




Proceedings : Food Conference (2014), Kathmandu, Nepal

1

FINAL  
RESOLUTIONS



2

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

3

1. Mission Programme to promote underutilized 
nutritious foods/Changing Food Habit of consum-
er by developing and disseminating palatable rec-
ipes. 

MoAD/DFTQC/
NARC/Academia 

Regular 

2. Residue monitoring plan should be finalized 
and implemented. 

DFTQC/DOA/ 
MOAD/AEC/ 

concerned associ-
ations 

Regular 

3. Investment on agriculture sector need to be in-
creased to replace the import. 

MoAD/MoF Regular 

3. Food Safety Governance 
Food safety policy, Food Act and Regulation re-
vision; food safety authority, risk based approach, 
system certification, national food reference lab-
oratory, Nepal Accreditation Board Act, Nepal 
Food council Act, independent scientific panels 
and committees, harmonizing standards with in-
ternational legislative framework; address the 
emerging issues such as GM foods, functional 
foods and Nutraceuticals; make nutrition labeling 
of packaged foods mandatory; cover alcoholic 
beverages, Packaging materials, food epidemiol-
ogy, awareness. 

DFTQC/MoAD/
MoLJ/GoN 

Draft should 
be finalized 
within one 
year 

Food safety, Tech, Nutrition system should be 
expanded to all the districts and municipalities/ 
HRD  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 dis-
trict 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, quali-
ty and nutritional value of foods.

DFTQC/NEFOS-
TA/MoAD/GoN 

O & M 
c a r r i e d 
out by 
D F T Q C 
should be 
finalized 
soon 

Collaborative approach among stakeholders 
(golden triangle model): Food safety mainte-
nance, Research and Development, Technology 
development and dissemination, Human resource 
development Awareness 

NEFOSTA/
DFTQC/ Aca-

demia/Concerned 
stakeholders 

Regular 

National Conference on Food Science and Technology
(Food Conference–2014)

Final Resolution 
Resolution Responsibility Time frame Remarks
Continuation of Food Conference
1. The decision (of Food Conference -2012) to 
conduct such type of National Conference in 
every two year should be continued and Next i.e. 
Eighth Food Conference should be conducted in 
2016 as Industry-Academia-Government triangle 
effort coordinated by Food Professional Associ-
ation.

NEFOSTA (Lead 
role) in collab-
oration with 
DFTQC, Aca-
demia including 
CCT and FNCCI

Within Au-
gust, 2016

FNCCI 
repre-
senting 
Private/
Industry 
sector

2. Guidelines for the preparation of papers and 
their presentations need to be revised strictly so 
as to screen the submitted papers for the Food 
Conference. 

Abstract and 
Proceeding sub 
committee 

Before Accep-
tance/presen-
tation 

Nepal Food Council Act
Promulgation of “Nepal Food Council Act” 
NFCA (as per the decision of Food Confer-
ence-2012) is not resolved till now and effort 
should be concentrated in this direction in com-
ing years.

NEFOSTA (Lead 
role) in collab-
oration with 
DFTQC/MOAD

Revised Draft 
submission to 
MOAD within 
June 2015

1. Traditional Food and Tourism 
Documentation of Indigenous food is to be car-
ried out to know their existing status.

NEFOSTA/
NARC/DFTQC/
Academia 

June 2016 

Standardization and commercialization indige-
nous food processing technologies to be devel-
oped.

DFTQC/Aca-
demia/NARC 

Regular

3. Geographical and Ethnic Identification (GEI), 
Intellectual Property Right, Patent Right should 
be promoted / Protected.

MOI/FNCCI/NE-
FOSTA/DFTQC

Academia

Regular

Government should formulate the standards on 
traditional foods and launch regulation activities 
on them to provide the assurance of safety for 
tourism development.

DFTQC Regular

5. Need to include Tourism sector and concerned 
stakeholders participation..

NEFOSTA Regular

6. Concerned authority should consider intend-
ed use of traditional food items before export 
certification. 

DFTQC/Con-
cerned authority

Regular

2.  Agribusiness and food trade
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3. B.Tech. graduates should be employed in the 
post of Seventh Level Officer by the Corporations 
of Government of Nepal. 

NEFOSTA/GoN Regular 

4. NEFOSTA should prepare concept paper to ad-
dress the issue of Brain Drain 

NEFOSTA Within six 
month 

5. NEFOSTA should compile a roster of profes-
sional in the field of Food Science and Technol-
ogy. 

NEFOSTA June 2015 

6. NEFOSTA should continue the publication of 
JFSTN, DFTQC should continue the publication 
of Food Research Bulletin and request FNCCI to 
publish Food Industry Magazine annually. 

NEFOSTA/
DFTQC/FNCCI 

Regular 

7. 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 con-
trol agency

NEFOSTA/ Em-
ploying agencies/

DFTQC 

Regular 

8. Detail action plan (with specifying responsibil-
ities, resources and time frame) to implement the 
recommendation of this conference and its moni-
toring mechanism is to be developed 

Responsible insti-
tutions 

By August 
2014 (Action 
plan develop-
ment)/ Moni-
toring every 6 
month.   

4. Novel trends in food technology 
1. The existing food research and development 
capacity of NARC/DFTQC/Academia should be 
strengthened. Food Science and Technology Re-
search Division (FSTRD) should be established. 

NARC/DFTQC/
Academia/

MoAD/GoN 

Regular 

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

NARC/DFTQC/
Academia/

MoAD/GoN 

Regular 

3. Government should give high priority for the 
development of food biotechnology with the pro-
vision of institutional, technical and financial re-
sources. 

NARC/DFTQC/
NAST/Academia/

MoAD/GoN 

Regular 

4. Research and Development based on demand 
and continuous  linkages should be maintained. 

R&D institutions/
Academia/ User 

group 

Regular 

5. Food and Nutrition Education  
1. Minimum facility requirements (including cur-
riculum/ infrastructure/ human resources) Food 
technology/ Nutrition Institutions should be es-
tablished and regulated also.

Affiliation pro-
viding Institu-

tions 

Criteria should 
be revised  by 
June 2015 

2. Food based dietary guidelines should be updat-
ed and disseminated massively. Nutrition educa-
tion and awareness activities should be intensified. 

DFTQC/MoAD Regular 

3. A chapter on food and nutrition should be in-
corporated into the existing secondary level cur-
riculum. 

NEFOSTA/MoE Draft of cur-
riculum should 
be finalized by 
June 2015 

4. Recommended Dietary Allowance (RDA) for 
Nepalese people should be developed. 

DFTQC/MoAD/
MoHS/Aca-

demia/concerned 
stakeholders

Regular 

6. Organization and Professional Devel-
opment

1. NEFOSTA should work in collaboration with 
concerned institutions for professional develop-
ment of food scientists and technologists. 

NEFOSTA need 
to develop con-
cept paper with 
justification and 

should provide to 
concerned institu-

tions for neces-
sary support.

Regular 

2. Food industries and other employing agencies 
should give top priority to Nepalese graduates of 
Food Technology and those graduates also need 
to develop their competency to perform the task. 

Food Industries/ 
Employing agen-
cies/ NEFOSTA 

Regular 
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FOOD SAFETY GOVERNANCE IN NEPAL

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

*Corresponding author:jiwanlama@gmail.com

Food safety is essential for healthy life and the safe food production involves vital role of concerned 
stakeholders. The food products which undergo various stages need proper monitoring to ensure its 
safety. The assurance of safety requires appropriate co-operation and collaboration of private sector 
and public sector. Effective national food control systems are essential to protect the health and safety 
of consumers and to assure the safety and quality for safe and fair trade. In our context, legislation, 
inspection, laboratory services and information, education, communication are the main pillars 
for food control management. Government of Nepal (GoN) has provisioned Department of Food 
Technology and Quality Control (DFTQC) as implementing agency for food legislation. DFTQC 
has been continuously making its effort towards maintaining food safety for domestic as well as 
exportable commodities. However, the existing legislation is inadequate to encompass the food safety 
throughout the food chain and system certification of food business operators.  Furthermore, there is a 
need of updated regulations, well equipped infrastructure, competent and sufficient human resources 
for improving effectiveness. Better collaboration among concerned national and international 
stakeholders will certainly improve the food safety situation of nation.

Keywords: Food safety, legislation, food chain, food business operators, SPS, INFOSAN

1. FOOD SAFETY IN THE FOOD CHAIN:

Food safety is the assurance that food will not cause harm to the consumer when it is prepared and/or 
eaten according to its intended use. Food safety refers to all those hazards - a biological, chemical or 
physical agent in, or condition of, food with the potential to cause an adverse health effect, whether 
chronic or acute, that may make food injurious to the health of the consumer. It is not negotiable. 
Quality includes all other attributes that influence a product’s value to the consumer. This includes 
negative attributes such as spoilage, contamination with filth, discoloration, off-odours and positive 
attributes such as the origin, colour, flavour, texture and processing method of the food.

Food safety is a global issue which demands an integrated, global response. The issue of food-borne 
hazards which know no geographical boundaries lies very close to home - in the farms, fields, orchards 
and rivers, large or small - where our food has its source. Factors which contribute to potential hazards 
in foods include improper agricultural practices; poor hygiene at all stages of the food chain; lack of 
preventive controls in food processing and preparation operations; misuse of chemicals; contaminated 
raw materials, ingredients and water; inadequate or improper storage, etc. Specific concerns about 
food hazards have usually focused on:   microbiological hazards;   pesticide residues; misuse of food 
additives;    chemical contaminants, including biological toxins; and   adulteration. The list has been 
further extended to cover genetically modified organisms, allergens, veterinary drugs residues and 
growth promoting hormones used in the production of animal products. Consumers expect protection 
from hazards occurring along the entire food chain, from primary producer to consumer (often 
described as the farm-to-table continuum). Protection will only occur if all sectors in the chain operate 
in an integrated way, and food control systems address all stages of this chain.

The food safety starts at the early stages of its production. The food we consume may be originated 
from plant or animal source. The pathway may be short or long from production to consumption 
depending on the type of food we consume. The stakeholders involved in food production chain play 
major role for maintaining food safety. The good practices applied during the production of animal or 
plant originated foods is essential.

FAO is advocating a new approach to ensuring that the food we eat is free from food-borne hazards - 
everything from pesticides and industrial chemicals, through to unwanted bacteria and contaminants 
- the “Food Chain Approach”. The key is to strengthen each and every link in the complex process 
of food reaching the consumer - from the way it is grown or raised to how it is collected, processed, 
packaged, sold and consumed. 

KEy NOTE/ 
INvITEd  
LEcTURES

mailto:jiwanlama@gmail.com
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practices in the food trade. The framework for the development of a national food control system is 
shown in Figure. 1.
2.1 Principles of a national food control system:
A national food control system should be based on the following principles:

Principle 1   protection of consumers

National  food  control  systems  should  be  designed,  implemented  and  maintained  with  the  
primary  goal  to  protect consumers. In the event of a conflict with other interests, precedence should 
be given to protecting the health of consumers.  

Principle 2  the whole food chain approach 

The national food control system should cover the entire food chain from primary production to 
consumption.

Principle 3 transparency

All  aspects  of  a  national  food  control  system  should  be  transparent  and  open  to  scrutiny  
by  all  stakeholders,  while respecting  legal  requirements  to  protect  confidential  information  as  
appropriate.  Transparency considerations apply to all participants in the food chain and this can be 
achieved through clear documentation and communication.

Principle 4 roles and responsibilities

All participants in a national food control system should have specific roles and responsibilities 
clearly defined.

Food business operators have the primary role and responsibility for managing the food safety of their 
products and for complying with requirements relating to those aspects of food under their control.

The national government (and in some cases a competent authority) has the role and responsibility to 
establish and maintain up to date legal requirements. The competent authority has the responsibility 
to ensure the effective operation of the national food control system. 

Consumers also have a role in managing food safety risks under their control and where relevant 
should be provided with information on how to achieve this.

Academics and scientific institutions have a role in contributing to a national food control system, 
as they are a source of expertise to support the risk based and scientific foundation of such a system.

Principle 5   consistency and impartiality

All aspects of a national food control system should be applied consistently and impartially. The 
competent authority and all participants acting in official functions should be free of improper or 
undue influence or conflict of interest.

Principle 6  risk based, science based and evidence based decision making

A  competent  authority  should  make  decisions  within  a  national  food  control  system  based  on  
scientific  information, evidence and/or risk analysis principles as appropriate. 

Principle 7  cooperation and coordination between multiple competent authorities 

The  competent  authorities  within  a  national  food  control  system  should  operate  in  a  cooperative  
and  coordinated manner,  within  clearly  assigned  roles  and  responsibilities,  for  the  most  effective  
use  of  resources  in  order  to  minimise duplication and/or gaps and to facilitate information exchange. 

Traditionally, the food safety net has targeted the intermediary stages of the food chain i.e. when food 
is processed from its raw state rather than the initial or final stages of the food chain, where food is 
grown or consumed. But a spate of outbreaks of food-borne diseases has highlighted the fact that 
many breaches of food safety have their origins at the very beginning of the food chain.

It is necessary to give more consideration to hygiene on the farm and the health of the animal, including 
what it is fed and how it is managed, to avoid contamination of animal products and risks to human 
health from diseases that can be transmitted to humans. One weak link, especially near the beginning, 
can make the whole food chain collapse. The food chain approach extends to the very end of the 
food chain, the consumer, by advocating training and education on the safe storage, preparation and 
consumption of food. Safe food production begins with the adoption of Good Agricultural Practices 
(GAP) which establishes basic principles for farming, including soil and water management, crop and 
animal production, storage, processing and waste disposal. So, strengthening every single part of the 
food chain is essential to maintain food safety.

The aim of the food chain approach, which incorporates these improved farming practices, is to ensure 
that the food chain becomes more transparent so national and global food crises can be prevented 
rather than treated. Sharing the responsibility for providing safe food among all players in the food 
and agriculture sector, from food producers and processors to retailers and households, is mirrored 
by an approach in which developed countries offer developing ones the resources and experience to 
build their capacity to ensure their food chains are safe. Collaboration among concerned stakeholders 
in golden triangle approach will help in providing safe food to national and international consumers.

2. NATIONAL FOOD CONTROL SYSTEM

Food control is defined as a mandatory regulatory activity of enforcement by national or local 
authorities to provide consumer protection and ensure that all foods during production, handling, 
storage, processing, and distribution are safe, wholesome and fit for human consumption; conform to 
safety and quality requirements; and are honestly and accurately labeled as prescribed by law.

The foremost responsibility of food control is to enforce the food law(s) protecting the consumer 
against unsafe, impure and fraudulently presented food by prohibiting the sale of food not of the 
nature, substance or quality demanded by the purchaser.

Globalization of the food supply chain, the increasing importance of the Codex Alimentarius 
Commission, and the obligations emerging from the World Trade Organization (WTO) Agreements 
have resulted in unprecedented interest in the development of food standards and regulations, and 
the strengthening of food control infrastructure at the country level. The challenges for food control 
authorities include:

•	 Increasing burden of foodborne illness and new and emerging foodborne hazards;
•	 Rapidly changing technologies in food production, processing and marketing;
•	 Developing science-based food control systems with a focus on consumer protection;
•	 International food trade and need for harmonization of food safety and quality standards; 
•	 Changes in lifestyles, including rapid urbanization; and
•	 Growing consumer awareness of food safety and quality issues and increasing demand for   better information.

Effective national food control systems are essential to protect the health and safety of domestic 
consumers. They are also critical in enabling countries to assure the safety and quality of their foods 
entering international trade and to ensure that imported foods conform to national requirements. 
The new global environment for food trade places considerable obligations on both importing and 
exporting countries to strengthen their food control systems and to implement and enforce risk-based 
food control strategies. In many countries, effective food control is undermined by the existence 
of fragmented legislation, multiple jurisdictions, and weaknesses in surveillance, monitoring and 
enforcement.

The objective of a national food control system is to protect the health of consumers and ensure fair 
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practices in the food trade. The framework for the development of a national food control system is 
shown in Figure. 1.
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food control strategies. In many countries, effective food control is undermined by the existence 
of fragmented legislation, multiple jurisdictions, and weaknesses in surveillance, monitoring and 
enforcement.

The objective of a national food control system is to protect the health of consumers and ensure fair 
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Figure 1. Framework for the development of National Food Control System (CAC/GL 82-2013)

2.2 Components of food control system:

While the components and priorities of a food control system will vary from country to country, most 
systems will typically comprise the following components.

(a) Food Law and Regulations

(b) Food Control Management

(c) Inspection Services

(d) Laboratory Services: Food Monitoring and Epidemiological Data

(e) Information, Education, Communication and Training

3. NATIONAL FOOD SAFETY AND QUALITY CONTROL SYSTEM IN NEPAL

DFTQC is the sole governmental agency for implementing the Food& Feed Act and Regulation for 
the enhancement of quality and safety of food and feed products in the country. The Department of 
Food Technology and Quality Control (DFTQC) is one of the three Departments under the Ministry 
of Agricultural Development (MoAD), Government of Nepal (GoN). It was established in 1961 A.D. 
as the Department of Food. It was renamed as Department of Food Technology and Quality Control 
in the year 2000. Further, the Department has a major role in augmenting appropriate food processing 
and post harvest technologies to promote agribusiness. DFTQC has been entrusted as Codex contact 
point, The International Food Safety Authorities Network (INFOSAN) focal point, Sanitary and 
Phytosanitary (SPS) National Enquiry Point and competent authority for National Biosafety and 
Biosecurity.

3.1 Organization Structure

The central structure of DFTQC comprises three major divisions namely Food Quality Control 
Division, Central Food Laboratory and Food Technology Development and Training Division. There 
is one nutrition section named as National Nutrition Programme. SPS National Enquiry Point is also 
at central structure. It has five regional offices, four food quarantine laboratories at major customs 
point, one food inspection unit at international airport, twenty district food inspection units and one 

Principle 8  preventive measures

To prevent and when necessary to  respond to  food safety incidents a national food control system 
should encompass the core elements of prevention, intervention and response. 

Principle 9  self assessment and review procedures 

The national food control system should possess the capacity and capability to undergo continuous 
improvement and include mechanisms to evaluate whether the system is able to achieve its objective.

Principle 10   recognition of other systems (including equivalence) 

Competent authorities should recognize that food control systems or their components although 
designed and structured differently may be capable of meeting the same objective. This recognition 
can apply at the national and international level.  The concept of recognition of systems, including 
equivalence, should be provided for in the national food control system.

Principle 11   legal foundation

The government within each country should have in place fundamental legal structures to enable 
the establishment of food  laws  and  competent  authorities,  so  that  they  can  develop,  establish,  
implement,  maintain  and  enforce  a  national  food control system. 

Principle 12   harmonization

When  designing  and  applying  a  food  control  system,  the  competent  authority  should  consider  
Codex  standards, recommendations and guidelines whenever appropriate as elements of their national 
food control system to protect the health of consumers and ensure fair practices in the food trade.  
Standards, recommendations or guidelines from other international intergovernmental organizations 
whose membership is open to all countries may also be useful.

Principle 13   resources

A national food control system should have sufficient resources to enable it to meet the system’s 
objectives.

The competent authority has a pivotal role in the national food control system, in that the competent 
authority: 

•	 Provides leadership and coordination for the national food control system;

•	 Designs, develops, operates, evaluates and improves the national f ood control system;

•	 Establishes, implements and enforces science and risk based regulatory requirements that 
encourage and promote positive food safety outcomes;

•	 Establishes, implements and enforces regulatory requirements supporting fair practices in 
the  food trade;

•	 Establishes  and  maintains  arrangements  with  supporting  organizations  such  as  officially  
recognised  inspection ,  audit, certification and accreditation bodies, where appropriate; 

•	 Advances and fosters knowledge, science, research and education regarding food safety; 

•	 Engages with stakeholders to ensure transparency and to obtain their views; and

•	 Where appropriate, establishes and maintains arrangements with other countries e.g. 
cooperation programs, equivalence agreements etc
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Table 1     Export certification

SN Commodity Quantity (Kg) Importing country 

1 Chhurpi (Hard cheese) 6775 USA, UK, Hong Kong, Canada 
2 Achar (Pickle) 230 Australia 
3 Honey 100 Korea 
4 Instant noodles 20 Australia 
5 Squash 13 Malaysia 

6 Titaura 10 Australia 

7 Masyaura 10 Australia 

8 Kurmure 20 Australia 

3.2.3 Food Industry Inspection Trend

The food industry inspection is one of the regular activities of the Department. The number of food 
industries inspected during previous years shows the increasing trend. The trend of food industry 
inspection from FY 2065/66 to 2069/70 is shown in Figure 2.
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Figure 2   Trend of food industry inspection

3.2.4 Hotel, Restaurants & Eateries Inspection Trend

The trend of hotel, restaurants and eateries inspection from FY 2065/66 to 2069/70 is shown in 
Figure 3. The inspection activities after FY 67/68 shows increasing trend.

apple processing centre.

