ward no 7 and 9. Buckwheat (Fagopyrum esculentum) is 
cultivated in both ward no 7 and 8 but not in ward no.9. Vegetables are grown highest in both ward 
no 7 and 9 (34.62%) as compare to ward no. 8. Legume is the major food in all the wards whereas 
fruits are seasonal. However, all the foods other than cereal are cultivated highest in ward no 8 
which comprised of 52.08%. The foods products from wild plants such as mushroom (Agaricus 
bisporus) is consumed in all three wards whereas wild yam (Dioscorea alata) is consumed only 
in ward no. 7 and people of ward no 9 consumed Ningro (Diplazium esculentum), edible fern 
with highest comprising 38.46%. However, Kurilo (Asparagus officinalis) and Koiralo (Bauhinia 
variegate) are consumed equally in both wards 7 and 9 which comprised of 19.23%. 

Due to the culture and tradition Athapahariya people waste cereals in preparing jand (undistilled 
alcoholic beverage prepared from starchy raw materials), and raksi (distilled liquor from jand); 
specially, people of ward no. 9 highly waste cereal for alcohol preparation (42.31%). Majority of 
the wards does not exchange of low price cereal with high price which comprised of ward no. 7 
with 100% where no exchange food and ward no.9 only 85% do not exchanged. Most the people 
in all the three wards do not have sufficient food stock for future. 22.92% of ward no. 8 do not feed 
their children properly due to poor economy and lack of knowledge. Questionnaire response on 
food availability and access showed no significant difference in all the three wards (7, 8, and 9).

Food utilization- Foods are not sufficient to feed the family in all three wards. The food is 
estimated according to the family size. They have traditionally preserved food by using indigenous 
knowledge. 
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Household and activities- Women generally look after the household activities. Women have to 
play a vital role in different areas such as controlling and preparation of food, agriculture etc.

Socio-economic factors- The main assets of Athapahariya community are land and live-stocks. 
Housewives rarely owned the land but ward no. 7 comprised the highest 53.85% and it is also 
found that they have sold the land for food security which comprised of 19.23%. The live-stocks 
are domesticated largely in ward no. 8 (93.75%) as compare to ward 7 and 9. However, they do not 
barter the domestic animals such as goats (Capra aegagrus hircus), buffaloes (Bubalus bubalis), 
pigs (Sus scrofa domesticus), ox (Ovibos moschatus), cows (Bos Taurus), etc. but instead sell them. 
Chickens (Gallus gallus domesticus) and pigeons (Columba livia) are domesticated for ritual work 
only.  
      
Questionnaire response on socioeconomy showed no significant difference in all the three wards 
(7, 8, and 9) with respect to question and ward. However, there was significant difference (p< 0.05) 
in terms of the options for questions asked.

Indigenous knowledge- People of ward no. 9 are found to use the indigenous knowledge effectively 
(92.31%) as compare to ward 7 and 8. They use indigenous knowledge in preparing Jand and raksi, 
different fermented foods like Kinema, Fado, pickles, Gundruk, Sinki, Sukuti of both vegetables 
and meat etc. 

Mostly cereals like millets and maize are used for preparing Jand and raksi , observed highest in 
ward no 9 (96.15%), similarly, wild fruits and tubers are also used for alcohol preparation found 
highest comprised of 30.77%.

Ward no 8 was found with a highest rate of preparation of milk products specially yoghurt (45.83%) 
and ghee (6.25%). Meats preserved by smoking and sundry for future stock while wilds animals 
and birds are hunted for meat. In ward no. 9 wilds animals such Ghoral (Nemorhaedus goral), deer 
(Odocoileus virginianus), rabbit (Oryctolagus cuniculus) etc; are highly hunted which comprised 
of (15.38%) and wild birds like Kalij (Lophura leucomelanos) and doves (Zenaida asiatica) are 
sometimes with highest (11.54%) both in wards 7 and 9.
     
Such elegant indigenous knowledge is eroding day by day because of lack of awareness, modern 
marketing system and negligence of youth. Questionnaire response on indigenous knowledge 
showed no significant difference in all the three wards (7, 8, and 9) with respect to question and 
ward. However, there was significant difference (p< 0.05) in terms of the options for questions 
asked.

Gender discrimination -Athapahariya people distribute food equally to both son and daughter. 
However, it was found that in ward no. 9 it is not followed by 19.23% of people due to cultural 
impact, lack of awareness and social bad impact.

Dietary Survey- 100 respondents were taken for dietary survey. Different indicators were tested 
in order to find nutritional overview in children, for assessing and analyzing the degree of mal-
nutrition; e.g.  Eating style, hunger at meal, illness, visibility of snacks, eating behavior, nature of 
work and fruits consumption.
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Eating style- It was revealed that the children with systematic eating style were found to be 66% 
in comparison to 34% non Symmetric eating style.

Hunger at meal- Most of children were found to hungry at meal time, usually in the lunch and 
dinner time. It was found that 60% of children are hunger at meal time where as 40% do not feel 
hungry at meal time. 

Illness- Only 44% were found ill before whereas 56% were not found ill.

Visibility of snacks- It was found that 100% of children prefer snacks due to reachable market/
local shops and its taste.

Eating behavior- All the children were found to have normal eating behavior.

Nature of work- It had revealed from the survey that 100% children are involved in moderate type 
of work. They have been indulging in sweeping, cleaning, collection of fodder for cattle and feed 
to pigs and poultry.

Fruits consumption- Due to lack of awareness and poor economy, the children are hardly having 
an access to the different types of fruits available in the market and also in the yard. However, they 
consume only seasonal fruits e.g.; mango (Mangifera indica), guava (Psidium guajava), mulberry 
(Morus rubra), jack fruit (Artocarpus heterophylla), custard apple (Annona squamosa), papaya 
(Carica papaya), Jamun (Syzygium cumini), orange (Citrus reticulata), etc. 

Food consumption pattern- There is no significant difference in consumption of rice, dal and 
vegetable in all the three wards 7, 8 and 9 (Figure 1).
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Figure 1.  Food consumption pattern in different wards
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Statistically, there is no significant difference in consumption of rice, dal and vegetable in different 
wards 7, 8 and 9 at 5% level of significance. 

Price of food commodities- There is no significant difference in price of dal and vegetable in 
different wards 7, 8 and 9 at 5% level of significance. But there is significant difference in price of 
rice which are Rs. 41.39, Rs. 36.22 and Rs. 35.12 ward 7,8 and 9 respectively (Figure 2).
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Figure 2. Price of food commodities in different wards

Statistically, there is no significant difference in price dal and vegetable in different wards 7, 8 and 
9 at 5% level of significance. But there is significant difference in price of rice.
Anthropometric measurement of children
Weight for age- According to Gomez classification, two third of  male children were malnutrition 
which comprised of 4.65% severe, 18.61% moderate and 51.16% mild under-nutrition whereas in 
case of female children, only 50% were malnutrition which comprised of 16% moderate and 34% 
mild under-nutrition. 25.58% male children and 50% of female children were found normal.

Height for age- The Waterloo’s classification revealed that 51.12% of male children and 28% of 
female children were stunted indicating chronic malnutrition indicating that more female children 
are in the normal range in Height for age category i.e.; 72% as compare to the male children i.e.; 
48.84%.

Weight for height- The Waterloo’s classification revealed that 90.65% of male children and 96% 
of female children were wasted indicating acute malnutrition and 0.05% of male children over 
malnourished whereas in case of female children, they are not over malnourished (0.0%). It is 
found that only 9.30% male children and 4% of female children were normal.
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Body mass index (BMI)- It was clearly revealed that mean BMI of Athapahariya children is 16.55 
kg/ m2  and comprised of 39% of male children and 42% of female children are found suffering 
Chronic Energy Deficiency (Thinness) while 3% of male children are class-I obesity and they are 
overweight. Similarly, 10% of male children and 6% of female children are found normal as per 
the WHO standard.

Mid upper arm circumference (MUAC) - In the research areas, the mean MUAC is recorded 14.42 
cm. It was found that 38% of male children and 37 % of female children are adequately nourished 
child. It is revealed that under malnutrition & those at risk comprised of 6% of male children and 
10% of female children whereas severe malnutrition comprised of 7% of male children and 2% of 
female children respectively. 

Calorie content of food- Both the adult male and female obtained total energy from their daily 
food for voluntary activities is 1789.99 calories which below the recommended allowances for 
energy. Children from 13 months to 5 years also obtained total energy from their daily food for 
voluntary activities is 990.96 calories which is also below the recommended allowances for energy. 
However, infants obtained total energy from mother’s breast feed and from their daily food is 
557.35 calories which is above the recommended allowances for energy. 

Based on the average calorie intake (calculated above), 100% of the population fall in the ‘Hunger’ 
group (calorie intake of 1790 kcal per day per person). The hunger group constitutes persons with 
calorie intake of 1400-1800 kcal per day per person. For ‘extreme hunger’ group, the calorie intake 
has been set as < 1400 kcal per day per person. 

These hunger groups can be further subdivided into ‘conjunctural hunger’ and ‘structural hunger’ 
groups. Based on the collected data on socio-economy, IK, and other indicators, the hunger observed 
in the three Wards (7, 8, and 9) are of the conjunctural type. Conjunctural hunger groups are those 
who have a low dependence ratio and have the potential to escape from hunger if opportunities 
with assets are provided. 
Anthropometric measurements showed similar case with children.  About 38% of the children were 
found to be adequately nourished (based on MUAC data) while 7% were severely malnourished. 
On an average, 40% of the children were found suffering from chronic energy deficiency. Infants, 
however, were found to be in a food secure state. 

Analysis of the collected data show general lacking in the four pillars of food security, viz., (i) 
physical availability of food, (ii) economic and physical access to food, (iii) food utilization, 
and (iv) stability of the above three dimensions. Overall, based on duration, the three Wards (7, 
8, and 9) can be classified under ‘chronic food insecurity’. Based on severity of the insecurity 
(The Integrated Food Security Phase Classification, IPC), the three Wards can be classified as 
‘Chronically Food Insecure’. 

Focus group discussion - The out-comes of FGD revealed that the people of Santang, ward no 
7 and 9 used to get Yam, Mushroom, Asparagus (Asparagus officinalis), Koiralo, Jamun and 
medicinal plant such as Hadjoda (Cissus quadrangula); from forest. In ward no. 8 and 9 fruits like 
mango, guava, jack fruit, custard apple , Dhangero (Woodfordia fruticosa) etc are used to prepare 
jand and raksi in order to minimize the food insecurity where as such practices are rarely observed 
in ward 7. However, the common practices like preparation of jand and raksi are prepared in all 
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three wards specially in special festive and ritual occasions, is also supporting them from food 
scarcity. The staple alone will not favor them in feeding the family. Hence, they have to depend on 
modern marketing system.

People often used to hunt the wild birds [Kalij, doves, luiche, a wild chicken etc], wild animals 
[Ghoral (Nemorhaedus goral), rabbits, Porcupine (Erethizon dorsatum), deer] and used to kill fish 
for the supplementation of meat and eggs. Meats are preserved by sun-drying and smoking but 
boiling is also followed for long lasting and temporary preservation of meat but sun-drying and 
smoking is done for fish.

Animal husbandry is one of the important sources of income in Athapahariya communities. The 
domesticated animal includes pig, goats, cow /ox, buffaloes, etc and poultry includes chicken, 
pigeon and duck (Anatidae Anseriformes). Pigs and goats are the major sources of income whereas 
pigs and chicken are also used for ritual work, besides this pigeon and duck are also used in ‘puja’ 
and oxs are for ploughing purpose. Buffaloes and cow are consumed as milk and milk products.

Economic and cash cops like tobacco (Nicotiana tabacum), Amriso (Thysanolaena maxima), peppers 
(Piper nigrum L.) are majorly cultivated in Santang and Pelekpang whereas not in ward no 7. All 
three wards have same type of major vegetable cultivated [potatoes (Solanum tuberosum), sweet 
potatoes (Ipomoea batatas), rayo (Brassica juncea), tori (Brasicca compestris), radish (Raphanus 
sativus), pumpkin (Cucurbita pepo), Kubhindo (Benincasa hispida), bitter gourd (Momordica 
charantia), Chichindo (Trichosanthes anguina), jhingani/ ghiraula (Luffa cylindrical), ladies finger 
(Abelmoschus esculentus), cauliflower (Brassica oleracia), cabbage (Brassica oleracea), onion 
(Allium cepa), garlic (Allium sativum), yam, cucumber (Cucumis sativus), tomatoes (Lycopersicon 
esculentum), Squash (Cucurbita maxima) etc], legumes [black gram (Vigna mungo), beans (Vigna 
sinensis), soybean (Glycine max. Merr.), Gahat (Dolichos uniflorus), etc] and cereals [maize and 
millet are major whereas rice is cultivated near the reach of streams and rivers]. Besides this, 
sorghum (Sorghum bicolor), Philingo (Guizotia oleifera), buck wheat (Fagopyrum esculentum 
Moench) etc are additional crops cultivated.
    
Kinema is classical traditional foods of Kirat Rai. Khalpi is one of the important items in 
Athapahariya communities. Pickles are prepared from Kinema, Sinki and Gundruk, all fermented 
foods and from non-fermented food such as Philingo, florets of Taki, koiralo and banana (Musa 
paradisiacal), tomatoes, seeds of pumpkin etc. Some vegetables such as pumpkin, Kubhindo, 
bitter guard, Chichindo, Jhingani, cauliflower, radish, cabbage, tomatoes, squash etc are dried for 
future use. 
    
A pewa system, personal financial security is not or hardly is maintained by 4%, observed in Ward 
no 9 but was not found in ward no 7 and 8; however, in other Rai community, a pewa system, is 
maintained for personal financial security. Women are involved in household activities specially 
in food distribution and in all responsibilities specially in preparing fermented, non- fermented 
food, agriculture practices, animal husbandry etc; whereas man are in managements of food for the 
family. Food habits of peoples have changed due to the modern market as well as change in a trend 
of food behavior in Athapahariya communities.

Conclusions
Athapahariya have remarkable indigenous knowledge in the field of ethno-botanical and ethno-
zoological circumference and using such elegant knowledge for maintaining the food security to 
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some extend specially elder people. However, poor agriculture practice is the main cause of food 
security. Athapahariya people waste large amount of cereals in preparing jand and raksi which also 
a prime cause for the food insecurity. Due to the reachable market i.e. Dhankuta bazaar, assests 
(land, animals, poultry) and indigenous knowledge possessed by Athapahariya people; have able 
to defend against the food crisis. However, there is an urgent need to disseminate the indigenous 
knowledge among them, specially, to the young generation. It was found that the indigenous 
knowledge is eroding due to lack of awareness, modern marketing system and negligence of young 
generation.

Regarding children, two third of male and 50% female were malnutrition. Similarly, 51.12% of 
male and 28% of female were stunted indicating chronic malnutrition. 39% of male and 42% of 
female are found suffering Chronic Energy Deficiency (Thinness) while 3% of male are class-I 
obesity and they are overweight. All most all the children are forced to the moderate work, due to 
cultural impact, lack of awareness and social bad impact. Adult men, women and Children from 
13 months to 5 years obtained total energy from their daily food for voluntary activities are found 
below the recommended allowances. 
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Glossary
Jand : traditional undistilled alcoholic beverage prepared from starchy raw materials
Raksi : distilled liquor from jand
Sukuti : dried meat product especially from buffalo lean meat
Khalpi : pickle especially prepared from ripe cucumber.
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Gundruk : non-salted fermented food product prepared by spontaneous lactic acid fermentation 
of leaves or seedlings of Brassica family, such as radish, cauliflower, mustard, etc

Sinki : non-salted fermented vegetable product prepared from radish
Kinema : soybean-based, non-salted, fermented traditional food with slimy appearance and 

slightly alkaline taste.
Fado : mixture of water and wheat flour
Dahi  : traditional fermented milk product obtained from boiled milk by souring with 

natural microflora or by the harmless lactic acid or other bacterial culture 
Ghee : clarified fat obtained by cooking/heating butter
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Bio-chemical Changes during Finger Millet (Eleusine Coracana) 
Fermentation	using	Defined	Fermentation	Starter

Dhan B. Karki* and Ganga P. Kharel
Central Campus of Technology, Institute of Science and Technology, T.U., Nepal

Finger millet was fermented using defined fermentation starter at 27±1° C and analyzed for 
chemical and microbial changes at 3 days of interval until 12 days. Moisture, crude protein, crude 
fat and total ash contents increased whereas total carbohydrate decreased during fermentation. 
Phosphorus, manganese, sodium, potassium, and zinc contents increased, while iron did not 
change by fermentation. Total acidity (0.96% m/m as lactic), fixed acidity (0.90% m/m as lactic) 
and volatile acidity (0.027% m/m as acetic) reached maximum on day 9. Reducing sugar and total 
sugar increased during fermentation giving 4.49% m/m as glucose and 4.75% m/m respectively on 
day 12. Glucose content reached maximum (663.8 mg%, wb) on day 9 and remained statistically 
unchanged, while fructose reached at maximum value of 74.2 mg% (wb) on day 12. Starch content 
decreased steadily throughout fermentation. Water-soluble protein reached maximum (1.15% 
m/m) on day 9 and remained constant afterwards. Fermentation significantly (p<0.05) increased 
the antioxidant activity giving a maximum value of 81.21% on day 12. Alcohol content increased 
with fermentation time giving a maximum value of 14.58% (v/m) on day 12. A significant reduction 
in phytic acid (from 343.6 to 62.7 mg%, wb) occurred, while total free amino acids increased 
during fermentation. Total aldehydes, esters, methanol, and fusel oil contents in 3 days fermented 
millet were 1.857, 2.121, 1.753, and 8.028 g/L alc, while the values in 12 days fermented millet 
were 1.089, 1.124, 1.500 and 4.366 g/L alc respectively. Yeast count increased until day 4 (8.673 
cfu/g), remained constant on day 6 and declined to 7.239 cfu/g on day 12, while mold count was 
almost nil on day 4.

Keywords: Millet, Fermentation, Chemical characteristics, Volatile constituents, Microbial count

Introduction
Use of microorganisms in preparing foods from locally available plant and animal materials is a 
traditional practice since pre-historic times. Development of spontaneous food fermentation was 
primarily governed by climatic conditions, the availability of typical raw materials, socio-cultural 
ethos, and ethnical preferences. Fermented foods are defined as foods that have been subjected to 
the action of selected microorganisms by which a biochemically and organoleptically modified 
substrate is produced, resulting in an acceptable product for human consumption. Growth and 
activity of microorganisms play an essential role in biochemical changes in the substrates during 
fermentation. Traditional fermented foods are generally nutritious and form the basic components 
of the diet as staple, adjunct, condiment and beverage, providing calories, proteins, vitamins, 
and minerals to the people (Tamang, 1998). According to Van Veen (1957), a food is considered 
fermented when one or more of its constituents have been acted upon by microorganisms to 
produce a considerably altered product acceptable for human use. Steinkraus (1997) has defined 
fermented foods as the food substances that are overgrown by edible microorganisms whose 
enzymes hydrolyze the polysaccharides, proteins, lipids to non-toxic products with attractive 
flavors, aroma, and texture. 

*Corresponding author: E-mail: karkidhan@yahoo.com
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Fermented foods and beverages preparation involves technology from the most primitive to the 
most advanced, and achieving an astounding range of sensory and textural qualities in the final 
products. While most of these fermentations remain at the level of village arts, others have achieved 
massive commercial application and play a significant part in most national economies. All such 
fermentations have classified as indigenous to a country or culture. Although these technologies 
are primitive, they have played a major role in the socio-economy of Nepalese people. Such 
technologies are also receiving renewed interest from the scientific communities. This has to be 
so because indigenous foods are intimately associated with our identity and even survival and any 
effort expended on any aspects of indigenous foods should be more than justified (Rai, 2006). 
Information regarding chemical and microbiological changes during finger millet fermentation 
using defined fermentation starter is scanty in Nepalese context, hence this study was aimed at 
investigating the bio-chemical changes occurring during finger millet fermentation.

Materials and Methods
Finger Millet Fermentation- Finger millet was fermented using defined fermentation starter 
containing R. oryzae (ITCC No. 4408) and S. cerevisiae in rice substrate. Millet was cleaned, 
thoroughly washed, and stepped in water for 2 h. It was again washed, cooked using required 
amount of water, and cooled to room temperature by spreading in an aluminum tray. Powdered 
murcha was mixed thoroughly (@ 1 g/100 g) and left for 2 days at 29±1ºC for biomass development. 
The tray was covered with moistened muslin cloth and the cloth was moistened twice a day. The 
biomass-developed millet was filled into plastic containers, closed tightly, and allowed to under go 
alcoholic fermentation for 12 days at 27±1ºC. 

Analytical Methods- Moisture content was determined by oven drying method at 105 ± 5ºC 
(Ranganna, 1986). Total nitrogen was determined by micro-kjeldaha method according to 
Ranganna (1986) using 1 g of powdered sample and protein content was found out by multiplying 
the percent nitrogen by 6.25.  Crude fat content was determined by petroleum ether extraction 
method as per AOAC, Method 945.16 (2005). Ash content was determined by direct method as per 
AOAC Method 923.03 (2005) using 5 g of powdered sample and a furnace temperature of 550 ± 
5ºC. Total carbohydrate content was determined by difference. 

Phosphorous was determined colorimetrically (Genesis UV-10, Thermospectrionic, USA) as per 
Kirk and Sawyer (1991). Iron, manganese, sodium, potassium, and zinc contents were determined 
using AAS (Thermo Elemental Atomic Absorption Spectrometer, SOLLAR, Model No. 969, 2004, 
UK). Briefly, powdered sample (2.5 g) was mixed with 3 ml conc. HNO3 and   2 mL conc. HCl, 
digested on hot plate and volume made up to 100 mL with distilled water. The solution was filtered 
using Whatman filter paper Grade 41 and used for the determination (Clesceri et al., 1998).

Total soluble solids was determined by hand refractometer (Hanna Instrument, Portugal). 
Reducing sugar, sucrose and total sugar contents were determined by Lane and Eynon method as 
per Ranganna (1986). Glucose (Glucose oxidase method) and fructose contents were determined 
as per Sadasivam and Manickam (1996). Total, free, and volatile acidities were determined as per 
Kirk and Sawyer (1991). Starch content was determined by direct acid hydrolysis method as per 
AOAC Official Method 920.83 (2005). Water soluble protein was determined by Lowry’s method 
as per Sadasivam and Manickam (1996) using bovine serum albumin (fraction V) standard curve. 
Antioxidant activity was determined as per Zao et al. (2010) with minor modifications. Briefly, 
1 g of the sample was extracted with 10 mL of distilled water, centrifuged. The supernatant (0.5 
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ml) was mixed with 3 mL of 0.003% (m/v) DPPH in 50% methanol, incubated for 10 min at room 
temperature (27 ºC) in the dark and absorbance taken at 517 nm. For control, 0.5 ml of distilled 
water was used instead of the sample and the instrument was set to 100% T using 50% methanol. 

Alcohol content was determined by visible spectrometric dichromate oxidation method as per 
Zoecklein et al. (1997). Total ester and aldehydes were determined as per Kirk and Sawyer (1991). 
Methanol was determined by chromotropic acid colorimetric method as per AOAC Official Method 
958.04 (2005). Fusel oil was determined by spectrophotometric method as per AOAC Official 
Method 963.10 (2005). Total free amino acids was extracted with 80% ethanol and determined by 
ninhydrin method as per AOAC Official Method 945.30 (2005). Non-protein nitrogen and phytic 
acid were determined according to Sadasivam and Manickam (1996). Total oxalate was determined 
by permanganate titration method as per AOAC Official Method 974.24 (2005).Yeast and mold 
were enumerated by pour plate technique using PDA supplemented with 100 mg chloramphenicol 
and 0.5 ml of 5% rose bengal solution per litre of the medium (Dubey and Maheshwari, 2002).

Statistical Analysis- Experimental data were analyzed by analysis of variance (ANOVA) and 
means were compared by LSD method as per Buysse et al., (2007).

Results and Discussions
Changes in proximate composition and mineral contents during fermentation- Proximate 
constituents and mineral contents in cooked, biomass developed and fermented finger millets are 
shown in Table 1. Except moisture content, protein, fat, ash, and total carbohydrate content did not 
change during aerobic fermentation (biomass development) but there was a significant increase in 
protein, fat, and ash and decrease in total carbohydrate contents in fermented samples.  Moisture 
content of cooked millet (55.44%, wb) increased by 3.18 and 17.49% (wb) during aerobic and 
anaerobic fermentations respectively. Similar results of moisture increments were also reported in 
millet (Thapa and Tamang, 2004) and in rice (Tamang and Thapa, 2006). 

There was about 2-fold increase in protein content in fermented millet compared to unfermented 
one. Fermentation resulted decrease in total carbohydrate content by 10.30% compared to cooked 
millet (Table 1). About 1.8-folds increase in ash content in fermented rice was reported by Tamang 
and Thapa (2006), while no significant change in ash content in fermented finger millet was 
reported by Thapa and Tamang (2004). Contrary to our results of fat and protein contents, no 
remarkable increase due to fermentation was reported in millet (Thapa and Tamang, 2004) and in 
rice (Tamang and Thapa, 2006).

Chavan and Kadam (1989) noted that protein content in millet was generally not affected by 
fermentation in pearl millet. The increase in protein content can be attributed to microbial synthesis 
of protein during growth cycles (Zamora and Fields, 1979). Elyas et al. (2002) reported that protein 
content increased from 10.8 to 12.4% during natural fermentation of Composite Population III 
variety of pearl millet, while it increased from 14.92 to 17.75% in Maladi variety of pearl millet. 
Shrestha and Rati (2003) also reported similar results of increase in ash and protein and decrease 
in total carbohydrate contents during poko fermentation. Increase in protein content from 8.0 to 
16.6% (db) in 192 h fermentated tape ketan was reported by Cronk et al. (1977). Tamang and 
Thapa (2006) also reported a slight decrease in total carbohydrate content during rice fermentation, 
whereas Thapa and Tamang (2004) found a slight increment in fermented millet.
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Table 1.  Changes in proximate composition and mineral contents during millet fermentation

Constituents
Values*

Cooked Millet Bio-mass Developed Fermented

Moisture content ( % wb) 55.44a (0.47) 58.62 b (0.54) 72.93 c (0.81)

Crude protein  (% db) 7.62 a (0.52) 8.20 a (0.50) 15.70 b (0.75)

Crude fat ((% db) 1.45 a (0.11) 1.26 a (0.07) 2.14 b (0.20)

Ash (% db) 2.76 a (0.44) 3.34 a (0.43) 4.62 b (0.33)

Carbohydrate (% db) 87.84 a (0.60) 87.20 a (0.97) 77.54 b (0.73)

Minerals (mg/100 g dm)

Phosphorous 63.6 a (4.9) 426.5 b (13.7) 1846.6 c (17.1)

Iron 15.8 a (3.0) 8.8 b (0.3) 16.1 a (1.4)

Manganese 119.9 a (4.5) 116.7 a (2.5) 223.0 b (7.3)

Sodium 19.7 a (2.3) 25.6 b (1.2) 25.8 b (1.8)

Potassium 1017.6 a (90.3) 1054.0 a (62.0) 2132.6 b (128.8)

Zinc 10.3 a (0.5) 13.8 b (0.3) 21.0 c (0.5)
*Values are the means of three determinations. Figures in the parentheses are the standard deviations. 
Means followed by similar superscripts in a row are not significantly different (p>0.05) by LSD.

Phosphate content increased significantly (p<0.05) during biomass development which further 
increased during alcoholic fermentation. Iron content decreased in biomass developed sample 
compared to cooked and fermented finger millets, but the values between the later two did not differ 
significantly (p>0.05). Manganese content did not change remarkably during biomass development 
while it did significantly increase during fermentation. Sodium content increased from 19.7 mg% 
(db) in cooked millet to 25.6 mg% (db) in biomass developed millet but no further significant 
increment occurred on fermentation. Potassium did not change during biomass development but 
it increased by more than 100% during fermentation. Zinc content was found to increase during 
both aerobic and anaerobic fermentations. Analogous results of increase in phosphate, manganese, 
sodium and potassium contents due to fermentation were also reported in rice (Tamang and Thapa, 
2006) and in finger millet (Thapa and Tamang, 2004), but except for sodium content the reported 
values were quite lower than those found in this study. They further reported that iron contents 
were higher in fermented rice and millet over the unfermented substrate while no remarkable 
change was found in this study. Although similar results of increase in zinc due to fermentation 
were reported in rice (Tamang and Thapa, 2006) and in millet (Thapa and Tamang, 2004) but the 
values were lower than those obtained in our study. 

Changes in chemical characteristics during fermentation- Chemical changes during finger millet 
fermentation are shown in Table 2. Moisture content increased significantly (p<0.05) during 
fermentation from 56.06% in zero day (cooked millet) to 74.69% on 12 days of fermentation. Large 
increase in moisture content occurred up to 6 days of fermentation suggesting that liquefaction was 
at a faster rate at this stage. TSS increased during fermentation with an average rate of 0.67 ºBx 
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per day reaching a maximum value of 12 ºBx on day 12. Total acidity increased significantly from 
0.12 % on day 0 up to 0.82% on day 6 and remained statistically unchanged afterwards during 
fermentation. Fixed acidity content of cooked millet was equal to that of total acidity (0.12% m/m) 
and it reached up to 0.90% on day 9 and remained almost constant on day 12 during fermentation. 

Table 2. Changes in Chemical Characteristics during Millet Fermentation

Parameters*
Values at Different Fermentation Times (Days)

0 3 6 9 12

Moisture content, % m/m 56.06a 
(0.64)

66.30b 
(0.57)

71.33 c

(0.39)
72.44 d

(0.51)
74.69 e

(0.66)

TSS, º Bx. 3.93 a

(0.81)
6.30 b

(0.30)
8.33 c

(0.12)
10.43 d

(0.12)
12.00 e

(1.32)

Total acidity as lactic acid, % 
m/m

0.12 a

(0.01)
0.70 b

(0.11)
0.82 bc

(0.07)
0.96 c

(0.09)
0.93 c

(0.09)

Fixed acidity as lactic, % m/m 0.12 a 
(0.01)

0.67 b

(0.11)
0.75 bd

(0.08)
0.90 c

(0.07)
0.87 cd

(0.06)

Volatile acidity as acetic acid, 
% m/m

0 a 
(0.00)

0.014 b

(0.001)
0.023 c

(0.003)
0.027 d

(0.001)
0.026 d

(0.001)

Reducing sugar as dextrose, % 
m/m

0.41 a

(0.02)
3.68 b

(0.26)
3.13 c

(0.06)
3.74 b

(0.23)
4.49 d

(0.12)

Sucrose, % m/m 0.37 a

(0.07)
0.63 b

(0.10)
0.61 b

(0.08)
0.69 b

(0.21)
0.27 c

(0.12)

Total sugar, % m/m 0.78 a

(0.05)
4.31 b

(0.33)
3.73 c

(0.03)
4.44 b

(0.03)
4.75 d

(0.03)

Glucose, mg/100g 41.9 a

(4.2)
642.1 b

(39.9)
635.3 b

(10.3)
663.8 bc

(3.4)
692.8 c

(7.6)

Fructose, mg/100g 30.4 a

(6.0)
51.1 b

(0.96)
52.6 b

(0.41)
67.5 c

(3.5)
74.2 d

(2.1)

Starch, % m/m 31.23 a

(0.51)
22.94 b

(0.11)
17.40 c

(0.32)
15.00 d

(0.43)
14.00 e

(0.70)

Water soluble protein, % m/m 0.50 a

(0.05)
0.99 b

(0.03)
0.99 b

(0.09)
1.15 c

(0.04)
1.07 bc

(0.05)

Antioxidant activity, % 59.88 a

(0.26)
67.32 b

(3.72)
71.48 c

(1.546)
74.73 c

(0.52)
81.21d

(1.51)

Alcohol content, % v/m nd 6.49 b

(0.71)
10.05 c

(0.93)
11.78 d

(0.69)
14.58 e

(0.39)
* Values are the means of three determinations. Figures in the parentheses are standard deviations. 

Means followed by different superscripts in a row are significantly different (p<0.05) by LSD. nd 
means not determined.
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Volatile acidity was nil on day 0, and increased significantly during fermentation reaching a 
maximum value of 0.027 % (m/m as acetic acid) on day 9 and remained fairly constant on day 
12.   From Table 2 it can be envisaged that maximum acidity developed during the first 3 days 
of fermentation. Similar increase in total acidity with time was also reported in fermenting rice 
(Tamang and Thapa, 2006) and finger millet (Thapa and Tamang, 2006) but the values were quite 
lower (0.17% and 0.23% m/m as lactic acid in rice and millet respectively) than those obtained in 
this study. Analogous trends in total acidity were also reported by Das (2004), Verma (1991), and 
Koirala (2011) but the values reported by Koirala (2011) were higher than those of our results. 

Total reducing sugar increased from 0.41% m/m as glucose in cooked millet (day 0) to 3.68% on 
day 3, declined  to 3.13% on day 6 and increased afterwards giving a maximum value of  4.49% 
on day 12. Increasing trend of total reducing content in poko fermentation was also observed by 
Shrestha et al. (2002) where the reducing sugar reached maximum (15.6% m/m as glucose) on 
day 3 and subsequently decreased to zero on day 5. Similar results were also reported by Thapa 
and Tamang (2006) in finger millet and by Tamang and Thapa (2006) in fermenting rice. Gradual 
increase in reducing sugar content was also reported by Koirala (2011) with reducing content  of 
2.68% as maltose by the end of finger millet fermentation (day 12). Analogous pattern was also 
found by Rai (1991) in fermenting native and germinated finger millet.

Similarly, sucrose content increased from 0.37% (day 0) to 0.63% (day 3), remained statistically 
constant until day 9 and decreased to 0.27% on day 12. Total sugar content followed similar pattern 
to that of total reducing sugar giving a maximum value of 4.75% m/m on day 12. Glucose content 
in day 0 sample was 41.9 mg% (wb) which increased to 642.1 mg% on day 3, remained statistically 
unchanged  up to day 9 followed by increase on day 12 (692.8 mg%). The rate of glucose formation 
and its utilization by yeast seemed almost equal after day 3 until day 9 resulting constant glucose 
content over this period of fermentation. Fructose content increased from 30.4 mg% ( day 0) to 
51.1 mg% on day 3, remained unchanged on day 6 and increased thereafter up to 74.2  mg% on 
day 12. Starch content decreased steadily throughout fermentation. Maximum decline was found 
during the first 3 days of fermentation while it decreased at a slower rate from 6 day onwards 
giving a starch content of 14% m/m on 12th days of fermentation. Water soluble protein increased 
from 0.50% m/m (day 0) to 0.99% m/m on day 3, remained constant on day 6 and again increased 
giving a maximum value of 1.15% m/m on day 9. Statistically, the water-soluble protein contents 
between 9 and 12 days fermented millet samples were not different. Similar increase in water-
soluble protein during finger millet fermentation was also reported by Sripriya et al., (1997). 
Fermentation time showed a significant effect (p<0.05) on antioxidant activity and it increased 
from 59.88% on day 0 to a maximum value of 81.21% on day 12.  

Alcohol content increased significantly with fermentation time and the values were 6.49, 10.05, 
11.78, and 14.58% (v/m) in 3, 6, 9, and 12 days fermented millet respectively. Similar change 
in alcohol content was also reported by Thapa and Tamang, 2006) in fermenting finger millet 
where alcohol content increased till day 6 (6.9% v/m), remained unchanged up to  day 8 and 
decreased to 6.5% on day 10 but the values were lower than those obtained in this study. Tamang 
and Thapa (2006) and Shrestha (2002) also reported similar trend in rice fermentation but the 
alcohols contents were lower compared to those obtained in this study. Cai and Nip (1990) also 
reported increase in alcohol content during taro fermentation giving 10.3% (m/m) alcohol on day 
12. Koirala (2011) also obtained similar trend of alcohol change during finger millet fermentation 
giving a final alcohol content of 15.13 % v/m on day 12. 
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Changes in volatile constituents during millet fermentation are depicted in Fig. 1. Total aldehydes 
(as acetaldehyde), total esters (as ethyl acetate), methanol, and fusel oil contents in 3 days fermented 
finger millet were 1.857, 2.121, 1.753  and 8.028 g/L alc respectively, while the values for 12 
days fermented millet were 1.089, 1.124, 1.500 and 4.366 g/L alc respectively. It appeared that 
production of these volatiles was maximum during initial stage of fermentation compared to later 
one. Fusel oil was approximately double in 3 days fermented millet compared to 12 days sample. 
Koirala (2011) reported that total ester contents in 3 and 12 days fermented finger millet were 
1.404 and 1.164 g/L alc, which were analogous to our finding. 

0.0

2.0

4.0

6.0

8.0

10.0

Total aldehydes Methanol Fusel oil Total ester

Va
lu

es
 (g

/L
 a

lc
)

Volatile components

3 day 12 day

a
b

ba

a

b

a
b

Figure 1. Changes in volatile constituents during millet fermentation; Values are the means of 
three determinations. Bars having dissimilar letters for any constituent are significantly different 
(p<0.05).

Changes in phytic acid and total free amino acids contents during fermentation are shown in 
Figure 2. Phytic acid content of 343.6 mg% (wb) on day 0 decreased to 74.9 mg% on day 6 and 
further decreased to 62.7 mg% on day 12 during fermentation. It was found that large amount of 
phytic acid reduction occurred over the first 6 days of fermentation, while there was no significant 
(p>0.05) reduction afterwards. Lopez et al., (1983) also observed decrease in phytic acid during 
natural fermentation of corn meal due to phytase production by microorganisms. Makokha et al., 
(2002) reported a 72% decrease in phytic acid in natural fermentation of germinated finger millet 
while it was 64.8% reduction in sorghum grain after 96 h of fermentation.  It has been reported 
that S. cerevisiae can produce phytase and degrade phytate into its lower forms and inorganic 
phosphate, Pi, which is used by microorganisms for their growth.

Significant reductions in phytic acid were also reported by Elyas et al., (2002) and Khetarpaul 
and Chauhan (1990) during natural fermentation of pearl millets. Phytate was reported to be 
present in several microorganisms (Daniels and Fisher, 1981; Lopez et al., 1983). Total free amino 
acids increased largely (about 6-folds) over 6 days of fermentation and further increased during 
fermentation but to a lower extent (by about 21%) and the increment could be attributed to the 
breakdown of protein by protease enzymes elaborated by molds as well as microbial synthesis of 
amino acids. 
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Figure 2. Changes in phytic acid and total free amino acids (TFAAs) contents during millet 
fermentation. Values are the means (n=3) ± SD.

Changes in total oxalate and non-protein nitrogen (NPN) contents during fermentation are shown 
in Fig. 3. Non-protein nitrogen contents between day 0 (0.025 mg%) and day 6 (0.027 mg%) 
fermented millets were not different (p>0.05) but the values were significantly lower to that of 12 
days fermented millet (0.039 mg%). The increase in non-protein nitrogen could be due to the loss 
of dry matter and increase in moisture content during fermentation. 
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Figure 3.  Changes in total oxalate and non-protein nitrogen (NPN) during millet fermentation 
Values are the means (n = 3) ± SD.
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Total oxalate contents in 0, 6, and 12 days fermented millets were 13.4, 6.6, and 3.3 mg/100 g 
respectively. Statistical analysis revealed that fermentation had a significant effect (p<0.05) on 
total oxalate reduction and decreased by about 50 and 75% over 6 and 12 days of fermentation 
respectively.

Changes in microbial counts during millet fermentation-  Changes in yeast and mold counts during 
finger millet fermentation are shown in Fig. 4. Fermentation time showed a significant effect 
(p<0.05) on yeast and mold counts. The mean yeast counts were 6.633, 7.959, 8.673, 8.447, 7.491, 
and 7.239-log cfu/g in 0, 2, 4, 6, 8 and 10 days fermented millet respectively. Yeast population 
increased until day 4, remained constant up to day 6, and then declined (Fig. 4). The initial mold 
count of 7.19 log cfu/g in biomass developed sample (day 0) decreased to 5.573 on day 2 while 
no growth was observed on day 4 and onwards. Thapa and Tamang (2006) reported that mold 
counts were decreased from 4.2 log cfu/g on day 0 to 1.8 log cfu/g on day 3 and were not visible 
afterwards in fermenting finger millet. They also reported that yeast count increased from initial 
count of 5.2 log cfu/g to a maximum value of 7.8 log cfu/g on day 2, remained constant until day 
4, and then decreased reaching a final count of 7.3 log cfu/g on day 10. Tamang and Thapa (2006) 
also reported similar results of increase in yeast counts from 5 log cfu/g (day 0) to 8 log cfu/g (day 
2) and decreased to a level of 5 log cfu/g (day 10) in fermenting rice. 

Mold count decreased steadily during fermentation and were not seen after 4 days of fermentation. 
A similar trend was also found by Shrestha et al. (2002) during poko fermentation using manapu 
starter in which yeast count increased till day 5 (end of fermentation) while mold count increased 
till day 2, remained fairly constant on day 3 and started decreasing afterwards.  Koirala (2011) 
reported that both yeast and mold populations reached a maximum count on day 3 and then declined 
in which molds were disappeared on day 6 during finger millet fermentation.

0.0

2.0

4.0

6.0

8.0

10.0

0 2 4 6 8 10 12

M
ic

ro
bi

al
 lo

ad
 ( 

cf
u/

g)

Fermentation time (days)

Yeasts Molds

Figure 4. Changes in yeast and mold counts during millet fermentation.
Values are the mean (n=3) ±SD. 0 day means biomass developed sample

Conclusions
Crude protein, crude fat, and ash increased while total carbohydrate decreased during millet 
fermentation. Phosphorous, manganese, sodium, potassium, and zinc increased whereas iron did not 
change on fermentation. Moisture, total soluble solids, total acidity, total reducing sugar, glucose, 
and fructose contents augmented while starch diminished with fermentation time. Fermentation 
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substantially improved antioxidant activity of millet. Alcohol increased while total aldehyde, ester, 
methanol, and fusel oil decreased significantly during latter stages of fermentation. Fermentation 
incurred substantial reductions in phytic acid and total oxalate while it significantly enhanced 
water-soluble protein, total free amino acids, and non-protein nitrogen contents of millet. Yeast 
count reached maximum while mold disappeared on 4th day of fermentation.
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Preparation and Quality Evaluation of Mead (Honey Wine)
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Mead (Honey wine) was prepared from Chiuri (Bassia butyracea) honey using Saccharomyces 
cerevisiae. The fermentation of diluted honey was carried out with four different formulation of 
yeast nutrient for 20 days at room temperature. The physicochemical properties of mead were 
analyzed along with antioxidant activity and total phenolic content and were finally subjected to 
sensory analysis based on the quality parameters including color, smell, taste, mouth feel after 
taste and overall acceptance. Among all the formulation, sample HWD with formulation 3g/L 
of Malic acid, 1.23 g/L Ammonium Sulphate, 0.5g/L Potassium Phosphate, 0.185g/L Magnesium 
Chloride, 0.053g/L Sodium Hydrogen Sulphate and 0.000013g/L Biotin was found to be superior 
through sensory analysis carried out by 21 semi trained panelists. The sample HWB was found to 
have highest total phenolic content and antioxidant activity as 233 mg/L Gallic Acid Equivalent 
and 18.18% as DPPH inhibition compared to other mead sample which may have contributed by 
added raisin. The significant correlation was found between antioxidant activity and total phenolic 
content of mead with a linear correlation (R2=0.983) indicating that Phenolic compounds appear 
to be responsible for the antioxidant activity of mead. The antioxidant capacity of honey was 
extended through fermentation by 2.43 to 2.99 times into mead. 

Keywords: Mead, Physicochemical properties, Antioxidant activity, Total phenolic content

Introduction
Wine is the product made by normal fermentation of the juice of ripe grape (Woodroof, 1975). 
Wine, strictly speaking, is a product of the grape-vine, but often includes all the fermented liquors 
obtained from different fruit juices (fruit wines) (Manay and Shadaksharaswamy, 2012).

In principle, any fruit having sufficient sugars would ferment to make a wine. The common 
examples are cider (apple), perry (pears), cherry wine (cherry), mead (honey), etc. (Dhamija and 
Sangwan, 2006). Thus, wine production involves a wide variety of raw materials as substrates 
using technology from the most primitive to the most advance, and achieving an astounding range 
of sensory quality (Smith, 1996).  

Mead is a traditional honey-derived beverage containing 8 to 18% (v/v) of ethanol, which results 
from alcoholic fermentation by yeasts of diluted honey (Sroka and Tuszynski, 2007). Mead 
fermentation takes a long time, often several months. Fermentation rate is dependent especially 
on honey variety, yeast strain, yeast nutrition and control of pH (Navratil et al., 2001). Honey is a 
natural sweet substance that bees produce by transforming flower nectar or other sweet secretions 
of plants (Juszczak et al., 2008). It is mainly composed of a complex mixture of carbohydrates 
and other minor substances, such as organic acids, amino acids, proteins, minerals, vitamins, and 
lipids. In almost all honey types, fructose and glucose are predominant. These two sugars account 
for nearly 85–95% of the honey carbohydrates (Pereira et al., 2009).    

Despite the use of starter cultures for honey-must inoculation several problems still persist 
which may be due to inappropriate yeast strains that are not suitable for the specific composition/
conditions in honey-musts, or the result of several stress condition like high osmotic stress, lack 
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of essential nutrients such as a deficiency in available nitrogen, low mineral concentration, low 
pH and low buffer capacity. Mead quality improvement includes the development of the proper 
additive formulation and optimization of fermentation conditions (Mendes-Ferreira et al., 2010).
 
The popular indigenous Ethiopian honey fermented beverages are Tej and Ogol. These honey wines 
are primitive types of wine that are cloudy and effervescent containing residues of substrates and 
fermenting yeasts and other micro-organisms. Many kinds of honey wine, such as mead, metheglin, 
hydromel, aguamiel, and medovukha, have been made in various parts of Europe (Teramoto et al., 
2005). The present work is carried out with the aim of producing high quality mead from honey 
using Saccharomyces cerevisiae and yeast nutrients.

Materials and Methods
Honey of chiuri (Bassia butyracea) variety was collected from Himalayan Honey Suppliers 
(P.) Ltd., Lalitpur which was originated from Makwanpur. The pure culture of S. cerevisiae for 
fermentation was imported from USA. The raisin was bought from nearby local market.  With the 
selection of honey and yeast, physicochemical analysis of honey was done. The moisture content 
of honey sample was determined by the specific gravity method as described by Kirk and Sawyer, 
1999. Titratable acidity, ash content and Fructose: Glucose ratio of honey was measured as per 
described in Manual of Methods of Analysis of Foods, 2005. The TSS of the honey was determined 
by using hand refractometer. The reducing sugar of honey was determined by Lane and Enyon 
method as described in AOAC, 2005.
i. Following this, honey must of required °Brix was prepared by dilution of honey with 

water. It was then pasteurized at 65°C for 10 minutes. After that yeast nutrients were added 
with four different formulations as mentioned below: HWA with 4g/L of citric acid, 1.23 
g/L Ammonium Sulphate, 0.5g/L Potassium Phosphate, 0.185g/L Magnesium Chloride, 
0.053g/L Sodium Hydrogen Sulphate and 0.000013 g/L Biotin

ii. HWB with 4g/L of Citric acid, 1.23 g/L Ammonium Sulphate, 0.5g/L Potassium Phosphate, 
0.185g/L Magnesium Chloride, 0.053g/L Sodium Hydrogen Sulphate, 0.000013 g/L Biotin 
and 0.5% raisin

iii. HWC with 5 g/L of Potassium Sodium tartrate, 3 g/L of Malic acid and 1.015 g/L of DAP 
supplementation

iv. HWD with 3g/L of Malic acid, 1.23 g/L Ammonium Sulphate, 0.5g/L Potassium Phosphate, 
0.185g/L Magnesium Chloride, 0.053g/L Sodium Hydrogen Sulphate and 0.000013 g/L 
Biotin. 

Procedure- Fermentation was carried out at room temperature for 20 days after addition of 1.5% 
starter culture. Starter culture was prepared by dissolving the dry yeast in 50ml of warm water and 
then to 500ml of honey must with TSS of 12°Brix. It was incubated at 30 °C in a shaker for 72 
hours and finally used for inoculation. Malolactic fermentation was then carried out for 10 days 
at room temperature. Then obtained liquid was siphoned and racked for 1 week to sediment any 
suspended particles so as to obtain the clear mead. Sulphiting was done prior to aging by adding 
required quantity of Potassium Meta bisulphate which will produce 100 ppm SO2. Mead samples 
were then aged in bottle (or wooden tanks /plastic coated concrete tanks). Aging was done for 
about 2 month in dark and cold room for desirable changes in flavor and body. Mead thus prepared 
was clarified by freezing or by treating with 5% bentonite solution at the rate of 0.6%. Clear mead 
was transferred to pre sterilized glass bottles. The bottled mead was pasteurized at 62.5°C for 15 
minutes and cooled at room temperature (Gupta and Sharma, 2009). Finally the physicochemical 
properties and antioxidant properties of mead were determined.           
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Chemical analysis- TSS, Titratable acidity, pH, reducing sugar were determined as per the method 
described by Ranganna, 2009 where as free volatile acidity, free fixed acidity, alcohol, aldehyde, 
ester, methanol and ash were determined as per the method described by Kirk and Sawyer, 
1999. Total Phenolic content of honey and mead was determined as per the method described by 
Waterhouse, 2002 and antioxidant activity of honey and mead was determined by the colorimetric 
method described by Nuenjchamnong et al., 2009.

Sensory evaluation- Mead samples were subjected to sensory analysis based on the quality 
parameters including color, smell, taste, mouth feel after taste and overall acceptance to select the 
best one. Sensory evaluation was carried out by 21 semi trained panelists using 9 point hedonic 
rating (1= dislike extremely, 9= like extremely) described by Ranganna, 2009.

Data on physicochemical and sensory analysis were tabulated for comparison using Microsoft 
Excel-2007 and were statistically processed by GenStat Discovery Edition 4, GenStat for Analysis 
of Variance (ANOVA). The significance differences between them were studied by using LS.D 
(least square difference) at 5% level of significance.

Result and Discussion
The physicochemical analysis of honey sample was carried out prior to the fermentation process. 
The moisture content (%), ash content (%), acidity as formic acid (%), total soluble solid (°Brix), 
total reducing sugar (g/100g) and glucose: fructose ratio of honey sample were found to be 
20.10±0.00, 0.409±0.019, 0.055±0.01, 75.5±0.38, 78.64±0.15 and 1.21± 0.02 respectively. Values 
are means ± Standard deviation obtained from triplicate data. All these values are within the range 
as described by Codex, DFTQC and NBSM. The physicochemical analysis of honey is essential 
because these components influence the keeping quality, granulation, texture as well as nutritional 
and medical efficiency of honey (Neupane, 2010).

Based on the taste parameter, the TSS of honey must was optimized. Three trail fermentations 
were carried out with total soluble solid (°Brix) as 18, 20 and 22°Brix. The sensory evaluation 
by 10 semi trained panelists preferred the mead made from must with 20°brix based on the taste 
parameter. Then fermentation was carried out with four different formulation of yeast nutrient 
as mentioned above for 20 days at room temperature (25°C) with initial TSS of 20°Brix. During 
fermentation, biochemical dynamics including TSS, acidity, pH and reducing sugar was monitored 
and the changes in these parameters after fermentation are shown in Table 1.

Table 1. Changes in TSS, tritatable acidity, pH and reducing sugar after fermentation

Sample
TSS (°Brix) Titratable acidity 

(% as c.a or t.a) pH Reducing 
Sugar (%)

Initial Final Initial Final Initial Final Initial Final
HWA 20 8.2 0.418 as c.a 0.74 as c.a 2.93 2.24 22.14 1.27
HWB 20 8.4 0.449 as c.a 0.762 as c.a 2.97 2.02 21.38 1.28
HWC 20 7.8 0.375 as t.a 0.525 as t.a 3.5 3.0 22.14 1.56
HWD 20 7.6 0.375 as t.a 0.675 as t.a 2.9 2.4 20 1.46

*c.a : Citric acid  and t.a : Tartaric acid
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With fermentation, sugar content decreases as it is utilized by yeast for alcohol production 
(Zoecklein et al., 1997). The titratable acidity of all mead increased after alcoholic fermentation 
which indicates high production of organic acids by yeast. During fermentation, pH was found to 
be decreased due to increament in acidity value.     

Malolactic fermentation was carried out for 10 days at room temperature leaving the mead on lees. 
This type of storage causes breakdown of cell wall of yeast cells and leach out polysaccharides (e.g. 
glucose), amino acids (and peptides), fatty acids, and mannoproteins. The nutrients released from 
the dead yeast cells aid the growth of malolactic bacteria. This malolactic fermentation resulted in 
decrease in acidity and reducing sugar of mead. The total soluble solid of sample HWA and HWC 
was found to be decreased by 0.2 °Brix. During malolactic fermentation, the remaining sugar is 
fermented if a dry wine is desired (Frazier and Westhoff, 2008).

After aging for 2 months, the alcohol content of all the mead sample was found to be decreased 
which may be due to the formation of esters as ester content of all the sample was found to be 
increased during aging. Aging for months or years results in desirable changes in body and flavor, 
giving it the aroma or bouquet that should be one of its characteristics. Esters and alcohols are 
considered important contributors to bouquet and taste (Frazier and Westhoff, 2009). Mead 
was then clarified by freezing if not, by using 5% bentonite solution at the rate of 0.6%. Then 
mead was bottled in pre-sterilized bottles and pasteurized at 62.5°C for 15 minutes to make it 
microbiologically safe. Finally, the physiochemical properties of mead was determined which was 
shown in Table 2.