Food Quarantine Laboratories are located in Kakarvitta (Jhapa), Birgunja (Parsa), and Mahendranagar 
(Kanchanpur) along the Nepal-India border and Tatopani (Sindhupalchowk) in Nepal-China border. 
One Food Inspection Unit is functioning at Tribhuvan International Airport, Kathmandu. Five Regional 
Food Technology and Quality Control Office are operational. In 20 out of 75 districts in Nepal District 
Food Inspection Unitis established. Food Quality Control Division in DFTQC monitors the actions 
of these regional offices. One of the major objectives of DFTQC is to maintain safety and quality of 
food and feed products in the country by implementing updated food and feed act and regulations. To 
achieve this objective, DFTQC performs activities like (i) food standardization and harmonization, 
(ii) licensing of food industries, (iii) food inspection and compliance monitoring, (iv) import export 
certification of food, (v) communication on the SPS related rules, regulations and standards, and (vi) 
activities for creation of consumer awareness.

The legal provisions implemented by DFTQC are Food Act and Regulation, Feed Act and Regulation, 
Food and Feed Standards and Directives on Export Import Inspection and Quality Certification 
System in Nepal. 

Inspection activities for maintaining food safety and quality includes food industries, food supermarket 
and market, customs points, export and import, specific festivals, hotel/ restaurants and team inspection 
with different agencies. 

The laboratory services provided by DFTQC covers food industry, industry and market inspection, 
industry licensing, export import, research/ studies, customs, government agencies and customers.

Education and awareness activities include workshops, seminars, trainings, publications, mass media, 
demonstrations, observation visits and SPS communications.

3.2 Food safety regulatory activities in FY 2069/70

3.2.1 Major activities
	 Food Inspection and Samples Collection as per Food Law: 3170 Samples
	 Food Industries Inspection and Intervention : 1468 times
	 Inspection and Intervention in small hotel/ restaurants/ eateries : 1176 times
	 Highway hotels/ restaurants/ eateries Inspection and Monitoring : 181  
	 Inspection by Rapid Response Team : 247 times
	 Mobile Inspection Van Food Inspection Campaign: East to West of Nepal
	 Cases filed to adulterated food products as per Food Law : 267 cases
	 No. of food samples analysis under the labs of DFTQC: 28,178 samples

	 Export Import food inspection & certification by Food Quarantine Labs: 8,080 

3.1.2 Export certification 

The export certification of food commodities helps in facilitation of export trade; however, there is 
voluntary provision for export certification under directives on export import inspection and quality 
certification system for food. The export certification provided during Baisakh of 2071 BS is given 
in Table 1.
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3.2.7 Monitoring of Highway Hotel/ Restaurants and their categorization 

The details of highway hotel/restaurants monitoring from FY 2065/66 to 2069/70 is given in Table 2. 
The table shows highway hotel/restaurants with 5.8% green sticker, 74.4% one red stripe and 19.8% 
two red stripe.

Table 2 Monitoring of highway hotel/ restaurants 

S.N. Area Green One Red Stripe Two Red Stripe Total 

1 Malekhu, Dhading 2 58 13 73 

2 Muglin, Chitwan 6 74 0 80 
3 Ramnagar, Chitwan 3 19 6 28 

4 Dhalkebar & 
Lalgadh, Dhanusa 

0 15 3 18 

5 Chisapani, Karnali 1 18 4 23 
6 Kohalpur, Bake 3 8 25 36 

Total 15 (5.8%) 192 (74.4%) 51 (19.8%) 258 

3.2.8 Legislation and Implementing Institutions Concerned with Food Safety
The legislations concerned with food safety and their implementing institutions are given in Table 3. 
Table 3  Legislations and implementing institutions concerned with food safety

Act/Rules Implementing Institutes 
Food Act 1966 DFTQC, MOAD 
Food Rules 1970 DFTQC, MOAD 
Consumer protection Act 1998 DOCSM, MOCS 

Consumer protection Rules 2000 DOCSM, MOCS 

Slaughterhouse and Meat Inspection Act 1998 DLS, MOAD 

Slaughterhouse and Meat Inspection Rules 2000 DLS, MOAD 
Local self-governance Act 1999 VDC, Municipality, MOLD 
Local self-government Rules 2000 VDC, Municipality, MOLD
Nepal Standards (Certification mark) Act 1980 NBSM, MOI 
Nepal Standards (Certification mark) Rules 1983 NBSM,  MOI 

Feed Act 1977 and Feed Regulation 1984 DFTQC, MOAD
Animal health and livestock service act 1998 DLS, MOAD 

Animal health and Livestock service Rules 2000 DLS, MOAD 
Pesticide Act 1991, Pesticide Rules 1994 DOA, MOAD 
Plant Protection Act 2007, Plant Protection Rules 2010 DOA, MOAD 

900

950

1000

1050

1100

1150

1200

2065/66 2066/67 2067/68 2068/69 2069/70

No
. o

f In
sp

ec
ito

n

Fiscal Year

Figure 3   Trend of hotel restaurants and eateries inspection

3.2.5 Case Filing Trend

The trend of case filing from FY 2065/66 to 2069/70 is shown in Figure 4. The number of case filed 
has increased from 2066/68.
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Figure 4 Trend of case filing

3.2.6 Trend of Food Analysis

The trend of food analysis from FY 2065/66 to 2069/70 is shown in Figure 5. The number of food 
analyzed shows increasing trend.
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Figure 5 Food analysis trend
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3.5 Thoughts of new regulation
	 Separate regulation to be addressed
	 Food labeling and advertisement
	 Export import inspection and certification
	 Food business operator registration and licensing
	 Good practices and system certification
	 Traceability
	 Recall and Disposal system

	 Technical regulation

3.6 Provision of food safety regulation in report of Agricultural Development Strategy (ADS)
•	 Enhanced Food Quality and Safety by  adoption and implementation internationally 

compatible food quality and safety standards 
•	 Enact a modern Food Act

•	 Formation of an independent Food Authority 

•	 Department of Food Technology and Quality Control DFTQC (or the Food Authority 
once established) is authorized to issue SPS standards for local and exported food 
products

•	 Promotion of private sector quality laboratory services
•	 Formulate, adopt and implement Food Safety and Quality (FSQ) standards 
•	 Legislation on the accreditation of standards certification bodies
•	 Legislation on the accreditation of national laboratories for FSQ certification 
•	 Strengthen and upgrade laboratories  to internationally accredited level

•	 Clarify functions and avoid overlapping between different agencies

•	 Food quality control regional laboratories in all five regions food quality regulation 
offices in all the districts 

3.7 Collaborative works in food safety

	 Government Agencies
	 Local Government

	 Hotel grading
	 Street food 

	 Consumer Forums
	 Awareness programs
	 Team inspection in food market

	 Private sector
	 Guidelines preparation
	 System certification

	 Academic
	 Internship
	 In service study 

	 EC-Nepal WTO Assistance Program
	 Funded by European Union
	 Support on trade facilitation in SPS component
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3.9.2 Private sectors
•	  Compliance of law and regulation
•	  Implementation of Quality assurance tools (GAP, GHP, GMP, HACCP, ISO 22000 )
•	  Management commitment on food safety
•	  Capacity building of working personnel

3.9.3 Academic Institutions
•	  Upgrade and update of curriculum 
•	  Practical knowledge and skill
•	  Collaboration with government agencies in R & D

•	  Competent human resources

3.9.4 Consumer associations
•	  Awareness on food safety
•	  Sharing of information and communication

•	  Focus on pro-active activities 

4 CONCLUSIONS:

Food safety concern is increasing globally. Healthy life begins with consumption of safe food. Safe 
food production results from understanding and effectively involving in the role of every stakeholder 
in the food chain. The assurance of food safety requires appropriate co-operation and collaboration 
of private sector and public sector. Effective national food control systems are essential to protect 
the health of consumers and ensure fair practices in the food trade. In our context, legislation, 
inspection, laboratory services and information, education, communication, training are the main 
pillars for food control management. Government of Nepal (GoN) has provisioned Department 
of Food Technology and Quality Control (DFTQC) as implementing agency for food legislation. 
DFTQC has been continuously making its effort towards maintaining food safety for domestic as 
well as exportable commodities. However, the existing legislation is inadequate to encompass the 
food safety throughout the food chain and system certification of food business operators. DFTQC 
has initiated to develop food safety and quality policy as well as update legislations. Harmonization 
of national food safety guidelines and standards in accordance with provisions of Codex Alimentarius 
Commission are essential for trade facilitation. There is a need of updated regulations, well equipped 
infrastructure, competent and sufficient human resources for improving effectiveness. In the present 
context, developing partners are increasing and are being involved in strengthening the food safety 
governance system. Better collaboration among concerned national and international stakeholders 
will help in assuring the food safety for national as well as international consumers.

REFERENCES:

http://www.fao.org/english/newsroom/news/2003/15903-en.html
FAO/WHO. Assuring food safety and quality: guidelines for strengthening national food control 
systems, Joint FAO/WHO Publication
Codex Alimentarius Commission. General principles of food hygiene, CAC/RCP 1-1969 
Codex Alimentarius Commission (2013). Principles and guidelines for national food control systems, 
CAC/GL 82-2013
DFTQC(2006). An Introduction, Department of Food Technology and Quality Control
DFTQC, Annual Bulletins
Report on Agricultural Development Strategy (2013)

	 FAO
	 National Biosecurity Policy Framework
	 Training

	 WHO
	 Risk based food inspection system
	 Food safety guidelines
	 Participation in Codex meeting

	 UNIDO
	 Capacity building of laboratory
	 Development of rules, technical regulations, system certification

	 PTB
	 Technical support in strengthening laboratory

	 International Food Policy Research Institute (IFPRI)
	 Funded by USAID
	 Support on food safety policy, food regulation and standards

	 IFC (Tourist level hotel grading)
The golden triangle approach for collaborative work among food safety stakeholders is shown in 
Figure 6.

Figure 6 Golden triangle approach for collaborative work among food safety stakeholders

3.8 Focal point for International Relation
•	 SPS National Enquiry Point
•	 Codex Contact Point
•	 INFOSAN Focal Point
•	 INFOSAN Emergency Contact Point

3.9 Present Issues and Challenges
3.9.1 Government agencies

•	  Policy, Acts and regulations
•	  Harmonization of standards, guidelines  
•	  Infrastructure networks
•	  Capacity and competency
•	  Coordination and communication
•	  Human resources
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Figure 1: The Technology Hill

To meet consumers’ expectations in the twenty-first century, the food industries are geared towards 
developing and utilizing novel technologies with two-fold purposes:

•	 to provide the new quality attributes demanded by consumers; and  

•	 to ensure the all-important and often expected assurance of food safety

While reviewing the literatures of the first decade of the 21st century,  there seems to have been 
more than a dozen novel food technologies   emerged/ emerging from different parts of the world 
and with varied technological readiness level. Table 1 gives a short list of the novel food technolo-
gies (both thermal and non-thermal processing technologies) as summarized by Tatiana Koutchma, 
2011. It clearly shows that the novel technologies involving High Pressure Processing, Irradiation, 
microwave heating, filtration etc are ready for full scale commercialization and some are already in 
wide scale uses.   Most of the novel processing technologies currently under developmental stage is 
low-temperature applications. 

Table 1 : Novel Food technologies- Emerged/Emerging

Thermal Processing technologies Non-Thermal Processing Technologies 

Novel/Emerging
•	 Pressure + Heat (8)
•	 Radiative or Microwave    dielectric (8)
•	 High frequency (HF) or Radio Fre   quency (RF) dielectric (5-6)
•	 Infrared (6-7)
•	 Ohmic heating/Conductive (5-6)

Emerged
•	 Irradiation (9)
•	 High  Pressure Processing (8-9)
•	 Filtration (9)
•	 Ozone (8-9)

Emerging
•	 Pulsed Electric Fields (6-7)
•	 UV light (6)
•	 Pressure and CO2 (6)

Under development
•	 Cold Plasma (3-4)
•	 Sonication (5)
•	 Low dose e-beams (5) 

  NOVEL TRENDS IN FOOD PROCESSING TECHNOLOGY   
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INTRODUCTION

Basically Food Technology is for ….

Addressing …….
o Nutrition and Safety of Human being
o Resource utilization and conservation 
o Stability of food and food products ( shelf-life improvement) 
o Processing and Packaging of foods
o Requirements of changing habit of consumers
o Cost optimization and 

o Quality maintenance and enhancement

Within the past few decades, rapid change in the field of food technologies has been observed. The 
pace of such change is increasing much faster in the recent years.  The trends of development of new, 
emerging or future food technologies show that there are some major motivation factors responsible 
for rapid changes and many of these factors which signify responses of food science and industry to: 

o The demands of consumers due to their changing lifestyles and expectations 
for fresher, more natural foods, which are less severely processed (less heat- or 
freeze-damaged),  contain less preservatives, or are even free from “artificial “ad-
ditives;

o Desire to have nutritionally more advantageous food (e.g. containing less salt, less 
sugar or fat); 

o Desire for safer food (posing no microbiological or chemical health hazards); and 
at the same time   convenient to handle ([semi] prepared or ready for consumption 
and with a sufficient shelf-life);

o Reduce the need for energy requirements of processing

o Necessity for lower impact on the environment.

NOVEL FOOD TECHNOLOGIES- EMERGED/EMERGING

During the past three decades of the last century many processing technologies have been developed 
or seen in emerging stages as search for gentle/minimal processing of food to get near natural or fresh 
like and safe foods increased.  Historical trend of progresses in innovations in Food technology was 
reflected in one of the paper by Knorr in 1998 in the form of the “Technology Hill” (Figure 1). Here, 
the food-processing techniques are ranked according to past and future developments. The future 
technologies reflected in the figure are technologies focused in the beginning of 21st Century.  
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study as the negative drivers which would slow down the commercialization of novel techniques. 

 NOVEL FOOD PROCESSING TECHNOLOGIES IN COMMERCIAL USES

Opinions received over processing technologies in the above mentioned survey study by CIGR also  
showed  that high pressure processing, microwave heating and U V light (Tatiana Koutchma, 2012  ) 
have most promising commercial applications.  First two novel processing technologies are briefly 
described   in Table 2, and pictorially presented in Figure 2a and 2b.   In addition, the majority of 
respondents hold some interest in infrared heating and irradiation.   These findings are supported by 
many other recently available literatures on the novel food processing technology. 

Table .2: Novel Food Processing Technologies in Commercial Uses
Novel Food 
technologies

Technique/Uses

High Pressure Processing is also known as “High Hydrostatic Pressure” or “Ultra 
High Pressure” processing.                                     
The pressures currently used range from tens of MPa in common homogenizers or 
supercritical fluid extractors to up to 350 or 800 MPa in ultra HP homogenizers or 
HP pasteurization units, respectively.         

Kills vegetative bacteria and spores found in foods, even at room temperature 
without degrading vitamins, flavor and colour molecules in the process

Uses

Used in pasteurization and sterilization of fruits and fruit products, sauces, pickles, 
yoghurt, pasteurization of meat and vegetables, decontamination of high risk 
products, high value products and Sterilization of heat sensitive ingredients like 
shellfish, flavorings, and vitamins; One application of HP is blanching of 
vegetables;          

Technique
Microwave heating refers to the use of electromagnetic waves of certain 
frequencies to generate heat in material. . For food applications most commonly 
used microwave frequencies are 2450MHz and 915MHz     

Uses

          A well-accepted technology for heating and thawing for the past 20 years, 
microwave processing has now been utilised in many commercial application, such 
as blanching, baking and pasteurization etc.  and used for food products, such as 
bread, precooked foods and animal feedstuffs.

High Pressure (HPP) 
Treatment

 Microwave heating

Technique

High Pressure Processing of Food

Figure 2a. High Pressure Processing of Food ( Courtsey: Edyta Margas , Campden BRI)

(No. in the parenthesis is the technology readiness level -1=Conceptual stage; 5= system/prototype 
demonstrated and 9=Ready for Full scale commercialization)

 PERCEIVED CHARACTERISTICS OF NOVEL FOOD PROCESSING TECHNOLOGIES

As reflected in a  project report published from the Netherlands  ( Project Novel Q, 2011) , potentially 
unique novel processing characteristics are aiming to improve quality, facilitate (incremental) innova-
tion and further increase the added value of the food sector through:

•	 Freshness & Convenience & Less preserved

•	 Substantially extending shelf-life (without compromising safety)  

•	 Responding to the demands of consumers for food with fresh characteristics close to 
those of the raw material (taste, aroma, texture, healthy ingredients).  

•	 Responding to the demands of consumers for foods that contribute to individual health 
and wellbeing (enhanced food safety and delivery of healthy foods).   

•	 Enhancing eco-friendly innovative processing, as a direct consequence of reducing:
(a) Current wastage of fresh produce via extended shelf-life,
(b) Energy inputs, via low-temperature and low-energy processing,
(c) Reduced usage of water and chemicals, through applications of new hygiene approaches, and
(d) Migration problems and packaging materials, via in-pack processing (thereby avoiding any need   
for repackaging)

•	 Need for sound regulatory policy  /and system , as required  by  many countries like U.S., 
Canada, EU 

MAIN DRIVERS FOR THE COMMERCIALIZATION OF NOVEL TECHNOLOGIES

A survey study was carried out by Food Safety Work ng Group of International Commission of Agri-
cultural and Biosystems Engineering (CIGR) in about a dozen countries in 2012 in relation to about 
10 food processing technologies  -High Hydrostatic Pressure (HHP), Pulsed Electric Field (PEF), 
Ultra-violet Light (UV), Microwave heating (MW), Radiation, Infrared heating (IR),Ohmic heating 
(OH), Ozone (Oz), Pressure and CO2, Ultrasound (US) and Cold Atmospheric Plasma.  The study, 
which was designed to analyze commercial applications of novel technologies around the globe and 
compare the level of technology development in different countries and continents, identified   several 
positive drivers for the commercialization of novel technologies for food processing (Tatiana Koutch
ma, 2012). These include (in the order of importance)
  Interest with the search of the solution of food safety issues,  

1.  improvement in quality of food products    and 
2.  extension of shelf-life   
3. potential impact on  product price and competitiveness, water and energy saving opportuni           ties and 
4. possibility to develop value-added products

5. addressing regulatory issues

The study, identified the food safety as the utmost important positive driver, followed by quality 
improvement and shelf-life extension. Remaining three drivers are also considered having positive 
attributes. 
High investment needs, increase of products prices and lack of funding for R&D are opined by the 
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Another paper by Canovas et.al, 2005, also presented a global map showing the locations in the world 
map where concentration of three other emerging novel food processing technologies, particularly: 
High hydrostatic Pressure, Ultra Sound and Pulsed electric Fields ( Figure: 4). Innovation work  and   
testing of these technologies are mostly concentrated in Europe , North and South America. 