Table 2.  Physicochemical properties of Mead
Parameters* HWA HWB HWC HWD

Total soluble solid (°Brix) 8a  ±0.0 8.4b ±0.0 7.67c ±0.12 7.6c ±0.0

pH 2.667a ±0.058 2.467b ±0.058 3.6c ±0.1 2.867d ±0.058

Titrable acidity (%) 0.597a ±0.074 
as citric acid

0.64a ±0.0 
as citric acid

0.525a ±0.0 
as tartaric acid

0.575a ±0.043 
as tartaric acid

Free volatile acidity as acetic acid 
(%)

0.14a ±0.007 0.15a ±0.017 0.10a ±0.019 0.09a ±0.026

Free fixed acidity as tartaric acid 
(%)

0.48a ±0.092 0.49a ±0.034 0.52a ±0.079 0.54a ±0.098

Alcohol by volume (%) 6.723a ±0.231 6.063a ±0.817 7.07a ±0.0 7.817a ±0.607

Ester as g ethyl acetate/100 L of 
alcohol in sample

298.124a 
±9.221

262.469a 
±7.290

327.137a 
±14.165

290.355a 
±26.843

Reducing sugar (%) 0.115a ±0.003 0.122a ±0.064 0.124a ±0.049 0.123a ±0.013

Aldehyde as mg acetaldehyde/ 100 
L of ethanol

695.2a ±0.021 140.8b ±0.172 536.8c ±0.053 616d ±0.003

Ash (%) 0.314a ±0.006 0.27a ±0.010 0.296a ±0.014 0.293a ±0.006

Methanol (%) 0.03a ±0.001 0.032a ±0.003 0.032a ±0.005 0.03a ±0.006
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*Values are the Means ± Standard deviation (SD) obtained from the triplicate data and different 
letters in superscripts (a, b, c, d) in the same row indicates significantly (p<0.05) different whereas 
same letters indicates not significantly (p<0.05) different.

The study of Mendes Ferreira et al. (2010) has revealed that the titratable acidity of mead to be 
0.3 – 0.77 % as tartaric acid. Therefore, the titratable acidity of mead samples prepared in this 
study was found to comply with the above range. According to Steinkraus (1996), the final pH of 
mead ranged from 2.9 – 3.75. The lower pH in sample HWA and HWB may be due to addition 
of citric acid at higher level and due to high acid production during fermentation. The alcohol 
content of mead samples were found to be in the range of 6.063 to 7.817 %. The amount of alcohol 
produced by yeast in honey must (22 to 22.3°Brix) fermentation ranged from 10.7 to 11.4 % 
(v/v) (Mendes Ferreira et al., 2010) whereas according to Steinkraus (1996) the alcohol content 
of mead ranges from 6.4 to 16.6 % (v/v). The ester content (as ethyl acetate) of the mead in this 
study was markedly higher than those obtained in the study carried out by Mendes Ferreira et al. 
(2010). It should be underlined that the comparison of this results with those previously reported is 
somehow restricted by the differences in honey floral source, honey-must preparation, yeast strain 
and fermentation conditions.

The reducing sugar of mead prepared in this study was lower than the range (0.71-37.44%) as 
given by Steinkraus (1996) indicating that most of the fermentable sugars are reduced during 
fermentation by yeast. According to Steinkraus (1996), the acetaldehyde content of honey wines 
was found to be in a range of 18.2 – 126.5 mg/100ml and the ash content of honey wine ranging 
from 0.071-0.699 %. The BATF (Bureau of Alcohol, Tobacco, Firearms and Explosives) limit of 
methanol content in wine is less than 1,000 mg/L (0.1%) (Zoecklein et al., 1997). In this study, the 
methanol content of all the samples was found to be within the limit given by BATF.     

Total phenolic content and antioxidant activity- The total phenolic content of sample honey, 
HWA, HWB, HWC and HWD was calculated as 783, 163, 233, 143 and 173 mg/ L Gallic Acid 
Equivalent by using the standard curve of gallic acid and the antioxidant activity was found to be 
21.59, 15.91, 18.18, 15.91 and 14.77% as DPPH inhibition respectively. 

The antioxidant activity of sample HWB was found to be highest indicating high radical scavenging 
activity which may have arrived from added raisin which is high in certain antioxidants. The 
lowest antioxidant activity was found in sample HWD. The investigated white wines showed % 
antioxidant activity as DPPH inhibition in the range from 12.7% to 19.05% (Mitic et al., 2010). 
The antioxidant activity of mead prepared in this study was found to meet the above range. The 
antioxidant capacity of honey was retained in mead as the antioxidant activity of honey was found 
to be 21.59% and that of mead sample ranged from 14.77 to 18.18% which is obtained by 3.55 
times dilution of honey followed by fermentation. The antioxidant activity of honey was extended 
by 2.43 to 2.99 times into mead.
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Figure 1.  Relation between antioxidant activity and total phenolic content of honey and Mead

The significant correlation was found between antioxidant activity and Total Phenolic content 
of mead as shown in Figure 2. The analysis of the correlation between antioxidant activity and 
Total Phenolic content clearly indicated a linear correlation (R2 =0.983) indicating that Phenolic 
compounds appear to be responsible for the antioxidant activity of mead. Many authors report that 
total phenolic content is strongly linearly correlated with antioxidant activity (Neupane, 2010).

Figure 2.  Correlation between antioxidant activity and total phenolic content of mead Sensory 
analysis

The mean sensory scores for different sensory attributes including color, smell, taste, mouth feel 
after taste and overall acceptance of mead samples HWA, HWB, HWC and HWD were found to 
be 4.86, 5.52, 5.19, 5.29 & 5.14; 5.48, 5.48, 5.05, 5.33 & 5.48; 7.81, 7.14, 6.67, 6.81 & 7.10 and 
7.86, 7.1, 7.43, 7.29 & 7.43 respectively.
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Figure 3. Mean scores of sensory attributes

Note: Different letters in superscripts (a, b, c) in the same parameter indicates significantly (p<0.05) 
different whereas same letters indicates not significantly (p<0.05) different

From Figure 3, it was clear that the sample HWD scored highest in terms of color, taste, mouth 
feel after taste and overall acceptance in comparison to other sample whereas sample HWC scored 
highest in terms of smell.

Conclusion
With the use of honey, yeast and yeast nutrient, fine quality mead was prepared. In summary, 
scientific studies on mead are very exceptional. Nitrogen supplementation is a widely accepted 
practice in the mead production yet, there are no previous reports into its effect on yeast growth 
and fermentation activity as well as on the sensorial quality of this fermented alcoholic beverage. 
In this study, it was also concluded that the antioxidant capacity of honey can be extended through 
fermentation by 2.43 to 2.99 times into mead, although more studies are needed. Scale-up studies 
under these optimized conditions are still needed.
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Preparation and Quality Evaluation of Ginger Wine

Pushpa L. Rai1, 2* and Dhan Bahadur Karki2
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Effect of mash TSS (16, 20 and 24oBx), ginger amount (1, 1.5 and 2% m/v) and yeast types 
(Saccharomyces cerevisiae and Saccharomyces ellipsodeus) on the chemical and sensory qualities 
of the wines was studied. The wine was clarified using bentonite suspension (5% m/v). The average 
pH, TSS (oBx), alcohol content (%v/v), total acidity (as g lactic acid/L), fixed acidity (as g lactic 
acid/L), volatile acidity (as g lactic acid/L), reducing sugar (g/L), esters (as mg ethyl acetate/L 
alcohol) and total aldehydes (mg acetaldehyde/L alcohol) of the ginger wines fermented by wine 
and baker’s yeasts were found to be 4.1 and 4.2, 5.8 and 6.2, 7.8 and 8.71, 7.56 and 7.92, 5.4 
and 5.88, 2.16 and 2.04, 5 and 6, 45.5 and 40.23 and 30.61 and 23.16 respectively. TSS, total 
acidity, fixed acidity, volatile acidity, esters and total aldehydes were not significantly different 
but pH, alcohol and reducing sugar were significantly different (p<0.05). Bentonite was found to 
be most effective at the rate of 0.5g/L for the clarification of ginger wine. The ginger wine could 
be prepared from the mash having 10% raisin, 20oBx TSS, 1% ginger (m/v) and pH 4.5 by using 
baker’s yeast in comparable quality to that fermented by true wine yeast. 

Keywords: Ginger wine, Saccharomyces cerevisiae, Saccharomyces ellipsodeus, Fermentation

Introduction
Ginger (Zingiber officinilae Rosc.) is an herbaceous perennial plant of the family Zingiberaceae 
which consists of 47 genera. Ginger is one of the oldest spices to be supposedly native to South 
East Asia, but like many other tropical plant of economic importance, its exact origin is uncertain. 
It is mentioned in early literature of China and India. Ginger is one of the important spices as well 
medicinal plants in the country. It is becoming the major cash crop of the mid-hill farmers of Nepal. 
Salyan, Palpa, Tanahu, Syanja, Kaski, Nawalparasi, Bhojpur and Ilam are the leading districts for 
ginger production. In Nepal, locally available ginger has two varieties- fibrous (NASE) and non 
fibrous (BOSE). The germplasm collected from Salyan, Bhojpur and Ilam fall under the ‘BOSE’ 
variety and these are considered the best in quality (Sharma, 1997). Ginger has been revered for 
its medicinal and culinary benefits for centuries. The underground stem known as the rhizome 
contains the most medicinal benefits of the plant. The volatile oils of the ginger plant gives ginger 
its characteristic odor and taste. It is best to use ginger in its fresh form to obtain the most health 
benefits from its use.

Ginger wine is an alcoholic beverage made from a fermented blend of ground ginger (Zingiber 
officinale Rosco) and raisins fermenting by the yeast, Saccharomyces cerevisiae. It is a popular 
beverage in Europe. The word drink is primarily a verb, meaning to ingest liquids. Ginger is usually 
used to flavor a wine. It has many health benefits. Ginger wine can be consumed by blending with 
whisky, brandy or rum. 

Materials and Methods
The raw materials viz. raisin, ginger and sugar were procured from local market of Dharan.

Preparation of mash- Ginger was washed and removed its skin by a knife. Raisin was sorted and 
washed in tap water. The ginger and soaked raisin were flaked by iron mortar and pestle. The sugar 
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syrup was made with warm water, and then stained by muslin cloth. The different fermentation 
mashes having 10% raisin of the total mash and 4.5 pH were prepared as follows;

Table 1. Composition of different mashes.

Mash Ginger (%) TSS (oBrix)

1 1 16

2 1 20

3 1 24

4 1.5 16

5 1.5 20

6 1.5 24

7 2 16

8 2 20

9 2 24

Pitching and agitation- One set of the prepared mashes was inoculated with baker’s yeast and 
another one was inoculated with wine yeast at the rate of 1g/ Liter, and was filled into clean and 
boiled bottles up to 2/3rd of their capacity. The bottles were then plugged by cotton, agitated and 
kept for fermentation at room temperature.

Fermentation- The progress of fermentation was monitored by measuring the drop of TSS. After 
5 days of pitching, the TSS of the fermented mashes was measured by hand Refractometer every 
day till constant TSS was obtained. After 11 days from pitching, the fermentation was assumed to 
be completed when the TSS ceased to drop further.

Racking, pasteurization and bottling- The clear wines were siphoned off from the lees in still 
pot using a sterilized polythene pipe, and covered with metal dish and pasteurized by heating to 
70oC for 15 minutes and cooled to room temperature (30oC) by cooling in tap water. Bentonite 
suspension was added at the different concentrations (0.5, 1 and 1.5g/L) for the clarification of the 
ginger wines. The cold wines were racked and filled in to the pre sterilized bottles and kept in room 
until needed for further analyses. 

Analytical methods- The moisture content of ginger was determined by distillation method as per 
AOAC, (2005). Reducing sugar, esters, aldehydes, acidities (total, fixed and volatile) and alcohol 
content were determined as per AOAC, (2005). TSS was measured by hand Refractometer and pH 
was measured by potable digital pH meter (Henna, Portugal). Turbidity of the clarified wines was 
measured by Turbidometer (Henna, Portugal).

Results and Discussions
Effect of TSS and ginger amount on the chemical and sensory quality of ginger wine- The final 
TSS of the ginger wines made from the mashes having initial TSS of 16o, 20o and 24oBx were 
found to be 6o, 7o and 11.7oBx respectively. The ANOVA result showed that the variation of initial 
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TSS had a significant effect on the final TSS of the ginger wines. The LSD test showed that the TSS 
of ginger wines made from the mashes having initial TSS of 16o and 20oBx were not significantly 
different (p<0.05). The TSS of the ginger wine prepared from the mash having TSS of 24oBx was 
significantly different higher than those of the ginger wines prepared from the mashes of 16o and 
20oBx. However, the variation of ginger amount had no significant effect on the final TSS of the 
ginger wines. 
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Figure 1. Effect of mash TSS on the TSS of the gingerwines
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Figure  2. Effect of ginger amount on the TSS of the ginger wines



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

246

4

5

6

7

8

9

10

11

10 12 14 16 18 20 22 24 26

Initial TSS of the mash

A
lc

oh
ol

 c
on

te
nt

 o
f t

he
 g

in
ge

r 
w

in
e,

 %
 

(v
/v

) 1% (m/v) ginger
1.5% (m/v) ginger
2% (m/v) ginger

Figure 3. Effect of initial TSS on the alcohol content of the ginger wines
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Figure 4. Effect of ginger amount on the alcohol content of the ginger wines
 
The alcohol contents of the ginger wines made from the mashes having initial TSS of 16o, 20o and 
24oBx were found to be 6.87, 8.63 and 9.46 % (v/v) respectively. The ANOVA result concluded 
that the variation of initial TSS had significant effect but ginger amount had no significant effect on 
the alcohol content of the ginger wines. The LSD test showed that the ginger wines made from the 
mashes having TSS of 16o and 20oBx and 16o and 24oBx were significantly different but the ginger 
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wines prepared from the mashes of 20o and 24oBx TSS were not significantly different in alcohol 
content. Similarly, the alcohol content of the ginger wines made from the mashes having different 
ginger amounts (1, 1.5 and 2 % m/v) was not significantly different.

Effect on sensory quality 
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Figure 5. Effect of initial TSS on the sensory properties of ginger wines
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Figure 6.  Effect of ginger amount on the sensory properties of the ginger wines

Effect of yeast culture on chemical and sensory properties- The ginger wines prepared  from pre 
optimized composition of mash (20oBx, 1% m/v ginger and 4.5 pH) by fermenting by true wine 
and baker’s yeasts were analyzed for reducing sugar, acidities (total, fixed and volatile), esters, 
total aldehydes, alcohol content and results are shown in Table 2. 
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Table 2. Chemical composition of the ginger wines

Parameters
Values*

Wine A Wine B
pH 4.1a  (0.06) 4.2b (0.08)
TSS (oBx) 5.80a (0.20) 6.20a (0.15)
Alcohol content (%v/v) 7.80a (0.15) 8.71b (0.16)
Total acidity (as g lactic acid/L alcohol) 7.56a (0.10) 7.92a (0.17)
Fixed acidity (as g lactic acid/L alcohol) 5.4a (0.20) 5.88a (0.24)
Volatile acidity (as g lactic acid/L alcohol) 2.16a (0.05) 2.04a (0.10)
Reducing sugar (g/L) 5a (0.2) 6b (0.21)
Esters (as mg ethyl acetate/L alcohol) 45.5a (3.23) 40.23a (4.36)
Total aldehydes (as acetaldehyde), mg/L alcohol 30.61a (4.0) 40.23a (4.36)

   
Note: *Values are the means of three determinations. Figures in the parenthesis are the standard 
deviation. Means having same superscripts in a row are not significantly different (p>0.05). 
Wine A=fermented by true wine yeast; Wine B=fermented by baker’s yeast

Effect of bentonite on the clarification of ginger wine- The result showed that the use of bentonite 
at the rate of 0.5 g/L was effective for the clarification of the ginger wines (Figure 7). In the 
experiment, the effective amount of bentonite was found to be 0.5g/L for the prepared ginger 
wines. The amount of bentonite for the clarification of wines depends on the pH. The amount of 
bentonite for the clarification of the ginger wine was within the prescribed amount. 
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Figure 7. Effect of bentonite on the clarification of ginger wine
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Conclusion and Recommendation
On the basis of the results and discussion, the following conclusions were drawn:

Conclusions 
•	 The ginger wine could be prepared from the mash having 10% raisin, 20oBx TSS, 

1% ginger (m/v) and 4.5pH by using baker’s yeast as comparable quality of the 
ginger wine fermented by true wine yeast in the provided conditions.

•	 Bentonite was found to be most effective at the rate of 0.5g/L for the clarification of 
ginger wine.

Recommendations
•	 The clarifying effects of different fining agents other than bentonite can be studied 

in ginger wine.
•	 Study on anti-microbial effects of ginger can be done.
•	 Study on the physicochemical changes during its ageing can be carried out.
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 Preparation and Quality Evaluation of Mixed Fruit Wine
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A blend of 1:1, 4:1 and 3:2 parts of grapes with strawberry juice containing 12, 13 and 14 ° 
Brix (TSS) were prepared to adjust at 20° Brix before culture inoculation. The pH of the juice 
was observed 4.3, 4.4 and 4.2 respectively, which was later adjusted at 4.5 to each for culture 
propagation. The samples were made a suitable substrate by adding basic ingredients such as 
water, sugar and wine yeast Saccharomyces cerevisiae var ellipsodeus in order to ferment at 15˚C, 
siphoned and aged at room temperature. The wine samples were analyzed on the basis of physico-
chemical and sensory attributes. According to the sensory evaluation, the wine sample- C was 
categorized as sweet and acceptable, where as the rest of two were similar to each other with dry 
mouth feel. Sample- A and B were also acceptable but sample- A was interesting in appearance due 
to intense pink color. The values of sample C in terms of quality parameter such as pH, TSS, alcohol 
content, reducing sugar were found to be 4.1, 7°Brix, 6%(v/v), 5.4 g maltose/100ml respectively. 
TSS, total acidity, fixed acidity, volatile acidity, esters and total aldehydes were not significantly 
different in sample A and B but pH, alcohol content and reducing sugar were significantly different 
(p<0.05) in sample C.

Keywords:  Mixed fruits, Wine yeast, Sensory quality, Mixed fruit wine

Introduction
Wine is the end product of partial or complete alcoholic fermentation of the juice of grape (Prescott 
and Dunn, 1987).It is also made from a variety of fruits peaches, plums or apricots etc. and saps 
of different palm tree (Okafor, 1972). Wine is an un-distilled beverages having 6-20% ethanol by 
volume (Pearson, 1976). Many spices are used to flavor the wine (Manay and Shadaksharaswamy, 
1987). Mixed fruit wine can be made by blending different types of fruit juices.

Few parameters such as pH, temperature, sugar concentration etc play important role in determining 
cultural condition of the fermentation media. Cultural condition refers to the environment of 
yeast i.e. fermentation media on which the propagation of yeast as well as final quality of wine is 
largely depended (Varnam and Sutherland, 1994). Wine yeast is the member of the Saccharomyces 
cerevisiae group. The name originates from the Greek word sakchar means sugar and mykes means 
fungus, referring to the strong sugar fermenting properties of the genus in general. Although, 
Hansen regarded them as a separate species, they are more ellipsoid in shape than the round 
or oval cells of brewery and bakery yeasts. Hansen restricted the name S. ellipsoideus to them. 
In the nomenclature of Dutch school, these yeasts are classified as a variety of S. ellipsoideus 
and consequently named S. cerevisiae var. ellipsoideus (Austin, 1968). Good wine yeast is one 
which will impart a vinous or fruit like flavor, will ferment sugar to a low content producing 
14-18% alcohol, and is characterized by remaining in suspension during fermentation and then 
agglomerating to yield a coarse granular sediment that settles quickly and is not easily disturbed in 
racking (Pederson, 1971). The temperature and duration of fermentation depend upon whether dry 
or sweet wine is required. Fermentation usually lasts 4-10 days. When fermentation is complete, 
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the clear wine is siphoned from the yeast sediment into barrels (racking) and the wine is allowed 
to age. During this period, secondary fermentation takes place and wine also losses its raw and 
harsh flavor and mellows down. During this period of maturation, clarification takes place in 
natural way. It can also be achieved by fining and filtration. Next, the wine is bottled and allowed 
to mature; the time of this maturation extends to a number of years depending upon the quality 
desired (Manay and Shadaksharaswamy, 1987).Fermentation time may range from 2-20 days 
depending upon numerous variables- types and condition of fruits, type of wine made, and climatic 
conditions. Among others temperature is quite critical to the fermentation process (Douglas and 
Considine, 1982). The optimum temperature for fermentation of red wine is higher than that of 
white wine. The optimum temperature is believed to be 21.1-27.4°C (Johnson and Peterson, 1974). 
At temperature above 90°F (32.2°C), it is likely that wine flavor and bouquet will be injured. 
High temperature also encourages heat tolerant bacteria to produce acid, mannitol and off flavor 
(Douglas and Considine, 1982).The end of fermentation is signaled by a clearing of the liquid, by 
a vinous taste and aroma, and by a drop in temperature, and can be confirmed by checking degrees 
balling (sugar residual) (Douglas and Considine, 1982).

Nutritional and medicinal value: With red wines, the grapes are pressed, and the juice sits for a 
while with the grape skins and stems still present. Because of this, the grape juice has a chance 
to leach more of the flavanoids and resveratrol from the grape skins. So, red wines will have a 
higher concentration of antioxidants than white. White wine contains more riboflavin than red 
wine (Morgan, 1987).While studying the vitamin content in fermenting musts, Castor found that 
riboflavin increased, panthothenate usually decreased, vitamin B6 slightly decreased, and biotin 
was largely lost. Lucia (1954) reported that when wines are taken along with a good and balanced 
diet, their content of thiamine, riboflavin, pantothenate, niacin and vitamin B6 contribute to total 
nutrition.

In this study, the main objective was to prepare mixed fruit wine using grapes and strawberries 
and to evaluate the quality of the prepared mixed fruit wine in terms of sensory attributes such as 
colour, taste, flavor and overall acceptance.

Materials and Methods
The raw materials viz. Grapes and Strawberry were procured from local market of Kathmandu 
(Grapes from Kalanki whereas strawberry from Basantapur). True wine yeast (Saccharomyces 
cerevisiae var. ellipsoideus) was obtained from Makalu wine industries (Pvt.) Ltd., Basantapur, 
Tehrathum.

Grapes were de-stemed and washed with water. It was then crushed to obtain juice. The juice was 
filtered by muslin cloth. Likewise strawberries were also de-stemed, sliced and crushed to obtain 
juice. The juice was filtered by muslin cloth. Finally the juice was mixed with equal volume of 
water. A blend of 1:1, 4:1 and 3:2 parts of grapes and strawberry juice containing 12,13 and 14 ° 
Brix (TSS) were prepared and adjusted to 20° Brix before culture inoculation. The pH of the juice 
was observed 4.3, 4.4 and 4.2 respectively, which was later adjusted to 4.5 to each for culture 
propagation. The juice samples were made a suitable substrate by adding basic ingredients such as 
water, sugar and wine yeast Saccharomyces cerevisiae var ellipsodeus in order to ferment at 15˚C, 
siphoned and aged at room temperature.
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Primary fermentation and agitation- One set of the prepared mashes was inoculated with wine 
yeast at the rate of 1g/ Liter, and was filled into clean and boiled bottles up to 2/3rd of their capacity. 
The bottles were then plugged by cotton, agitated and kept for fermentation at room temperature.

Secondary fermentation- The progress of fermentation was monitored by measuring the drop of 
TSS. After 8 days of primary fermentation, the TSS of the fermented mashes was measured by Abbe 
type hand Refractometer till constant TSS was obtained. After 15 days of primary fermentation, 
the fermentation was assumed to be completed when the TSS ceased to drop further. Finally the 
wines were siphoned off from the lees in still pot using a sterilized polythene pipe, and covered 
with metal dish.

Aging and filtration- The wine was aged for 15 days at room temperature and then filtered with 
cotton plug.

Pasteurization and bottling- The clear wine was pasteurized by heating to 60oC for 30 minutes and 
cooled to room temperature by cooling in tap water (G. Cappuccino, wine pasteurization). The cold 
wines were filled in to sterilized bottle.

Analytical methods- Reducing sugar of the samples was determined as per Lane and Enyon method 
as per AOAC. Esters, aldehydes, acidities (total, fixed and volatile) and alcohol content were also 
determined as per AOAC (2005). TSS was measured by hand Refractometer and pH was measured 
by potable digital pH meter (Henna, Portugal) respectively.

Quality analysis- The quality of the prepared wines were analyzed by chemical analysis (TSS and 
alcohol content) and sensory analysis (color, flavor, taste and overall acceptance) by ANOVA. 

Sensory evaluation- Prepared wines fermented by true wine yeasts were subjected to sensory 
evaluation for consumer’s acceptability. Sensory attributes (such as color, flavor, taste and overall 
acceptance) were evaluated using a 9 point Hedonic scale rating test ranging from dislike extremely 
(1) to like extremely (9) as described by Ranganna, (2001) by the help of semi-trained 10 panelists 
selected from those who were familiar with alcoholic beverage. Samples were served in clean 
transparent labeled glasses. Questionnaires and water for mouth rinsing between each tasting were 
provided. 

Statistical analysis- The determination was conducted in triplicates. The data were analyzed by 
SPSS programming at 5% level of significance. The means were compared using LSD method and 
the best treatment was selected (SPSS 16).

Results and Discussions
Grapes, strawberry and sugar, available at local market of Kathmandu, were used for the preparation 
of fermentation mashes. The wine were prepared from the mashes having different percentage of 
juice (grape juice: strawberry juice = 1:1, 4:1, 3:2) and pH of 4.5 by using true wine yeast at 
room temperature. The pH was adjusted to 4.5 by sodium bicarbonate solutions. Similarly, TSS 
was adjusted using sugar syrup. The fermentation was allowed to proceed at room temperature 
(15-20°C) until constant TSS was obtained. After completion of the fermentation, the wine were 
analyzed for chemical properties and subjected to sensory evaluation.
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Table 1. Effect on the Chemical Quality of Qine Parameters with the Variation of Juice Ratio 
Parameters Sample A Sample B Sample C

pH
TSS
Alcohol Content
Total Acidity (% as Tartaric acid) 
Fixed Acidity 
Volatile Acidity (% as acetic acid) 
Reducing Sugar (g maltose/100ml)
Esters
Total Aldehydes (mg acetaldehyde/100ml)

3.8
4
8

4.9
3.1
1.8
5

45.3
32.2

3.9
5

7.5
4.32
2.8
1.52
5.2
48.7
30.5

4.1
7
6

3.83
2.5
1.32
5.4
50.1
27.6

Values are means of Three Determinations
pH of wines-The average pH of the mixed fruit wines fermented by true wine yeast were found to 
be 3.8, 3.9 and 4.1 respectively. Wine prepared of Sample C of ratio 3:2 (grapes juice: strawberry 
juice) had significantly higher pH than that of wine prepared from the ratios 1:1 and 4:1. It was 
found that palm wine made from high pH had the high final pH while the TSS of mash had no 
effect on the pH of the wines. It was observed that palm wine having pH 3.23 from the mashes 
having 20° Brix TSS and 4.5 pH. The prepared palm wine had low pH. The palm sap is sensitive 
to spoilage microorganisms (Dhakal, 2007). It could be acidified before the initiation of desirable 
fermentation by yeast culture. 