Figure 4: Emerging Novel Food Processing Technologies around the World

HHP: High hydrostatic Pressure;  US: Ultra Sound; PEF: Pulsed electric Fields

EMERGING TRENDS OF NOVEL FOOD PRODUCTS, INGREDIENTS, TECHNOLOGIES 
AND PROCESSES- INNOVATION AREAS

The available literatures (Agriculture and Agri-food Canada , 2012 ) show the following emerging 
trends of novel food products, ingredients, technologies and processes- innovation areas, as prevalent:

•	 Enhanced nutritional profiles/enhanced nutrition (addition of new ingredients of food- like 
probiotic cheese, leutin, algae etc; inherently enhanced  animal products-  omega 3 enriched, 
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Same study also revealed that for the development of novel food processing technological and assess-
ment works, North America and Europe remained the two largest continents where much of the efforts 
are being made (Figure 3). The interest in technologies and commercialization opportunities started 
catching up in South America as well, especially in Brazil with emphasis on HPP in meat processing.  
It is also observed that the novel technologies has been utilized to improve safety and solve global 
challenges in addition to shelf-life extension ,especially in countries with warm climate and often 
where infrastructure and cold chain are yet to develop fully. The level of novel processing technology 
development and regulatory status achieved in North America and Europe has also provided opportu-
nities to accelerate their applications in the developing countries of Asia and Africa as well.  
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Another paper by Canovas et.al, 2005, also presented a global map showing the locations in the world 
map where concentration of three other emerging novel food processing technologies, particularly: 
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Figure 4: Emerging Novel Food Processing Technologies around the World
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Table3: Novel Foods defined

Country Novel Food defined

EU Novel foods or novel food ingredients have no history of "significant" consumption in the 
European Union prior to 15 May 1997

Canada
•Products that have never been used as food,                                                                           
•Foods that result from a process that has not been previously used ;                                      
•Foods that have undergone genetic modification and have new traits.for food, 

China 
“ ingredients  that have no traditionally formed parts of Chinese diet; are usually ingredients used in 

ready to consume products, such as health drinks and consumers are less likely to be aware of 
exactly what they are  consuming unless they examine the labels”.

Australia and 
Newzealand 

Novel food means a non-traditional food.

India

 " A food that does not have a history of human consumption or is an ingredient in itself or source 
from which it is derived does not have a history of human consumption as a food ingredient or as a 
food". 

Source: EU, 2014; Agriculture and Agri-Food Canada , 2012; GAIN report, 2007; ANZFS  , 2013 and 
FSSAI, 2012

Table 4: Novel Food Regulations

Country Regulations 

EU

Use of novel foods and food ingredients in EU is regulated  by Regulation (EC) No 
258/97    

1.  criteria needing to comply : No danger to human health and their use should not 
mislead the consumer and , nutritionally equivelent or no differerence  from foods or 

food ingredients which they are  intended to replace  .                                                                       
2.  scientific information and the safety assessment report required for authorisation

3. Each novel food, specifications, labelling requirements, conditions of use and, where 
appropriate, a requirement of post-market monitoring specified.

China Regulation makes companies/ manufacturers and traders of novel food, undergo a series 
of strict procedures before allowing their products into markets 

Australia and 
Newzealand 

regulated under Standard 1.5.1 – Novel Foods in the Food Standards Code                  
1.Novel foods   require assessment by  Food Standards Australia New Zealand (FSANZ) 
in order to establish their safety before they are added to the food supply, and among 
others  assesment is done on the the process by which the food has been prepared 
2.  It cannot be sold as food or used as a food ingredient unless it is listed in the 
Standard.
3, Anyone wanting to sell a novel food or a novel food ingredient must apply to  FSANZ  
to request that the Standard be amended to include the food or ingredient in the list.
4.  Novel food applications are subject to a pre-market safety assessment. If the food 
passes this assessment, it is added to the list in the Standard                                                 
It also includes   a provision for exclusive permissions for novel foods;    

India

Indian Food Code 25-6-2012:  FSSAI 2006,has placed embargo  stating that no person 
shall manufacture, distribute, sell or import any novel foods, GM articles of food, 
irradiated food, organic foods, foods for special dietary uses, functional foods, 
neutraceuticals, health supplements, proprietary foods and such other articles of 
food which the Central Government may notify, except in accordance with FSS Act or 
rules made there under. 

 
Source: EU, 2014; Agriculture and Agri-Food Canada , 2012; GAIN report, 2007; ANZFS  , 2013 and 
FSSAI, 2012b.

SOME DEVELOPMENTS IN UNIVERSITIES AND COMPANIES

 Many R&D and design & development works are underway for commercialization of the emerging 
technologies in Universities and Companies in different parts of the world. Some of the works cited 
in the available case studies for thermal and non-thermal technology development are as listed below:  
(Doona et.al, 2010)

Thermal Technologies
•	 E-Field Technology: Canada
•	 PEF for Recovery of Oil from Plant Origin and Liquid Foods: Germany
•	 Micro-Ionization Heating to Enhance the Rate of Cooking: Canada
•	 Innovative Radio Frequency in Food Preparation: US
•	 Ohmic Heating and PEF  Technologies: US
•	 Rf Heating Technology for Minimally Processed Fish Products; Germany
•	 Novel Technique for Uniform Heating in a Microwave: Switzerland

•	 Microwave Oven with a Simultaneous Heating Operation: Korea
 
Non-thermal Technologies

•	 High Voltage Solid State Systems: US 
•	 HPP for Pasteurization and Sterilization Applications: Germany
•	 Food Processing Technique for Longer Shelf-Life and Nutritional Value: US
•	 Novel Food Processing Techniques to Retain Freshness and Texture of  Foods: US
•	 Steripulse-XL System to Aid in Sterilization for Food Processing: US
•	 Novel Research for Modeling Temperature--Pressure Process: ITALY
•	 Enzyme Kinetics at High Pressure and Temperature: Belgium

•	 PEF Technique for Pumpable Foods: Netherlands

 THE NOVEL FOODS AND NOVEL FOOD TECHNOLOGIES

“Novel food” is generally defined as non-traditional foods with no history of safe use and manufac-
tured, prepared, preserved or packaged by a process that has not been previously applied to that food. 
Foods which have been produced with novel processing techniques are also considered Novel Foods.

More than six countries have defined “Novel food” as above and had stringent regulations to follow 
in commercial introduction of or novel foods and novel technologies.

Definitions and regulations on Novel Foods produced by novel process differ around the world. Novel 
foods defined by EU, Canada, China, Australia/New Zealand and India are presented in Table 3 .It 
could be clearly seen from the table that  each country has  defined “Novel food” to fit its require-
ments. Countries like US and Japan have not separately defined novel foods and have no specific 
provisions to regulate the production and use of Novel foods per se.   
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3. Not all the technologies are equally accepted by consumers. (Like Nanotechnologies, gene-technol-
ogies and genetically modified foods are yet debated and having to face resistances from consumers 
around the world). 

4. Lengthy approval procedures for novel food technologies and products made using new novel 
technologies uncertain

5.Although HHP, PEF, HVAD and CP offer great opportunities for food preservation, they are often 
technically difficult to apply into production practice, expensive and require specialized equipment 
and trained personnel .

6.Many other emerging new novel technologies are yet in the research /piloting stage as  acceptance 
from the consumers and approval from the regulatory agencies in many countries are awaited.  

7.Moreover, consumer acceptance and safety issues should be considered. The level of understanding  
of the benefits  ( perceptions of risk/threat to health  , moral/ethical positions) of the technologies , 
marketing knowledge  are still  limited .

8.Even the developing countries like India and China are having problem as the cost associated with 
the technologies and limited expertise to develop and implement novel emerging technologies

9.Full control of variables associated with the process operation have been delaying a wider imple-
mentation of these technologies at the industrial scale.

PUBLIC CONCERNS ABOUT NOVEL FOOD TECHNOLOGIES 
 
Public concerns and attitudes towards novel foods and novel food processing technologies are large-
ly shaped by perceptions of the risks and benefits. As stated earlier at the beginning, the naturalness 
of the resulting product appears most an important. Information about processing method, consum-
ers’ firsthand experience of foods processed using these technologies and trust in the food industry 
and regulators all are also considered important to minimize public concerns.

In general, levels of understanding about the technologies are low at the public level. Historical ev-
idence and past experiences suggests that as novel processed become more familiar and less novel, 
attitudes towards them could become more accepting later. However, while making food choices, 
dominantly, individuals seem to be concerned with (for example) price, convenience, accessibility, 
taste, quality.

Most positive attitudes exhibited by the public towards the novel technologies are linked with increas-
ing popularities of functional foods ( a category of novel foods) . The evidence suggests that the most 
important reasons for popularities of some of the functional foods are the clear consumer benefits 
(perhaps due to advertising) and low perceived risk and the process involved.

The publics are showing increased concerns over some of the novel technologies like biotechnologies 
that produce genetically modified (GM) products, nanotechnologies and food irradiation.  Many of 
these technologies are particularly subject to moral and ethical concerns, including fears about irre-
versible changes to the natural order.    

Lastly, public levels of trust (in government, the media, scientists) on the novel food pro-
cessing technologies and novel foods are generally low. This seems to have strong in-
fluence over the nature of beliefs about and attitudes towards novel food technologies. 

WHAT NEPAL HAS TO LEARN AND APPLY?

Nepal has a long way to go in developing and commercializing its own novel food or novel processing 
technologies. However, as Nepal has already entered into the world trade regime, the easy entry of 
novel processing technologies or novel foods developed elsewhere could poses some threats as Nepal 

Some countries, particularly, EU, Canada, China, Australia/ NewZealand, and India do have some 
form or other specific regulations implied for novel foods and key regulatory provisions kept by 
these countries are reflected in Table 4.  

Country Novel Foods linked with novel technologies

EU

Four catagories of Novel foods:                                                                                                                      
1. with a new intentionally modified primary molecular structure;   or                           
2. consisting of, or isolated from micro-organisms, fungi or algae; or                           

3. consisting of, or isolated from plants or animals, except for foods and food 
ingredients obtained by traditional propagating or breeding practices with a 

history of safe use; or                                                                                                                         
4. to which a production process not currently used has been applied, where that 

process changes the composition or structure of the food or food ingredient 
significantly.

China 

Four catagories of novel foods:
1. Animals, plants and microorganisms  that are not conventionally used for human 

consumption in China
2. Food ingredients from animal, plants, and mo that are not conventionally used 

for human consumption in china 
3.Newly discovered microorganisms and applied during processing

4. Food ingredients whose structures has been modified by new technologies

Australia and 
Newzealand 

Categories of novel foods may include, but are not limited to: plants or animals and 
their components; plant or animal extracts; herbs, including extracts; dietary macro-
components; single chemical entities; microorganisms, including probiotics; foods 
produced from new sources, or by a process not previously applied to food; Novel 

food includes novel foods used as ingredients in another food

India

Includes food and food ingredients which have been produced by a new 
technology not currently in use or being used for the first time, where the process 

gives rise to significant changes in the composition or structure of the food or 
food ingredient which affect the nutritional value, metabolism or level of 

undesirable substances (e.g. nanomaterial).

Table 5: Novel Foods Linked with Novel technologies

Source: EU, 2014; GAIN report, 2007; ANZFS  , 2013 and FSSAI, 2012a and 2012b.

CHALLENGES IN COMMERCIALIZATION OF NOVEL FOOD TECHNOLOGIES  

By definition and catagorisation, any food products developed using novel food processing technolo-
gies are to be considered as “Novel foods”. Because of the stringent regulatory requirements of Novel 
foods and that of the public perceptions, several challenges have to be faced while commercializing 
such technologies as well as food products derived utilising such technologies, around the world. 
Several   challenges have been identities and some of the pertinent ones are mentioned below:

 1. New process or product must meet a series of standards and regulations before it can be commer-
cialised. (List of safety regulations / no. of international guidelines that must be me/followed to ensure 
the safety of novel products   -Process equivalency  Detailed knowledge of microbial dose-response 
behavior Chemical safety Toxicological safety and allergenic potency,  Process uniformity, Process 
monitoring, verification and validation etc.,)

2.  Global harmonisation of all novel technologies  required to make a barrier free international com-
mercialization of novel food products and technologies, eg; time, temperature criteria that are to be 
followed as set for thermal treatments( pasteurization/sterilisation); 



28

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

29

3. Not all the technologies are equally accepted by consumers. (Like Nanotechnologies, gene-technol-
ogies and genetically modified foods are yet debated and having to face resistances from consumers 
around the world). 

4. Lengthy approval procedures for novel food technologies and products made using new novel 
technologies uncertain

5.Although HHP, PEF, HVAD and CP offer great opportunities for food preservation, they are often 
technically difficult to apply into production practice, expensive and require specialized equipment 
and trained personnel .

6.Many other emerging new novel technologies are yet in the research /piloting stage as  acceptance 
from the consumers and approval from the regulatory agencies in many countries are awaited.  

7.Moreover, consumer acceptance and safety issues should be considered. The level of understanding  
of the benefits  ( perceptions of risk/threat to health  , moral/ethical positions) of the technologies , 
marketing knowledge  are still  limited .

8.Even the developing countries like India and China are having problem as the cost associated with 
the technologies and limited expertise to develop and implement novel emerging technologies

9.Full control of variables associated with the process operation have been delaying a wider imple-
mentation of these technologies at the industrial scale.

PUBLIC CONCERNS ABOUT NOVEL FOOD TECHNOLOGIES 
 
Public concerns and attitudes towards novel foods and novel food processing technologies are large-
ly shaped by perceptions of the risks and benefits. As stated earlier at the beginning, the naturalness 
of the resulting product appears most an important. Information about processing method, consum-
ers’ firsthand experience of foods processed using these technologies and trust in the food industry 
and regulators all are also considered important to minimize public concerns.

In general, levels of understanding about the technologies are low at the public level. Historical ev-
idence and past experiences suggests that as novel processed become more familiar and less novel, 
attitudes towards them could become more accepting later. However, while making food choices, 
dominantly, individuals seem to be concerned with (for example) price, convenience, accessibility, 
taste, quality.

Most positive attitudes exhibited by the public towards the novel technologies are linked with increas-
ing popularities of functional foods ( a category of novel foods) . The evidence suggests that the most 
important reasons for popularities of some of the functional foods are the clear consumer benefits 
(perhaps due to advertising) and low perceived risk and the process involved.

The publics are showing increased concerns over some of the novel technologies like biotechnologies 
that produce genetically modified (GM) products, nanotechnologies and food irradiation.  Many of 
these technologies are particularly subject to moral and ethical concerns, including fears about irre-
versible changes to the natural order.    

Lastly, public levels of trust (in government, the media, scientists) on the novel food pro-
cessing technologies and novel foods are generally low. This seems to have strong in-
fluence over the nature of beliefs about and attitudes towards novel food technologies. 

WHAT NEPAL HAS TO LEARN AND APPLY?

Nepal has a long way to go in developing and commercializing its own novel food or novel processing 
technologies. However, as Nepal has already entered into the world trade regime, the easy entry of 
novel processing technologies or novel foods developed elsewhere could poses some threats as Nepal 

Some countries, particularly, EU, Canada, China, Australia/ NewZealand, and India do have some 
form or other specific regulations implied for novel foods and key regulatory provisions kept by 
these countries are reflected in Table 4.  

Country Novel Foods linked with novel technologies

EU

Four catagories of Novel foods:                                                                                                                      
1. with a new intentionally modified primary molecular structure;   or                           
2. consisting of, or isolated from micro-organisms, fungi or algae; or                           

3. consisting of, or isolated from plants or animals, except for foods and food 
ingredients obtained by traditional propagating or breeding practices with a 

history of safe use; or                                                                                                                         
4. to which a production process not currently used has been applied, where that 

process changes the composition or structure of the food or food ingredient 
significantly.

China 

Four catagories of novel foods:
1. Animals, plants and microorganisms  that are not conventionally used for human 

consumption in China
2. Food ingredients from animal, plants, and mo that are not conventionally used 

for human consumption in china 
3.Newly discovered microorganisms and applied during processing

4. Food ingredients whose structures has been modified by new technologies

Australia and 
Newzealand 

Categories of novel foods may include, but are not limited to: plants or animals and 
their components; plant or animal extracts; herbs, including extracts; dietary macro-
components; single chemical entities; microorganisms, including probiotics; foods 
produced from new sources, or by a process not previously applied to food; Novel 

food includes novel foods used as ingredients in another food

India

Includes food and food ingredients which have been produced by a new 
technology not currently in use or being used for the first time, where the process 

gives rise to significant changes in the composition or structure of the food or 
food ingredient which affect the nutritional value, metabolism or level of 

undesirable substances (e.g. nanomaterial).

Table 5: Novel Foods Linked with Novel technologies

Source: EU, 2014; GAIN report, 2007; ANZFS  , 2013 and FSSAI, 2012a and 2012b.

CHALLENGES IN COMMERCIALIZATION OF NOVEL FOOD TECHNOLOGIES  

By definition and catagorisation, any food products developed using novel food processing technolo-
gies are to be considered as “Novel foods”. Because of the stringent regulatory requirements of Novel 
foods and that of the public perceptions, several challenges have to be faced while commercializing 
such technologies as well as food products derived utilising such technologies, around the world. 
Several   challenges have been identities and some of the pertinent ones are mentioned below:

 1. New process or product must meet a series of standards and regulations before it can be commer-
cialised. (List of safety regulations / no. of international guidelines that must be me/followed to ensure 
the safety of novel products   -Process equivalency  Detailed knowledge of microbial dose-response 
behavior Chemical safety Toxicological safety and allergenic potency,  Process uniformity, Process 
monitoring, verification and validation etc.,)

2.  Global harmonisation of all novel technologies  required to make a barrier free international com-
mercialization of novel food products and technologies, eg; time, temperature criteria that are to be 
followed as set for thermal treatments( pasteurization/sterilisation); 



30

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

31

acceptances uncertain/unpredictable.

•	 Thus, food policies dealing with novel foods should be dynamic and adapted to the domestic 
reality of each country where it has got be utilised (whether domestically produced or im-
ported). 
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do not have any regulation/ food codes to streamline the product flow  of novel foods /technologies. 
We could see regulatory authorizes have stated facing the problem associated with influx of some 
of the non-traditional foods even at the experimental stage.  Furthermore, even though Nepal has 
potential to develop and market many types of our traditional foods (which will be considered as the 
novel foods elsewhere by definition) and also herbal- based functional foods, its capacity to fulfil the 
regulatory requirements are hindering the process of commercialization and taking such products into 
global market.

Some of the aspects Nepal needs to learn and apply for taking advantage of the opportunities and ad-
dress public concerns towards using novel foods and associated technologies are listed below:

•	 Novel Technology Selection and Utilisation ( capacity building to provide counsellings, 
awareness building, consumer acceptance)

•	 Novel Product development process ( encourage R&D to promote ethic products/new prod-
ucts based on NTFP-based ingredients)

•	 Novel Product market entry and consumers perception monitoring ( careful in authorisation 
and opinion gathering )

•	 Regulatory provisions on Novel foods and technology uses ( needs to be developed and 
adopted as quickly as possible)

•	 Develop competent manpower to undertake R&D  and risk management ( allergenic poten-
tials, food safety engineering resaerch, safety equivalency, nutrient modifications etc)

•	     Reorientation of  the curriculum of the Food Technology courses in the university 

 
 
IN CONCLUSION 

•	 New challenges in food safety arise through the introduction of novel processing techniques  
 into the food chain.

•	 Most of the ‘functional foods’ belong to the group of ‘novel foods’.

•	 Novel Food Regulations  in EU and some other countries  also considers foods produced 
with novel processing techniques   as    “novel foods “ and thus stringent approval process 
applies  while authorizing  both the  products or processes,  before commercially  introducing 
the products in the market. 

•	 Novel food technologies are utilised in producing novel foods, and are driven by consumer 
needs for convenience, freshness, safety and more natural products with fewer additives and 
preservatives and minimally processed.

•	 Level of consumers’ acceptance of the technologies and novel products produced by differ-
ent technologies varied over time and across nations. 

•	 The foods produced using the novel food technologies have to be checked for safety and no-
tified/authorised   before their circulation.  The products may not be dangerous to consumers, 
the consumers may not be misled, and the products may not be as different from convention-
al products as to cause deficiencies in certain nutrients.

•	 Level of consumers’ acceptance of the technologies and novel products produced by differ-
ent technologies varied over time and across nations.