TSS- The average TSS of mixed fruit wines fermented by true wine yeast was found to be 4, 5 
and 7 respectively. Statistical analysis indicated that the mixed fruit wines were not significantly 
different in TSS (p>0.05). It was found that the variation in TSS and pH had a significant effect on 
the final TSS of palm wine. The palm wine made from mash having initial TSS of 20° Brix and 
pH of 4.5 had final TSS of 6.8°Brix (Dhakal, 2007). It was also observed that apple wine prepared 
from the mash having TSS of 20°Brix and pH of 4.5 by using S. ellipsodeus and murcha had the 
final TSS of 5°Brix (Gautam, 1992). It was reported that the wine with high initial TSS had high 
final TSS. These values of TSS were similar to that of other wines. The TSS of the prepared mixed 
fruit wines lies within the reported range of TSS.

Alcohol content- The alcohol contents were found to be 8, 7.5 and 6 % (v/v) respectively in the 
mixed fruit wines fermented by true wine yeast. t-test indicated that mixed fruit wines fermented 
in different proportions were significantly different in alcohol content. The alcohol in wines is 
formed as a result of utilization of carbohydrates present in the mash for the growth and metabolic 
activities of yeast during fermentation (Patel, 1999). In a suitable environment and substrate, the 
amount of alcohol produced depends upon the amount of sugar present and the efficiency of the 
yeast in converting the sugar to alcohol.

The alcohol content varies from 5% up to 21% (v/v). Natural wines contain 8.5 to 16% ethanol by 
volume (Boulton, 1997). The legal limits for alcohol vary markedly for different countries and are 
usually related to the tax structure (Amerine, 1967). According to Gvaladez (1936), the alcohol 
yield varies from 47.87-48.12% of TSS of fermentation mash. The alcohol contents of the mixed 
fruits wines were within the range of other reported wines. The result showed that alcohol was less 
with increasing the strawberry juice ratio. It could be due to the more acidic nature of strawberry 
juice. 



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

254

Total acidity- The average total acidity of the mixed fruit wines were found to be 4.90, 4.32 and 3.83 
g/L (as lactic acid) respectively. t-test indicated that the mixed wines of different proportions were 
not significantly different (p> 0.05) in total acidity. It was found that the sample A (juice having 
the ratio 1:1) had the higher total acidity than that of mixed wine having the juice composition 4:1 
and 3:2 ratio. Total acidities are important constituents of wine not only for their acid taste but also 
because they protect the wine from spoilage, maintain the color, and are themselves sometimes 
attacked by microorganisms (Amerine, 1967). Dhakal (2007) prepared palm wines having acidities 
4.05 g/L as lactic acid from the mashes having 20°Brix (TSS) and 4.5 pH. Gubhaju (2006) also 
prepared wines having similar results. According to Reed, (1987) the higher amount of total acid of 
naturally fermenting wine may be due to the presence of significant numbers of Kloeckera species. 
The calculated values of total acidities were higher than other reported values. The growth of lactic 
acid bacteria could produce lactic acid and increased total acidity.

Fixed acidity- The average fixed acidity of the mixed fruit wines of varied juice ratio were 
calculated to be 3.1, 2.8 and 2.5 g/L (as lactic acid) respectively, but the values of the mixed fruit 
wines were not significantly different. Dhakal (2007) prepared palm wine having acidities 2.96 g/L 
as lactic acid from the mashes having TSS of 20ºBrix and 4.5 pH. The calculated values of fixed 
acidities were higher than other reported values. The growth of lactic acid bacteria could produce 
lactic acid and increased fixed acidity in the mixed fruit wines.

Volatile acidity- It was found that the amount of volatile acidities of the different varied juice 
ratio were found to be 1.8, 1.52 and 1.32 g/L (as lactic acid) respectively. Statistical analysis 
result showed that the values were not significantly different. The volatile acids are produced 
mainly during the initial stage of fermentation, and more is formed in the presence of oxygen than 
in absence (Amerine, 1967). The determination of volatile acidity as an indication of spoilage 
has become a part of the legal requirements for wine standardization. The amounts of acetic 
acid produced during alcoholic fermentation are small-usually less than 0.03 gm. per 100 ml. 
The volatile acidity of a sound, newly fermented dry table wine may range from 0.2 to 0.4 g/L 
(Ribereau- Gayon, 1961). Increase beyond this level, however, may signal microbial involvement 
and potential spoilage. According to Egan, (1981) the volatile acidity of wines such as Port, Sherry, 
Claret, Burgundy, Hock and Campagne were 0.05-0.10, 0.05-0.23, 0.09 0.15, 0.20-0.35, 0.05-0.15 
and 0.03-0.20% (m/v) respectively. The calculated values of volatile acidity were out of the range 
of all types of wines. It could be due to the activity of film forming yeasts, and particularly of acetic 
acid bacteria and lactic acid in the in the mixed fruit wines.

Reducing sugar- The average reducing sugar in mixed fruit wines of the different varied juice 
ratio were found to be 5, 5.2 and 5.4 g/L as dextrose respectively. t- Test indicated that the mixed 
wines were significantly different in reducing sugar content in the mixed fruit wines at p<0.05. The 
amount of reducing sugar is variable. Dry wine contains less than 0.12% sugar and sweet wine 
contains up to 7% sugar. The amount of reducing sugar depends on the conditions for fermentation. 
The consumption of sugar by yeast depends on the strain of the yeast. As the sample C was 
comparatively sweeter than the samples A and B therefore sample C had greater reducing sugar.

Esters- The average values of mixed fruit wines were 45.3, 48.7 and 50.1 mg/L as acetaldehyde 
respectively. The values of esters were not significantly different in mixed fruit wines. Esters are 
an important part of odor of wines. Only ethyl acetate seems to be important-below about 200 mg. 
per liter for a desirable odor but above this it appears to give a spoiled character to the wine. Both 
neutral and acid esters are found in wine. The total esters in various wines vary between about 200 
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and 400 mg. as ethyl acetate per liter (Amerine, 1967). These values are lower than that of various 
wines. Esters are formed mainly during ageing by the oxidation of higher alcohols. These lower 
values of esters in the mixed fruit wines could be due to lack of ageing as the mixed fruit wines 
were not aged.

Total aldehydes- The average total aldehydes as acetaldehyde in mixed fruit wines were found to 
be 32.2, 30.5 and 27.6 mg/L as acetaldehyde respectively. t- Test result indicated that the mixed 
wines of varied juice proportions were not significantly different (p>0.05) Acetaldehyde is a normal 
by-product of alcoholic fermentation. The amount of aldehydes ranges from 200 to 500 mg/L as 
acetaldehyde in various wines (Amerine, 1967). The amounts found in newly fermented wines are 
below about 75 mg per liter. These values are within the range.

Sensory evaluation- The sensory evaluation of mixed fruit wines was done by semi trained 
panelists including teachers, research students (of Lalitpur valley college, Lalitpur) and staff of 
DFTQC (Babar Mahal, Kathmandu). The parameters selected for sensory evaluation were color, 
flavor, taste and overall acceptance. The data was analyzed by t-test at p=0.05. Sensory score 
for color was highest for sample A .One way ANOVA treatment result showed that the samples 
were significantly different (p< 0.05) in terms of color.LSD result revealed that Sample A was 
significantly different (p< 0.05) in terms of color from other samples B and C. Sensory score for 
flavor was highest for sample C. One way ANOVA treatment result showed that the samples B 
and C were significantly different (p< 0.05) in terms of flavor.LSD result revealed that Sample C 
was significantly different (p< 0.05) in terms of flavor from other samples A and B. Sensory score 
for taste was highest for sample C . One way ANOVA treatment result showed that the samples 
were significantly different (p< 0.05) in terms of Taste.LSD result revealed that Sample C was 
significantly different (p< 0.05) in terms of taste from other samples A and B. Sensory score for 
overall acceptance was highest for sample C. One way ANOVA treatment result showed that the 
samples were significantly different (p< 0.05) in terms of Overall acceptance.LSD result revealed 
that Sample C was significantly different (p< 0.05) in terms of overall acceptance from other 
samples A and B.

Figure 1. Graph showing Mean value of the Sensory Attributes of Different Samples.
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Conclusion
Based on the results obtained from this study, the mixed fruit wine prepared from the mash having 
juice ratio 3:2 (grapes: strawberry) 20°Brix (TSS) and 4.5 pH by using true wine yeast  in the 
provided conditions was the best in compared to other. The sample C was more acceptable on the 
basis of sensory evaluation.
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Presence of antibacterial drug residues in milk, meat and eggs is growing concerns on food safety 
issues due to human health hazard globally. This study was carried out to find out the prevalence 
of different types of antibacterials: namely Ampicillin, Amoxicillin, Penicillin G, Sulfadimethoxine, 
in Kathmandu, Lalitpur and Bhaktapur districts.  A total of 140 milk samples were collected 
from three different sources (organized dairies, cottage dairies and individual farmers) and 
assessed by quantitative tests. The quantitative analysis conducted by High Performance Liquid 
Chromatography (HPLC) detected 80.71% samples (113 out of 140) positive for amoxicillin, 
41.43% (58 out of 140) for sulfadimethoxine, 27.14% (38 out of 140) for penicillin G and 12.14% 
(17 out of 140) for ampicillin. Due to higher precision, HPLC method showed more positive 
samples. Levels of antibiotic residues detected by HPLC method were above the MRLs set by Codex 
Alimentarius, EU and USFDA. Based on this study, analytical conditions and sample extraction for 
aforementioned antibiotics for HPLC method were modified and developed. Questionnaire survey 
about the presence of antibiotic residue in milk and their possible health hazard revealed that 
organized dairies and consumers were much more aware than farmers and cottage dairies. Our 
study clearly indicated food safety threat of antibiotic through fresh milk and warrants legislative 
and public awareness campaign to minimize the unsafe use of antibiotic in milk.

Keywords: High Performance Liquid Chromatography (HPLC), Ampicillin, Amoxicillin, 
Penicillin G, Sulfadimethoxine.

Introduction
Antibiotics are generally produced by the specific types of microorganisms that suppress the growth 
of other microorganisms while antimicrobials include antibiotics and also chemically synthesized 
drugs  to fight against microorganisms (Bill, 1997). Over 40,000 varieties of antibiotics have been 
identified, and 80 of these have broad applications in the agricultural and fishery industries (Lee et 
al., 2007). They are widely used as therapeutic agents for the treatment of infectious disease and 
as growth promoters, and are administered either parenterally or orally. Presence of antibiotics in 
foods of animal origins such as milk and meats poses significant health hazards in humans and 
hence these foods need to be screened out routinely for human safety. 

Veterinary drug residues are the metabolites or degradation products of pharmacological compounds 
remaining in the food obtained from food animals undergoing drug treatment. Maximum residue 
limit (MRLs) is the highest amount of residue remaining after the utilization of a veterinary and 
medicinal product (given in mg/kg or µg/kg on a fresh mass basis) which can be accepted by the 
public to be lawfully tolerable or acceptable in a food (Mc Glinchey et al., 2008).

Most of the anti-microbial residues in foods are not degraded by cooking or pasteurization. 
Consumption of meat or milk containing penicillin by penicillin-sensitive person leads allergic 
reactions. Furthermore, consumption of small doses of antibiotic could cause selective growth of 

*Corresponding author, E-mail: anil.anal@gmail.com
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resistant bacteria in the intestinal tracts resulting in their overgrowth. Hence, it is utmost essential 
to educate the farmers (food animal producers) about the proper use of antimicrobials and/ or other 
drugs and their withdrawal times, and (Bill, 1997).

The β-lactam antibiotics are extensively used in food animal practices against the bovine 
mastitis, pneumonia, bacterial arthritis and diarrhoea. These antibiotics are administered by oral, 
intramuscular, intravenous and subcutaneous routes (Kantiani et al., 2009). Penicillin G, Ampicillin, 
Amoxicillin, Cephalosporin and Cloxacillin are common beta lactam (penicillin) group antibiotics 
(EI-Shahat et al., 2010).

There are several techniques to analyze antibiotics in milk such as microbial inhibition assay 
method, chromatographic methods including high performance liquid chromatography: (HPLC), 
high performance thin layer chromatography (HPTLC), liquid chromatography mass spectroscopy 
(LC-MS), immunoassay methods including enzyme linked immunosorbent assay (ELISA) and 
radioimmunoassay (RIA), and biosensors. Instrumental methods like HPLC are precised in 
quantification but they are expensive, time consuming, tedious and need experienced personnel. 
Microbial assay is easy, takes lesser time but chances to occur false positive and negative results. 

Researches are piling up in studying antibiotic residues in milk around the globe. But Nepalese 
milk was uninvestigated and data are scanty. Therefore, this study was initiated to investigate the 
antibiotic levels in fresh milk available in Kathmandu

Materials and Methods
Chemicals- Standards of Penicillin G sodium salt (Sigma Aldrich, USA) and Sulfadimethoxine 
(Fluka) were purchased from Rodejanarug Pharmaceutical Ltd., Thailand. Ampicillin Trihydrate 
(Secondary standard) and Amoxicillin Trihydrate (Secondary standard) were received from 
National Medicine Laboratory of Department of Drug Administration, Nepal. Potassium phosphate 
(KH2PO4, monobasic, Fisher), Potassium phosphate (KH2PO4, dibasic, Fisher), Acetic acid, 
Acetonitrile (HPLC-grade), Methanol (HPLC-grade), Water (HPLC-grade) and n-hexane (HPLC-
grade) were purchased from Kathmandu Trade Concern Pvt. Ltd., Nepal.

Milk samples- A total of 140 milk samples (50 ml per sample) were purchased from various locations 
of three districts from Kathmandu valley ( Kalanki, Sankhu, Nakkhipot, Sanothimi, Lokanthali, 
Sankhamul, Hanumanthan, Thankot, Swyambhu, Bhaisepati, Shinamangal and Imadole). The 
samples were categorized into three sources: individual farmers, cottage dairies and organized 
dairies. All types of milk samples were kept into deep freezer (-40C) for analysis by HPLC.

Sample extraction method for penicillin group-Sample preparation process for penicillin group 
was followed according to Khaskheli et al (2008) with some modifications. Briefly, milk sample 
(2.5 ml) was taken in 10 ml sterilized Pyrex screw capped centrifuge tubes vortexed with 10% (v/v) 
aqueous solution of acetic acid (200 μl). The mixture sample was then transferred to small 2 ml 
sterile vials followed by centrifugation at 3500 rpm for 10 min at 4oC. Supernatant was taken by 
disposable syringe (upper fat layer was discarded) and was filtered through 0.45µm nylon filter (13 
mm diameter) with back-pressure pump. The extract (10µl) was injected into the HPLC column .
Sample extraction process for sulphonamide group- Milk sample (500 mg ) was vortexed with 
0.5 ml of 0.1% (w/v) potassium phosphate solution. Acetonitrile (5 ml) was further added and  
centrifuged at 4000 rpm for 15 min. The supernatant was mixed with 5 ml of hexane and centrifuged 
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for 5 min at 3500 rpm. The lower layer of solution (concentrate) was placed in water bath at 60°C 
for 1.5 hours. The concentrate was further dissolved in 250 µl of 50% (v/v) acetonitrile and 250 
µl water. It was placed in ultrasonic bath for 10 min and centrifuged at 6000 rpm for 30 min. The 
extract was then passed through 0.2 µm nylon filter and injected (10 µl ) to HPLC column.

Modification of the sample extraction process- Sample extraction process for penicillin was 
slightly modified than Khaskheli et al. (2008). In this study, the sample was made half (2.5ml) 
and other chemical used was also made half accordingly. For sample extraction for sulphonamide 
group, Chung et al. (2009) had taken 1000 mg of milk sample which was also made half in this 
study and other chemicals used for extraction were also made half accordingly. Chung et al. (2009) 
used nitrogen gas to concentrate the lower layer of the solution where as water bath at 60°C was 
used to concentrate the lower layer in this study. Chung et al centrifuged the sample extract at 
14000 rpm for 10 min after placing in ultrasonic bath where as in this study; centrifugation was 
done at 6000 rpm for 30 min. Table 1 shows analytical condition for penicillin and sulphonamide 

HPLC analytical procedure - Analytical condition for sulphonamide group was according to 
Chung et al. (2009). Analytical condition for penicillin was developed and optimized. Analysis of 
all the samples by HPLC was carried out in duplicates. Analytical condition for penicillin group 
was optimized and developed by changing the concentrations of mobile phase such as acetonitrile, 
methanol and potassium phosphate buffer (monobasic). Initially, acetonitrile was used as mobile 
phase along with phosphate buffer and the results were observed but the replacement of acetonitrile 
with methanol gave the better results than acetonitrile. Oven temperature was not changed during 
the modification and method development. The flow rate was changed from 0.8, 0.9, 1.0, 1.1 and 
1.2 ml/min and better peak was observed at 1ml/min of flow rate. The wave length of the detector 
was also changed from 210 to 300 nm and best result was found at 250 nm. For every change 
in mobile phase, wavelength and flow rate, the standards were injected, results were compared. 
Table 1 shows the different analytical conditions of HPLC used to develop the new condition. The 
condition having flow rate 1 ml/min, wavelength (250nm) and mobile phase [phosphate buffer 
(60): Methanol (50)] in table 1 was selected as the best condition for HPLC by observing the 
peaks. Analysis of all the samples by HPLC was carried out in duplicates. Table 2 shows analytical 
condition for penicillin and sulphonamide.

Table 1.  Optimization of HPLC Condition

Conditions 1 2 3 4 5

Flow rate 
(ml/min)

0.8 0.9 1 1.1 1.2

Wave length 
(nm)

210 230 250 270 300

Mobile 
phase

Phosphate buffer 
(50): Acetonitrile 

(50)

Phosphate 
buffer (60): 
Acetonitrile 

(40)

Phosphate 
buffer (60): 
Methanol 

(40)

Phosphate 
buffer (50): 
Methanol 

(50)

Phosphate 
buffer (40): 
Methanol 

(60)
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Table 2. Analytical Condition for Penicillin and sulphonamide
Antibiotic Sulphonamide Group Penicillin Group

Column 250mm×4.6mm C18 250mm×4.6mm C18

Column temperature 40°C 40°C

Detector UV detector (270 nm) UV detector (250nm)

Mobile phase Acetonitrile: 0.1% potassium 
phosphate(dibasic) solution (16:84)

0.01M Potassium phosphate 
(monobasic):Methanol(60:40)

Flow rate 1.2ml/min 1ml/min

Standard curves, limit of detection (LOD), limit of quantification (LOQ)- For penicillin group, 
the diluent was prepared by dissolving monobasic potassium phosphate (13.6gm) in HPLC 
grade water (2000ml). The pH was adjusted to 5.0 ± 0.1 with a 45% (w/w) solution of potassium 
hydroxide solution. To make a standard curve for Penicillin G, different concentrations (50, 200, 
300 and 400 ppb) of standard penicillin G sodium salt were prepared by dissolving them in diluent. 
To make a standard curve for amoxicillin, different concentrations (20, 30, 40, 50 ppb) of standard 
amoxicillin tri-hydrate were prepared by dissolving them in a diluent. To make a standard curve for 
ampicillin, different concentrations (100, 200, 300, 400 and 500 ppb) of standard amoxicillin tri-
hydrate were prepared by dissolving them in a diluent. All the different concentrations of standards 
were injected into the HPLC and area under the curve was recorded. The concentrations of three 
penicillin group antibiotics were calculated by the plot of area (Y-axis) vs. concentration (X-axis) 
graph.

For Sulfonamide group, stock solution of sulfadimethoxine in methanol (1000 ppb) was prepared. 
Sulfadimethoxine having 1000 ppb concentration was diluted to HPLC mobile phase (as mentioned 
in Table 3.1) at various concentrations (5, 20, 30 and 50 ppb) to make the standard curve. All 
the different concentrations of standards were injected into HPLC and area was recorded. The 
concentration of sulfadimethoxine was calculated by the plot of area (Y-axis) vs. concentration 
(X-axis) graph. 

For Sulfonamide group, stock solution of sulfadimethoxine in methanol (1000 ppb) was prepared. 
Sulfadimethoxine having 1000 ppb concentration was diluted to HPLC mobile phase \to 
concentrations ( 5, 20, 30, 50 ppb) to make the standard curve. All the different concentrations of 
standards were injected in HPLC and area was recorded. The concentration of sulfadimethoxine 
was calculated by the plot of area (Y- axis) vs. concentration (X- axis) graph. 

To determine the LOD and LOQ, 50 ppb of amoxicillin, 100 ppb of Ampicillin and Penicillin G 
and 10 ppb of sulfadimethoxine were injected 7 times and standard deviation was calculated. LOQ 
and LOD were calculated on the basis of following formulas (Harris, 2001).

LOD (Limit of detection): 3 × SD/slope (ppm or ppb)
LOQ (Limit of Quantification): 10 × SD/ slope (ppm or ppb)

Recovery test- To determine the recovery test, 1000 ppb of the amoxicillin, ampicillin and penicillin 
G standard were separately added to milk samples to get the final concentration of 150 ppb of the 
entire antibiotic in the samples.
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Sample extraction carried out according to the types of antibiotics. The recovery rate was calculated 
on the basis of the following equation:

% Recovery = (Concentration of spiked sample – Concentration of un-spiked sample)
    (Concentration of added antibiotic)

Results and Discussions
Detection of antibiotic in fresh milk- HPLC analysis showed that 81% milk samples were found 
to be positive for amoxicillin, 41% for sulfadimethoxine, 27% for penicillin G and 12% for 
ampicillin residues, respectively. Amoxicillin residue was detected in the highest percentage while 
the presence of ampicillin residue was the lowest among the four types of antibiotics analyzed.

District wise HPLC analysis revealed that milk samples from Lalitpur district showed 96% samples 
positive for amoxicillin and 42% for penicillin G whereas milk samples from Kathmandu showed 
the highest percentage of residues of ampicillin (13%) and sulfadimethoxine (46%). Milk from 
Bhaktapur district did not show higher percentage of any antibiotic in comparison to Kathmandu 
and Lalitpur.

Furthermore, HPLC analysis on the basis of origin of milk revealed that the highest percentage 
of amoxicillin (87%) and penicillin G (45%) were found in milk samples from cottage dairies. 
Whereas samples from Organized Dairy 2 showed 27% of milk samples positive for ampicillin and 
55% for sulfadimethoxine residues. Percentage of ampicillin (9%) and penicillin G (17%) were 
lowest in the milk from individual farmers and percentage of sulfadimethoxine (32%) was lowest 
in the milk from Organized Dairy 1. Range of concentration of different antibiotics determined by 
HPLC is given in Table 3.

Table 3. Detection of antibiotic by HPLC

Antibiotics
Concentration Range (ppb)

Minimum Maximum

Amoxicillin 68 802

Ampicillin 0.52 92

Penicillin G 13 353

Sulfadimethoxine 31 70

To verify the methods recovery test, LOD, LOQ tests were done and standard curves were plotted 
for HPLC. Table 4 shows standard calibration equations, LOD, LOQ and recovery rates for the 
analyzed antibiotics. The regression coefficient (R2) of standard curves showed superior linearity 
and were between 0.9828 to 0.9967. The results from quantitative methods were verified by 
recovery rates were ranged from 75 to 106%, which were in the array of good recovery. The LOD 
of penicillin group is ranged from 1.07 to 1.6 µg/kg and LOQ was ranged from 3.5 to 5.19 µg/
kg. Figure 1, shows the chromatogram of different antibiotics analyzed by HPLC. Figure 1, shows 
Examples of Chromatograms for different types of antibiotics by HPLC method.
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Table 4. Parameters of calibration curves, LOD, LOQ and Recovery rates

Antibiotics
Standard Calibration Equation

(y = ax + b)
Recovery 

Rates
(%)

LOD
(µg/kg)

LOQ
(µg/kg)

a b R2

Amoxicillin 2525.5 -10219 0.9831 106 1.6 5.4

Ampicillin 710.93 1633.4 0.9967 96 1.07 3.5

Penicillin G 225.95 2682.2 0.9917 75 1.55 5.19

Sulfadimethoxine 50002 141386 0.9828 92 1.14 3.8

Outcomes of survey- A survey was conducted to ask about their knowledge and awareness about 
presence of antibiotics in milk. Survey was performed in organized dairies, cottage dairies, farmers 
and consumers. There were twenty consumers, twenty farmers, twenty small scale dairies and five 
organized dairies.

Among twenty consumers, 60% (12) people had knowledge on the presence of antibiotic in the 
milk, 20% (4 out of 20) did not have any knowledge and another 20% (4 out of 20) had a little 
knowledge. The people who had knowledge on antibiotic were highly educated. Among the 
farmers, 30% (6 out of 20) had knowledge on it, 35% (7 out of 20) had no knowledge and 35% (7 
out of 20) had a little knowledge on it. Among the cottage dairies, 60% (12 out of 20) did not have 
any knowledge on it and 40% (8 out of 20) had knowledge on antibiotic residue in milk. Among 
the organized dairies, 80% (4 out of 5) were aware about it whereas 20% (1 out of 5) was not aware 
about antibiotic residue.

 Fifty percent  (10 out of 20) farmers and 40% (8 out of 20) respondents of cottage dairies said 
that it is ethical to sell the milk of animal under antibiotic treatment because they did not want to 
discard the milk and did not want to be in loss since they were unaware about antibiotic hazard 
to human health. Farmers also said that they were drinking the milk of animal under antibiotic 
treatment. Respondents from the organized and small cottage dairies answered that the farmers do 
not inform them about the milk from sick and antibiotic treated animals. Among the consumers, 
65% (13 out of 20) said no to this question but other 25% (5 out of 20) said yes and 10% (2 out of 
20) did not know whether it is ethical to sell or not.

Among the consumers, 15% (3 out of 20) consumers didn’t know about the presence of antibiotic 
residue will lead to health hazard.  Most of the farmers also didn’t know about it. All the organized 
dairies knew about the health hazard except one. Regarding the cottage dairies, 25% (5 out of 20) 
did not have any knowledge about health hazard.



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

264

Figure 1. Examples of Chromatograms for different types of antibiotics by HPLC method

There are several reports about public health problems due to the presence of antibiotic residues in 
animal-based foods. Allergic reaction of antibiotics is likely to be increased when a pre-sensitized 
individual is challenged by exposure to antibiotics. In a small number of people, allergic reactions 
due to β-lactam residues in milk have been characterized by dermatitis, pruritus and urticaria in 
pre-sensitized individuals (Thapaliya, 2008). There are many reports on allergies due to antibiotic 
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residues. Most common is due to penicillin residue. Allergic reactions are generally manifested 
by skin rashes with some exception of anaphylactic shock in individuals who are sensitive to 
penicillin (DSM-Delvo Test, 2010). Consumption of the small doses of antibiotic for long time 
could cause selection for the resistant bacteria in the family member’s intestinal tracts, resulting in 
overgrowth of the resistant bacteria (Bill, 1997). Besides this, it has also negative impact on dairy 
processing industries such as yoghurt and cheese manufacturing industries (FAO/WHO, 1990). 

Presence of sulphonamide residues is of great concern because of its possible carcinogenic 
properties. In this study, the residue levels of sulphonamide (sulfadimethoxine) in positive samples 
were above the MRL established by the Codex and FDA (25 ppb) (Chung et al., 2009 and Kang’ethe 
et al., 2005). Similarly, the level of amoxicillin, ampicillin and penicillin found in this study was 
above MRLs (4 ppb as prescribed by EU) for all positive samples. The trend of present result is 
also in agreement with that of Yamaki et al (2004), who described the seasonal factor affecting the 
prevalence of the antibiotic summer–early autumn.

Occurrence of more than one type of antibiotics in one sample of milk in this study might be due to 
the use of medicated feed (Kantiani et al., 2009), simultaneous use of different types of antibiotics 
intravenously/systemically and locally at the udder. 

Conclusion
Detection of Β-lactam antibiotics (Penicillin G, Amoxicillin and Ampicillin) in higher concentration 
in the milk samples of Kathmandu valley has indicated non compliance of milk withdrawal during/
after antibiotic therapy in mastitis and other systemic diseases. Higher levels of antibiotic residue is 
attributed to the more use of antibiotics during late rainy or early autumn season when occurrence 
of mastitis and other diseases is comparatively higher. 

The wide range of antibiotics detected in milk samples has reflected the haphazard use of antibiotics 
for the treatment of infections. Marketing of milk containing higher levels of antibiotic residues is 
thought partly due to ignorance and partly due to ill motive and for which country like ours should 
educate farmers and general public, formulate strong legislative standards and enforce them into 
practice by periodic surveillance, monitoring and punishing the defaulters to ensure food safety. 
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Global Impact of Meat and Meat Production on Environment

Anup Halwai*
Katholieke Hogeschool Sint Lieven, 9000 Gent, Belgium

Meat production shares about 3% of the total annual food production. Around 18 % of global 
GHG (green house gas) emission, mainly CO2, methane, ammonia and nitrous oxide gas is 
contributed by livestock practices. Intensive livestock farming contribute towards large amount 
of environmental degradation including air and water pollution, land degradation, climate 
change and loss of biodiversity. There are various techniques to reduce GHG emission from meat 
production. Meat consumption has significant impact on GHG emission compared to the dietary 
patterns of omnivorous, vegetarians and vegans. A reduction in CVD, colorectal cancer and breast 
cancer risk would be very likely by reducing meat consumption.  This does not mean that everyone 
should convert themselves and become vegetarian. As it has been established that taking meat in 
a moderate level (around 100 g/d/person) has no adverse health affect, however, it depends on the 
individual to reduce meat portion in their diet.

Keywords: Meat production, Environment, Greenhouse gas emission, Health, Vegetarian 

Introduction
Global food production is increasing annually with cereal grains amongst the highest production 
recording 31 % of overall agricultural produced in 2009, followed by sugar crops and vegetable 
crops. Meat and meat production is ranked seventh in the list with around 3 % share. Besides meat 
production, other livestock products like milk and egg contributes around 9 % and 1 % respectively 
(Figure 1). Furthermore, amongst the total meat production, pork meat is produced highest (Figure 
2), followed by chicken meat (FAOSTAT, 2010). Increase in chicken meat production is basically 
due to rising food prices that pushes consumers to purchase cheaper meat like that of chicken.

Figure 1. World Food Production in 2009 (Source: FAOSTAT, 2010)

Increase in global agricultural production is mainly due to intensive use of energy input, new 
farming technologies, irrigation, fertilizers, and use of different types of biocides (Cleaver, 1972), 
despite the global impact of climate change.
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Figure 2. Percentage of various types of meat produced in 2009, (Source: FAOSTAT, 2010)

Figurers 3 and 4 illustrates that the world meat production has nearly doubled from 1980 to 2004, 
with the largest share of growth in developing countries (Halweil, 2008). It has been predicted that 
by 2050 nearly twice as much meat will be produced as today. Consumption of meat and animal 
pro ducts will also continue to grow (FAO, 2006). The current global average meat consumption 
rate is about 100 g/person/day with more than tenfold variation in the amount of meat in the diet 
between meat consuming populations (McMicheal et al., 2007).

Data produced by FAOSTAT (2007) has revealed that all together 56 billion animals are raised 
and slaughtered each year for food. Poultry and livestock farms in many places are very crowded, 
confining animals closely together. CIWFT (2004) has found out that around 17 billion meat 
chicken lives in an area that is less than the size of a sheet of paper, everyday. A serious threat 
has been identified in three basic perspectives due to meat production and consumption.  They are 
animal rights & welfare perspective, environmental perspective, and human perspective (IUCN, 
1980).

Figure 3. World Meat Production, 1961-2007(Source: Halweil, 2008)
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Figure 4. Meat Production per Person, 1961-2007 (Source: Halweil, 2008)

A global debate on reducing meat consumption in the diet is becoming credence from human 
health and animal welfare perspective. It is estimated that 300 million pounds of meat is imported 
to US annually from Central and South America. Paradoxically, 75 % of Central American children 
under the age of 5 are undernourished. Similarly, only 20 % of the corn grown in the US is eaten 
by people, the rest 80 % by livestock (Robbins, 1987).

Environmental impact of meat production- In recent times, the negative impact of meat production 
on the environment has become serious concerned (Pimentel and Pimentel, 1996; Tilman et al., 
2001). The areas affected are basically land, water and energy.

Depletion of farmland- Approximately 40,000 lbs of potatoes can be grown on an acre of land, 
compared to 250 lbs of beef produced on the same amount of land (Robbins, 1987). Expansion of 
livestock farming practices in Latin America is causing destruction of tropical rain forests (FAO, 
2005).

Water and energy resources- Livestock practices utilize high amount of water. Robbins (1987), 
in his book, has quoted that 250,000 pounds of wastes is produced per second by U.S. Livestock 
which is 20 times higher than human waste discharged. Similarly, 25 gallons of water is needed 
to produce a pound of wheat whereas, 5,000 gallons of water is needed to produce a pound of 
California beef. It has been reported that the production of same amount of protein from grain fed 
animals require eight times as much fossil fuel energy to produce plant protein (CU, 1997).

Aquatic ecosystem- A report Figure red out that 80% of stream and riparian habitat in the western 
United States have been badly affected by livestock farming. It resulted in increased level of 
phosphates and nitrates; increased turbidity and eutrophication; decreased in dissolved oxygen 
level, and reduced aquatic biodiversity. The large amount of waste pro duced on farms is absorbed 
in nearby cropland. Nitrates, heavy metals, and antibiotics present in manure can seep into 
groundwater and pollute surface water, threatening public health (Wikipedia, 2011).
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Greenhouse gas emission- IPPC data reveals that animal agriculture is responsible for 8-10.8 % 
of greenhouse gas (GHG) emissions, however, it is estimated on the basis of life cycle analysis 
that livestock practices contribute 18 % of global emission (O’Mara, 2011),  particularly carbon 
dioxide, methane, ammonia and nitrous oxide gas are the potent emissions (FAO, 2006). Cattles 
are the dominant livestock responsible for these emissions (O’Mara, 2011). Beef production being 
the notorious as the highest methane emitter (Subak, 1995). It has been estimated that same amount 
of CO2 is generated while producing 1 kg of beef to that of CO2 emitted by a European car for every 
250 km drive (Ogino et al., 2007). Similarly, Fiala (2008) reported that 15 to 24 % of global GHG 
emission is generated from current meat production process. In addition, overall global emission 
consists of around 9 % CO2, 35 to 40 % of methane, and 65 % of nitrous oxide gas (Baggott et al., 
2005).

There are number of causes that contribute to GHG emission from livestock production (Figure. 
5), such as, deforestation and desertification of land; emission of methane gas from animal manure, 
and enteric fermentation by ruminants; intensive use of energy and fossil fuels for producing, and 
transporting feed grains; animal farming and husbandries; nitrous oxide released from the use of 
fertilizers etc. (US EPA, 2006).

Figure 5. Proportion of GHG emissions from different parts of livestock production

Lewis (1994) has Figured out that the increasing trends of meat production in developing countries 
has resulted in clearing of ancient rain forest to provide land for cattle grazing, less availability 
of land for food production, and exhaustion of world’s water supply due to deforestation and 
desertification. It will lead to invitation for foreign aid and growing world hunger. According to 
FAO (2006), intensive livestock farming contribute towards large amount of air and water pollution, 
land degradation, climate change and loss of biodiversity. Use of feed and manure add up to about 
15 % of global annual methane production. Manure also produces nearly 17 % of global nitrous 
oxide emission. It is estimated that between 2000 and 2030, the total GHG emission is expected to 
increase by about 50% (Verge et al., 2007).

The results are inconsistent from the study on the effect of organic and conventional farming system 
on global GHG emissions. DEFRA (2007) reported that although organic production uses less 
energy per unit kg of meat output than conventional production, organic practices contribute more 
GHG emission compared to conventional meat production practices. However, feeding animals 
with high quality feed grain reduces methane emissions significantly from enteric fermentation and 
achieves more efficient conversion of food energy.
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Impact of vegetarian diet- There has been a significant shift in food consumption pattern in the 
world more towards animal products such as meat, milk and egg, particularly in developing countries 
which is mainly due to growing economies and rising individual incomes (Bruinsma, 2003). Sabate 
(2001) stated that there is no significant disparity between omnivorous and vegetarians diet that 
affect health or life expectancy of a personal basis.  However, meat consumption has significant 
impact on global emission as compared to the dietary patterns of omnivorous, vegetarians and 
vegans (Baroni et al., 2007).

Consumers’ preference towards meat is mainly due to taste and health (Kenyon and Barker, 
1998) and also due to social and cultural influences (Lea and Worsley, 2001). However, some do 
not prefer to eat meat because of their personal health problem including animal welfare, social 
influences and encourage environmental sustainability (Beardsworth and Keil, 1991; Povey et al., 
2001; Fox and Ward, 2008). A report showed that a person in high income countries consume about 
200 to 250 gram of meat a day, compared to about only 25 to 50 gram in low income countries. In 
addition, it has been found that international target of eating 100 gram of meat per person a day 
in all countries has no apparent adverse health affect taking into account the deficiency of iron 
basically in woman and athletics (McMichael et al., 2007).

Reducing raw meat portion in the diet is likely to reduce cardio vascular disease (CVD) and colon 
cancer risks (WCRF, 2007; McAfee et al., 2010). One third of the risk of colon cancer can be 
decreased by reducing red meat to 100 g/d in the diet (Norat et al., 2002; Norat et al., 2005). 
Likewise, research showed that by reducing red meat consumption can significantly lower the 
risk of breast cancer in woman (Cho et al., 2006; Taylor et al., 2007). Likewise, there would be 
decreased risk of zoonotic disease outbreaks (Weiss and McMichael, 2004; Barnes, 2005).

Challenges and mitigation
A case study carried out at the University of Chicago found that by reducing meat to about 6oz a 
day in a diet would prevent the emission of 1485 kg of CO2 (Eshel and Martin 2006). Consumers 
have to rethink about the position of meat in their diets to promote better living. Baroni et al. 
(2007) has concluded that vegetarian and vegan diets could play an important role in preserving 
environmental resources and reduce hunger and malnutrition in poorer countries. Likewise, it has 
been found that people in the industrial world has started eating 10% less meat as a way to reduce 
greenhouse gas emissions as well as to improve individual health (McMichael et al., 2007).

There are numbers of proposals put forward to lower meat consumption level globally. According 
to Goodland (1997), meat and milk having higher food chain values should be heavily taxed than 
the products with lower chain values like vegetables.

McMichael et al. (2007) has put forward an international contraction and convergence model 
as an approach for reducing and stabilizing global GHG emission, limiting meat production as 
well. According to the plan, all countries have to agree on long term stabilization level of global 
emissions with quantified emission targets. Industrialized countries have to take all the possible 
measures to reduce its emission level and come down to the set target, thus, lowering the meat 
consumption level to which low income and middle income countries would then converge within 
the ceiling provided. However, such kind of strategy can be promising but hard to implement in 
the long run.
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There are other options for decreasing GHG emission per unit animal production. Reforestation and 
restoration of cultivated land and degraded pastures can help reduce CO2 emissions. Improvement 
in feed efficiency, and improved manure and biogas management facilitate in reducing methane 
emissions from enteric fermentation, especially from ruminants. GHG emission can be reduced by 
increasing the proportion of chicken meat, fish meat or meat from mono gastric animal in the flow 
of human diet. Efficient use of nitrogenous fertilizers helps reduce nitrous oxide emission.

The other way is to discourage livestock producers from keeping animals in or near cities. High 
taxes are imposed on poultry production within a 100 km radius of Bangkok. As a result, poultry 
production in Bang kok has dropped significantly in last decade (FAO, 2011).

Conclusions
Undoubtedly, meat production practices cause GHG emission affecting environment and human 
health. There is a strong, need yet not intruding social factor, to develop and implement new 
technologies and policies to cut down GHG emissions from agriculture sector, especially in meat 
and livestock production. This does not indicate that ever body should convert themselves and 
become vegetarian. As it has been established, taking meat in a moderate level (around 100 g/d/
person) has no adverse health affect except for iron which can be supplied from external source. 
However, it depends on an individual to reduce meat portion in their diet. In conclusion, significant 
reduction in consumption of animal products in high income countries, combined with increased 
level where consumption is very low, is unlikely to harm health and should bring generous reduction 
in GHG emission (Contraction and Convergence model). 

Demand reduction policy of meat in high income countries should be deliberately commenced 
within a time limit considering political, social and economical factors. Nevertheless, reduction 
in the intensity of GHG production from animal products and consumer awareness are necessary 
instead. Cutting off subsidies for animal feed would rather help reduce meat consumption and 
eventually meat production.

References
Baggott L., Brown L. and Murrells T. P. (2005). UK Greenhouse Gas Inventory, 1990-2003: Annual 

Report for Submission under the Frame Work Convention on Climatic Change, Harwell.
Barnes E. (2005). Diseases and Human Evolution, Albuquerque, University of New Mexico Press.
Baroni L., Cenci L., Tettamanti M. and Berat M. (2007). Evaluating the Environmental Impact of 

Various Dietary Patterns Combined with Different Food Production Systems, European 
Journal of Clinical Nutrition, 61, pp. 279–286.

Beardsworth A. D. and Keil E. T. (1991). Health-related Beliefs and Dietary Practices among 
Vegetarians and Vegans: A Qualitative Study, Health Education Journal, 50, pp. 38–42.

Bruinsma J. (2003). World Agriculture towards 2015/2030: An FAO Perspective, Earth Scan, 
London, UK.

Cho E. Chen W. Y. and Hunter D. J. (2006). Red Meat Intake and Risk of Breast Cancer among 
Pre-menopausal Women, Arch Intern Med., 166, pp. 2253–2259.

CIWFT, (2004). Practical Alternatives to Battery Cages for Laying Hens, Case Studies from Across 
the European Union, Compassion in World Farming Trust, Hampshire, UK.

Cleaver H. (1972). The Contradictions of the Green Revolution, American Economic Review 62, 
2, pp. 177–186.

CU, (1997). Science News, Cornell University, Released date: Aug 7, 1997, (assessed on October 



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

273

21, 2011), http://www.news.cornell.edu/releases/Aug97/livestock.hrs.html
DEFRA, (2007). Greenhouse Gas Emissions and the Livestock Sector, (accessed on Aug 13, 2007). 

http://www.brass.cf.ac.uk/uploads/271005_TGpres.pdf.
Eshel G. and Martin P. A (2006). Diet, Energy, and Global Warming. Earth Interactions, 10, p. 9.
FAO, (2005). Cattle Ranching is Encroaching on Forests Latin America, Food and Agriculture 

Organization of United Nations, Rome, Italy.
FAO, (2006). Livestock’s Long Shadow, Environmental Issues and Options, Food and Agriculture 

Organization of the United Nations, Rome. Italy.
FAO, (2011). Pollution from Industrialized Livestock Produc tion, Policy Brief, 02, Livestock 

Information, Sector Analysis and Policy Branch, Animal Production and Health Division, 
undated, ftp://ftp.fao.org/docrep/fao/010/a0261e/a0261e00.pdf (assessed on 13 Oct 2011).

FAOSTAT, (2007). FAO Statistical Database, Food and Agriculture Organization of the United 
Nations, Rome. Italy.

FAOSTAT, (2010). FAO Statistical Database, Food and Agriculture Organization of the United 
Nations, Rome. Italy.

Fiala N. (2008). Meeting the Demand: An Estimation of Potential Future Greenhouse Gas 
Emissions from Meat Production, Ecological Economics, 67, pp. 412-419.

Fox N. and Ward K. (2008). Health, Ethics and Environment: A qualitative Study of Vegetarian 
Motivations, Appetite, 50, pp. 422–429.

Goodland R. (1997). Environmental Sustainability in Agriculture: Diet matters, Ecological 
Economics, 23, pp. 189–200.

Halweil B. (2008). Meat Production Continues to Rise, Vital Signs Online, Released on: 8 August 
2008.

Hilhorst M. A., Willers H. C., Groenestein C. M., Monteny G. J. (2001). Effective Strategies to 
Reduce Methane from Livestock, ASAE Paper, 01-4070.

IUCN, (1980). World Conservation Strategy, United Nations Environment Programme (UNEP) 
and the World Wide Fund for Nature (WWF), International Union for Conservation of 
Nature and Natural Resources, Gland.

Kenyon P. M. and Barker M. E. (1998). Attitudes Towards Meat-eating in Vegetarian and Non-
vegetarian Teenage Girls in England: An Ethnographic Approach. Appetite, 30, pp. 185–98.

Lea E. and Worsley A. (2001). Influences on meat consumption in Australia. Appetite, 36, pp.127–
136.

Lewis S. (1994). An Opinion on the Global Impact of Meat Consumption, American Journal of 
Clinical Nutrition, 59, 5, pp. 1099-1102.

McAfee A. J., McSorley E. M., Cuskelly G. J., Moss B. W., Wallace J. M. W., Bonham M. P. and 
Fearon A. M. (2010). Red Meat Consumption: An Overview of the Risks and Benefits, 
Meat Science, 84, pp. 1–13.

McMichael A. J., Powles J. W., Butler C. D. and Uauy R. (2007). Food, Livestock Production, 
Energy, Climate Change, and Health, Energy and Health, 5, 370, pp. 1253-1263.

Norat T., Bingham S. and Ferrari P. (2005). Meat, Fish, and Colorectal Cancer Risk: the European 
Prospective Investigation into Cancer and Nutrition, Jour. Natl. Cancer Inst., 97, pp. 906–
916.

Norat T., Lukanova A., Ferrari P. and Riboli E. (2002). Meat Consumption and Colorectal Cancer 
Rsk: Dose-response Meta-analysis of Epidemiological Studies, Int. J Cancer, 98, pp. 241–
256.

O’Mara F. P. (2011). The Significance of Livestock as a Contributor to Global Greenhouse Gas 
Emissions today and in the Near Future, Animal Feed Science and Technology, 166– 167, 



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

274

pp.  7– 15.
Ogino A., Orito H., Shimada K. and Hirooka H. (2007).  Evaluating Environmental Impacts of the 

Japanese Beef Cow: Calf System by the Life Cycle Assessment Method, Animal Science 
Journal, 78, pp. 424–432.

Pimentel D. and Pimentel M. (1996). Food, Energy and Society, University Press of Colorado, 
Niwot.

Robbins J. (1987). Diet for A New America: How Your Food Choices affect Your Health, Happiness, 
and the Future of Life on Earth, Walpole, NH, ISBN 0-915811-81-2. 

Sabate J. (2001). Vegetarian Nutrition, CRC Press, Florida.
Subak S. (1995). Methane Embodied in the International Trade of Commodities: Implications for 

Global Emissions, Global Environmental Change, 5, pp.  433–446.
Taylor E. F., Burley V. J., Greenwood D. C. and Cade J. E. (2007). Meat Consumption and Risk of 

Breast Cancer in the UK Women’s Cohort Study, Br J Cancer, 96, pp. 1139–1146.
Tilman D., Fargione J., Wolff B., D’Antonio C., Dobson A., Howarth R., Schindler D., Schlesinger 

W., Simberloff D. and Swackhamer D. (2001). Forecasting agriculturally Driven Global 
Environmental Change, Science, 292, 5515, pp.  281-284.

US EPA, (2006). Global Anthropogenic Non-Carbon dioxide Greenhouse Gas Emissions: 
2009:2020, U.S. Environmental Protection Agency, Office of Atmospheric Programs, 
Washington D.C.

Verge X. P. C., De Kimpe C. and Desjardins R. L. (2007). Agricultural Production, Greenhouse 
Gas Emissions and Mitigation Potential, Agricultural and Forest Meteorology, 142, pp. 
255–269.

WCRF, (2007). Food, Nutrition, Physical Activity, and the Prevention of Cancer: A Global 
Perspective, World Cancer Research Fund/American Institute for Cancer Research, 
Washington D.C.

Weiss R. A. and McMichael A. J. (2004). Social and Environmental Risk Factors in the Emergence 
of Infectious Diseases, Nat Med., 10 (12 suppl.): pp. 70–76.

Wikipedia, (2011). Environment Impact of Meat Production, Wikimedia Foundation Inc., http://
en.wikipedia.org/wiki/Environmental_impact_of_meat_production (assessed on October 
21, 2011).



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

275
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Metal contamination in wheat by industrial effluents was studied. Four samples of wheat were 
taken. The site was selected on the basis of discharging of effluents prone to be rich in toxic heavy 
metals. Effluent characteristics of five industries were studied. Different physical and chemical 
parameters were studied. The analysis was carried out according to standard methods. Wheat 
samples were wet digested in diacid mixture. The digests were analysed for Pb, Cd, Ni, Cr and Zn 
by AAS. All effluent-irrigated samples were found to exceed the levels of metals found in raw water 
irrigated samples, at 95% confidence level. Raw water irrigated sample contained Pb, Cd, Zn 
and Ni in the level 0.09±0, 0.05±0.004, 3.34±0.043 and 0.02±0 mg/100g respectively; Cr was not 
detected. Highest levels of Pb, Cd, Zn, Cr and Ni in the effluent irrigated sample were 0.626±0.04, 
0.19±0.005, 5.62±0.064, 0.43±0.014and 0.038±0.009 mg/100g dry basis, respectively at 95% 
confidence level. The effluents were found not to comply with the national standard. Some of the 
parameters such as BOD (113.36-457.36 mg/l), COD (315.22-840.0 mg/l), oils and grease (11.0-
556.0 mg/l), metals (0-522.74 mg/l) were found objectionable to aquatic and terrestrial lives.

Keywords: Heavy metal, Effluent, Diacid mixture, AAS

Introduction
Food becomes contaminated due to presence of any foreign matters in it. Contaminant may be 
toxic and also can result in various health disorders (Joshi, 2002). Environmental contaminants 
can enter the food supply from exposure of the food to air, water or soil that has been contaminated 
by industrial wastes, and other environmental pollutants.  The most common environmental 
contaminants are the heavy metals- so called because of their high atomic weight (Guthrie and 
Picciano, 1995).

Heavy metals are defined as metals with a density higher than 5g/cm3. Based on their solubility 
under physiological conditions, 17 out of 53 naturally occurring heavy metals may be available for 
living cells and of importance for organism and ecosystems. Some of them such as copper, nickel 
and iron, for e. g., are essential in very low concentrations for the survival of all forms of life, hence 
described as essential trace elements. Only when they are present in greater quantities, can these, 
like heavy metals lead, cadmium and mercury, which are already toxic in very low concentrations, 
cause metabolic anomalies. Even low concentration of these metals cause neurotoxic and 
nephrotoxic problems. The presence of these contaminants not only alters the essential trace 
elements content in food, but also alters the bioavailability of these latter to the human system 
(Rao, 1993).Heavy metals produce toxic effects by replacing essential metal ions in the chelates 
present in the body (Mahindru, 2004).

Effluents comprise a complex mixture of organic and inorganic matter. Sewage water is a source of 
many nutrients. But it also includes a significant amount of heavy metals like Fe+2, Cu+2, Zn+2, 
Mn+2, Ni+2, Pb+2 and pathogens. Effluents serve as an efficient carrier of heavy metals that are 
hazardous to the environment and human health. There are two basic disposal system of sewage. 
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One is its direct application on vegetables and crops, while the other is disposed of in nearby rivers 
and lakes (Chen, 2000; Butt et al., 2005). 

Setia et al., (1998) found that the various food crops grown in sewage water irrigated areas had 
higher concentration of lead, cadmium and nickel than those grown in tube-well water irrigated 
soils.  Concentration of lead in wheat was not detectable for crops under tube-well water irrigation, 
where as it was as high as 14.1µg lead per gram wheat grown on soils irrigated with sewage 
water. Cadmium contents ranged from nil to 1.8µg/g, and 0.20 to1.8 µg/g in crops grown on 
soils irrigated with tube-well and sewage water, respectively. In the analysis of heavy metals of 
vegetables grown with canal and sewage water, it was found that the canal water irrigated crops had 
comparatively lower concentration than sewage irrigated. Up to 14.25(0.22) µg/g Pb was found 
in sewage water irrigated spinach (Butt et al., 2005). In a study conducted in Taiwan, the highest 
concentration of Cd found in brown rice grown in contaminated soils was 5.9mg/kg exceeding the 
maximum permissible limit of 0.5mg/kg (Chen, 2000).The analysis of heavy metal contamination 
in vegetables in Delhi revealed that 72% samples of spinach contained Pb concentration that 
exceeded the Indian permissible limit of 2.5mg/kg, and 100% exceeded the Codex limit of 0.3mg/
kg. 21%of the samples exceeded Indian PFA limits of Zn (50mg/kg). However, the concentrations 
of Cd were within the PFA limits of1.5mg/kg (Marshall et al., 2003).

Nepal is an agro based country. The agriculture is predominantly dependent on rainwater but it 
is not providing sufficient water to meet the crop water requirement. In Nepal, unfortunately, 
most of the industries have given no attention to the control and management of the industrial 
wastewater, due to lack of proper guidance and the ineffective implementation of law and order. 
Municipal wastewaters and effluents from industries are widely used to irrigate agricultural fields. 
These effluents are rich in essential plant nutrients and organic matter, but sometimes have high 
concentrations of metals like Zn, Cu, Cd and Pb (Sah et al., 2000). Most of the farmers are willing 
to use this nutrient rich water without treatments.

Dharan-Biratnagar corridor is one of the most polluted areas in the country. There are 15 big 
and 40 small industries in the area. Some of the main industrial sectors include vegetable oil and 
ghee, leather and tanning, iron and steel, textile and dyeing, soaps and chemicals, batteries, and 
confectionary. Most of them discharge their effluents without any treatments to neighboring water 
bodies and to the land surfaces. The discharging of untreated effluents has significantly degraded 
the natural flora and fauna, and disturbed the ecosystem drastically (Chand and Rantanen, 2003).