•	 Nepal may need one or more decades to introduce novel technologies in Nepal, because of 
high investment required  , stringent requirements for regulatory approvals and consumers 

mailto:e.margas@campden.co.uk
http://www.cplbookshop.com/contents/C3914.htm
http://www.sidley.com/European-Commission-Proposes-New-Rules-for-Novel-Foods-01-20-2014/
http://www.sidley.com/European-Commission-Proposes-New-Rules-for-Novel-Foods-01-20-2014/
http://www.foodsafetymagazine.com/magazine-archive1/aprilmay-2014/novel-applications-of-sometimes-novel-processing-technologies/
http://www.foodsafetymagazine.com/magazine-archive1/aprilmay-2014/novel-applications-of-sometimes-novel-processing-technologies/
http://www.microwaveheating.wsu.edu/


30

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

31

acceptances uncertain/unpredictable.

•	 Thus, food policies dealing with novel foods should be dynamic and adapted to the domestic 
reality of each country where it has got be utilised (whether domestically produced or im-
ported). 
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Agribusiness covers business activities throughout farm to table continuum i.e. it is related to the ac-
tivities of agricultural input suppliers, primary producers, agro-food processors, distributors, traders, 
exporters, retailers and consumers. Nearly one third of GDP is being contributed by food &agricul-
ture sector but there is no significant impact by this sector to the export trade of agro-food products. 
Total import of agro-food products for the FY 2012/13 was equivalent to NRs 70,014 while export 
worth for the same year was NRs 18,785 million indicating clearly a trade deficit of worth equivalent 
NRs 51,229 million. One of the reasons for such deficit, among others is inadequate level of important 
enabling factor such as food safety and quality standards and associated infrastructures. Other rea-
sons are insufficient level of focusing on food processing as a part of modern agriculture as well as 
understanding agribusiness limiting to the first step of processing only.  

Key words: agribusiness, agro-food processing, food safety, export, quality standard. 

1. INTRODUCTION 
 
Nepal is a landlocked country and so is facing some problems in overall development. Comparison 
of economic indicators of Nepal with its neighbors such as China and SAARC countries does not 
show a promising situation as its economic growth rate, as shown in the following Table No. I, var-
ied from 3.0% to 4.8% over the past five years (2010 – 2014). In the same period the growth rate of 
China remained 7.8 to 10.4 %, India remained 4.0 to 11.2% and Bhutan’s growth rate ranged from 
6.3 to 11.7%.  

Table I Economic Growth Rate of Nepal and Its Neighboring Countries (Annual % Change)

Country 2010 2011 2012 2013* 2014*
China 10.4 9.3   7.8 8.0 8.2
Afghanistan   8.4 7.0 10.2 3.1 4.8
Bangladesh   6.4 6.5   6.1 6.0 6.4
Bhutan 11.7 8.5   9.7 6.3 8.6
India 11.2 7.7   4.0 5.7 6.2
Maldives   7.1 7.0   3.5 3.8 4.0
Pakistan   3.1 3.0   3.7 3.5 3.3
Sri-lanka   8.0 8.2   6.4 6.3 6.7
Nepal   4.8 3.9   4.6 3.0 4.0

*Forecast    Source: Ministry of Finance, 2013 (Economic Survey-2012/13)

2. AGRICULTURE AND ITS IMPORTANCE IN NEPALESE ECONOMY

Agriculture may be defined as the production, processing, marketing and distribution of crops and 
livestock. The word Agriculture denotes to all the sub sectors including cereal crop, horticulture, 
livestock, fish, etc and is also related to production, industry and businesses as well. The role of agri-
culture in the present context is to be for national income, as a supplier of essential food and fodder, 
source of livelihood, employment generation, industrial development, and international trade and 
earning of foreign exchange.

Agriculture, forestry and fishing contribute approximately 35 % to national Gross Domestic Products 

senschaft in Dienste der Ernährung: proceedings of the symposium 25th anniversary “Euro Research 
& Development”, CPC Europe and 35th anniversary “Institute for Research & Development” CPC 
Deutschland, Heilbronn 5-7 November 1997. CPC Deutschland, Heilbronn,137-152.

Project Novel Q , 2011: Novel Processing Methods for the Production and Distribution of High-Qual-
ity and Safe Foods Project no. 015710 Integrated project, Wageningen, Netherlands, Priority 5 Food 
Quality and Safety  FINAL PUBLISHABLE REPORT ,2011  , Project website: www.novelq.org

Tatiana Koutchma, 2011  : NOVEL FOOD PROCESSING TECHNOLOGIES: Emerging Applica-
tions, Research and Regulations Tatiana Koutchma, PhD. Guelph Food Research Center, Canada, 3 
Nov 2011
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World”   survey report  of Food Safety Working Group of CIGR, 2012
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Table II Food Balance Sheet of Nepal (‘000 MT)

Year 2007/08 2008/09 2009/10 2010/11 2011/12 2012/13P
Total production 7329 8069 8114 8615 9457 8817
Edible produc-
tion

5195 5170 4968 5513 6038 5648

Requirement 5173 5303 5297 5070 5151 5240
Balance 22.4 -133 -330 443 886 408
Balance in % of 
requirement

0.4 -2.5 -6.2 8.7 17.2 7.8

P = Provisional

Source: MoAD, 2013. 

Data presented above show that food balance situation of Nepal for the last three years is in positive 
balance. The reasons for such situation are favorable monsoon, subsidized fertilizers available to the 
farmers, improved seeds, available technology, etc. 

3. AGRIBUSINESS AND CONCEPTS

Agribusiness can be defined as agriculture operated by business; specifically, that part of a modern 
national economy devoted to the production, processing, and distribution of food and fiber products 
and byproducts (Britannica Concise Encyclopedia). In other words, it can be taken as large-scale pro-
duction, processing, and marketing of food and nonfood farm commodities and products indicating 
agribusiness as a major commercial business (Barron’s Business Dictionary). 

Similarly, as defined by Wikipedia in context to agriculture, agribusiness is a generic term that can 
be applied to businesses involved in some or all of the following agriculturally related production 
systems: crop production, including farming and contract farming, seed supply, agrichemicals, farm 
machinery, wholesale and distribution, processing, marketing, and retail sales. 

Furthermore, a simplistic definition states that agribusiness refers to any business related to agricul-
ture, including farming, processing, exporting, inputs suppliers, trading and retailing (USAID, 2008).

Food and Agriculture Organization of the United Nations defines agribusiness to denote the collec-
tive business activities that are performed from farm to table. It covers agricultural input suppliers, 
producers, agro-processors, distributors, traders, exporters, retailers and consumers (1, FAO 2013). 

In Nepalese context agribusiness means to include all subsectors that are related to commercial pro-
duction, marketing and processing in addition to farming of crops, horticulture, livestock, fisheries, 
etc (Agribusiness Promotion Policy 2006).  National Agriculture Policy 2004 also incorporates the 
similar view regarding the meaning of agribusiness.

Tiwari et al defines agribusiness as the farm activities that includes commercial production, market-
ing and first step of processing (Status of Agribusiness Development in Nepal 2010). However, this 
definition seems very conservative and restricts in commercializing Nepalese agriculture in real sense.

General Food Value Chain and Possibilities of Contamination

The following flow chart in figure 2 shows how food value chain is generally operated. There is a 
concept of “Farm to Fork” which is translated in Nepali as Ali Dekhi Thali Samma (from field to dish) 
for agricultural products where as for livestock products it is said as Goth Dekhi Oth Samma (from 
animal shed to lips or mouth). Whichever be the case, there is always a possibility of contamination 
of agriculture, livestock and fishery products while moving from one point of value chain to the other. 

(GDP). Similarly, nearly eighty percent of Nepalese people (i.e. 3.4 Million households) are depen-
dent on agriculture. Furthermore, agriculture provides net employment to nearly 66 % of the total 
population of Nepal (MoAD, 2013). 

Trend on share of agriculture, forestry and fishery on national Gross Domestic Product (GDP) over 
the last twelve years is as shown in the following figure 1, which indicates that the share of this sector 
to the national GDP varies from 32.54% to 37.41%.

Food Balance Sheet (FBS)

Food balance sheets show the quantities of food commodities available for human consumption at the 
national level. It includes production, imports and exports and the average level of food supply in a 
country over a given period of time. It can be seen that the necessary information to compile a FBS 
is as follows:

•	 domestic production figures by commodity and by food group
•	 changes in stocks over the period concerned (an addition to stocks reduces the   amount
•	 available for human consumption
•	 imports and exports

•	 amounts going to animal feed, seed, food and non-food manufacture and waste

 

Trend on Food Balance Sheet (FBS) of Nepal for the last 6 years is given in table II, which shows data 
on Cereals Production including Millets, Food Requirements for Nepalese people and Food Balance 
since 2007/08.

Figure 1 Trend on share of Agriculture, Forestry & Fishery on GDP
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animals; contamination of fishes grown in water contaminated with chemical industries untreated 
discharge, etc  

Foods, from both animal and plant sources can also be contaminated with heavy metals and other 
contaminants during processing, handling, storage, distribution, commercial preparation and con-
sumption.

Scope of Modern Agriculture and Its Relation to Agribusiness

The following figure 3 shows Agribusiness Complex, linking farm supply industries, food process-
ing & distribution industries and farm production. The figure emphasizes on food processing as an 
integral part of modern agriculture if agribusiness is to be done. In other words, it can be said that 
transforming subsistence agriculture into commercial one requires a lot of efforts on proper post-har-
vest activities and food processing related activities in addition to the production related activities 
maintaining SPS requirements at all stages of the value chain.

Nowadays developed or developing countries have started setting target as percentage of value addi-
tion against primary agricultural products as a key indicator for agricultural commercialization and 
development. But in Nepal, we have not started setting this type of indicators rather sometimes we 
become conservative limiting first step of processing only while defining agriculture. Until and unless 
we change this mindset, it can be said that Nepalese agriculture will not be commercialized.

 
Figure 3: Modern agriculture and Agribusiness

( Reference: Fundamentals of Agricultural Economics by Sadhu and Singh)

Mega Food Park Model

Recently, a new concept of mega food park model has been emerged so as to address agribusiness in 
a true sense resulting commercialization of agriculture. In this model agricultural pockets are devel-
oped around a central food processing center and raw materials or semi processed raw materials for 
processing unit are collected from such pockets directly or from primary processing units established 
nearby the pocket area. The following figure 4 shows a schematic daigram of such food park model.  

PPC = Primary Processing Center

CPC = Central Processing Center

Agricultural practices

Crops, Livestock and Sea Foods

Primary Agricultural Produces

Post-harvest Activities

Processing

 

Packaging

 Storage

 Distribution

Wholesale

Retail

Cooking

Consumption

Figure 2:Flow Chart showing a general Food Value Chain

Crops, animals and fish may be exposed to toxic substances due to environmental contamination of 
air, soil and water.

From vehicle emissions, particularly in places where unleaded gasoline is still used, to industrial 
emission of dioxins, use of toxic pesticides, fungicides, fertilizers that end up on the soil and water and 
of course public sewage from cities and farms which if not treated properly can lead to contamination 
of aquifers and agriculture waters leading to microbiological contamination of vegetables (e.g.  E. coli 
outbreaks in spinach). 

Animal source foods are also liable to get contaminated right from the grazing field or feed; non-ju-
dicious use of veterinary drugs, hormones, growth promoters, etc; slaughtering of diseased birds or 
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animals; contamination of fishes grown in water contaminated with chemical industries untreated 
discharge, etc  

Foods, from both animal and plant sources can also be contaminated with heavy metals and other 
contaminants during processing, handling, storage, distribution, commercial preparation and con-
sumption.
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The following figure 3 shows Agribusiness Complex, linking farm supply industries, food process-
ing & distribution industries and farm production. The figure emphasizes on food processing as an 
integral part of modern agriculture if agribusiness is to be done. In other words, it can be said that 
transforming subsistence agriculture into commercial one requires a lot of efforts on proper post-har-
vest activities and food processing related activities in addition to the production related activities 
maintaining SPS requirements at all stages of the value chain.

Nowadays developed or developing countries have started setting target as percentage of value addi-
tion against primary agricultural products as a key indicator for agricultural commercialization and 
development. But in Nepal, we have not started setting this type of indicators rather sometimes we 
become conservative limiting first step of processing only while defining agriculture. Until and unless 
we change this mindset, it can be said that Nepalese agriculture will not be commercialized.

 
Figure 3: Modern agriculture and Agribusiness

( Reference: Fundamentals of Agricultural Economics by Sadhu and Singh)
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However, in Nepal we do not have mechanism to estimate such losses. Yet, it can be assumed that 
Nepal is loosing billions of NRs due to non-compliance with SPS parameters in different agricultural 
value chains. 

Non-compliance with SPS/TBT parameters also hampers national and international trade. The 
re-emergence of cholera in 1991 in Peru resulted in the loss of US $500 million in fish and fishery 
product exports in the year 1992. Similarly, United Nations Industrial Development Organization 
(UNIDO) in 2010 reported an average number of annual Europian Union (EU) rejection cases of  
food and feed products from trade partner countries between 2002 and 2008 as given below: China 
- 258, USA – 109 and India – 111.  UNIDO in 2010 also reports the value of EU Rejections 
of Fish and Fishery Products worth 74.3 Million US $,  total of 5 years between 2004 and 2008 from 
its trade partners  Indonesia, Australia, Vietnam, China, India, Bangladesh, Russia and other. 
Furthermore, UNIDO in the same year reports an average number of annual US rejections between 
2002 & 2008 of  Food and Feed Products from major trade partner countries is as: Mexico – 1491, 
India- 903, China- 626, UK- 471, and Canada- 377.  

Nepal is also suffering from such type of rejections by the trade partner countries. For example, there 
is a problem of exporting ginger to India, Honey to EU countries, etc.

National Perspective: Non-compliance with SPS/TBT Parameters

In the recent past, cases of Coliform contamination in Processed Milk and Processed Drinking Water 
caused closure of some food industries as a result of government’s regulatory function. Similarly, 
improper Labeling (non-compliance with the provisions of Food Act of Nepal) of imported energy 
drinks, chicken cube, noodles, etc from neighboring countries caused problem at the customs points 
and were not permitted to enter into Nepal. From time to time, date expired food products of different 
brands are found in the Nepalese market. In such cases the food regulatory authority of Nepal (Depart-
ment of Food Technology and Quality Control) directs the concerned food producer or distributor to 
recall all such lots and destroy in presence of food inspector and other concerned government officials 
as well as representative of the consumer forums. 

Food Adulteration by Type

Department of Food Technology and Quality Control (DFTQC), the food control authority of Nepal 
has got mandate to regulate food safety and quality of agr-food products, both for domestic consump-
tion as well as for international trade. In discharging this duty, DFTQC produces data annually re-
grding non-compliance of SPS and TBT parameters of products for domestic consumption, imported 
products and products for export. These data are based on the analysis report of the samples made 
available in different food laboratories under the DFTQC.  The following pie chart shown in the Fig-
ure 5 gives adulteration related data of agro-food products for the fiscal year (FY) 2068/69. As per the 
results, highest percentage of sub-standard products, i.e. 25%  fall under Fats & Oils category.  Twenty 
two percent of Cereals, pulses and their products;  17% of processed drinking water; 13% of Milk and 
milk products; 8% of sweets and confectionery; 5% od spice and condiments; 4% fruits and vegetable 
products; and 6% of other products were found to be adulterated in that year. 

Similarly, the following Figure  6 shows a trend of agro-food adulteration in Nepal for the last three 
years i.e. from FY 2066/67 to FY 2068/69 which varied from 10.8% to 11.2 % . 

However, these data cannot represent the overall adulturation situation of the country because they are 
not reported based on nationwide survey of food products. In Nepalese current situation, the traders 
generally send sub standard products to Hill and Mountain areas where there is no presence of Food 
Control Agency i.e. the DFTQC. If, nationwide survey is conducted in Nepal for this purpose the 
figures would definitely be increased.      

Figure 4: Schematic Diagram of a Mega Food Park

Source: ICC, 2009. 2nd Agro Protech’2009 and 2E Agribusiness Summit Kolkata, India

4. FOOD SCIENCE AND TECHNOLOGY FOR AGRICULTURAL DEVELOPMENT:

Why Food Science and Technology for Agricultural Development?

Food science and technology (FST) is concerned with the post-harvest, processing, storage, distribu-
tion and marketing  technologies of different primary agricultural products such as Cereal and millet 
products; Fruits and Vegetable products; Spice and condiment products;  Milk and milk products;  
Meat, fish and poultry products; Tea and Coffee products; etc. Additionally, FST helps in providing 
feedback to the agricultural farming system in terms of safety and quality of the products produced; 
quality of primary products as raw materials required for industrial processing; as well as nutritive 
value of agricultural produces so as to solve food and nutrition security problem as indicated by the 
level of malnutrition in the particular location.

Non-compliance of SPS (Sanitary and Phytosanitary)  and TBT (Technical Barriers to Trade) re-
quirements cause economic losses due to food-borne diseases in one hand and on the other hand it 
causes rejections of consignments during international trading of agro-food products. The following 
Table-III shows losses caused due to non-compliance of SPS parameters:     

Table III Losses Caused due to Non-compliance of SPS Parameters

S. 
No.

Country Year Estimated Loss Causing SPS parameter

1 USA 2006 US $ 1 Million/day Spinach – E. coli outbreak
2 USA 2010 US $ 3 Billion/year Food poisoning due to Salmonella and E. 

coli 0157:H7
Source: Bhattarai & Wosti (2013)

SPS/TBT measures are important to satisfy domestic consumers in terms of safety and quality mat-
ters as a basic component of achieving food and nutrition security. If safety parameters of agro-food 
products are not properly maintained, there would be outbreak of food borne diseases causing hospi-
talization of the consumers and even death cases occur. Center for Disease Control (CDC) of the USA 
in 2011has reported an estimation that each year roughly 1 in 6 Americans (or 48 million people) gets 
sick and out of which 128,000 are hospitalized, and around 3,000 die of food borne diseases. 
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Table IV Export Import Inspection and Certification Data

Customs Point Import Export Total Substandard
Kakarvitta 675 35 710 14
Birgunj 3939 112 4051 0
Tatopani 923 - 923 415
Mahendranagar 304 5 309 85
Total 5841 152 5993 514

Source: Annual Report 2068/69, DFTQC

The above data shows that there is a rejection rate of approximately 8.6% (514 lots out of 5993 lots) 
at different customs points of Nepal.

Thus it can be said that food science and technology if properly applied in agro-food value chain, will 
help in promoting agribusiness by:

i) Maintaining safety and quality of exportable agro-food commodities so as to mini-
mise rejection rate from the importing countries

ii) Helping in production of safe and quality agro-food products for domestic consum-
ers.

Therfore, food science and technology is very very much important in maintaining safety and quality 
of agro-food products and ultimately overall development of agricultural system in a sustainable way. 

5. PRESENT STATUS OF AGRIBUSINESS IN NEPAL:

Flourishing agribusiness in any country depends on different factors. FAO has outlined a framework 
for the assessment of enabling environments for agribusiness and agro industry as: 

Category  Enabling environment elements to be assessed     

Essential enablers: Governance, Infrastructure, Land tenure, Trade policy

Important enablers: Agribusiness finance: availability, access and conditions; Risk management; Tax-
es and tax management; Food safety and quality standards  and associated infrastructure; Re-
search and development

Useful enablers: Agri-food chain coordination mechanisms, Investment support services, Human 
resource development, Policies for promoting responsible business conduct, Ease of doing business

 (Source: Agribusiness and Food Industries Series, FAO 2013)

In case of Nepal, “food safety and quality standards and associated infrastructures” as an important 
enabling factor of agribusiness are not well developed. Government has not given sufficient im-
portance to this factor because the institution doing this work in Nepal has not extended upto the 
district level; laboratories are not well equipped to get international accreditation for all the required 
analytical parameters; and inspection and certification system of agro-food products are not devel-
oped well.    

NTIS 2010: Priority Agro-Food Export Potentials

Government of Nepal has formulated and implemented a National Trade Intigration Strategy (NTIS) 
in 2010 as a tool to promote export of Nepalese product aiming to cope with the ever increasing nega-
tive trade balance of Nepal. As per the NTIS, Large Cardamom, Ginger, Honey, Lentils, Tea, Noodles, 
Medicinal herbs/Essential oils are the major potential exportable agro-food products. NTIS 2010 has 

Figure 5 Food Adulteration Data for the Fiscal Year 2068/69

Source: Annual Report 2068/69, DFTQC

Food Adulteration Trend

Figure - 6 Adulteration Trend of Agro-Food Products

Source: Annual Report 2068/69, DFTQC

Annual Rejection Rate of Food Consignments during Export Import Inspection & Certifica-
tion

Data obtained from different Food Quarantine Laboratories of DFTQC regarding safety and quality 
standard of the exported and imported products for the FY 2068/69 are shown in the following Table 
IV:
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Table - VI Status of Agro-Food Manufacturing Establishments (CBS 2006/07)

S. No Establishment Type Number of 
Establish-

ments

Employ-
ment 

Number

Gross Fixed 
Assets in Rs 

Million

Total Value 
Added in Rs 

Million
1. Meat and Meat Prod-

ucts
     4      76       38.5     20.5

2. Fruits & Vegetable 
Products

     4     281       32.9     56.7

3. Fats & Oils (Vegetable 
& Animal)

   49   2605   1975.6 2175.8

4. Dairy Products    39   2070   2896.1   470.8
5. Grain Mill Products  430   6197   2668.6 1521.1
6. Animal Feed    35     733     350.2   218.5
7. Bakery Products  127   2808     678.5   305.1
8. Sugar   55   3432   2967.1   415.1
9. Cocoa, Chocolate and 

Sugar Confectionery
  23   1332     601.3   201.4

10. Macaroni, noodles and 
similar products

  11   2378     766.3   438.6

11. Others   53   3392   1352.7   465.2
Total 830 25304 14327.9 6288.5

Source: CBS 2006/07; Statistical Information on Nepalese Agriculture 2064/65-MoAC;  Agricultural 
Marketing Information Bulletin 2008; and Calculations.

Percentage of Value Addition in Primary Products

Nepalese agriculture is not much commercialized, it is mostly the subsistence one that is indicated by 
a low level of value addition. The following Table VII shows the poor value addition in  some selected 
agricultural commodities such as meat, fruits, dairy and grain mill products. Thec percentage of value 
addition for meat is below 1 where as for dairy it is slightly above 1.  

Table – VII Percentage of Value Addition to the Primary products

Agricultural Products Value of Primary 
Products in Rs Million

Value Addition in 
Rs. Million

Percent of value 
Addition

Meat & Meat Products 31208.3 20.5 0.07
Fruits & Vegetable Products - 56.7 -
Dairy Products 40134.3 470.8 1.17
Grain Mill Products - 1521.1 -

Source: CBS 2006/07; Statistical Information on Nepalese Agriculture 2064/65-  MoAC;  Agri-
cultural Marketing Information Bulletin 2008; and Calculations.

Agro-Food Import Data:

Food and Agriculture Organization (FAO) – 2011 has reported that Nepal’s top imports of agro-food 
products in terms of price are: soyabean oil, palm oil, maize, soyabeans, soya cake, Rapseed, etc. The 

also listed Sugar and Dairy products as other potential exportable  agro-food products.

Licensed Agro-based Industries

Information on Industries licensed by the Department of Industry of the Government of Nepal, upto 
fiscal year 2011/12,  is given in the following Table – V. Out of the total industry licensed, approxi-
mately 5 % (i.e. 217 out of total 4831) are agro-based industries. Total project cost and Fixed capital  
of those agro-based industries are 11,430 and 9, 680 million Nepalese rupees respectively. The num-
ber of employments generated by those industries is 26,949 only. 

All these information show that there is no significant number of agro-based industries in Nepal, 
which indicates a very low level of value addition in agricultural products.

Table - V Licensed Industries for Operation (upto FY 2011/12) – In Rs 10 Mil on 

Types of Industry Nos. Total project 
cost

Fixed Capital No. of Employments 
generated

Production oriented 2207 16787 12163 256933
Service 1356   8852   6398   89562
Tourism   855   3864   3427   34830
Construction     40     622     588     2718
Energy oriented   114 18320 17611   14157
Agro-based   217   1143     968   26949
Mining     42     374     330     4624
Total 4831 49962 41485 429773

 Source: Department of Industry, GoN
Agro-Food Manufacturing Establishments in Nepal:

The following Table – VI shows the status of agro-food industries upto fiscal year 2006/07. 

Total value addition is approx Rs 6.3 billion, the percentage of which against Agricultural Gross Do-
mestic Product (AGDP) of Rs 258.3 billion in 2007/08 )  comes around 2.44%. This indicates that a 
very few amount  of agricultural produces are processed in the country. 
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very few amount  of agricultural produces are processed in the country. 
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in the same fashion. Here, it has been tried to rearrange such data to keep under different agro-food 
groups. The findings are as presented in the following Table IX below. 

Table - IX Exported Agro-Food Products

S.No. Agro-food Products Exported Quantity 
in MT

Value in Million Rupees

1 Meat (buff and pork) and Fish   1252      133
2 Milk and Milk products     541      177
3 Edible vegetables       -    2785
4 Lentils and other Legumes   22131    2685
5 Coffee       99        53
6 Tea 10695    2036
7 Spices and related products 70801    5353
8 Cereals and related products      -        44
9 Edible fats and oils      -      157
10 Sugar and confectionery      -        36
11 Instant foods (pasta, biscuits, breads, etc)      -      635
12 Processed fruits, vegetables and nuts      -    3807
13 Alcoholic and non-alcoholic beverages      -        36
14 Miscellaneous foods      -      848

Total      -  18785
Source: MoAD 2012/13 & Calculations

In the year 2012/13, agro-food products worth of NRs 18,785 million were exported from the coun-
try. The top four exported agro-food groups were: 1) Spice and related products, 2) Processed fruits 
and vegetables, 3) Edible vegetables, 4) Lentils and other legumes.

List of Exportable Agro-food Products to India

The most commonly exported agro-food products to India are: Pulses, Large Cardamom, Rice bran 
oil/bran, Ginger/dried ginger, Oil cakes, Noodles, Live animals, Linseed/Linseed oil, Herbs, Biscuits, 
Rice, Ghee/Vegetable ghee, Cinnamon, Vegetables, Fruits, Wheat flour, Turmeric, Mustard seed, etc 

List of Exportable Agro-food products to Countries other than India

The following agro-food products are commonly exported to countries other than India: Niger seeds, 
Pulses, Tea/Coffee, Herbs, Large cardamom, Honey (except EU countries), etc. 

6. POLICIES, PLANS AND PROGRAMS 

Policies/Plans related to Agri-business

Major policies and plans related to agribusiness are: Agriculture Policy 2004, Agri-Business Policy 
2005, Three Years Interim Plan (2007/08-9/10), Three Year Plan (2010/11-12/13), Three Year Plan 
(2013/14-15/16), Food safety policy under drafting, National Seed Vision 2013-25, Floriculture Pro-
motion Policy 2069, Agro biodiversity policy 2063, Rangeland policy, 2012, Agriculture Perspective 
Plan (1995- 2015), Proposed Agricultural Development Strategy, Industrial Policy, 2010, Foreign 
Investment and One Window Policy, 1992, Supply Policy 2012, Trade Policy 2009, Poultry Policy, 
Bio-safety Policy, Dairy Policy.

following Figure 5 in the form of Bar Chart shows the worth of imported agro food products in ‘000 
US $ as well as Unit value (US $/Ton). 

Figure 5 Imported Agro-food Products

Table - VIII  Import of Selected Agro-food Products (FY 2068/69)

S.No. Agro-food products Worth (Million NRs)

1. Meat, Egg, Fish and related products 2240
2. Milk and milk products 1170
3. Honey 16
4 Tea and coffee 100
5. Fruits, Vegetables, spices and related products 12507
6. Cereals, Millets and related products 15167
7. Legumes, Oilseeds and Vegetable Oils 29,084
8. Sugar, Chocolate, Confectionery and Bakery 3,778
9. Pasta and Noodles 103
10. Miscellaneous products 5,850

Total 70,014
     Source: ACEPP, 2070 and Calculations. 

The above Table VIII shows top three imports as Legumes, Oilseeds and Vegetable Oils; Cereal, 
Millets and related products; and Fruits, Vegetables, Spices and related products respectively. These 
figures indicate that Nepal needs to focus on production of primary as well as value added agro-food 
products that fall under these three categories.      

Agro-Food Export Data

Data reported by Customs Office of the Government of Nepal are not scientifically maintained under 
different agro-food groups. Ministry of Agricultural Development (MoAD) has also reported the data 
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• Food processing is to be well taken as a part of modern agriculture. For that a separate 
Institute of Post-harvest and Food Processing is to be established under Nepal Agricul-
tural Research Council (NARC) so that appropriate postharvest and food processing 
technologies could be developed. So as to disseminate such developed technologies, 
a separate department in the name of Post harvest and Food Technology is to be creat-
ed comprising Food Technology Development and Training Division of DFTQC and 
Post-harvest Directorate of Department of Agriculture. Remaining part of the DFTQC is 
to be upgraded to a Food Control Authority of Nepal.

• Understanding agribusiness is not to be limited up to the first step of processing only; 
rather it is to cover from farm production to ultimate value added products.

• Instead of limiting to postharvest activities as a means of agriculture commercialization, 
postharvest and agro-food processing terminology is to be used and applied in address-
ing the entire food value chain.

• Instead of naming Agriculture Sector, it should be termed as Food and Agriculture Sec-
tor because most of the agricultural systems are for producing foods.

• Mega Food Park Model of Agribusiness is to be implemented within the existing agri-
cultural pockets or alternately agricultural pockets are to be designed so that the Mega 
Food Park Model could be used for producing value added products through food pro-
cessing as a component part of modern agriculture.

10. REFERENCES

• MOCS, 2010. Nepal Trade Integration Strategy 2010, Executive Summary and Action Ma-
trix,  Government of Nepal, Ministry of Commerce and Supplies, Kathmandu, Nepal.

• Regmi and Bhattarai, 2012. Food and Nutrition Security in Nepal, Proceedings of National 
Conference on Food Science and Technology, 10-11 August, 2012, Kathmandu, Nepal.

• Sadhu and Singh, 1999. Fundamentals of Agricultural Economics, Himalaya Publishing 
House, Mumbai, India.

• ICC, 2009. 2nd Agro Protech’2009 and 2E Agribusiness Summit to Enhance Food Security 
and Global competitiveness organized by Indian Chamber of Commerce, 5-7 November, 
2009 Kolkata, India.

• MoF, 2013. Economic Survey 2012/13, published by Ministry of Finance, Government of 
Nepal, Kathmandu.

• Tiwari, H. B. et al, 2010. Status of Agribusiness Development in Nepal, published by Min-
istry of Agriculture and Cooperatives/ Japan International Cooperation Agency, Kathman-
du, Nepal.

• Pant, K.P. Commercialization of Agriculture: Opportunities and Challenges, Presentation 
Paper Slides cf website retrieved in June 2014.

• MoAC, 2008. Statistical Information on Nepalese Agriculture, published by Agri-business 
Promotion and Statistics Division, Ministry of Agriculture and Cooperatives, Kathmandu, 
Nepal

• DoA, 2065. Agricultural Marketing Information Bulletin (Special Issue 2008), published 
by Agribusiness Promotion and Marketing Development Directorate, Harihar Bhawan, 
Lalitpur, Nepal.  

• MoAD, 2013. Statistical Information on Nepalese Agriculture 2012/13, published by Agri-
business Promotion and Statistics Division, Ministry of Agricultural Development, Govern-

Major Acts and Regulations related to Agri-business

The acts and regulations that are important in promoting agribusiness are: Food Act 1966, Food Reg-
ulation 1970, Consumer Protection Act 1998 / Rules 2000, Local Self Governance Act 1999 / Rules 
2000, Slaughterhouse and Meat Inspection Act 1998 / Rules 2000, Animal Health and Livestock Ser-
vice Act 1998 / Rules 2000, Breast Feeding Substitution Commodities (Sales & Distribution Control) 
Act 1992, Iodized Salt (Production, Sale and Distribution) Act 1999, Pesticide Act 1991, Seed Regu-
lation 2069, Nepalese Standards of Organic Agriculture, Company Act 2006, Environment Protection 
Act 1997, Foreign Investment and Technology Transfer Act 1992, Industrial Enterprises Act 1992, 
Patent, Design and Trademark Act 1965, Customs Act 2056, Export and Import (Control) Act 1957.

7. INSTITUTIONS:

The most directly related institutions for agribusiness in Nepal are as follows: Ministry of Agricultural 
Development, Ministry of Industry, Ministry of Commerce and Supplies, Department of Agriculture, 
Department of Livestock Services, Department of Food Technology and Quality Control, Nepal Bu-
reau of Standard and Metrology, Department of Industry, Department of Cottage and Small Industries, 
Agro Enterprises Centre/ FNCCI, Nepal Chamber of Commerce, Trade and Export Promotion Center, 
Development Partners such as UNIDO and others, WTO Reference Center, SPS/TBT Notification 
Authorities, SPS/TBT Enquiry Points.

8. CONSTRAINTS:

As per the Nepal Trade Integration Strategy (NTIS) 2010, non-tariff barriers and other business en-
vironment constraints are: Investment environment, Trade facilitation, Technical standards, Sanitary 
and phyto-sanitary measures, Intellectual property rights, and Domestic services sectors regulations. 
Most of these barriers are hindering development of the agro-food products of Nepal and until these 
barriers are removed, commercialization of agriculture cannot be achieved.

Major Safety and Quality related Problems 

The major causes of low level of agro-food exports from Nepal are: 1) Unexplored export market, 
2) Low level of scale of economy, 3) Non- compliance with SPS/TBT measures by developing and 
implementing GAP (Good Agriculture Practice)/ GVP(Good Veterinary Practices)/ GMP (Good Man-
ufacturing Practices)/ GHP (Good Hygienic Practices/ HACCP (Hazard Analysis and Critical Control 
Point) standard and principles, 4) Insufficient level of thrust given to Food Processing for increasing 
value added products, 5) Improper product tracing system, 6) High cost of certification, 7) Non-es-
tablishment of Accreditation Board for the accreditation of laboratory and certification agencies, 8) 
No MRA (Mutual Recognition Agreement) done yet with major trade partners in regard to SPS and 
TBT compliance, 9) Residue Monitoring Plan not yet formulated and or implemented for exportable 
commodities, etc.  

9. WAYS FORWARD:

• Residue Monitoring Plan is to be formulated and implemented for major exportable 
commodities so that international trade partners are convinced with safety and quality 
of Nepalese products.

• Nepal Accreditation Board for Laboratories and Certification Agencies is to be created 
as soon as possible by promulgating the proposed Nepal Accreditation Board Act.

• Development and implementation of GAP/GVP standard in the farming system so as to 
improve the safety and quality of primary agro-food products. Doing this consumers are 
assured of safe food in one hand and on the other food industries are assured of safe and 
quality raw materials for producing value added products. 

• Implementation of safety tools such as Good Manufacturing Practices (GMP)/ Hazard 
Analysis and Critical Control Point (HACCP) in agro-food businesses is to be promoted 
with certain incentives from the government.
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1. INTRODUCTION 
Tourism is a major service industry of Nepal. It is a strong source of foreign revenue and income source 
for people living in tour sites. Nepal has many attractive and fascinating destinations for tourists. 
There are national parks and wildlife reserves for jungle safari and trail, high mountains and rocks for 
climbing, trekking routes, Buddhist shrines and Hindu temples and many other pilgrimage sites for 
spiritual journey, rivers for exciting water sports like rafting and bungy jumping, sites for adventurous 
sports like mountain biking and motor racing, thrilling panoramic sites and beautiful architecture. 
The touristic sites are spread from east to west and from Terai to high mountains. Tourists have 
their own preferences. The foreign tourists have preferences for jungle safari (for example, Chitawan 
National Park, Bardiya National Park), mountain and rock climbing (Mt. Everest in particular), 
trekking (for example, Annapurna region), water sports (for example, rafting in Trishhuli), adventure 
sports, cultural and eco-tourism. The domestic tourists have higher preference for spiritual journey 
to pilgrimage sites (for example, Muktinath, Gosaikunda, Lumbini, Pashupatinath) and sight-seeing 
in city. The tourist dwelling areas are both urban and rural. Hotel stay and home stay are two major 
forms of accommodation for the tourists. Camping is another way to halt and spend nights especially 
in very remote high altitude places. 
Normally tourists get main meals in mornings and evenings and supplementary meals like breakfast 
and afternoon meal. If a typical Nepalese meal is to be served to the tourists then for most cases 
the main meal is comprised of rice, pulse, vegetable, achar/pickle. Meat and Dahi are optional 
accompaniments. The tourists eat different snack items to satisfy small hunger. 

2. CHARACTERISTICS OF NEPALESE TRADITIONAL AND INDIGENOUS FOODS 
(NITFS) IN RELATION TO TOURISM

Nepal has old, rich food culture. Cuisine is a manifestation of culture. There is great variety of NTIFs 
which are diverse in method of preparation, regional availability, flavor, shelf life and use.  Nepalese 
indigenous foods and beverages are praised for their unique cuisine, preparatory technique and 
delicacy. They have characteristic nutritional composition, functionality and unique sensory traits. 
Nepalese foods are rich in dietary fibre and they are non-junk type. The tables below give the spotlight 
of Nepalese indigenous and traditional foods that are prepared in different geographical areas (Table 
1), foods classified based on their nutritional characteristics (Table 2), type of snacks (Table 3) and 
shelf stable type foods (Table 4). Snacks are particularly useful during trekking and sport in off-
side hotel and restaurant locations. Shelf stable type foods are of value during long trekking and 
explorative on-feet journey in very remote places.

Table 1: Nepalese traditional and indigenous foods prepared in different geographical regions
East Mountain Chyakhla, Jand, Khareng, Kinema, Lung-ghakcha, Manda, Mesu, Murcha, 

Papanda, Penagolya, Pena Sargyangma, Phando, Sejangwa, Singolya, 
Tongba, Womyuk, Yangben

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

Central 
Mountain

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

Central Terai Tha(e)kuwa
West and Far 
West Mountain

Galeue, Pina pani, Puri, Titaudo

West and Far 
West Terai

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

ment of Nepal, Singha Durbar, Kathmandu. 
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Organization of the United Nations, Rome. 
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and methods to keep food in safe and good condition. The hosts shall inform the guests about the 
nutritional and health benefit aspects of the food being provided.

1.5 Organize food festivals to display the gamut of Nepalese indigenous and traditional foods 
to the tourists.  Let the tourists have unique and memorable eating and drinking experiences. 
Besides, keep the objective to aware the tourists about their nutritional and health benefits, 
preparation method and shelf stability. Such events will help to promote food tourism to the 
extent to make it “must experience” event for them. 
1.6 Include more and more traditional foods in restaurant menu.  For example, encourage  
gundruk and sinki soup in place of different regular menu soups served as appetizer.  
1.7 Good packaging and labeling enhance the acceptability of food.

4. CONCLUSIONS
Food and tourism are two sides of coin. There is tremendous scope for developing tourism by 
traditional and indigenous food and vice versa. There can be a slogan as “Tradition with Technology”. 
Food scientists and technologists have ample role to play in this sphere. Food technologists-tourism 
industry partnership is necessary strategy.