The use of sewage effluent as fertilizer has gained much importance in Nepal, if not, at least in 
Dharan-Biratnagar industrial corridor. Effluent users are mainly interested in its visual benefits, like 
increased agricultural production, low cost water source, effective way of effluent disposal source 
of nutrients, organic matter and many others. But they are not well aware of its harmful effects like 
heavy metal contamination of soils, crops and quality problems related to health (Devkota, 2003)

Heavy metals in the nutrient cycle have seriously threatened health and environmental integrity, so 
this problem of contamination should be taken up immediately on war footings. Rare such studies 
have been carried out in Nepal to research the existing situation; the present study is an attempt to 
explore the alarming scenario of the contamination of crops by heavy metals. The present study 
also aims to characterize water quality parameters, thus checking water resources from going 
further polluted and hence the environment be protected.
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Materials and Methods
Sample collection- The industries lying on either side of the Bhakti Highway and prone to discharge 
the effluents containing heavy metals were selected for the study. The study was carried out from 
March 27, 2006 to May 25, 2006.The industries were: Pragati Textiles, Sonapur (sample A), 
Bhagawati Carbide Industries, Tankisinuwari (sample B), Pioneer Wires Pvt. Ltd., Tankisinuwari 
(sample C), Swastik Oil Industries, Hattimuda (sample D) and Pashupati Khadya Tel Udyog, 
Sonapur (sample E).

Wheat grains were collected from the field that received the effluents coming out from the industries. 
Dehusking of the grain was done and washed first with tap water and then with deionised water. 
The grains were ground to fine powder.

Four samples of properly matured wheat were taken. The first one was Fa, taken from the field 
irrigated by effluent sample A. Similarly, Fb and Fc were collected. Sample F was collected from 
non-industrialised sub urban area of Inaruwa-10. 

The effluent samples were collected in 1 L plastic. These containers were thoroughly cleaned with 
boiling water, dilute HNO3 and deionised water and dried. Prior to collection, the sample bottle 
was rinsed thoroughly with the sample water; but not for oils and grease and solids (Trivedy and 
Goel, 1986). During transportation, the samples were kept in an ice-box. Preservatives were added 
for storage to those parameters that could not be analysed immediately and was kept at refrigerated 
condition (Trivedy and Goel, 1986). 

Methods
The effluent samples were analysed for physical, chemical and biochemical parameters at the 
SEAM-N/ MMA Environment Lab, Biratnagar according to “Standard Method for the Examination 
of Water and Waste Water”, APHA (1998) and Trivedy and Goel(1986). The digestion of wheat 
was done as per Ranganna (2000) with slight modification. 3 g wheat sample was taken in a beaker 
and 25 mL diacid mixture of HCl and HNO3was added. Heating was done at 180 C for 3 h. After 
complete digestion, it was cooled and filtered through Whatman No. 44 filter paper. The volume 
was made up to 50 mL, and aspirated in AAS for metal analysis.The analytical wavelengths used 
were 228.8nm for Cd, 357.9nm for Cr, 248.3nm for Fe, 279.5nm for Mn, 232.0nm for Ni, 283.3nm 
for Pb, 213.9nm for Zn and 193.7nm for As.

Statistical analysis- The experiment was conducted in triplicates. The average value and standard 
deviation were calculated by MS Excel 2000. The statistical significance was evaluated by Analysis 
of Variance using Genstat Release 12.1 (2009). The means of the data were compared using Least 
Significant Difference (LSD) method at 5% level of significance (p<0.05).

Results and Discussions
Effluent analysis- The result of analysis of effluents from different industries is shown in Table 
1.  The effluents were found to exceed the standard values as per HMG/N (2003), in most of the 
parameters. Extremely objectionable values of BOD, COD, oils and grease and chlorides were 
obtained.
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Table 1. Comparison of mean values of effluent quality parameters of samples A, B, C, D and E

Parameters A B C D E

Flowrate, m3/hr -- 12.23(0.25) 0.96(0.49) 14.4(2.0) 17.22(0.25)

pH 10.29(0.01) 9.92(0.10) 2.48(0.03) 10.09(0.036) 10.53(0.25)

Temperature, ˚C 30.95(0.05) 29.7(0.26) 28.6(0.1) 32.3(0.264) 31.3(0.05)

Conductivity,
μS/cm 1304.5(15.5) 955.0(18.0) 3510.0(21.93) 1178.0(2.64) 762.0(16.35)

TS, mg/l 739.5(4.5) 490.0(7.0) 2852.5(41.43) - -

TDS, mg/l 628.5(1.5) 438.0(8.54) 2145.5(8.04) - -

TSS, mg/l 111.0(3.0) 52.0(4.0) 707.0(43.4) - -

Chloride, mg/l 203.5(0.5) 103.74(0.39) 444.76(2.9) 9.43(0.538) 9.43(0.688)

Ammonia, mg/l 71.44(0.06) 9.44(0.09) 36.23(0.18) 9.44(0.14) 9.11(0.02)

Fluoride, mg/l 0.5(0.1) ND 0.475(0.043) - -

Sulphide, mg/l 1.6(0.05) ND 3.87(1.23) 5.8(2.04) 8.864(0.34)

DO, mg/l 0 6.36(0.34) 0 0.6(0.05) 0.98(0.96)

BOD, mg/l 278.98(24.45) 113.36(22.7) 164.55(25.7) 457.36(24.6) 214.26(14.15)

COD, mg/l 415.68(15.17) 315.22(63.3) 372.8(16.8) 840.0(36.43) 370.0(24.44)

Oils and 
Grease, mg/l 42.0(1.0) 11.0(1.47) 21.0(4.23) 556.0(11.53) 149.0(4.025)

Pb, mg/l 1.04(0.06) 0.875(0.11) 37.85(1.21) ND 0.47(0.026)

Cd, mg/l 0.043(0.017) 0.1(0) 0.03(0.026) 0.008(0.003) 0.0185(0.001)

Ni, mg/l 0.15(0.03) ND 0.148(0.06) ND ND

Total Cr, mg/l 0.548(0.07) 0.12(0.02) 0.15(0.069) ND ND

Hexavalent Cr, 
mg/l 0.37(0.12) ND ND - -

As, mg/l 0.005(0) 0.015(0.005) 0.003(0.003) - -

Fe, mg/l 0.133(0.017) - 522.74(0.838) - -

Mn, mg/l ND - 5.21(0.24) - -
* The figures in parentheses are the standard deviations

Metal analysis in wheat- The samples Fa, Fb and Fc  were found to exceed the metal contents than 
in F. Fc was found to contain maximum levels of Pb, Cd, Zn and Cr, while sample Fa contained 
the highest amount of Ni.  Figure 1 shows the levels of lead in different food samples with the 
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maximum value in Fc. F differed significantly (p<0.05) with all of the samples of wheat as depicted 
by the diagram. Nepal Standard (NBSM, 2006) has prescribed the maximum tolerance limit of 
wheat as 2.5 ppm by weight. 

Figure 1. Lead content of different samples of wheat

All the three samples Fa, Fb and Fc were found to exceed this. This could be attributed to the effect 
of effluents (Setia et al., 1998; Butt et al., 2005).The levels of cadmium in wheat can be seen in 
Figure 2. All the four samples differed significantly (p<005) with one another with the least value 
in F. NBSM (2006) has given the maximum level of cadmium in food to be 1 ppm by weight.

Figure 2. Cadmium content of different samples of wheat 

The level of zinc in four samples differed significantly (p<0.05) as shown in Figure 3. The maximum 
permissible level of zinc in food and food products is 50 ppm (NBSM, 2006). Sample Fc was found 
to exceed the national limit. 
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Figure 3. Zinc content of different samples of wheat

The level of chromium was not detected in sample F. However, samples Fa, Fb, Fc and F differed 
significantly (p<0.05), shown in Figure  4.

Figure 4. Chromium content of different samples of wheat

There is no any tolerance limit for chromium as per NBSM (2006). The levels of nickel in the 
wheat samples were not significantly different (p<0.05) as shown in Figure 5.

Figure 5. Nickel content of different samples of wheat

There is no tolerance limit for nickel in food and food products as per NBSM (2006).According 
to Setia et al.(1998), Ni contents in all the crops grown on sewage water irrigated soil were higher 
than those on tube well irrigated soil.
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Conclusions
Hence from the study, it was found that the effluents coming out from different industries were 
found to exceed the standard values as per HMG/N (2003), in most of the parameters. The effluents 
were having extremely objectionable values of BOD, COD, oils and grease, chlorides, etc. The 
disposal of these effluents without any treatment has increased the organic load and toxic pollutant 
in rivers and inland surfaces. The analysis of the heavy metal content in wheat from different sites 
showed that the effluent-irrigated wheat was highly contaminated as compared to water irrigated 
sample.
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A field survey was carried out in eight districts of Nepal from October 2009 to October 2010 to 
know social and behavioral issues associated with pesticide use. The results revealed that there 
was malpractice in handling and taking care of pesticides among users.  Pesticides resellers 
were the major source of advice for users. Pesticides were available along with food and other 
daily consumable items in the same shop. Almost every user was handling pesticides other than 
scientifically recommended method. Pesticides were used to improve appearance of vegetables 
and honey. Pesticide use has created number of social problems in Nepalese society. Obsolete 
pesticide stock of around 74 MT in Nepal was stored in nearby school, residential and urban 
areas. People residing nearby areas of warehouse were raising their voice against the clearance 
of pesticides from their areas. This has also brought litigation problems. Further, presence of 
pesticide residue in Nepalese food products has affected the export of food to international market. 
Food products available in domestic market also contain pesticide residues excessively. Consumer 
group and media are constantly raising their voice against Government weak effort in preventing 
these problems. Government of Nepal has no laboratory facility to monitor quality (or the active 
ingredients) present in pesticides. Businessmen got this situation as opportunity. It has created 
financial burden for users. Drinking water source was contaminated with pesticides. This might 
have affecting the health of people. Likewise, animals, insects and other aquatic species were 
affected. Because of this, many jobs were lost by local people who used to earn their livelihood 
from it. Similarly, Bhutanese refugees, lower casts and dalits were involved in pesticides spraying 
because it is one of the neglected jobs. The conclusion - many social and behavioral issues of 
pesticides are deeply rooted in Nepalese society. Scientific research is necessary to verify these 
issues. Similarly, education program for users and sellers are essential to correct the existing 
behavioral situation. 

Keywords: Food safety, Pesticide, Social issues

Introduction 
Pesticides have contributed to dramatic increase in crop yields and in the quantity and variety of 
diet. Pesticides owing to their pest-destroying properties are required in global food production but 
they remain inevitably present as residues in food from both vegetal and animal origin. Pesticide 
despite their known toxicity, are widely used in developing countries. Pesticide use and no use in 
the production and distribution of produce has become an important public policy issue. Although, 
Nepal average consumption of pesticides is far lower than many other developed economies, the 
problem of pesticide remains very high in Nepal. Pesticide residues in several crops have also 
affected the export of agriculture commodities in the last few years. Pesticide surveillance report 
revealed that presence of pesticides in different food commodities is high in the country (Koirala 
2009, Shrestha 2010).

Pesticides classified as being extremely or highly hazardous by FAO and WHO, including banned 
by other countries, continued to be used in developing countries. According to WHO, developing 

*Corresponding author, E-mail: *pramodkoirala2002@ yahoo.com



Proceedings of National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, Kathmandu, Nepal

283

countries use about 30 percent of the pesticides in the worlds, and this use is increasing, this 
intrinsically dangerous technology is being promoted in a setting without technical and human 
resources to control it properly (Keshavchandran, 2009). 

Pests control methods- There are number of other environmental interventions are available which 
reduces level of insect pests, plant pathogens, and weed population without using pesticides. These 
include different methods. Mechanical control method involves hand picking, capturing and killing 
insects and pests by hand nets, shaking the plants to dislodge the organisms, serving to remove 
the insects incase of grains. Similarly, physical control involves manipulation of physical factors 
like temperature, moisture, light, etc. to control the pests. Cultivation practices by changing the 
type of crops planted in a field each year (crop rotation) is the another method for pest control. 
Biological control includes the encouragement of biological agencies which normally restricts a 
population within reasonable limits. Similarly, using vacuum machines to remove harmful insects 
and application of temperatures and use of machine that sprays boiling water on crops are the 
alternative methods available to control pests. Biological methods are cheaper, creates no adverse 
effect on the environment (Gupta, 2004).

Current status of use and import of pesticides- Nepal imported NRs. 0.5millions pesticides in 
1970s, NRs. 10 millions in 1983. NRs 42 million in 1989, Total 56172.56 kg active ingredients 
worth of 51.387  million Nepalese rupees in 1997 and In 2007, the total active ingredient was 
347494.56 kg worth of 272.7 million Nepalese rupees. In 2009, the total active ingredient 
was 2,11,079.34 kg worth of 207.7 million Nepalese rupees. An import of pesticides in active 
ingredient was 108427.82 kg in 1999 and reached as high as 196064.58 kg in 2000. After that it 
decreased in fluctuating trend till 2006 and suddenly increased to 356345.64 kg in 2008. This was 
due to tremendous increase in fungicide import. Insecticide for agriculture and health both in a.i. 
falls second major components followed by fungicides ranging from 18.125% of total (2007) to 
52.18% of total (2005) of total pesticide imports (29.94 % of total in 2009). Organophosphates 
accounts highest among insecticides ranging from 29.4% of total (2007) to 82% of total (2003) 
in agriculture insecticide (37.78% of total, 2009). Fungicide have been the major component in 
terms of active ingredients in most of the times with exception in 2003 and 2005 (where insecticide 
exceeds it) ranging from 31.30% of total (2003) to 68.31% of total (2007) of total pesticide imports 
and formulations (61.38% of total, 2009) (Baral, 2011). 

In Nepal, bio-pesticide was first imported in quantifiable amounts since 2004.  Less than 0.05% of 
total (range: 0.008-0.047%) pesticide import in active ingredients in 2004-2009. In India,  2.89 % 
of the total pesticide market covered by bio-pesticides. Bactericide and acaricide is in the status of 
less than 1% of total pesticide import.  Herbicides import is in fluctuating trend of 1.89% (2007) 
to 8.40% (2005) & 7.43% in 2009. Other Pesticide including pesticide for public health accounts 
only 1.93% of total (2009) to 13.56% of total (2003) (Baral, 2011).

In 1995, the national survey of pesticide was carried out. It was average of 142 g per hectare of 
pesticide used to apply that time.  Therefore, national survey needs to be carried out to know the 
current status of pesticide use.  

Result and Discussions
The social and behavioral issues of pesticides were in the studied eight districts of Nepal. The study 
was carried out from October 2009 to October 2010.  The studied districts were Jhapa and Illam, 
Chitwan and Nawalparasi, Bara and Dhading, and Gulmi and Lalitpur. 
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Obsolete pesticide burden- Nepal received different pesticides in grant from developed countries 
in late 1950s. Part of it was used in agriculture that time. Some pesticides were left-over and it is 
about 74 MT of such pesticides which are now obsolete. These are located in 24 different locations 
in the country which are stored in warehouses close to school and residential and urban areas. 
Several products are dumped and some of it is unidentified pesticide products.

The present storage condition these pesticides are poor. There is leakage of pesticides from 
warehouse/stores which are now contained to air and warehouse surroundings. Major chunk of 
pesticide is stored at Amlekhgunj, nearby school premises. School students reported the symptoms 
of nausea, vomiting, headache, itching. Because they are regularly exposed nearby areas of 
warehouse where 

Nepal has neither the expertise nor the competence available for disposal of these pesticides. 
People residing nearby areas of warehouse are asking the government for against the clearance 
of pesticides from their residential areas. They want to discard pesticides soon because these are 
affecting their health.  Fortunately, last year the obsolete pesticide was clear with the help of 
donors. 

Animals, insects, fishes disappeared- Livestock population like cow buffalo death are reported 
from different parts of the country. Livestock population consumes pesticide contaminated 
fodder and results immediate death. Thus results heavy economic loss for farmers. In some cases, 
farmers reported that different health complications arouse among animals these days. Livestock 
population suffer more with abortions, more handicapped and in many cases immediate death of 
newborn immediately after birth. Animals are less productive in meat formation and less milk 
volume output. Cows are less fertile than before.

Several bee species reported instinct nowadays. In Nawalparasi, a colony of honeybee destroyed 
because of pesticide contaminated in water. Pesticides empty drums were washed in one running 
river nearby honeybee. Whole colony was destroyed. Similarly, wild species of honeybee are 
getting extinct these days.

Some places like Dolalghat and Koshi barage were very popular places for fish variety. Many 
people from nearby areas were used to attend those places for having delicious fish. Many 
freshwater fish variety were available in those places. Nowadays, due to repeated pesticide use in 
the river, many species of fish were lost. Other aquatic species were also less than before. It has 
affected riverside ecosystem. 

Litigation against government- Several litigation cases on pesticides were happened in past. For 
disposal of the obsolete pesticides one NGO sue a case against Government for its earlier disposal. 
Supreme Court of Nepal order Government of Nepal to take necessary action on it. Consumers 
forum, citizen charter group created the pressure for the government.

International trade barrier- Nepalese tea farmers export tea to several overseas countries. The 
major countries are Germany, Japan, US and other European countries especially Germany. 
German Tea Association found pesticides residue in Nepalese tea.  From 2002 onwards, this has 
created problem in tea export. Nepalese tea export to Germany was banned. Due to export failure, 
farmers then are getting less price then earlier because they are compelled to sale it to the local 
market. Foreign currency rearing also became less. Loosing tea trade results less income to farmers 
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and thus affected farmers for their social and economic development. This has also created another 
problem as Nepalese tea lost its reputation in international market. Revival in reputation is very 
difficult and takes more time. 

Pesticide handling malpractice- There is increasing use of pesticide in the rural areas of the 
country. Almost every farmer was using chemical pesticides. Pesticide empty containers and 
its label are seen in roadside, farm land and elsewhere in the rural areas. Children are playing 
with empty pesticide containers. Pesticide big containers are used for storing grains and pulses at 
household level. These containers are attractive and handy for storing rice. Small containers are 
used to carry water for open toilet. Some handy empty containers are used in fermenting yoghurt 
and other purposes.

In almost all households pesticide sprayers are available. Farmers spray pesticides whenever, there 
is clouds and humid days. This is the routine work for farmers to spray pesticides during cloudy 
and humid days. 

Farmers believe that while spraying pesticides adequate care should be taken for only those who 
are weak. The strong man doesn’t need any protective measures while spraying pesticides. 

Pesticide resellers’ monopoly- Pesticides are available at almost every shop in rural areas. It is 
kept together with food items available at the same shop in rural areas. Farmers don’t need any 
prescription to get pesticides from the shops. Children even sale pesticides in shops. Pesticide 
retailers have their intention to sale different kinds of pesticides to increase their profit margin. 
Resellers are the pesticide advisors for farmers.

Pesticide presence at everyplace like in the most shops is very dangerous especially during 
natural disasters like fire, earthquake and flood. In these situations, these are likely to spill in the 
environment resulting more problems. 

Disadvantage casts and refuges in pesticide spraying- In Jhapa district of Nepal, More than 
hundred thousand of Bhutanese refugees reside and they are the refuges. They are in Nepal for more 
than twenty years. They are kept in different camp and Government of Nepal is taking adequate 
care for their food with the donors support. Refugees are socio-culturally Nepalese and can adapt 
to local conditions. They can speak local language and they are similar to Nepalese people from 
every respect. They are legally not allowed to work outside, however, they work.

Bhutanese refugees are working in pesticide spray in Jhapa district of Nepal. This kind of job is 
not preferred by Nepalese labor. Therefore, getting this kind of job is easy. Refuges who were 
involved in this job they know the health risks associated with pesticide spray. They don’t have 
choice in works, therefore, they are forced to spray pesticides in Tea. Lower caste people, dalits are 
also working in this area. They don’t have education. They don’t find other opportunities of work. 

Consumer pressure and Government timid effort- Government of Nepal has formulated the 
pesticide act in 1991. Government agency for the control, manpower and other provisions necessary 
for pesticide control are made for the management of pesticides in the country. Pesticide inspectors 
were appointed and plant protection officer at every districts are assigned for monitoring the power 
conferred by pesticide act. Pesticide inspectors are not active for the control of pesticides at the 
field level. The number of manpower is only one at one district, which is insufficient for a whole 
district.
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Pesticide registrar officer under Government of Nepal(GON)  is three. Very few pesticides registered 
and however, many unregistered pesticides are found in the field. No efficacy test is carried out for 
pesticides. Therefore, many registered pesticide are not effective in Nepal’s’ geography. This has 
resulted economic loss to the farmers.

Department of Food Technology and Quality (DFTQC) is an apex body for Food control agency of 
GON. Several (DFTQC) reports revealed that pesticide residue in Nepalese food. DFTQC with ten 
years of monitoring result revealed that 12.1 percent of analyzed food samples contain pesticides. 
GON has limited laboratory facility to carry out pesticide residue.

Nepalese consumers especially who reside urban areas are more conscious on pesticide resides 
in food. Many newspapers reported the cases of pesticides in food and highlighted the potential 
threat of pesticides for public health. Consumers associations, citizen group putting pressure on 
these issues. 

Pesticide chemical quality- Each pesticide contains active chemical ingredients which destroy 
pests. Active ingredient content in pesticide is very important. Checking active ingredients in 
pesticide is necessary to identify quality of pesticide. GON has no laboratory facility to monitor 
quality (or the active ingredient) present in pesticides. Traders/businessmen involved in pesticides 
dealing has taken this as advantage because pesticide which is under trade has no quality check. 
This results over use of pesticides in the field. Businessmen get this situation opportunity to sell 
different kinds of pesticides to farmers. Farmers as they loose their confidence, when pesticides 
don’t work effectively, when it is applied to field. They follow the advice provided by the pesticide 
resellers.

Water source pollution- Water source is found contaminated with pesticides. It is reported in tea 
cropping areas where farmers use pesticides excessively during tea cultivation. Because people in 
hilly areas depend on water source-to collect water for drinking purpose. This might be affecting 
health of people residing those areas because of consumption or pesticide contaminated water. 

Pesticide increases debt- Mr. Indra Mukhiya started tea cultivation in 1987 in Illam district of 
Nepal. He took loan from Agriculture Development Bank for tea plantation. He started planting tea 
and expected to earn more with this. Because tea export was banned due to presence of pesticides, 
he was compelled to sale his product (green tea leaves) to lower price. The price was seventy 
percent lower than before. He was unable to pay his debt back to his bank. Therefore, the debt rises 
and he suffered with crisis. The use of pesticides by tea farmers during tea cultivation increases the 
debt burden for farmers. 

Improves attraction of vegetables and honey- Dipping tomatoes at pesticide solution is common 
practice among vegetable farmers. This practice has double benefits. First- it prevents from insects 
infestation, the second-improves shining of tomatoes. Tomatoes available in the local market –
clearly seen the white spots of pesticide dusts. Some beekeepers discovered the new technique for 
improving color of honey. During the preparation of honey, beekeepers were mixing honey with 
pesticides. The objective of it is to improve color of honey for consumers. 

Conclusions and Recommendations
There is a growing concern from civil society organizations on the food safety and also on 
consumers’ health safety. In recent years consumers are equally worried of the products mostly 
vegetables and fruits they have been purchasing from the market mainly because of pesticide 
residues.
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Food is required for sustenance of life. Eating nutritive and safe food is essential for good health. 
It makes people healthy, stronger and resourceful. This contributes to economic and all-round 
development of the country. According to FAO/WHO, people everywhere have the basic rights to 
access to food which is of good quality, safe and nutritious. No food is nutritious which is not safe. 
Safe food is one which is handled properly at all steps of production through consumption and is 
reliably unlikely to cause illness or injury (WHO, 2003). 

Pesticide is not a panacea that cures everything in crop production. Use of botanical and bio-
pesticides seems to be very less. Pesticide has detrimental effects that causes environment 
pollution; adverse effect in human health and wildlife; detrimental effect on natural enemies; and 
pesticide residues in food grain, vegetables, and milk etc. Frequent pesticides use disturbs the agro 
ecosystem where insect pests were controlled by natural enemies. Due to death of natural enemies 
and insect resistance to pesticides, pest resurgence and secondary pest outbreaks occur (Koirala, 
2010).

Government of Nepal investment on pesticide education is indispensable. A regular training on 
the proper management of pesticide should be given to farmers, retailers, distributors and all 
pesticide workers. Correspondingly, consumers need to be educated with the help of mass media. 
Government of Nepal regular budget couldn’t meet the expense of pesticide education now. In 
order to generate awareness, government can make partnership with private sector as well as other 
non-governmental organizations

The recent three year intervening plan (2008-2010) of Government of Nepal has included food 
safety as one of the major centre of attention. This demonstrates that Government has given 
outstanding precedence to address the problems linked to food safety. The issues related to pesticide 
safety should be cracked as early as possible. It will bring fair trade within country and also ensures 
safe and sound food for all. Further, the country can make use of sell overseas market, enhanced 
employment opportunities, likelihood for the establishment of new export food market and earning 
of foreign currency. 

The conclusion - many social and behavioral issues of pesticides are deeply rooted in Nepalese 
society. The recommendation- scientific research is necessary to verify these issues. Similarly, 
education program for users and sellers are essential to correct the existing behavioral situation. 
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Hattimuda is one of the heavily industrialized VDC and polluted estates in the eastern part of the 
Nepal, the present research seeks to assess the water quality and study the socio-economic status 
of people. Qualities of tube well water were analyzed on the basis of drinking, domestic uses 
and aquatic life. Eleven samples were taken for physical, chemical and bacteriological analysis 
in  . Color, odor and taste, turbidity, temperature, conductivity, total dissolved solids, pH, total 
alkalinity, total hardness, calcium, magnesium, chloride, fluoride, iron, manganese, arsenic, 
nitrate, nitrite, ammonia, total phosphate, total coli-form and faecal coli-form were determined 
along with sanitary inspection. A standard questionnaire was used for the collection of socio-
economic information. All waters were found to be colorless. The levels of iron and manganese 
in most of the samples were found to be higher than the guideline values given by WHO. Nitrate 
and nitrite were within satisfactory limit. The presences of total coli-form were found with in 
the 8 samples and fecal coli-form in a sample. Arsenic was found to be within the standard set 
by WHO in all samples. The people seemed to neglect the sanitary conditions around the tube 
wells. Maximum tube wells were not properly constructed. The economic, sanitary and hygienic 
conditions of the whole community also need to be improved. From the research, it is found that 
bacterial contamination is high in the community due to poor sanitation and industrial sewage. 

Key words:  Tube well, Hardness, Water quality, Socio-economic status, WHO guidelines

Introduction
Water is an increasingly scarce resource worldwide. One of the most significant changes has been 
the growth of cities to unprecedented sizes and rising demand for water (Mazari-Hiriart et al., 
2008). Moreover, due to rapid increase of population, rapid industrialization, flow of pollution 
from upland to lowland, and too much use of fertilizers and pesticides in agriculture, there is a 
growing concern over the safety and fate of this valuable source of water (Jothivenkatachalam 
et al., 2010). Water, second most necessary and precious materials to all living things, is seen in 
abundance all around us. Despite of the fact, the world is still facing acute problems regarding 
water because of poor management (Park, 2000). Water is one of the most vital components of all 
the nutrients. Animals can live for more than 100 days without organic food but they die in 5-10 
days when deprived of water.