Highland 
(Himalaya)

Momo, Tea momo, Gheu tea, Khapsa

Inter-regional 
traditional foods

Achar, Chiura, Chuk, Churpi, Dahi, Dhindo,  Gheu, Gundruk, Kwati, 
Maseura, Mohi,  Murai, Raksi, Sakhar, Sekuwa, Selroti, Sukuti

Table 2: List of foods based on their nutritional characteristics 
1. Carbohydrate and energy rich food (cereal, fat and sugar based): Anarasa, Bhakka, Bhusba, 
buote ko makai (puffed corn), Chakumar, Chaaku, Chatamari, Chyakhla, Chiura, Dabbe 
(Dabbiya), Dhido, Dhik(u)ri, Gheu, Golphuki, Gundpak, Hakuwa, Jhilinga (Khiuni), Kaliroti, 
Kasar, Khajuri, Khapsa, Khatte, Laba, Lunghakcha, Murai (Bhuja), Nauni-gheu, Perukiya, 
Phiniroti, Pustakari, Sakhar,  Selroti, Silaura, Sinkamari, Sirimla, Syabji, Tilauri (Phulauri), 
Yamari, 
2. Protein rich foods (pulse, legume, milk, meat, fish based): Adauri, Bara, Bari, Furaula, 
Kinema, Kwati, Maseura, Phando, Churpi, Dhaukho, Durkha, Galeue, Choyala, Kachila, Momo, 
Sargyangma, Sukuti, Womyuk
3. Fruit and vegetable based:  Achar, Amat, Arikanchan (Aarkanchan, Aarkoch), Bid(r)ia, Chuk, 
Gundruk, Kalipapro, Khalpi, Kumbharauri, Lattepapro, Mada, Nimki, Sinamani, Sinki, Titaura
4. Probiotic and functional food: Dahi, Ju Ju Dhou, Mohi, pickle

Table 3: Nepalese traditional snacks suitable for carrying during journey
Adauri, Anarasa, Arsa, Bagiya, Bara, Bari, Bhakka, Chaku, Chakumari, Chatamari, Chiura, Dabbe, 
Furaula, Galeue, Gundpak, Kaliroti, Khajuri, Khurma, Lakhamari, Malpuri, Murai,  Nisoshya, 
Perukiya, Pustakari, Sakhar, Selroti, Sukuti, Tilauri, Yomari

Table 4: Shelf stable traditional foods 
Achar, Adauri, Amat, Arikanchan, buote ko makai,  Bid(r)ia, Chaku, Chakumari,  Chiura, Chuk, 
Churpi, Durkha, fish cake, Gundpak, Gundruk, Hakuwa, Jhilinga,  Khajuri, Khurma, Kumbharauri, 
Lakhamari, Lattepapro, Mada, Maseura, Mesu, Murai, Pustakari, Sakhar, Sattu, Sidra, Sinki, Sukuti 
(meat, fish), Tilauri

3. ISSUES FOR ATTENTION
Let us not look at the food as only filler for stomach but let us look at it in professional way. It means 
we can use our traditional food to promote tourism. For example, French cuisine attracts tourists to 
France. We also can change the concept of “food for tourists to tourists for food”. At present, the 
tourists are carrying “modern food” from their home countries or city based markets. We should 
aim to provide the traditional foods in such form and quality that the tourists won’t feel need for 
carrying the modern and exotic food with them. But for this to happen, we should give attention to 
the following issues.
3.1 Action plan need be formulated and programs need be developed to implement the national policy 
and acts cited below.
•	 Science and Technology policy advocates the exploitation of traditional knowledge and  
skill in sustainable manner to make it a means of living.
•	 Nepal Academy of Science and Technology has a mandate by its act to preserve  and  p r o m o t e  
traditional technologies
3.2 R & D will enhance the culinary, nutritional and economic value of traditional and indigenous 
food. It is important to do scientific study of our traditional and indigenous foods. By R & D the 
composition of traditional food can be altered and tailored to meet the nutritional requirement of 
mountaineers, trekkers, rafters, rock climbers, mountain bikers and so on. For example, mountaineers 
require to intake highly calorie rich (especially carbohydrate) food. For this, their processing 
and packaging aspects need be studied. Quick cooking food, light and convenient food are other 
requirements for trekkers and mountaineers. Food technologists are encouraged to give attention to 
these areas. It is also important to study the chemistry and neutraceutical properties of uncommonly 
used Nepalese herbal plants like Timbur (Zanthoxylum armatum), Jimbu (aromatic leaf garlic-Allium 
hyposistum) and Kimbu (Malberry-Morus rubra). Hence, R & D and technology diffusion processes 
have to be encouraged. 
3.3 Improve hygiene standard in the place where the food is prepared and the persons preparing it. 
3.4 Educate and aware the local people about the nutritional and health benefit aspects of traditional  
     foods they are serving to the guests; train them about ideal food preparation technique for maximum 
nutrients retention, and about safe preparation, storage and handling of food, appropriate techniques 
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creased; the agricultural trade deficit has increased over the years from $124 million to $373 million 
in FY 2009/10.The Agriculture Perspective Plan’s priority inputs mostly cover fertilizer, irrigation, 
roads, electrification and technology. It continues to emphasize on livestock, high-value crops, agri-
business and forestry as its priority outputs. The APP strongly advocates for  expansion of year-round 
controlled irrigation. 

Nepal has trade agreements including membership of World Trade Organization (WTO), South Asia 
Free Trade Agreement (SAFTA) and Bay of Bengal Initiative for Multi-sectoral Technical and Eco-
nomic Cooperation (BIMSTEC), and has agreements with India and China, on its northern and south-
ern borders, which are also major trade partners. The guiding policies are the Trade Policy (2009) and 
Nepal Trade Integration Strategy (2010). 

Government launched a National Trade Integration Strategy, 2010 emphasizing   some   priority   ac-
tions   for   necessary   trade   competitiveness   and diversities.  It  aimed  to  ensure  proper  market  
access;  establish  business-friendly environment  for  Nepali  exporters  in  addressing  the  business  
challenges;  strengthen supply capacity  of  exporters  with  competitive  advantage  (in  terms  of  the 
production costs,  quality  of  products  and/or  productivity);  and  mobilize  greater  Overseas Devel-
opment  Assistance  (ODA).  Nepal Trade Integration Strategy identified 19 export priorities:  seven 
belongs to agro-based e.g.  large cardamom, ginger,  honey,  lentils,  tea,  noodles, and medicinal  and  
essential  oils.  

There were a few cases of foreign investment and technology transfer prior to 1981, the Industrial 
Policy and the Foreign Investment and Technology Act, 1981 paved the way for regular inflow of 
foreign investment and technology transfer into the country.

Both amount of foreign investment and approved number of entities with foreign investment in agri-
culture sector is still low. e.g. the number of projects approved for the agriculture sector as of 2010/11 
(2067/68) represented 2.93% of the total approved projects representing 1.33% of the total foreign 
investment.

AGRO BASED  INDUSTRIES IN NEPAL:

Most of the agro-based industries in Nepal are mostly based on the food grains and edible oils produc-
ing category. The new industries are just emerging in new commodities in terms of processing, pre-
serving and packaging of fruits as well as vegetables because majority of the agriculture production 
units are very small with poor investment capacity. It leads to low productivity with high production 
cost and small production volume makes the Nepali agriculture less attractive for the development of 
processing industries. 

In  broader category Nepalese agro based industries are listed as  table 1

The products with competitive advantage as per Nepal Trade Integration Strategy, 2010 are carda-
mom, lentils, tea, medicinal herbs, ginger, noodles, pasta and like, and essential oils. These products 
do have international market but trade and transit routes decide the nature of export diversification. 
Livestock sector also accounts for one-third of the agricultural GDP of Nepal. Similarly, in light of 
the growing demand of poultry and dairy within the domestic market, there is potential for investment 
in these sectors. According to the statistics of Trade and Export Promotion Center, in the past eleven 
months of FY 2013/14, lentils, tea, cardamom, ginger, beetle nut and medicinal herbs led the agricul-
ture export (TEPC, 2013).

AGRIBUSINESS IN NEPAL, CHALLENGES AND OPPORTUNITIES:  A 
PRIVATE SECTOR PERSPECTIVE

Bhawani Rana*
Agro Enterprise Centre, Federation of Nepalese Chamber of Commerce and Industry

*Corresponding author : bhawanirana69@gmail.com

Agribusiness in Nepal is still in the stage of subsistence.  Agribusiness not attractive among the 
young population and mechanization is still in the infantry stage. Major crops are rice, maize, millet, 
oil seeds and vegetables. Agricultural trade is dominated by export of lentils, tea, cardamom, fruit, 
ginger, and medicinal and aromatic plant products (MAPs). The import of fruit, cereals, vegetables, 
beans (mostly peas), dairy products, meat animal, and raw materials for processing (oilseeds) and 
manufacturing (fibers for carpets, garments and textiles) are still at large quantity.  NTIS identified 
19 export priorities product:  seven agro-based e.g.  large cardamom, ginger,  honey,  lentils,  tea,  
noodles, and medicinal  and  essential  oils.  These products do have international market but trade 
and transit routes decide the nature of export diversification. Major challenges are low production, 
accessibility of the inputs including fertilizers and seed. Appropriate technology is a key ingredient to 
improving overall productivity. In order to promote investment in agricultural technology, GoN has 
provisioned several incentive schemes under its existing policies and programs. Seed and fertilizers 
are two different key inputs that can set the pace of agriculture development. GoN has been using sub-
sidies to ensure provisioning of both these inputs. Nepalese agricultural products need to be branded 
for creating better image in the international arena to correct the present situation of very weak pres-
ence of Nepalese products in international markets. Creation of conducive enabling environment for 
attracting private sector investment in agro processing business is the primary need for the promotion 
of agro processing business in Nepal.  

Keywords: Agribusiness, private sector, policy framework
STATUS OF AGRIBUSINESS IN NEPAL:
Agriculture in Nepal is still remained mainly as subsistence, about 85 percent of total agriculture out-
put used for self-consumption and only 15 percent being commercialized. The average growth rate of 
agriculture sector has been 3.18% between 2002 and 2011. 

There are some highly commercialized products in  Nepal which comprises of  8 topmost highly com-
mercialized crops and are  commercialized at the maximum level of  more than 90% . These crops are 
cardamom, tea, flower, coffee, sugarcane, jute, mushroom and tobacco. In total contribution of above 
commodities to AGDP is about 2%. Moreover, there are ten more  commercialized products (com-
mercialization rate more than 50%) are milk, rice, vegetables, buffalo meat, potato, wheat, goat meat, 
fruits, ginger, and fish. Total contribution of these commodities to AGDP is more than 77%. (Policy 
and Regulatory Requirements for Agricultural Commercialization in Nepal: Vijoy Mallick, Joint 
Secretary, Agriculture Business Promotion and Statistics Division, Ministry of Agriculture and 
Cooperatives, Nepal, 8 April 2012) Marketing of agriculture products are at the different levels been 
practiced in Nepal. Eight regional markets are so far developed by government, which all lied in Terai 
region, and two urban consumer markets in Kathmandu and Pokhara. A private sector agri market is 
established in Pokhara and running very efficiently. 

At present, Nepal’s agricultural import and export trade comprises about 15.6% of total trade, which 
includes items such as petroleum, construction materials, vehicles and equipment, consumer goods 
and others. Agricultural trade is dominated by export of lentils, tea, cardamom, fruit, ginger, and me-
dicinal and aromatic plant products (MAPs), with import of fruit, cereals, vegetables, beans (mostly 
peas), dairy products, meat animal, and raw materials for processing (oilseeds) and manufacturing 
(fibers for carpets, garments and textiles). There are potentials for import substitution in vegetables, 
fruit, beverages, dairy and meat. Both imports and exports of food and agricultural products have in-
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helping small and medium farmers build sustainable business models is conducted by MoAD. AEC/
FNCCI and Nepal Rastra Bank (NRB) are implementing partners of the project initiated in 2011. High 
Mountain Agribusiness and Livelihood Improvement Project (HIMALI) is a partnership between 
ADB and MoAD initiated in 2012 to help develop business models of agro products in the Himali 
region. Kisan ko Lagi Unnat Biu Bijan Karyakram (KUBK) is a partnership between MoAD, IFAD, 
AEC/FNCCI and Heifer International that started in 2013. The project aims at commercialization of 
seed and goat rearing in 6 districts of western and mid -western regions. Project for Agriculture Com-
mercialization and Trade (PACT) is a partnership between MoAD and the World Bank initiated in 
2009 geared towards strengthening value chain by building linkages and ensuring quality standards. 

POLICY RELATED TO AGRIBUSINESS GROWTH IN NEPAL AND SOME ISSUES:

The Industrial Policy 2010 has prioritized agriculture and agro-forestry industries for investment, and 
provides additional incentives and facilities to these industries. 

A number of policy and legal reform measures have been taken by the Ministry of Agriculture Devel-
opment, Ministry of Industry, Ministry of Commerce and Supplies and Nepal Rastra Bank, along with 
planned policy efforts from the government in the past. The planned policy efforts include drafting of 
the Agriculture Business Promotion Act Bill, Agriculture Mechanization Policy, Agriculture Market 
Management Bill, etc. Similarly, the Agro Enterprise Center housed at the apex body of the private 
sector, FNCCI, has been providing policy recommendations to the government. 

The formation of Policy Division within MOAD, the existence of agriculture business promotion 
division and the public-private joint committee for recommendations for policy /regulatory reforms 
has also provided impetus in reforming policy and legal framework. 

Similarly sectoral policies on poultry, tea, cooperatives, floriculture, livestock, etc. have tried to draw 
focus on the development of those specific areas. 

Recent efforts by GoN in terms of value chain strengthening include introducing insurance schemes 
for crops and livestock (2013) and export refinancing (2013). In addition to these new schemes, the 
agriculture business promotion bill has been focused towards institutionalizing contract farming and 
relieving on of the primary constraints facing agriculture commercialization in recent times. GoN 
has also been actively involved in building infrastructure such as cold storage and processing units to 
promote value chain and access to markets. 

The institutional mechanisms for the implementation of policies associated with value chain are led 
by MoAD. However, value chain policy requires close coordination between different line agencies 
specifically Ministry of Industry, Ministry of Commerce and Supplies and the Central Bank as well 
as the Ministry of Finance. MoAD has been actively leading coordinating efforts along these lines 
and also working with various development partners and local agencies as mentioned above to help 
implement the policies framed for strengthening value chain in agriculture sector. 

CHALLENGES FACED BY THE AGRIBUSINESS IN NEPAL:

Nepal’s  entry into the WTO presents opportunities, alongside formidable challenges to meet food 
safety rules, animal health regulations, and quality standards, together with re-evaluating domestic 
support programs, price controls, and competitive advantage. Nepal’s location between the two larg-
est countries in the world presents both a bliss and a curse. India’s heavy subsidy in the agricultural 
sector made  Nepal’s Terai region fierce competition with Indian cereal imports. However, the diver-
sity of Nepal’s agro-ecological zones is promising for exports of off-season horticulture, niche prod-
ucts, and non-timber forest products like Medicinal and Aromatic Plants (MAPs). Organic production 
is practiced by default in Nepal but such produce cannot currently be certified to meet international 
standards and price premiums.

Table 1 Name of Agro processed products and industries

SN Products/ Industry
1 Animal feed
2 Bio-Fertilizers
3 Tea and Coffee
4 Floriculture
5 HERBAL PRODUCTS MANUFACTURING IND.
6 Honey Processing
7 Instant Noodles and  Bakery products
8 Livestock, Dairy Farming & Products
9 HERBS PLANTATION & PROCESSING
10 Rice mills, oil mills and Flour mills
11 ORGANIC VEGETABLE, FRUITS, HERBS,  FLOWERS
12  Seeds industries 
13 Fruit processing industries including juice, jam and condiments
14 Jute and Jute goods
15 Pashmina and wool

The scope for processed products is broad and seems to be growing with each year in both internal as 
well as Indian markets. Various commodities such as tea, coffee, potato, oil, maize and other cereals, 
fruits, vegetables and spices have higher potential for processing and value addition. Few crops like 
tobacco products, animal oils and fats, malt liquors and malt are processed and packaged and have 
high value addition. The investment in various agro-industries such as pashmina, handicrafts, pulses, 
jute goods and vegetables ghee is increasing slowly and gradually. It has also helped to increase export 
market concentration in India, United States of America and Europe. Additionally, the investment 
in agriculture, agribusiness has increased after 2010 due to more stable environment.  For instance, 
large investment of NRs. 2 billion has been made in Sunsari-Morang corridor in diary processing, soy 
processing, rice milling, biscuit manufacture, plywood, and poultry sector between April 2010 and 
October 2011 (MoF, 2012). Compared to investment in other sectors like service sector/manufactur-
ing, investment in agro industry is relatively low and still need attracting improved technology and 
investment.

EFFORTS FROM GON AND FNCCI

First Public Private Partnership (PPP)  program OVOP started in 2006/7 for the  agribusiness promo-
tion in Nepal  and succeeded in creating a holistic value chain approach in agriculture development of 
Nepal. After the success of One Village One Product (OVOP), a PPP collaboration between MoAD 
and FNCCI modeled around the Oita prefecture of Japan, the partnership has moved a step ahead  on 
to One District One Product (ODOP) (FNCCI, 2012). 

Furthermore, several efforts in recent years using the value chain approach are underway. The de-
velopment projects launching under the donor assistance and implementation arrangements FNCCI/
AEC as implementing partner are (a) High Value Agriculture Project (HVAP) targeting competitive 
matching grant is conducted by MoAD in financial assistance from  IFAD.  SNV and AEC/FNCCI are 
implementing partners of the project which was initiated in 2010 which works in development of 7 
value chains in 7 hill and mountain districts of mid and far west regions. Raising Income of Small and 
Medium Farmers Project (RISMFP) under the financial aid from Asian Development Bank, aimed at 
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helping small and medium farmers build sustainable business models is conducted by MoAD. AEC/
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tive and authoritative.

Opportunities:

Agriculture sector became most important sector to feed the growing population of the world and 
also meet the different grades of food item demand of the different income level population of the 
world. As a result demand for agriculture products food, clothing, health care and even the cosmet-
ics e.g essential oils and oleoresins of natural origin has been increasing every day. As a result the 
demand for the agri products in domestic market is also growing.  At present, Nepal, importing food 
grain and vegetables from its neighboring countries to meet the growing demand.

The country has comparative advantages in export markets in resource and labor-intensive agriculture 
products such as dried vegetables, coffee, tea, vegetable and roots, ginger, and cardamom. Similarly, 
there is good potential for import substitution in vegetables, fruit, beverages, dairy and meat.  

WAY FORWARD:

It is essential to realize these potentials, following are some recommendations aimed at easing invest-
ment challenges:

In order to harness the potential provided by modern technological advancement, Nepal needs to up-
date its regulatory framework to protect intellectual property rights and ease out the barriers to foreign 
investment. This is an area that requires further deliberations in the policy discourse of Nepal.

Labor migration is an ongoing issue in Nepal which contributes significantly to the decline in farm 
labor. GoN has shown a serious commitment to working on this issue through reforms in the over-
all economic environment as evidenced by its active participation in forums like Nepal Economic 
Summit. In order to alleviate immediate pressures on shortage of farm labors, an appropriate policy 
addressing this issue needs to be framed. Such a policy can provision additional incentive structures 
for farm work while highlighting the work of successful agro-entrepreneurs. This kind of recognition 
by the GoN of successful agro entrepreneurs (especially returnees from foreign migration) can act as 
a disincentive to further migration. 

Appropriate technology is a key ingredient to improving overall productivity. In order to promote in-
vestment in agricultural technology, GoN has provisioned several incentive schemes under its existing 
policies and programs. These provisions need to integrated and highlighted further through marketing 
and awareness raising campaigns. Similarly, GoN can concentrate its effort on tariff rationalization for 
technological inputs related to agriculture sector. 

Seed and fertilizers are two different key inputs that can set the pace of agriculture development. 
GoN has been using subsidies to ensure provisioning of both these inputs. It has also formulated 
Seed Vision which outlines specific strategies for developing a well-rounded seed market in Nepal. 
In this respect, seed policy and institutional mechanisms to implement the seed policy need to be for-
mulated and implemented. Similarly, in case of fertilizer, a piloting of voucher system to administer 
subsidies and opening up the fertilizer market to private sector participation can be a change in stra-
tegic direction that needs to be tested through pilot programs in specific geographic regions. Druilhe 
& Barreiro-Hurlé (2012) mention some evidence in their working paper on “Fertilizer subsidies in 
sub-Saharan Africa”, which suggests that “such programs have been effective in raising fertilizer use, 
average yields and agricultural production but that their success is highly dependent on implementa-
tion”.