Drinking water quality has always been a major issue in many countries, especially in developing 
countries (Assembly of Life Sciences, 1977). The World Health Organization in its “Guidelines 
for drinking water quality” publication highlighted at least seventeen different and major genus 
of bacteria that may be found in tap water which are capable of seriously affecting human health 
(WHO, 2006). The proportion of waterborne disease outbreaks associated with the distribution 
system failures has been increasing over the years (Moe & Rheingans, 2006). According to WHO, 
48% of population access safe water and 42% access adequate sanitation in Nepal (Park, 2000).
WHO has reported that about 30,000 people and children die everyday from water related diseases, 
more critically, in developing countries (WHO, 2006). According to the data published by Public 
Health Department, Nepal Government 3500 children are still dying due to water borne diseases 
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(Public Health Department Bulletin, 2005/06).There is still no systematic water quality monitoring 
and surveillance program is in place nationwide. Nepal Water Supply Corporation (NWSC), 
which operates, maintains and develops water supply system in 24 cities and towns, including 
municipalities in Kathmandu valley, have a fully equipped water quality-testing laboratory 
only in Kathmandu. The Department of Water Supply and Sewerage (DWSS), the lead agency 
is responsible for developing water supply services in rural areas and a few municipalities and 
towns. DWSS has attempted to establish a water quality testing and monitoring system in place 
for a number of years with the assistance of donor agencies such as WHO, UNICEF and ADB. 
However, it has not been successful in establishing sustainable water quality surveillance and 
monitoring system (DWSS, 2008).

Ground water is usually defined as water found underground in the saturated zone of rocks and 
exploited by means of tube well and depending on geological constitution of the soil in different 
region, the depth usually varies from 50 to 500 m (Reshma and Prakasma, 2007). Water used 
for drinking should be of potable nature which means it could be consumed in desired amount 
without adverse effect on health. Nutrients, suspended matter and chemicals are responsible for 
such pollution (Jiban et al., 2009). 

In context of Nepal especially in the Tarai areas, according to a survey by Department of 
Water Supply and Sewerage (DWSS), 55% tube wells in Tarai districts were microbiologically 
contaminated (DWSS, 2006). In addition to contamination at source and at water collection point 
arsenic contamination in tube-well water is now facing as a major problem with serious health 
hazard. A study undertaken by the DWSS\UNICEF\WHO has shown that among the total tested 
tube-wells of 20 Tarai districts have arsenic contamination of more than 50µg\lt, Nepal standard 
and 9.9% are contaminated with concentrated more than 10µg\lt, which is the a WHO guideline 
value. Bacterial contamination is major threat second to arsenic poisoning in the ground water of 
Tarai districts which is responsible for numerous waterborne diseases. So it is necessary to identify 
the socio-economic impact of bacterial contamination. It is shown that out of total population of 
the country, 47% live in Tarai region, 90% of the Tarai population use shallow tube wells for water 
consumption (DWSS, 2006).

Materials and Methods
The research was carried out at SEAM-N-MMA (Strengthening of Environmental Administration 
and Management at the Local Level in Nepal) Environmental Laboratory, Biratnagar and Central 
Campus of Technology, Dharan.

Sample Collection- The samples were collected in one liter plastic bottles two in number by grab 
method. Prior to collection, these containers were thoroughly cleaned with boiling water, 70% 
ethanol and then washed with acetone and dried well. Separate sterile bottles of 100 ml volume 
were taken for microbial analysis. The samples were transported in refrigerated condition and 
protected from direct sunlight and other contaminants. These samples were preserved at 15oC for 
chemical analysis and at 4oC for the microbial analysis under refrigeration in the laboratory.    The   
sampling program for the research work was performed as per guidelines given by APHA (1998) 
and Trivedy and Goel (1986). The samples were coded from 37-A to 37-K for tube well water. 

Physico-chemical analysis- Color was determined by Spectrophotometric as per APHA (1998). 
Hardness and Calcium were determined by EDTA titrimetric as per APHA (1998). Magnesium was 
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measured by Calculation method; Chlorides was determined by Argentometric titration; Fluoride 
was SPANDS colorimetric; Iron was analyzed by Direct air-acetylene flame method; Arsenic 
was measured by AAS method; Ammonia was UV Spectrophotometric; Nitrite and nitrate were 
determined by   Spectrophotometric and UV Spectrophotometric Screening respectively as per 
(APHA, 1998). 

Microbiological analysis: Total coliform and Fecal coliform were determined by Membrane 
filtration as per (APHA, 1998). Odor & taste was determined by perception. Temperature and 
Conductivity were measured by Mercury in glass thermometer and Conductivity meter respectively. 
TDS was determined by Gravimetric method and Alkalinity was analyzed by pH titrimetric as per 
Trivedy and Goel (1986). The pH was measured by pH meter (Hanna instrument).

Results and Discussions
Drinking water should not contain any microorganisms known to be pathogenic, capable of causing 
disease or any bacteria indicative of faecal pollution. Turbidity, colour, taste, and odour, whether 
of natural or other origin, affect consumer perceptions and behavior. Therefore, the Physical, 
Chemical and Microbiological analysis were carried out and the results are presented in Tables 1, 
2, 3, 4 and 5.

Table 1.  Physico- chemicals analysis of tube well water

Sample Color
(Hazen)

pH
(µS/cm)

Temperature
(0C)

Conductivity
(µS/cm)

Turbidity
(NTU)

TDS
(mg/L)

37-A 0.05 e(0.01 ) 5.79f (0.02) 24.9ab(0.15) 446d (1) 3.78c(0.01) 219c (1)

37-B 0.21f(0.03 ) 6.97a(0.021) 24.8 a(0.1) 687 e(0) 7.63d(0.01) 337 d(1)

37-C 0.26c( 0.01) 6.93bc (0.01) 26.3c(0) 734 a(1) 4.49e(0.01) 360 a(1)

37-D 0.28 c(0.02) 6.95 ab (0.) 26.5c(0.23) 857 bc(2) 3.43a(0) 419 b(1)

37-E 0.16ab(0.006) 6.90c (0.03) 26.7c(0.2) 855 b(5) 1.42 f(0.02) 418 b(2)

37-F 0.1g(0.02) 7.03 g(0.01) 26.7c(0.7) 854 b(1) 3.23a (0.03) 418 b(3)

37-G 0.26 c  (0.02) 7.10h (0.04) 25.1a(0.06) 862 c(1) 1.68 b(0.01) 423 e(1)

37-H 0.178 a(0.01) 7.42d (0.01) 24.6bc(0.2) 834 f(0) 0.20 g(0.01) 407 f(5) 

37-I 0.14bd (0) 6.96b(0.03) 24.8 ac(0) 1004g (1) 1.82 b(0.02) 492 g(2)

37-J 0.13d(0.01) 7.24e(0.01) 25.0 ac(0.1) 889 h(1) 0.97 (1.36E-16) 435 h(3) 

37-K 0.14bd(0.01) 7.43de(0.01) 25.2 a(0.1) 733 a(1) 2.88 i(0.01) 359 a(2)

LSD 0.02743 0.3484 0.4365 3.081 0.021 2.618

Note: Means with standard deviation in parentheses having the same superscripts letter in same 
column are not significantly different (p>0.05)
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Table 2. Chemical analysis of tube well water samples 

Sample
Total  Hardness
(CaCO3), (mg/L)

Calcium Hardness
(CaCO3), (mg/L)

Total Alkalinity
(CaCO3), (mg/L)

 Fluoride (F)
(mg/L)

Chloride (Cl)  
     (mg/L) 

37-A 113.22c (0.01) 86.75b (0.02) 136d (1) 0.50a (0.01) 9.09c(0)

37-B 197.58 a(0.02) 151.26c (0.02) 232a (0) 0.61 a(0.015) 5.05d (0.05)

37-C 197.58a (0.01) 149.03d (0.02) 224ab (4) 0.75abc (0.01) 3.03a (0.02)

37-D 175.38d (0.02) 131.24 e(0.01) 196bc(57.74) 0.58ade (0.01) 2.02b (0)

37-E 199.80e (0.01) 153.48f (0.015) 254a (3) 1.07 h(0.02) 3.03a (0.03)

37-F 150.96b (0.01) 115.67a (0.015) 182c (0) 0.68 af(0.02) 3.03a(0.56)

37-G 139.86f (0.01) 104.54g (0.01) 180c(6.11) 0.79dfg (0.02) 3.03a (0)

37-H 162.06g(0.01) 122.34h (0.01) 182c (2) 1.03beg (0.01) 3.03a(0.012)

37-I 150.96b(0.01) 115.67 a(0.015) 176c (2) 1.02beg (0.01) 3.03 a(0.02)

37-J 146.52h(0.03) 111.22 i(0.01) 174c (4) 0.49ac (0.01) 2.02b (0)

37-K 157.62i(0.01) 117.89 j(0.012) 204 ac(3) 0.44 a(0.02) 2.02b (0)

LSD 0.02015 0.01036 30.00 0.008490 0.2804

Note: Means with standard deviation in parentheses having the same superscripts letter in same 
column are not significantly different (p>0.05)

Table 3. Chemical analysis of tube well water samples

Samples
Ammonia  

(NH3) (mg/L)
Nitrate 

(NO3-N) (mg/L)
Nitrite

(NO2-N) (mg/L)
 Iron (Fe)

(mg/L)
Manganese  

(Mn) (mg/L)
37-A <0.01 (0.01) <0.001a (0) 0.01a (0) 2.03j (0) 0.61i (0.02)
37-B 076 c(0.02) 0.31 b(0.01) <0.001 b(0) 0.11a(0.45) 0.10 j(0.01)
37-C 062 d (0.01) 0.19c (0.01) 0.01 a(0) 0.68 bcde(0.03) 0.27 a(0.01)
37-D 056e (0.02) 0.26 d(0.01) 0.01 a(0) 0.93 bf(0.02) 0.34bcd (0.02)
37-E 035 f(0.02) 0.68e(0.02) 0.0 a(0) 4.23k(0.03) 0.47 k(0.01)
37-F 090 g(0) 1.92f (0.01) 0.01 a(0) 0.52cdh(0.02) 0.35bef(0.01)
37-G 049h (0.01) 0.40 g(0.01) 0.01 a(0) 0.41 adji(0.01) 0.35bgh(0.04)
37-H 118 a(0.01) 0.66 h(0.01) 0.01 a(0) 0.11ai(0.45) 0.30  aceg(0.06)
37-I 118a (0) 0.16 i(0.01) 0.01 a(0) 0.61  efh(0.03) 0.40dfh(0.09)
37-J 104i (0.03) 7.76j (0.02) 0.01 a(0) 0.3aeh(0.02) 0.25a(0.03)
37-K 139j (0.01) 0.10 k(0.01) 0.01 a(0) 0.27ah(0.03) 0.23 a(0.03)
LSD 0.025 0.01736 0.000 0.3183 0.07

Note: Means with standard deviation in parentheses having the same superscripts letter in same 
column are not significantly different (p>0.05)
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Table 4. Microbiological analysis of tube well water samples

Samples  Arsenic (As) (mg/L) Total  Coliform (CFU/100) Feacal Coliform 
(CFU/100ml)

37-A 0.009 c(0.001) 10 a(0) 0a (0)

37-B 0.006a (0.001) 10 a(0) 0 a(0)

37-C 0.005 a(0)   4   d (0) 0 a(0)

37-D 0.006 a(0.001) 10 a(0) 0 a(0)

37-E 0.020d (0.002) 0 b(0) 0 a(0)

37-F <0.005b (0) 0 b(0) 0 a(0)

37-G <0.005 b(0) 0 b(0) 0 a(0)

37-H <0.005b(0) 40 c(0) 4b (0)

37-I <0.005b(0) 40 c(0) 0a (0)

37-J <0.005b(0) 10 a(0) 0 a(0)

37-K <0.005b(0) 6 e(0) 0 a(0)

LSD 0.001313 0.000  0.000

Note: Means with standard deviation in parentheses having the same superscripts letter in same 
column are not significantly different (p>0.05)

As water samples were found to be colorless, slightly acidic in pH, and were found to be hard. 
The levels of turbidity of sample 37-B, iron and manganese in most of the samples were found 
to be higher than the guideline values given by WHO, (1998). Nitrate, nitrite and ammonia were 
within satisfactory limit. Few samples were found to be potable with respect to bacteriological 
characteristics. A major threat in ground waters of Tarai, Arsenic was found to be within the 
standard set by WHO, (1998) in all samples. As whole water from all the tube wells were suitable 
for various domestic purposes, even though hardness may be a problem. Waters from much of the 
tube wells were unfit regarding bacteriological quality. 

The presence of nitrate and nitrite in water may result from the excessive application of fertilizers 
or from leaching of wastewater or other organic wastes into surface water and groundwater. 
Although effects may be difficult to detect in human populations, such contaminants may pose a 
risk to health. In areas with aggressive or acidic waters, the use of lead pipes and fittings or solder 
can result in elevated lead levels in drinking-water, which may, after long term exposure, affect the 
mental development of children. Exposure to high levels of naturally occurring fluoride can lead to 
mottling of teeth and (in severe cases) skeletal fluorosis and crippling.

Conclusion
All waters were found to be potable with respect to their physical and chemical characteristics, 
although iron and manganese levels are much higher in all the samples.  Maximum samples 
were found to be contaminated with coliforms and also faecal coliforms were seen in most of 
the samples.  Contamination was found in all types of wells: public wells, and private wells. The 
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high incidences of water borne disease in the area are due to well contamination, inadequate water 
supply and a general lack of sanitation and hygiene. The tube well survey data indicates that a large 
proportion of the tube wells are unsafe for use as drinking water sources.
. 
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Various kinds of energy crops have been in cultivation for biofuel production purposes in the 
agricultural as well as marginal land. Conversion of starchy and sugary food commodities to 
biofuel i.e. “Food to Fuel” conversion has recently increased the food insecurity situation of the 
world. Utilization of agro-industrial and forestry wastes as a raw material for these bioconversion 
process is one of the best way to mitigate the food security and environmental problems the world 
is facing today. This paper reviews some wastes and their utilization with a special focus on empty 
palm fruit bunch (EFB). EFB, a major by-product of palm oil industry, composed of significant 
amount of cellulose and hemicellulose with little lignin content. It has been studied for its suitability 
to conversion to monomeric sugars with the application of various pretreatment methods. The best 
pretreatment method was selected based on lignin removal and enzymatic hydrolysis yield of sugars. 
Composition analysis of untreated EFB biomass revealed ~49% cellulose, ~ 29% hemicellulose 
and the rest lignin. Two-step pretreatment methods involving the prehydrolysis and organosolv 
delignification was found essential to yield better lignin removal and higher amount of monomeric 
sugars on enzymatic hydrolysis. Treatment of the biomass with catalytic amount of 2-naphthol was 
reported to yield better lignin removal. The hydrolysis of pretreated biomass with cellulase with the 
supplementation with β-glucosidase revealed better yield in case of two- step pretreated biomass. 
The EFB biomass treated with dilute acid prehydrolysis combined with organosolv delignification 
yielded more than double of total reducing sugars and glucose on enzymatic hydrolysis than 
that of the biomass subjected to only dilute acid prehydrolysis without organosolv process. The 
monomeric sugars produced after enzymatic hydrolysis of biomass can be utilized in food, fuel or 
renewable chemical industry.

Keywords: Waste utilization, Pre-treatment, Empty palm fruit bunch (EFB), Enzymatic hydrolysis, 
Renewable fuel

Introduction
Waste includes all items that people no longer have any use for, which they either intend to get 
rid of or have already discarded.In developing and industrial countries, largeamounts of industrial 
waste or by-products areaccumulated every year. Large amounts of waste are generated from 
various industries and activities of human being. Much of them arenot being utilized, but are 
rather disposed of in the limited disposal sites available which will be exhausted inthe near future. 
The hierarchy in waste management is waste minimization, proper treatment, reuse/recyclingand 
energy recovery (Hartlén, 1994).Classification and categorization of wastes depends on various 
factors. Our concern is the organic wastes which consist of decomposable and convertible 
materials. Disposing waste without proper management has created various environmental 
problems with the production of carbon dioxide, methane and other GHG gases leading to 
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climate change problem. The climate change problems result in food insecurity. The needs of 
environmental protection from waste generated are largely overlooked, and a lack of knowledge 
about the impact on the environment and its health effects constitute food security/safety problems. 
Food production and waste generation directly affect resource (i.e., energy and water) consumption 
and often contaminate the environment. More pressure on food production has inculcated the use 
of pesticides, herbicides, antibiotics and chemical fertilizers which add to current global pollution. 
At least half of food grown is discarded before and after it reaches consumers. It is estimated that 
one third to half of landfill waste comes from the food sector. This landfill releases green house 
gases (GHG) as well as leachate which worsen soil and water quality and safety. Pharmaceutical 
and chemical contaminations from residential, industrial and agricultural sources make their way 
into nearby water and soil and can eventually affect our food systems (Lin et al., 2009). Although 
reliably detecting the trends in climate due to natural variability is difficult, the most accepted 
current projections suggest that the rate of climate change attributable to GHGs will far exceed 
any natural climate changes that have occurred during the last 1,000 years (Bingemer and Crutzen, 
1987).It has been established that due to their chemical composition based on sugars and other 
compounds of interest, organic wastes could be utilized for the production of a number of value 
added products, such as ethanol, food additives, organic acids, enzymes, and others. Therefore, 
besides the environmental problems caused by their accumulation in the nature, the non-use of 
these materials constitutes a loss of potentially valuable sources (Mussatto and Teixeira, 2010).

Oil palm industry generates a large quantity of residues and wastes in the form of empty fruit bunch, 
palm kernel shells, trunk of the plant, fibre, leaves and others. All these waste products contain 
large amount of lignocellulosic polymers in addition to some sugars and lipid portions.  Among 
them EFB is considered as the promising feedstock for the synthesis of biobased products owing to 
its high content of sugar polymers (75-80%) and 20-25% lignin (Deraman et al., 1995).

Before utilization of lignocellulosic waste for food, chemical or fuel purposes, the sugar polymers 
must be separated from the lignin. Due to the impervious nature of lignin to any chemical or 
enzymatic action, it must be removed or degraded by some physico-chemical or biological methods 
so that the sugars are more accessible to enzymatic hydrolysis (Sorensen et al., 2008). 

Currently sugarcane, sugar beet, corn, wheat, cassava and potatoes are being used as substrate for 
the production of monomeric sugars before bioethanol and some biochemical production. This has 
resulted into food and fuel conflict and is an important issue from the food security point of view 
(Guragain et al., 2011). In order to overcome this conflicting situation, use of abundantly available 
and under-utilized agricultural wastes as feedstock is being attempted (Hu et al., 2008). There are 
four major steps to be performed for utilization of lignocellulosic biomass.First step is pretreatment 
of biomass to break down lignin–hemicelluloses–cellulose complex to make it more susceptible 
forhydrolysis. The second step is hydrolysis to break down the cellulose and hemicelluloses into 
monomer sugars. The third step is fermentation or chemical conversion of these sugars to ethanol 
or other bio-based products. The final step is productrecovery and purification (Hu et al., 2008). 
Among all, pretreatment is themost basic but expensive step (Sousa et al., 2009). In this study, 
empty palm fruit bunch (EFB) was tested for the effect of different pretreatment methods and 
enzymatic hydrolysability.The main objective is to compare the pretreatment methods and assess 
the enzymatic hydrolysability of differentlyEFB pulp. 
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Materials and Methods
Empty palm fruit bunch (EFB) was collected from Malaysia, milled to a particle size of 1–3 mm 
using a Wiley mill and stored at 5°C. All chemical reagents used in this study were purchased from 
Sigma Aldrich and VWR (France) and used as received. Dried matter contents were determined 
using a moisture balance, KERN MRS 120-3 Infra-red moisture analyser (drying at 105°C to 
constant weight). 

Pre-hydrolysis- Empty palm fruit bunch (1-3 mm particle size, 20g native dried matter) was treated 
with four different kinds of prehydrolysis methods viz. auto-hydrolysis, dilute acid pre-hydrolysis, 
enzymatic pre-hydrolysis and soda pre-hydrolysis (Figure 1). For autohydrolysis, the sample was 
loaded into a 0.6-L stainless steel pressure Parr reactor with a Parr 4842 temperature controller 
(Parr Instrument Company, Moline, IL) and was supplemented with an appropriate amount of 
deionized water to make a final solid to liquid ratio of 1/ 9, taking into account the moisture content 
of the sample. The mixture was heated at 150°C with continuous stirring for 8 h (time zero was 
set when the preset temperature was reached with heating rate of 5 K / min). At the end of each 
reaction, the reactor was cooled and the liquid phase was recovered by filtration through Whatman 
No 4 filter paper. Solid residue was washed with 70°C water (3 x 50 mL) and a portion of solid 
residue and liquid were stored in a freezer at -5°C before analysis.

Figure 1. The diagrammatic representation of first step of pretreatment

Organosolv treatment- Variously treated and untreated EFB (200 µm particle size, 25 grams dry 
weight of native or autohydrolysed biomass)was mixed with 80 % aqueous ethanol (EtOH / H2O 
: 8/2 v/v) and 0.5 % (based on raw material dried mass) sulfuric acid as a catalyst. The mixture 
was heated at 170°C for 60 min. The solid-to-liquid ratio used was 1: 8. The reaction was carried 
out in a 0.6 L stainless steel pressure Parr reactor with a Parr 4842 temperature controller (Parr 
Instrument Company, Moline, IL). The reaction mixture was heated at a rate of 5 K/min with 
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continuous stirring. At the end of the treatment, the pretreated biomass was washed with 60°C 
ethanol-water (8:2, 3 × 50 mL) and air-dried overnight. The washes were combined, and three 
volumes of water were added to precipitate the ethanol organosolv lignin (EOL), which was 
collected by centrifugation at 4000 x gfor10 min and then air-dried. A portion of each the solid 
residue and the liquid was separated and stored in a freezer at -5°C before analysis.

Cellulose extraction- Holocellulose was isolated from the untreated feedstockby repeatedly treating 
with a mixture of acetic acid and sodium chlorite until the sample had a very low Klason lignin 
content (< 1%). The holocellulose sample (1 g) was further treated with 50mLof NaOH,17.5% 
during 30 minat 25°C.Fifty mLof deionized water was added and the resulting slurry was stirred 
at25°Cfor 30min.The resulting cellulose was filtered, washed successivelywith50 mL of1% acetic 
acid in water and with 100mlof deionized water and then dried in an oven at40°C overnight.

Enzymatic hydrolysis (cellulose-to-glucose conversion)- Enzymatic hydrolysis of empty palm 
fruit bunch (raw and pretreated) was performed using Celluclast® 1.5 L (E.C. 3.2.1.4) from 
Trichoderma reesei supplemented with β-glucosidase preparation (Novozyme 188®, E.C. 
3.2.1.21) from Aspergillus niger at a loading of 44 IFPU and 25 IU per g cellulose respectively. 
Both enzyme preparations were purchased from Novozymes (Bagsværd, Denmark). Enzymatic 
hydrolyses were performed at 2 % (cellulose w/v) in 100 mL of 50 mM acetate buffer, pH 5.0. 
The reaction mixtures were incubated at 50°C in a rotary shaker at 150 rpm, sampled periodically 
and centrifuged at 4000 rpm to remove the insoluble materials for analysis. Glucose contents of 
the aqueous phase were quantified usingglucose oxidase-peroxidase-chromogen reagent (RTU™ 
manufactured by bioMerieux, France). Total reducing sugars were also determined using DNS 
method (Miller, 1959). Hydrolysis data are averages from duplicate experiments.

Analytical procedures- A KERN MRS 120-3 Infra-red moisture analyser (drying at 105°C to 
constant weight) was used for moisture determination. 

Extractable were determined by extracting untreated biomass (50 g) with dichloromethane (DCM, 
1L), using a Soxhlet apparatus (volume = 2L) for 6 h (about 36 extraction cycles). 
Carbohydrate and lignin contents were measured on extractive-free material, ground to pass a 
40-mesh screen, according to the laboratory analytical procedure (LAP) provided by the National 
Renewable Energy Laboratory (NREL). Samples were hydrolyzed with 72 % sulfuric acid for 
1 h and autoclaved after being diluted to 3 % sulfuric acid through the addition of water. The 
autoclaved samples were filtered, and the dried residue was weighed to give the Klason lignin 
content. Monosaccharide contents in the filtrate were quantified using high-performance anion-
exchange chromatography with pulsed amperometric detection (HPAEC PAD). The acid-soluble 
lignin content was determined from absorbance at 205 nm according to Lin and Dence (1992). In 
brief, the lignin content in the filtrate was calculated from the following expression of Beer’s law: 
Lignin (g/L) = Absorbance /110.  

High-performance anion-exchange chromatography- Separation and quantification of neutral 
sugars were performed using a Dionex ICS-3000 system consisting of a SP gradient pump, an 
AS autosampler, an ED electrochemical detector with a gold working electrode, an Ag/AgCl 
reference electrode and Chromeleon version 6.8 (Dionex Corp., USA). A Carbopac PA1 (4 x 
250 mm, Dionex) column with a guard column (4 x 50 mm, Dionex) was used as a stationary 
phase using isocratic conditions with 1 mM sodium hydroxide as eluent. Eluents were prepared 
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by dilution of a 46-48% NaOH solution (PA S/4930/05 Fisher Scientific) in ultrapure water. All 
eluents were degassed before use by flushing with helium for 20 min; subsequently they were kept 
under constant helium pressure (eluent degassing module, Dionex). After each run, the column was 
washed for 10 min with 200 mM NaOH and reequilibrated for 15 min with the starting conditions. 
Samples were injected through a 25-μL full loop and separations were performed at 25 °C at a 
rate of 1 mL/min. The pulse sequence for pulsed amperometric detection consisted of a potential 
of +100mV (0–200ms), +100mV integration (200–400 ms), -2000mV (410–420 ms), +600mV 
(430ms), and -100mV (440–500ms).

Results and Discussions
Compositional analysis of raw EFB biomass- The compositional analysis of EFB revealed that 
it is composed of three different polymers-cellulose (~ 49%), hemicellulose (~29%) and lignin 
(~22%). It was demonstrated that hemicellulose portion basically composed of arabinoxylan with 
a higher proportion of xylose than arabinose. This observation closely agrees with composition 
reported in literatures for most of the monocotyledons (Yoshida et al., 2008).

Table 1. Composition of untreated EFB 

Klason 
lignin 
(%)

Cellulose 
(%)

Hemi-
Cellulose 

(%)

Glucans 
(%)

Xylans 
(%)

Arabinans 
(%)

Galact-
ans (%)

Mannans 
(%)

Others
(%)

22.9±0.2 48.4±0.4 28.5±0.3 48.7±2.8 25.2±0.8 1.0±0.03 0.6±0.01 0.4±0.0 0.6±0.02

It can easily be seen that EFB contains high proportion of cellulose and hemicellulose sugars 
suggestingits potential use for bioconversion processes such as biofuel, biogas or biochemical 
productions.