Nepalese agricultural products need to be branded for creating better image in the international arena 
to correct the present situation of very weak presence in international markets. Moreover, it requires to 
register collective brands for Nepalese agricultural products. For instance, Nepalese coffee has start-
ed showing international presence with the collective brand of Nepal Coffee. However, many other 

Nepalese agriculture is still predominantly subsistence oriented and is gradually picking up in terms 
of agro-business. In this context, large scale investments in agriculture are yet to be realized. 

For the export market access to market information is a major hurdle. With lack of access to informa-
tion technology (internet, e-mail), most producers have limited information on available international 
market opportunities. This has also created hurdle for farmers in creating linkages with the traders, 
thus forcing them to sell their products at low prices. 

Till date most Nepali exports still exit the region via the Kolkata port, despite high costs and unreli-
able services owing to port congestion. 

Insurance of perennial crops such as tea and coffee is yet to be developed in Nepal. However, these are 
crops that require larger and longer term investment. Therefore, insurance policy to address specific 
high value crops need to addressed to increase investment in these sectors. 

Nepal has plant quarantine services throughout the major exit points along the Indian border that 
provide quarantine certificates to the exporters. However, the certification authorities are not well 
equipped and their presence itself is not as high as required by the market.  In addition to this, the 
importing countries have their own set of regulatory requirements relating to cleanliness, pesticides, 
residuals and microbial load. Standardization and grading in these terms are major pre-requisites for 
improved marketing. 

Differential tariff and non-tariff barriers created opportunity for informal trade and which is mislead-
ing the country trade statistics and policy planning for the future growth. There lacks encouragement 
for private sector investment. Hence, formal channels for trade need to clearly identified and the pro-
cess should be simplified such that transaction cost of doing business does not rise further. 

Imposition of the regulatory framework and its impact in the agribusiness development in Nepal are 
still not at the expected level. Subsistence agricultural practice is the prevalent condition and commer-
cialization of the agriculture  at the national level is underway. 

The major issues relating to legal and regulatory framework which hindering  commercial agriculture 
are:

•	 Lack of effective sanitary and phyto-sanitary (SPS) regulatory measures is impacting 
ability to compete.

•	 Rules and regulations for product standards are largely lacking.

•	 Lack of standard laboratories and accreditation of the national labs for certification of 
exportable products are yet to be done.

•	 Insufficient and weak plant and animal quarantine procedures to protect domestic prod-
ucts from getting transmitted with imported disease.

•	 Weak enforcement of quality standard have resulted in large scale non-compliance of 
standards.

•	 Regular monitoring of quality control procedures are  practically non-existent.
•	 Regulatory provisions are more controlling than facilitating.
•	 Poor and inadequate on time supply of fertilizers and agri inputs

•	 Agri business became less attractive to the youth resulting out migration of the youth.

In conclusion, lacking as well as weak implementation of plans and policies are not in favor of the 
business promotion and commercialization of agribusiness in Nepal. They are rather more conserva-
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products such as dried vegetables, coffee, tea, vegetable and roots, ginger, and cardamom. Similarly, 
there is good potential for import substitution in vegetables, fruit, beverages, dairy and meat.  

WAY FORWARD:

It is essential to realize these potentials, following are some recommendations aimed at easing invest-
ment challenges:

In order to harness the potential provided by modern technological advancement, Nepal needs to up-
date its regulatory framework to protect intellectual property rights and ease out the barriers to foreign 
investment. This is an area that requires further deliberations in the policy discourse of Nepal.

Labor migration is an ongoing issue in Nepal which contributes significantly to the decline in farm 
labor. GoN has shown a serious commitment to working on this issue through reforms in the over-
all economic environment as evidenced by its active participation in forums like Nepal Economic 
Summit. In order to alleviate immediate pressures on shortage of farm labors, an appropriate policy 
addressing this issue needs to be framed. Such a policy can provision additional incentive structures 
for farm work while highlighting the work of successful agro-entrepreneurs. This kind of recognition 
by the GoN of successful agro entrepreneurs (especially returnees from foreign migration) can act as 
a disincentive to further migration. 

Appropriate technology is a key ingredient to improving overall productivity. In order to promote in-
vestment in agricultural technology, GoN has provisioned several incentive schemes under its existing 
policies and programs. These provisions need to integrated and highlighted further through marketing 
and awareness raising campaigns. Similarly, GoN can concentrate its effort on tariff rationalization for 
technological inputs related to agriculture sector. 

Seed and fertilizers are two different key inputs that can set the pace of agriculture development. 
GoN has been using subsidies to ensure provisioning of both these inputs. It has also formulated 
Seed Vision which outlines specific strategies for developing a well-rounded seed market in Nepal. 
In this respect, seed policy and institutional mechanisms to implement the seed policy need to be for-
mulated and implemented. Similarly, in case of fertilizer, a piloting of voucher system to administer 
subsidies and opening up the fertilizer market to private sector participation can be a change in stra-
tegic direction that needs to be tested through pilot programs in specific geographic regions. Druilhe 
& Barreiro-Hurlé (2012) mention some evidence in their working paper on “Fertilizer subsidies in 
sub-Saharan Africa”, which suggests that “such programs have been effective in raising fertilizer use, 
average yields and agricultural production but that their success is highly dependent on implementa-
tion”.

Nepalese agricultural products need to be branded for creating better image in the international arena 
to correct the present situation of very weak presence in international markets. Moreover, it requires to 
register collective brands for Nepalese agricultural products. For instance, Nepalese coffee has start-
ed showing international presence with the collective brand of Nepal Coffee. However, many other 

Nepalese agriculture is still predominantly subsistence oriented and is gradually picking up in terms 
of agro-business. In this context, large scale investments in agriculture are yet to be realized. 

For the export market access to market information is a major hurdle. With lack of access to informa-
tion technology (internet, e-mail), most producers have limited information on available international 
market opportunities. This has also created hurdle for farmers in creating linkages with the traders, 
thus forcing them to sell their products at low prices. 

Till date most Nepali exports still exit the region via the Kolkata port, despite high costs and unreli-
able services owing to port congestion. 

Insurance of perennial crops such as tea and coffee is yet to be developed in Nepal. However, these are 
crops that require larger and longer term investment. Therefore, insurance policy to address specific 
high value crops need to addressed to increase investment in these sectors. 

Nepal has plant quarantine services throughout the major exit points along the Indian border that 
provide quarantine certificates to the exporters. However, the certification authorities are not well 
equipped and their presence itself is not as high as required by the market.  In addition to this, the 
importing countries have their own set of regulatory requirements relating to cleanliness, pesticides, 
residuals and microbial load. Standardization and grading in these terms are major pre-requisites for 
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Differential tariff and non-tariff barriers created opportunity for informal trade and which is mislead-
ing the country trade statistics and policy planning for the future growth. There lacks encouragement 
for private sector investment. Hence, formal channels for trade need to clearly identified and the pro-
cess should be simplified such that transaction cost of doing business does not rise further. 

Imposition of the regulatory framework and its impact in the agribusiness development in Nepal are 
still not at the expected level. Subsistence agricultural practice is the prevalent condition and commer-
cialization of the agriculture  at the national level is underway. 

The major issues relating to legal and regulatory framework which hindering  commercial agriculture 
are:

•	 Lack of effective sanitary and phyto-sanitary (SPS) regulatory measures is impacting 
ability to compete.

•	 Rules and regulations for product standards are largely lacking.

•	 Lack of standard laboratories and accreditation of the national labs for certification of 
exportable products are yet to be done.

•	 Insufficient and weak plant and animal quarantine procedures to protect domestic prod-
ucts from getting transmitted with imported disease.

•	 Weak enforcement of quality standard have resulted in large scale non-compliance of 
standards.

•	 Regular monitoring of quality control procedures are  practically non-existent.
•	 Regulatory provisions are more controlling than facilitating.
•	 Poor and inadequate on time supply of fertilizers and agri inputs

•	 Agri business became less attractive to the youth resulting out migration of the youth.

In conclusion, lacking as well as weak implementation of plans and policies are not in favor of the 
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Agribusiness is the largest sector of Nepalese economy in terms of employment gen ration and 
contribution in gross domestic product. Despite of potentials of producing high value agricul-
tural commodities and product diversification, growth of this sector remained slow in the past 
for several reasons including slow adoption of modern technology, low investment, low budget 
allocation, and less importance accorded to postharvest management. Project for Agriculture 
Commercialization and Trade is one of the development project implemented by the government 
of Nepal to minimize those obstacles by helping capacity enhancement of the institutions work-
ing on quality control and provision of much needed investment to stakeholders at different level 
of selected value chains. Major constraints being faced by agribusiness sector, contribution of 
PACT towards agribusiness development and possible areas of intervention are discussed in this 
paper. 

Keywords: Agribusiness, matching grants, stakeholders, value chain, niche products

INTRODUCTION

The word agribusiness is used simply as a portmanteau of agriculture and business, referring to the 
range of activities and disciplines encompassed by modern food production. It includes the group of 
industries dealing with agricultural products and services required in farming, processing, and trade.

Review of Agribusiness Sector

The importance of agriculture in Nepalese economy can be judged from the fact that it continues 
to play a major role in Nepalese Economy, contributes more than one third of total Gross Domestic 
Product (GDP), and provides employment to almost two thirds of Nepalese population. Reducing 
poverty, improving food security and achieving sustainable development cannot be imagined in the 
agrarian economy like Nepal without inclusive development of agribusiness sector that encompasses 
production, processing to trade.

Agricultural GDP (AGDP) has been increasing at an average rate of 3.0 percent, slightly below the 
total national GDP average growth of 3.5 percent in the past decade. Share of agricultural products 
in export has always dominated the total export of the country while agricultural trade balance has 
been negative. Furthermore, farms are getting smaller, and subsistence family farms are on the rise. 
Average farm size in Nepal declined by 28 percent between 1961 and 2001 and the trend continued 
in successive period. Today, small and marginal farms dominate with the average holding size being 
only 0.8 ha. Nearly half of all farms have less than 0.5 ha of land and those with less than 1 ha of land 
constitute nearly three-fourths of all holdings. The landless (laborers or tenant farmers) are gradually 
leaving agriculture to look for better opportunities in urban centers within the country and abroad. The 
scope of agricultural mechanization is limited because of difficult terrain in the mountains and hills 
and even in the Terai due to small size of farms.

As discussed earlier, agriculture absorbs the majority of the labor force (about 66%), but this labor 
force is characterized by very low productivity compared to the rest of the economy. The estimate of 
labor productivity in agriculture in Nepal ($705/unit of agricultural labor) is about one fourth of the 
productivity in the rest of the economy (ADB 7762-NEP, 2011). 

The large and growing deficit in food and agricultural trade is symptomatic of low competitiveness 
of agriculture in Nepal. Low competitiveness is the outcome of the difficulty of doing business, poor 

major Nepalese agricultural products like tea and cardamom have not been marketed/ branded in the 
international arena, despite their contribution to Nepalese exports.

•	 At present scenario, markets are increasingly open toward international tastes. Therefore, the 
level of quality, packaging, safety, and even processing should be carried out in socially and 
environmentally friendly manner. The chains of food production, distribution and marketing 
are changing with rapid change in communication, vertical business structures, and increase 
in supermarkets. As a result, large percentage of the consumer price of food is formed in the 
post-farm value chain. 

•	 Agro based industries mostly depend on imported materials for processing and packaging, 
which is costly while importing in small scale. In addition to this, for the packaging and pro-
cessing of agro-products, electricity shortages are causing the prices to skyrocket with the 
use of diesel generators. Arrangement of non interrupted power supply in the agri-farms and 
industrial area need to make Nepalese products competitive in price.

•	 A successful transition from farm to market requires rigorous quality control measures. Giv-
en the limited capacity in Nepal for certification and quality control, increasing investment in 
this aspect of value chain is also an important agenda for further improvement. 

•	 Research and extension are equally essential services associated with value chain develop-
ment. Research has been led by the public sector in Nepal and better strategies are required 
to increase involvement of private sector. Since research is a long term investment, this is an 
area where a public private partnership can yield better results. In terms of extension, an in-
digenous network through JTAs has already been formed at the local level. Create conducive 
environment for private sector involvement on a larger scale need capitalize on this network 
while strengthening it with further capacity building activities. 

•	 Value chain development also requires investment in infrastructure ranging from cold stor-
age to processing to small market places. Program need to initiate which can potentially 
attract the private sector and development partners in the form of public private partnership. 

•	 The policy and regulatory framework have been prepared in the Nepali context, there is still 
a gap in implementation capacity. Capacitating implementing agencies is another area that 
requires further attention of the government.

Finally, there exists ample opportunities in the agriculture for the business growth and 
income generation at the larger extent. Let us work for creating bright future through agri-
business growth for economic prosperity and welfare of the nation.
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Product (GDP), and provides employment to almost two thirds of Nepalese population. Reducing 
poverty, improving food security and achieving sustainable development cannot be imagined in the 
agrarian economy like Nepal without inclusive development of agribusiness sector that encompasses 
production, processing to trade.

Agricultural GDP (AGDP) has been increasing at an average rate of 3.0 percent, slightly below the 
total national GDP average growth of 3.5 percent in the past decade. Share of agricultural products 
in export has always dominated the total export of the country while agricultural trade balance has 
been negative. Furthermore, farms are getting smaller, and subsistence family farms are on the rise. 
Average farm size in Nepal declined by 28 percent between 1961 and 2001 and the trend continued 
in successive period. Today, small and marginal farms dominate with the average holding size being 
only 0.8 ha. Nearly half of all farms have less than 0.5 ha of land and those with less than 1 ha of land 
constitute nearly three-fourths of all holdings. The landless (laborers or tenant farmers) are gradually 
leaving agriculture to look for better opportunities in urban centers within the country and abroad. The 
scope of agricultural mechanization is limited because of difficult terrain in the mountains and hills 
and even in the Terai due to small size of farms.

As discussed earlier, agriculture absorbs the majority of the labor force (about 66%), but this labor 
force is characterized by very low productivity compared to the rest of the economy. The estimate of 
labor productivity in agriculture in Nepal ($705/unit of agricultural labor) is about one fourth of the 
productivity in the rest of the economy (ADB 7762-NEP, 2011). 

The large and growing deficit in food and agricultural trade is symptomatic of low competitiveness 
of agriculture in Nepal. Low competitiveness is the outcome of the difficulty of doing business, poor 

major Nepalese agricultural products like tea and cardamom have not been marketed/ branded in the 
international arena, despite their contribution to Nepalese exports.

•	 At present scenario, markets are increasingly open toward international tastes. Therefore, the 
level of quality, packaging, safety, and even processing should be carried out in socially and 
environmentally friendly manner. The chains of food production, distribution and marketing 
are changing with rapid change in communication, vertical business structures, and increase 
in supermarkets. As a result, large percentage of the consumer price of food is formed in the 
post-farm value chain. 

•	 Agro based industries mostly depend on imported materials for processing and packaging, 
which is costly while importing in small scale. In addition to this, for the packaging and pro-
cessing of agro-products, electricity shortages are causing the prices to skyrocket with the 
use of diesel generators. Arrangement of non interrupted power supply in the agri-farms and 
industrial area need to make Nepalese products competitive in price.

•	 A successful transition from farm to market requires rigorous quality control measures. Giv-
en the limited capacity in Nepal for certification and quality control, increasing investment in 
this aspect of value chain is also an important agenda for further improvement. 

•	 Research and extension are equally essential services associated with value chain develop-
ment. Research has been led by the public sector in Nepal and better strategies are required 
to increase involvement of private sector. Since research is a long term investment, this is an 
area where a public private partnership can yield better results. In terms of extension, an in-
digenous network through JTAs has already been formed at the local level. Create conducive 
environment for private sector involvement on a larger scale need capitalize on this network 
while strengthening it with further capacity building activities. 

•	 Value chain development also requires investment in infrastructure ranging from cold stor-
age to processing to small market places. Program need to initiate which can potentially 
attract the private sector and development partners in the form of public private partnership. 

•	 The policy and regulatory framework have been prepared in the Nepali context, there is still 
a gap in implementation capacity. Capacitating implementing agencies is another area that 
requires further attention of the government.

Finally, there exists ample opportunities in the agriculture for the business growth and 
income generation at the larger extent. Let us work for creating bright future through agri-
business growth for economic prosperity and welfare of the nation.
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•	 Large Production Packets with infrastructures;
•	 Insurance;
•	 Organic farming;
•	 Attraction to youths;
•	 Cooperative farming; and
•	 Contract farming 

Similarly, AgriBusiness Promotion Policy (2006) highlighted diversification, service delivery and 
private sector involvement to transform from subsistence to commercial farming. Helping to produce 
market oriented competitive agricultural products and promotion of domestic marketing and exports 
through the development of agro-industries, establishment of commercial production area, organic 
production area and export area were the major strategies suggested by the policy. 

There are host of other policies such as National Fertilizer Policy (2002), Irrigation Policy (2003), Na-
tional Seed Policy (2000), National Tea Policy (2000), National Coffee Policy (2003), Dairy Devel-
opment Policy (2007), Agriculture Bio-diversity Policy (2007), Trade Policy (2009) etc that influence 
the agribusiness sector in Nepal.

Constraints in Agribusiness Development

The performance of the agricultural sector has not been encouraging in the past. Production is still 
dominated by subsistence farming, with rice, wheat, and maize accounting for about 35 percent of Ag-
ricultural Gross Domestic Product (AGDP). Other crops contribute 15 percent, livestock 26 percent, 
horticulture (including fruits and vegetables) 17 percent and fisheries 2 percent in the AGDP. Some of 
the emerging contextual issues directly related to the development of agribusiness are:

1 Low productivity

Given the dominant role of agriculture in the economy, rural poverty and agricultural productivity are 
closely linked in Nepal. Current crop yields in the country are insufficient to raise the rural poor out 
of poverty.  A comparison of crop yields across South Asian countries suggests that Nepal is lagging 
behind. Available statistics shows that the country’s cereal yields were about 89 percent of India’s, 88 
percent Pakistan’s, 65 percent of Sri Lanka’s, and 60 percent Bangladesh’s (FAOSTAT). The virtual 
stagnation in agriculture has generated food security problems. 

It is estimated that the average fertilizer use per ha of cropped area in Nepal was less than 20 kg, which 
is far below the South Asian average of 115Kg/ha and East Asian average of 278 kg/ha (IDFC). In ad-
dition to low fertilizer consumption, Nepal’s agriculture is constrained by limited irrigation potential, 
unpredicted weather shocks, poor access to infrastructure and markets, and low priority to agricultural 
research and development. 

2 Resource constraints 

The GON places a high priority on agriculture, given its role in the overall economy; however, re-
source constraints over the years have led to declining budget allocations to the Ministry of Agricul-
ture Development (MoAD) from 3.7 percent of total national budget in 1997/98 to about 3 percent in 
recent years. 

3 Limited irrigation facilities 

Agricultural productivity in Nepal is severely affected by uneven nature of rainfall, frequent drought, 
and lack of sufficient irrigation systems. Data published by MOAD (2011) shows that 1254,272 ha, or 
only about 40 percent of cultivated land, is irrigated. Further, difficult topography has limited irriga-
tion development to only about 10 percent of cultivated land in the mountain and hill districts. Of the 
total irrigated land, less than 40 percent is irrigated throughout the year. This has limited the number 
of crops grown per annum and the crop productivity.

infrastructure, governance, access to credit, and favorable regulations. Most of the competitiveness 
indicators are ranked very low in international benchmarking. 

Nepal’s agricultural import and export trade comprises about 15.6 percent of total trade (which in-
cludes petroleum, construction materials, vehicles and equipment, consumer goods and others). Ag-
ricultural trade is dominated by export of lentils, tea, cardamom, fruit, ginger, and medicinal and aro-
matic plant products (MAPs), while import consists of fruit, cereals, vegetables, beans (mostly peas), 
dairy products, meat animal, and raw materials for processing (oilseeds) and manufacturing (fibers 
for carpets, garments and textiles). There is good potential for import substitution in vegetables, fruit, 
beverages, dairy and meat. 