Lignin Removal patterns- The EFB biomass was subjected to four different kinds of prehydrolysis 
methods followed by ethanol organosolv delignification process. The effect of prehydrolysis on 
lignin content was found insignificant. It showed that lignin is not removed appreciably during 
prehydrolysis. Soda pretreatment showed the maximum effect on lignin removal as compared 
to other methods- only ~19% Klason lignin was left in the pulp whereas autohydrolysed pulp 
revealed ~29% Klason lignin content.

The ethanol organosolv treatments (OS) were performed starting from the untreated biomass and 
from the pre-hydrolyzed pulp.The organosolv conditions used in the present study (T = 170 °C, 
t = 60 min, EtOH/H2O = 0.80, H2SO4 = 0.5 %) were selected considering previously described 
studies(El Hage et al., 2010).The compositions of the pulps after organosolv (OS) and combinative 
treatments (AH+OS, AHN+OS, EP+OS, DAP+OS, SP+OS) are given in the Table 2. The amounts 
of ethanol organosolv lignin (EOL, recovered through precipitation by addition of water in the 
black liquor, see experimental section) and Klason lignin contents in the pulps are reported in the 
Figure 2.

For the single step treatment performed without autohydrolysis (OS), a low delignification rate 
was observed. Indeed, the low severity reaction conditions used in this study for the organosolv 
treatment didn’t act as an effective solubilizer of lignin. As expected, starting from autohydrolysed 
pulp (O+AH), higher amounts of EOL were recovered (7 to 12%) and larger parts of lignin 
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were extracted leaving a lower lignin content in the pulps (5 to 16%). The effect of enzymatic 
prehydrolysis was not promising, however, it is considered as more environmentally benign 
technique. It has already been reported that prehydrolysis improved the efficacy of organosolv 
processdue to weakening of the lignin seal and increased solubility of lignin in organic solvent (El 
Hage et al., 2010; Obama et al., 2012). It has been reported that the lignin deconstruction takes 
place during autohydrolysis through aryl-ether bonds cleavage resulting in easier delignification.

Figure 2. EOL & KL content of the pulp after organosolv delignification

OS: ethanol organosolv pretreatment  
AH+OS: Combined autohydrolysis and organosolv pretreatment
AH+N+OS: Autohydrolysis in presence of naphthol followed by organosolv pretreatment
EP+OS: Enzymatic prehydrolysis followed by organosolv pretreatment
DAP+OS: Dilute acid prehydrolysis followed by organosolv pretreatment
SP+OS: Soda prehydrolysis followed by organosolv pretreatment

It appears from that considerable improvement took place in delignification in presence of naphthol 
(Figure 1). It shows ~30% more lignin removal in the case of sample treated with 4% naphthol as 
compared with that not treated with naphthol. Dilute acid prehydrolysis followed by organosolv 
process revealed the lowest value of Klason lignin. The reason is unclear but might be due to a high 
hydrolytic sensibility of EFB lignin in acidic medium.

Enzymatic hydrolysis- Enzymatic hydrolyses of the solid residue after pretreatments were 
performed using standard literature conditions (44 FPU of cellulase and 25 CBU of β-glucosidase).
The glucose and total reducing sugar recovered by enzymatic hydrolysis are reported in Figure3. 
Untreated biomass yielded only 5% glucose whereas the cellulose to glucose conversion is very 
less in case of the single step of pretreatment. Only 24% glucose yield from autohydrolysed pulp 
and only 19% in case of dilute acid pretreated pulp.
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Figure 3. Cellulose to glucose conversion yield of different treated EFB pulps

The cellulose-to-glucose conversion was found substantially increased using combinative 
pretreatments; however, the effect of different combinative pretreatments is not same. Highest 
yield was observed in case of dilute acid pretreated pulp which was further subjected to organosolv 
delignification. It showed 61% conversion ratio. The effect of enzymatic prehydrolysis was very 
less on conversion process. The effect of naphthol was not substantial on enzymatic digestibility; 
however it showed some positive effect. 

Dilute acid prehydrolysis followed of organosolv delignification demonstrated the best results. 
Although the exact reason is not clear, it could be due to higher deconstruction of EFB lignin in 
acidic medium within a certain pH range. It was also observed that large amount of lignin (~5-
6%) was detected in the liquid stream which escaped the precipitation after organosolv process. It 
revealed that lignin was broken down into very small fragments in dilute acid prehydrolysed pulp 
which was difficult to recover by aqueous precipitation of liquid phase after organosolv process.

Conclusion
Empty palm fruit bunch (EFB), a by-product of palm oil industries, can serve as a promising 
feedstock for bioconversion processes owing to its substantially higher content of cellulose and 
comparatively lower lignin content. Food and agricultural serves as source of raw material for bio-
conversion processes as they do not demand separate land, water, and energy requirements. They 
do not have food value as well. Fermentative and direct chemical conversion of glucose produced 
from cellulose can lead to production of different food products and organic chemicals. If the 
degradation products are separated and glucose can be isolated in pure form, it can find diverse 
use in food industries. On the other hand the hemicellulose and lignin can also be utilized in food 
industries. Presence of polyphenolic groups in lignin entails it use as bioantioxidant in different 
kinds of food preparations.

This study revealed all the three polymeric components of EFB can be separated by using two-
step pretreatment methods. Hemicellulose portion was obtained in liquid stream whereas the 
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cellulose portion was obtained in the solid form. The lignin which was separated during ethanol 
organosolv process in the liquid portion was precipitated with water. EOL was obtained with in 
almost pure form so that it could be utilized in food or non-food industries.  Among the various 
treatments, dilute acid prehydrolysed pulp showed best results in terms of delignification ability 
and enzymatic hydrolysability. It can be inferred that EFB lignin is more susceptible to the action 
of acids, however, the exact reason was not known.The utilization of EFB not only reduces the 
emission of GHGs but also add the value of oil palm by-product.
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Typha Grass: A Treasure for Tropical Food, Environment, Medicine and Fuel Industry
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Typha grass is an invasive and obnoxious wetland herbaceous plant with the annual productivity of 
more than 50 ton dry matter per hectare. It has been used in the treatment of various diseases since 
ancient times. Compositional analysis demonstrated approximately 80% sugars and very low lignin 
content (<20%) in dry biomass basis underpinning its potential use as food and for conversion 
processes. It has also been marked for its good anti-microbial properties. Strong capacity of 
typha for removing contaminants such as heavy metals and inorganic nutrients from waste waters 
established it as a promising aquatic macrophyte for phytoremediation. 13C NMR analysis of typha 
lignin revealed significantly higher S/G ratio (55:15) suggesting its easier delignification and 
better pulp yield during pretreatment process. Enzymatic hydrolysis, in addition, demonstrated 
efficient cellulose to glucose conversion alleviating downstream processing to food, chemical 
or fuel. In addition to its plenteous availability, high biomass productivity, easier delignification 
and enzymatic hydrolysability Typha deserves a promising biomass feedstock for tropical food, 
environment, medicine or biorefining sector. 

Keywords: Typha grass, Biomass, Enzymatic hydrolysis
______________________________________________________________________

Evaluation of Brewers’ Spent Grain as a Low-Cost Substrate for the Cultivation of Kind 
Oyster Mushrooms (Pleurotus eryngii)

Biswas Palikhey1*, Naveen Chikthimmah1, Alma Rodriquez Estrada2, Carolyn Barnhart1 
and Kitrina Carlson3
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2Department of Natural and Applied Sciences, University of Wisconsin–Green Bay, WI, USA

3Department of Applied Science, University of Wisconsin–Stout, WI 54751, USA
*Corresponding author, E-mail: pal_biswas@hotmail.com

Brewers’ spent grain (BSG) is the major waste of brewery operation accounting for around 85% 
of total solid wastes generated. Although BSG is composed of rich lignocellulosic components 
that include cellulose (17%), non-cellulosic polysaccharides including arabinoxylans (28%), and 
lignin (28%), it has drawn very little attention for the recycle apart from animal feed use only.  The 
bulk of BSG generated in the brewing industry is considered a solid waste and requires proper 
disposal thereby incurring costs to the brewing industry. The objective of this work was to evaluate 
BSG as a potential low-cost substrate for the cultivation of king oyster mushrooms. P. eryngii is 
the most popular Pleurotus species mushroom due to its excellent texture and flavor profile, cuisine 
quality and longer shelf-life than any other oyster mushrooms. The efficacy of BSG (65% moisture 
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content) as basal substrate for the cultivation of Pleurotus eryngii was evaluated at 0%, 25% and 
50% wheat bran (WB) supplementation.   There was significant increase in the apical extension 
rate, μr of P. eryngii colony in the agar media plates prepared from BSG substrate at 0%, 25%, 
and 50% WB supplementation (p<0.05). Contrastingly, μr decreased significantly with the dilution 
level of substrate (gram of substrate/milliliter water) at 1:20, 1:10, and 1:5 respectively. The bottle 
cultivation of P. eryngii with above substrate combinations showed complete colonization of all 
three substrate treatments including 100% BSG at 22±1°C for 30 days. Fruiting body formation 
was initiated at 18°C and 95% relative humidity for 35 days. There was no mushroom production 
from BSG without WB supplementation. The biological efficiency of P. eryngii mushroom from 
25% and 50% WB supplemented BSG were 9.37% and 66.97% respectively. Results from this 
research showed that BSG upon WB supplementation might be used successfully as basal substrate 
to grow P. eryngii. 

Keywords: Brewers’ spent grain, Pleurotus eryngii, Fruiting body, Biological efficiency
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Development of Synbiotic Yogurt and its Comparative Study with Normal and Probiotic 
Yogurt

Manju Chhetri*, Tika B. Karki and Om Prakash Pant
National college of Food Science and Technology, Khusibu, Nayabazar, Kathmandu

*Corresponding author, E-mail: manjuchhetri@gmail.com

This research work is based on development of synbiotic yogurt and its comparative study with 
normal and probiotic yogurts. For this, various samples of Nepalese yogurts were collected from 
different part of Kathmandu valley as the source for potential probiotic lactic whose probiotic 
properties were determined comparing with standard probiotic culture. The selected potential 
probiotic lactic and standard probiotic cultures were used to develop synbiotic yogurts using 
optimized concentration of prebiotics. Comparative study was carried out using chemical analysis, 
sensory analysis, microbiological analysis (TPC, Yeast and Mould and E. coli). Also storage 
stability was determined with respect to acidity and viability. Through sensory analysis, out of 
all the trail yogurts, the formulation having 1% sun-fiber and 2% Lactulose among yogurts were 
found to be best. Whereas among yogurts prepared from potential probiotic lactic and standard 
probiotics they showed similar pattern of chemical and microbiological analysis. Also among sun-
fiber and lactulose, sun-fiber was found superior in texture and mouth feel and lactulose was found 
superior in flavor and color. Microbiological analyses were carried out to find any contamination 
during processing. Also chemical analysis showed that addition of prebiotics enhances the value 
of Carbohydrate (with normal being 4.77±0.18 g/100g to 7.57±0.08 g/100g in 1% Sun-fiber and 
8.71±0.13 g/100g in 2% Lactulose) which subsequently increases TS%. Similarly shelf life of 
synbiotic yogurt was found to have longer shelf life (18 days) in compare to normal (9 days) and 
probiotic yogurt (14 days) as it maintains consistency in both acid production and viability (107-
108 cfu/ml) of cells. This concludes the succession of synbiotic yogurt as compare to normal and 
probiotic yogurt.

Keywords: Yogurt, Probiotic, Prebiotic, Synbiotic, Ju Ju Dhau, Lactulose, Galactomannan
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Thermal Inactivation of Polyphenol Oxidase in Potato, Avocodo and Apple

Anunaya Banstola and K. Krishnamurthy
*Corresponding author, E-mail: abastola@gmail.com

Polyphenol oxidase (PPO) needs to be inactivated to control the enzymatic browning which is 
undesirable in fruits and vegetables industry. Enzymes have substrate-origin-specificity, and thus 
the functionality and inactivation properties of PPO varies according to the source of enzyme, 
properties of food matrix, method of treatment applied as well as measurement techniques. In 
this study, thermal inactivation of PPO in potato, avocado and apple was studied at four different 
temperatures (50, 60, 70 and 80 °C). The treatment time varied from 1 to 60 min, depending upon 
the temperature used. The level of inactivation was deduced by residual enzyme activity which 
was assayed by spectrophotometric methods in two different substrates, pyrocatechol and 3,4—
dihydroxyphenylalanine (DOPA), using an ELISA plate reader. The degree of PPO inactivation 
achieved in potato and apple extracts was higher using pyrocatechol as the substrate than using 
DOPA, where it was the similar in case of avocado; which was considered as substrate specificity 
of the enzyme. The inactivation rate followed the first order kinetics and higher dependency with 
treatment time was observed at higher temperatures. Biphasic inactivation was observed in case 
of apple PPO, where activation of enzyme was observed at low temperature. In conclusion, level 
of PPO inactivation was dependent on the degree of the thermal treatment, source of PPO and 
substrate used for enzyme determination.

Keywords: Polyphenol oxidase, Thermal Inactivation, Substrate, ELISA, Fruits
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Appendix-I

“Food Science and Technology for the Betterment of Society”
National Conference on Food Science and Technology

(Food Conference-2012)

Time Schedule for Inaugural Session

Date: 2069/4/26 (August 10, 2012) Friday
Venue: United World Trade Centre, Tripureshowr, 4th Floor
Master of Ceremony: Mr. Bhaskar Mani Adhikari

S.N. Time Activity Responsibility
1.  8:00- 9:00 Registration and Breakfast Volunteers and participants 
2. 9.00-9:05 Arrival of Guests and Taking 

seats 
MC

3 9:05-9:10 Chairing Mr. Uttam K. Bhattarai, President, NEFOSTA
4 9:10- 9:15 Invitation of Dignitaries in Dais Distinguished guests
5 9.15-9.20 Welcome address and 

Objectives of the conference
Jiwan P Lama, Vice Chairperson, Organizing 
Committee

6 9.20-9.25 Inauguration Chief Guest, Rt. Hon. Vice President, Mr. 
Parmanand Jha

7 9.25-9.30 National Anthem All 
8 9.30-9:50 Presentation on 'Food Science 

and Technology for the 
Betterment of Society'

Dr. Kunal Bagchi, WHO Regional Adviser for 
Food and Nutrition

9 9.50-10.00 Remarks Dr. Lin Aung, WHO Representative
10 10.00-10.10 Remarks representing 

professional organizations
Mr. Ganesh Kumar KC,Chairperson, Nepal 
Agriculture Confederation, 

11 10.10-10.20 Remarks Mr. Suraj Vaidya, President, Federation of 
Nepalese Chamber of Commerce and Industry

12 10.20-10.30 Remarks Mr. Nathu Prasad Chaudhary, Secretary, 
Ministry of Agriculture Development, 

13 10.30-10:40 Remarks Hon'ble Mr. Deependra Bahadur Kshetry, 
Vice-Chairman, National Planning 
Commission

14 10.40-10.50 Remarks Dr. Keshav Man Shakya, Hon. Minister for 
Environment, Science and Technology 

15 10.50-11.05 Inaugural Address by the Chief 
Guest

Mr. Pramanand Jha,  Rt. Hon. Vice President 
of the Federal Democratic Republic of Nepal

16 11:05-11:15 Closing Remarks Mr. Uttam K. Bhattarai,  President of Nepal 
Food Scientists and Technologists Association, 

17 11.15-11.20 Vote of Thanks Mr.Pashupati Mishra Asst. Dean, CCT
-End of Inaugural Session-
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Appendix-II

“Food Science and Technology for the Betterment of Society”
National Conference on Food Science and Technology

(Food Conference-2012)
10-11 August, 2012 (26-27 Shrawan, 2069)

Time Schedule for Technical Session
Organizers: 
Nepal Food Scientists and Technologists Association
Department of Food Technology and Quality Control
Central Campus of Technology, TU, Dharan

Day 1: 2069 Shrawan 26 (10 August, 2012)

7:00 – 8:00 Tea, Breakfast and General Registration
8:00 -11:30  Inaugural Sessions

11:30 -12:00 Registrations for Technical Session/Tea Break 

Day 1: Plenary Session

12:00 –14:00 Key Note Speeches in Main Hall 

Convenor: Mr. Krishna P. Rai
Chairperson: Prof. Jagat Bahadur K.C.  
Rapporters: Mr. Bhupendra Paudyal/ Mr. Yakindra P. Timilsena

S.N. Topic Presenter Time

1 Food and Nutrition Security Hemaraj Regmi, Under 
Secretary, MoAD 12:00-12:25

2 Cleaning and Hygiene (CIT) in 
Food Industry

Mr. Hemant Godbole, Diversey 
Pvt. Ltd. India 12:25-12:50

3 Food Biotechnology and 
Microbiology

Prof. Dr. Tika B Karki 12:50-13:15

4
Export Potential of Agri-food 
Products and its Certification 
System

Shri Rajiv Raizada, Export 
Inspection Council of India, 
New Delhi

13:15-13:40

5 Questions/ Chair person comments 13:40-14:10

14:10- 15.00 Lunch Break
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Day 1: Parallel Sessions

15:00-16:30 Paper Presentation
Hall A: Nepalese Indigenous Food + Post Harvest and Food Processing Technology + 

Food Biotechnology and Microbiology
Convenor: Mr. Nawaraj Dahal
Chairperson: Prof. Dr. Dilip Subba
Rapporter: Mr. Madan K. Chapagain/ Mr. Santosh Dahal

S.N. Topic Presenter Time
1 Studies on preparation of sweet aonla chunks Mr. Alok Shrestha 15:00-15:12

2 Effect of different fermentation containers on the 
quality of Gundruk

Mr. Roshan Shrestha 15:12-15:24

3
Bio-chemical changes during finger millet 
(Eleusine coracana) fermentation using defined 
Fermentation Starter

Mr. Dhan B. Karki 15:24-15:36

4 Post-harvest losses in mandarin orange: a case 
study of Dhankuta district, Nepal

Mr. Deepak Kunwar 15:36-15:48

5 Preservation of farmed carp (Naini) fish by salting 
followed by drying and it’s quality evaluation 

Mr. Dharma Basnet 15:48-16:00

6 Development of whey protein beverage from 
mozzarella cheese whey

Ms. Sarala Prajapati 16:00-16:12

7 Questions/Chairperson comments 16:12-16:30

16.30-16.45 Tea Break and Ending of Session 
Hall B: Nutraceuticals and Functional Foods + Food and Nutrition Security + Food, 

Climate Change and Environmental Issues + Food Quality and Safety
Convenor: Mr. Harihar Guragain
Chairperson: Prof. Dr. Ganga P. Kharel  
Rapporter: Mr. Achyut Mishra/ Mr. Pradeep Kaji Poudel 
S.N. Topic Presenter Time
1 Prevalence of antibiotic residues in milk of 

Kathmandu valley by hplc method
Ms. Bal Kumari Sharma 15:00-15:12

2 Alpinia zerumbet: a source of functional 
activity and neutraceutical compounds

Dr. Atul Upadhayay 15:12-15:24

3 Impact of meat and meat production on 
environment

Mr. Anup Halwai 15:24-15:36

4 Microbiological quality of milk produced by 
small dairies in Kathmandu

Mr. Chakravarty Poudel 15:36-15:48

5 Comparative study of nutritional status and 
calorific intake in rheumatic heart diseases 
patients before and after the surgery in Dharan 
and nearby vdc's

Mr. Abhishek Khadka 15:48-16:00

6 Impact of industrial effluents on heavy metal 
contamination of wheat

Mr. Ghanendra Gartaula 16:00-16:12

7 Questions/Chairperson comments 16:12-16:30
16.30-16.45 Tea Break and Ending of Session 
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Day 2: 2069 Shrawan 27 (11 August, 2012)

7:30– 8:00 Tea and breakfast 

Day 2: Parallel Sessions
8:00 – 9:00 Paper Presentation
Hall A: Nepalese Indigenous Food + Post Harvest and Food Processing Technology + 

Food Biotechnology and Microbiology
Convenor :  Mr. Bhaskar M. Adhikari
Chairperson: Asst. Dean Pashupati Mishra  
Rapporter : Ms. Pratikshya Shrestha/ Mr. Amit Bhusan Suman

S.N. Topic Presenter Time

1 Preparation and quality evaluation of mead (honey 
wine)

Ms. Manisha Singh 8:00-8:12

2 OVOP grade standard: concept and protocol for 
grating OVOP logo for processed food products of 
Nepal

Mr. Nawaraj Dahal 8:12-8:24

3 Preparation and quality evaluation of ginger wine Mr. Pushpa L. Rai 8:24-8:36

4 Study on the changes in ascorbic acid, crude 
protein, soluble sugars and crude fiber in chickpea 
during germination

Mr. Ram K Shrestha 8:36-8:48

5 Questions/Chairperson comments 8:48- 9:00

9:00- 9: 15 Tea Breaks 
Hall B: Nutraceuticals and Functional Foods + Food and Nutrition Security + Food, 

Climate Change and Environmental Issues + Food Quality and Safety
Convenor: Dr. Atul Upadhayay 
Chairperson: Ms. Jiwan P. Lama  
Rapporter: Mr. Iswor Subedi/ Mr. Alok Shrestha

S.N. Topic Presenter Time
1 Social and behavioral issues of pesticides in some 

selected districts of Nepal
Mr. Pramod Koirala 8:00-8:12

2 Nepal's food policy and strategy reconciliation with 
global food and nutrition situation

Mr. Upendra Ray 8:12-8:24

3 Food safety regulation in Nepal and issues in the 
regulation of meat safety

Dr. Y S Bajgai 8:24-8:36

4 Nutritional status of preschoolers and women of 
Bagmati slum of Kathmandu valley

Mr. Santosh Dahal 8:36-8:48

5 Questions/Chairperson comments 8:48- 9:00
9:00- 9: 15 Tea Breaks 
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Day 2: Plenary Session

Key Note Speeches on Main Hall (9:15– 12:15)
Convenor : Mr. Pramod Koirala
Chairperson: Prof. Dr. Tika B. Karki  
Rapporter : Mr. Ghanendra Gartaula/Mr. Raj K. Gupta
S.N. Topic Presenter Time
1 Addressing Nutrition Multi-sectorally Mr. Pradiumna Dahal, Nutrition 

Specialist, Dr. Saba Mebrahtu, 
Chief Nutrition Section, 
UNICEF.

9:15-9:40

2 Food Science and Technology 
Education in Nepal

Prof. Jagat Bahadur K.C. 9:40-10:05

3 Nepalese Indigenous Food Prof. Dr. Dilip Subba 10:05-10:30
4 Nutraceuticals and Functional Foods Dr. Dev Bhakta Shakya 10:30-10:55
5 Food Quality and Safety Ms. Jiwan Prabha Lama 10:55-11:20
6 Postharvest and Food Processing 

Technology
Man B. Shrestha, Chief, FRU, 
NARC

11:20-11:55

7 Questions/Chairperson comments 11:55- 12:15
12:15 – 13:00 Lunch Break

Day 2: Parallel Sessions

13:00 - 14:45 Paper presentation
Hall A: Nepalese Indigenous Food + Post Harvest and Food Processing Technology 

+ Food Biotechnology and Microbiology+ Food, Climate Change and 
Environmental Issues

Convenor: Mr. Tirtha P. Adhikari
Chairperson: Mr. Mahendra Jung Thapa  
Rapporter: Mr. Yogendra Dhungel/Mr. Som Kanta Rijal 
S.N. Topic Presenter Time
1 Moisture sorption characteristics of beaten rice 

(Taichin chiura)
Mr. Hareram 
Pradhan

13:00-13:12

2 Preparation and quality evaluation of composite flour 
Roti

Mr. Madan K 
Chapagai

13:12-13:24

3 Quality assessment of tube well water and socio-
economic study of Hattimuda vdc no.6, Morang

Mr. Pradeep Kaji 
Poudel

13:24-13:36

4 Waste utilization for mitigating food security and 
climate change problems: a case study of Empty Palm 
Fruit Bunch (EFB)

Mr. Yakindra P. 
Timilsena

13:36-13:48

5 Preparation and quality evaluation of biscuit using 
composite flour (Kaguno and Wheat Flour)

Mr. Saroj K 
Shrestha

13:48-14:00

6 Preparation and quality evaluation of mixed fruit wine Ms. Bharati 
Adhikari

14:00-14:12

7 Questions/Chairperson comments 14:12-14:30
14:30 – 14:45 Tea Break 
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Hall B: Nutraceuticals and Functional Foods + Food and Nutrition Security + Food 
Quality and Safety

Convenor: Mr. Purna Chandra Wasti
Chairperson:  Dr. Madhav P. Baral  
Rapporters: Mr. Pravin Ojha/Mr. Pushpa L. Rai
S.N. Topic Presenter Time

1 An alternative medicine: Asthamandal Mr. Harihar Guragain 13:00-13:12

2 A case study of food based approach for 
achieving nutrition security

Mr. Singha B. Khadka 13:12-13:24

3 Microbial hazards associated with various 
brands of ice cream sold in Kathmandu Valley

Ms. Srijana Shakya 13:24-13:36

4
Roles of Accredited Laboratories (ISO/ IEC 
17025:2005) for Global Trade and Food 
Industries

Mr. Krishna P. Rai 13:36-13:48

5
Relating indigenous knowledge and food 
security in athapahariya community of Dhankuta 
district

Mr. Rewati Raman 
Bhattarai

13:48-14:00

6 Assessment of microbial quality in butter 
manufacturing chain 

Ms. Rachana Dawadi 14:00-14:12

Questions/Chairperson comments 14:12-14:30

14:30 – 14:45 Tea Break 
14:45 – 17:00  Concluding Session 
Convenor: Mr. Mohan Krishna Maharjan
Chairperson: Mr. Uttam K. Bhattarai
Co-chairperson: Ms. Jiwan P. Lama
Co-chairperson: Mr. Pashupati Mishra  
Rapporters: Mr. Paurakh Thapaliya/Mr. Hareram Pradhan 

Resolution draft and presentation team: 
Ms. Urmila Joshi   
Mr. Purna Chandra Wasti
Mr. Ashok Bhurtyal, WHO
Mr. Dakkal Pandit

Vote of Thank: Mr. Tirtha P. Adhikari
Note: Net Time: Key Note: 25 min 
Oral paper presentation: 12 min

Thank You!
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Appendix-IV

Food Conference-2012: At a Glance

Inaugural Session of Food 
Conference-2012

Address by Mr. Uttam K. Bhattari, 
Chairperson, Food Conference-2012, 

Organizing Committee

Address by Rt. Honorable 
V.P. Mr. Parmanand Jha

Address by Prof. Jagat B. K.C., 
Founder President, NEFOSTA
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Keynote Lecture by Prof. Dr. Dilip Subba

Dr. Atul Upadhyaya, Presenting Paper Ms. Jiwan P. Lama, DG, DFTQC, 
Presenting Token of Love to 

Dr. Kunal Bagchi, WHO

Mr. Pramod Koirala, Convenor,
Plenary Session
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Participants during Food 
Conference-2012

Participants during Food 
Conference-2012

Participants during Tea Break,
Food Conference-2012

Participants during Food 
Conference-2012
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Participants in front of Food Stales 
during Food Conference-2012

Press Conference Photo Session at the end of 
Food Conference-2012

Certificates Distribution during 
Food Conference-2012
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