There is considerable potentials of value addition in Nepal through: (i) improving quality, safety and 
labeling up to Codex Alimentarius standard; (ii) certification to standards for safety, quality, fair trade 
and organic branding; and (iii) processing and product development. For example the vast majority 
of spices, pashmina, hides and skins, and MAPs are exported in raw form and most value adding is 
done in India and China. 

In spite of low development stage, there are some positive signals in the agricultural sector.  In the 
Agribusiness sector the poultry and dairy processing industry are moving fast and other dynamic 
agribusiness sectors include tea and flower 

The Plans and Policies Planned development in Nepal was initiated with implementation of First 
Five Year Plan from 1956 to 1961 and has so far completed ten periodic Five-year plans and two 
Three- Year interim plans. Those periodical plans generally strove to increase output and employment; 
develop the infrastructure; attain economic stability; promote industry, commerce, and international 
trade; establish administrative and public service institutions to support economic development; and 
introduce labor-intensive production techniques to alleviate underemployment. The first four plans 
concentrated on infrastructure—to make it possible to facilitate the movement of goods and services 
and to increase the size of the market.

For the first time, the Fifth Five-Year Plan (1975–80) accorded top priority to agricultural develop-
ment, and emphasis was placed on increasing food production and cash crops such as sugar cane and 
tobacco. Increased industrial production and social services also were targeted in the plan. The subse-
quent periodic plans have been according high priority for the development of agriculture, though top 
priority in terms of budget sifted to non-agriculture sector in recent plans. 

The Agriculture Perspective Plan (1995) was the first comprehensive plan for the development of 
agriculture sector as a whole in the country. It was mainly focused on: 

•	 Increase factor productivity for an accelerated agricultural growth rate; 

•	 Alleviate poverty and significantly improve living standards through accelerated growth and 
expanded employment opportunities; 

•	 Transform subsistence agriculture into commercial one through diversification and exploit-
ing comparative advantage; 

•	 Expand opportunities for overall economic transformation by fulfilling the precondition of 
agricultural development; and

•	 Identify immediate, short-term, and long-term strategies for implementation and to provide 
clear guidelines for preparing periodic plans and programs in future. 

Increasing competitiveness in regional and world markets, and developing foundations of commercial 
and competitive agriculture were the priorities of National Agricultural Policy (2061). The Policy 
mainly emphasized on: 
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•	 Large Production Packets with infrastructures;
•	 Insurance;
•	 Organic farming;
•	 Attraction to youths;
•	 Cooperative farming; and
•	 Contract farming 

Similarly, AgriBusiness Promotion Policy (2006) highlighted diversification, service delivery and 
private sector involvement to transform from subsistence to commercial farming. Helping to produce 
market oriented competitive agricultural products and promotion of domestic marketing and exports 
through the development of agro-industries, establishment of commercial production area, organic 
production area and export area were the major strategies suggested by the policy. 

There are host of other policies such as National Fertilizer Policy (2002), Irrigation Policy (2003), Na-
tional Seed Policy (2000), National Tea Policy (2000), National Coffee Policy (2003), Dairy Devel-
opment Policy (2007), Agriculture Bio-diversity Policy (2007), Trade Policy (2009) etc that influence 
the agribusiness sector in Nepal.

Constraints in Agribusiness Development

The performance of the agricultural sector has not been encouraging in the past. Production is still 
dominated by subsistence farming, with rice, wheat, and maize accounting for about 35 percent of Ag-
ricultural Gross Domestic Product (AGDP). Other crops contribute 15 percent, livestock 26 percent, 
horticulture (including fruits and vegetables) 17 percent and fisheries 2 percent in the AGDP. Some of 
the emerging contextual issues directly related to the development of agribusiness are:

1 Low productivity

Given the dominant role of agriculture in the economy, rural poverty and agricultural productivity are 
closely linked in Nepal. Current crop yields in the country are insufficient to raise the rural poor out 
of poverty.  A comparison of crop yields across South Asian countries suggests that Nepal is lagging 
behind. Available statistics shows that the country’s cereal yields were about 89 percent of India’s, 88 
percent Pakistan’s, 65 percent of Sri Lanka’s, and 60 percent Bangladesh’s (FAOSTAT). The virtual 
stagnation in agriculture has generated food security problems. 

It is estimated that the average fertilizer use per ha of cropped area in Nepal was less than 20 kg, which 
is far below the South Asian average of 115Kg/ha and East Asian average of 278 kg/ha (IDFC). In ad-
dition to low fertilizer consumption, Nepal’s agriculture is constrained by limited irrigation potential, 
unpredicted weather shocks, poor access to infrastructure and markets, and low priority to agricultural 
research and development. 

2 Resource constraints 

The GON places a high priority on agriculture, given its role in the overall economy; however, re-
source constraints over the years have led to declining budget allocations to the Ministry of Agricul-
ture Development (MoAD) from 3.7 percent of total national budget in 1997/98 to about 3 percent in 
recent years. 

3 Limited irrigation facilities 

Agricultural productivity in Nepal is severely affected by uneven nature of rainfall, frequent drought, 
and lack of sufficient irrigation systems. Data published by MOAD (2011) shows that 1254,272 ha, or 
only about 40 percent of cultivated land, is irrigated. Further, difficult topography has limited irriga-
tion development to only about 10 percent of cultivated land in the mountain and hill districts. Of the 
total irrigated land, less than 40 percent is irrigated throughout the year. This has limited the number 
of crops grown per annum and the crop productivity.

infrastructure, governance, access to credit, and favorable regulations. Most of the competitiveness 
indicators are ranked very low in international benchmarking. 

Nepal’s agricultural import and export trade comprises about 15.6 percent of total trade (which in-
cludes petroleum, construction materials, vehicles and equipment, consumer goods and others). Ag-
ricultural trade is dominated by export of lentils, tea, cardamom, fruit, ginger, and medicinal and aro-
matic plant products (MAPs), while import consists of fruit, cereals, vegetables, beans (mostly peas), 
dairy products, meat animal, and raw materials for processing (oilseeds) and manufacturing (fibers 
for carpets, garments and textiles). There is good potential for import substitution in vegetables, fruit, 
beverages, dairy and meat. 

There is considerable potentials of value addition in Nepal through: (i) improving quality, safety and 
labeling up to Codex Alimentarius standard; (ii) certification to standards for safety, quality, fair trade 
and organic branding; and (iii) processing and product development. For example the vast majority 
of spices, pashmina, hides and skins, and MAPs are exported in raw form and most value adding is 
done in India and China. 

In spite of low development stage, there are some positive signals in the agricultural sector.  In the 
Agribusiness sector the poultry and dairy processing industry are moving fast and other dynamic 
agribusiness sectors include tea and flower 

The Plans and Policies Planned development in Nepal was initiated with implementation of First 
Five Year Plan from 1956 to 1961 and has so far completed ten periodic Five-year plans and two 
Three- Year interim plans. Those periodical plans generally strove to increase output and employment; 
develop the infrastructure; attain economic stability; promote industry, commerce, and international 
trade; establish administrative and public service institutions to support economic development; and 
introduce labor-intensive production techniques to alleviate underemployment. The first four plans 
concentrated on infrastructure—to make it possible to facilitate the movement of goods and services 
and to increase the size of the market.

For the first time, the Fifth Five-Year Plan (1975–80) accorded top priority to agricultural develop-
ment, and emphasis was placed on increasing food production and cash crops such as sugar cane and 
tobacco. Increased industrial production and social services also were targeted in the plan. The subse-
quent periodic plans have been according high priority for the development of agriculture, though top 
priority in terms of budget sifted to non-agriculture sector in recent plans. 

The Agriculture Perspective Plan (1995) was the first comprehensive plan for the development of 
agriculture sector as a whole in the country. It was mainly focused on: 

•	 Increase factor productivity for an accelerated agricultural growth rate; 

•	 Alleviate poverty and significantly improve living standards through accelerated growth and 
expanded employment opportunities; 

•	 Transform subsistence agriculture into commercial one through diversification and exploit-
ing comparative advantage; 

•	 Expand opportunities for overall economic transformation by fulfilling the precondition of 
agricultural development; and

•	 Identify immediate, short-term, and long-term strategies for implementation and to provide 
clear guidelines for preparing periodic plans and programs in future. 

Increasing competitiveness in regional and world markets, and developing foundations of commercial 
and competitive agriculture were the priorities of National Agricultural Policy (2061). The Policy 
mainly emphasized on: 



62

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

63

country and the project period has been extended by three years from the earlier closing date of 30 
June 2015 to 30 June 2018.  

PACT’s Support to Agribusiness Development

The project intends to achieve above objective by: (i) helping farmer groups and cooperatives to en-
gage in profitable market-oriented production and improved access to markets through the provision 
of technology and information services and critical public infrastructure and linkages to agribusiness; 
(ii) creating and strengthening industry-wide partnerships along the value chain, thus forging linkages 
between producers, traders, processors, and other stakeholders and, (iii) reducing existing obstacles 
to agriculture and food trade thereby increasing the ability of farmers and agribusiness to respond to 
SPS measures and food-quality standards to meet domestic and international market requirements. 
Followings are the major programs of the PACT towards agribusiness development:

•	 Support to commercialization of selected agricultural commodity value chains  through com-
petitive matching grant scheme to farmer groups, cooperatives, producers associations, pri-
vate firms and micro-enterprises; 

•	 Market Infrastructure Development and Rehabilitation; 

•	 Support to growth orientated small and medium enterprises through Agribusiness Innovation  
Centre; and 

•	 Support to SPS facilities and food quality management through three departments of MoAD.

Competitive Matching grant
The project has already invited interested and eligible value chain stakeholders to apply for the com-
petitive matching grants four times in the past. A total of 48 sub-projects under first call of project 
concept notes (PCNs) and 11 sub-projects under second call are already completed. The project is in 
the process of signing agreements with additional 291 sub-projects under third call. Status of sub-proj-
ects under each of the three calls is summarized in Table 1. Preparation for providing micro grants to 
stakeholders in 25 districts, having high potential but relatively less developed, has also completed. 

Table 1: Summary of Matching Grant Distribution by PACT up to May 2014

Call Status Remarks
First Grant provided to 51 sub-projects, 48 

completed and one returned grant for 
technical reasons.

47 sub-projects have been continuing and ex-
panding after completion of PACT support. 

Second Grant provided to 204 sub-projects, 
11 completed, 3 returned grant for 
technical reasons.

184 sub-projects are being implemented, 6 are 
in cancellation process for failing to implement 
in time

Third Grant negotiation with 291 successful 
grant recipients underway

The number may increase as some of the appli-
cants are yet to submit FPP

Fourth Eligibility assessment of 679 PCNs 
completed, 656 found eligible

Technical assessment in process

Source: PACT, 2014.
Market infrastructure 
The project has been financing rehabilitation of the Kalimati Fruit and Vegetable Wholesale Mar-
ket (KFVWM) damaged by fire last year. Detail project report (DPR) was approved and agreement 
made with Construction Company. Rehabilitation works are already initiated and it is expected that 
the rehabilitation/improvement work will be completed in next fiscal year. For construction of fruit 
wholesale market at Chovar, the project has already recruited consulting companies to prepare DPR. 
PACT expects these firms to submit the DPRs within the next three months and activities towards the 

4 Poor accessibility 

Although the road network has expanded significantly, many roads are of poor quality and are impass-
able during the rainy season. Even where districts have road access at some point, they have still larger 
areas several miles away from the road. One-fourth of the country’s area is still more than a four-hour 
walk from a road head (PACT, 2012). 

5 Insufficient Quality and Safety Measures 

In the regional and global context, agricultural quality and safety systems are based on standards of 
best practice operating procedures, internal control systems and product traceability. As Nepal lacks 
enough technology and resources to strengthen the efficiency and effectiveness of quality control and 
certification services in order to reduce existing obstacles to agricultural and food, it needs to work 
hard to increase the ability of farmers and agribusiness to respond to Sanitary and Phytosanitory (SPS) 
and food-quality standards to meet domestic and international market requirements.

6 Low attraction to private sector to agriculture

Private companies in Nepal are now beginning to enter the agriculture sector, which in the past was 
dominated by public institutions. Improved seeds, eggs, semen, embryo, and other improved tech-
nologies produced by research institutes are now being channeled through the private sector. This 
is forcing public institutions to find new roles in a changing system. As this happens, intellectual 
property rights (IPR) will become an increasingly important issue, particularly with regard to seeds, 
eggs, embryos etc.

CONTRIBUTION OF PACT TOWARDS AGRIBUSINESS DEVELOPMENT

The PACT

With an objective of improving the competitiveness of smallholder farmers and the agribusiness sec-
tor in selected commodity value chains, the Project for Agriculture Commercialization and Trade 
(PACT) was initiated by the MOAD, Government of Nepal (GoN) with the assistance of the World 
Bank in November 2009.  This project is being implemented in view of the need to develop a network 
of functional value chains which would include a full range of activities required to bring a product 
or service from concept, through the intermediate phases of production, to delivery to consumers. A 
functional value chain, when it exists, would involve key stakeholders (farmer groups, cooperatives, 
marketers, and agro enterprises) that are aware of their mutual linkages, make a deliberate effort to 
improve them, and organize themselves in such a way that they can benefit from participation in the 
network and improve their competitiveness and income. This is departure from past trend as most 
agricultural projects implemented in Nepal paid relatively little attention to links between production 
and markets.  Thus, the PACT was initiated to implement interventions aimed at overcoming market 
failure and improving productivity, markets, and competitiveness to provide substantial benefit to all 
the participants, including the poor and vulnerable groups. This project has been following a pre-dom-
inantly results based approach with payments on matching grants made against milestones achieved 
against contractual obligations

The WB completed project’s Mid Term Review (MTR) on August 6, 2012.  The MTR not only found 
the project on track towards achieving the stated project development objectives but also counted 
many significant achievements which, among others, included impact on implementation or processes 
followed by the Project despite of several changes in political leadership of the Government. Hav-
ing found the Project quite successful in generating high demand through advocacy to farmers and 
agribusiness to increase investments and seek financing through the competitive grant scheme, the 
MTR requested the executive directors of the World Bank to approve an additional IDA credit and 
grant in the amount of US$ 40 million to Nepal for the PACT on the top of previously approved $20 
million IDA credit and grant with some additional activities and features. With additional financing 
(AF), project’s earlier restriction of 25 districts has been removed to enable it to reach throughout the 
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country and the project period has been extended by three years from the earlier closing date of 30 
June 2015 to 30 June 2018.  

PACT’s Support to Agribusiness Development

The project intends to achieve above objective by: (i) helping farmer groups and cooperatives to en-
gage in profitable market-oriented production and improved access to markets through the provision 
of technology and information services and critical public infrastructure and linkages to agribusiness; 
(ii) creating and strengthening industry-wide partnerships along the value chain, thus forging linkages 
between producers, traders, processors, and other stakeholders and, (iii) reducing existing obstacles 
to agriculture and food trade thereby increasing the ability of farmers and agribusiness to respond to 
SPS measures and food-quality standards to meet domestic and international market requirements. 
Followings are the major programs of the PACT towards agribusiness development:

•	 Support to commercialization of selected agricultural commodity value chains  through com-
petitive matching grant scheme to farmer groups, cooperatives, producers associations, pri-
vate firms and micro-enterprises; 

•	 Market Infrastructure Development and Rehabilitation; 

•	 Support to growth orientated small and medium enterprises through Agribusiness Innovation  
Centre; and 

•	 Support to SPS facilities and food quality management through three departments of MoAD.

Competitive Matching grant
The project has already invited interested and eligible value chain stakeholders to apply for the com-
petitive matching grants four times in the past. A total of 48 sub-projects under first call of project 
concept notes (PCNs) and 11 sub-projects under second call are already completed. The project is in 
the process of signing agreements with additional 291 sub-projects under third call. Status of sub-proj-
ects under each of the three calls is summarized in Table 1. Preparation for providing micro grants to 
stakeholders in 25 districts, having high potential but relatively less developed, has also completed. 

Table 1: Summary of Matching Grant Distribution by PACT up to May 2014
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First Grant provided to 51 sub-projects, 48 

completed and one returned grant for 
technical reasons.

47 sub-projects have been continuing and ex-
panding after completion of PACT support. 

Second Grant provided to 204 sub-projects, 
11 completed, 3 returned grant for 
technical reasons.

184 sub-projects are being implemented, 6 are 
in cancellation process for failing to implement 
in time

Third Grant negotiation with 291 successful 
grant recipients underway

The number may increase as some of the appli-
cants are yet to submit FPP

Fourth Eligibility assessment of 679 PCNs 
completed, 656 found eligible

Technical assessment in process

Source: PACT, 2014.
Market infrastructure 
The project has been financing rehabilitation of the Kalimati Fruit and Vegetable Wholesale Mar-
ket (KFVWM) damaged by fire last year. Detail project report (DPR) was approved and agreement 
made with Construction Company. Rehabilitation works are already initiated and it is expected that 
the rehabilitation/improvement work will be completed in next fiscal year. For construction of fruit 
wholesale market at Chovar, the project has already recruited consulting companies to prepare DPR. 
PACT expects these firms to submit the DPRs within the next three months and activities towards the 

4 Poor accessibility 

Although the road network has expanded significantly, many roads are of poor quality and are impass-
able during the rainy season. Even where districts have road access at some point, they have still larger 
areas several miles away from the road. One-fourth of the country’s area is still more than a four-hour 
walk from a road head (PACT, 2012). 

5 Insufficient Quality and Safety Measures 

In the regional and global context, agricultural quality and safety systems are based on standards of 
best practice operating procedures, internal control systems and product traceability. As Nepal lacks 
enough technology and resources to strengthen the efficiency and effectiveness of quality control and 
certification services in order to reduce existing obstacles to agricultural and food, it needs to work 
hard to increase the ability of farmers and agribusiness to respond to Sanitary and Phytosanitory (SPS) 
and food-quality standards to meet domestic and international market requirements.

6 Low attraction to private sector to agriculture

Private companies in Nepal are now beginning to enter the agriculture sector, which in the past was 
dominated by public institutions. Improved seeds, eggs, semen, embryo, and other improved tech-
nologies produced by research institutes are now being channeled through the private sector. This 
is forcing public institutions to find new roles in a changing system. As this happens, intellectual 
property rights (IPR) will become an increasingly important issue, particularly with regard to seeds, 
eggs, embryos etc.

CONTRIBUTION OF PACT TOWARDS AGRIBUSINESS DEVELOPMENT

The PACT

With an objective of improving the competitiveness of smallholder farmers and the agribusiness sec-
tor in selected commodity value chains, the Project for Agriculture Commercialization and Trade 
(PACT) was initiated by the MOAD, Government of Nepal (GoN) with the assistance of the World 
Bank in November 2009.  This project is being implemented in view of the need to develop a network 
of functional value chains which would include a full range of activities required to bring a product 
or service from concept, through the intermediate phases of production, to delivery to consumers. A 
functional value chain, when it exists, would involve key stakeholders (farmer groups, cooperatives, 
marketers, and agro enterprises) that are aware of their mutual linkages, make a deliberate effort to 
improve them, and organize themselves in such a way that they can benefit from participation in the 
network and improve their competitiveness and income. This is departure from past trend as most 
agricultural projects implemented in Nepal paid relatively little attention to links between production 
and markets.  Thus, the PACT was initiated to implement interventions aimed at overcoming market 
failure and improving productivity, markets, and competitiveness to provide substantial benefit to all 
the participants, including the poor and vulnerable groups. This project has been following a pre-dom-
inantly results based approach with payments on matching grants made against milestones achieved 
against contractual obligations

The WB completed project’s Mid Term Review (MTR) on August 6, 2012.  The MTR not only found 
the project on track towards achieving the stated project development objectives but also counted 
many significant achievements which, among others, included impact on implementation or processes 
followed by the Project despite of several changes in political leadership of the Government. Hav-
ing found the Project quite successful in generating high demand through advocacy to farmers and 
agribusiness to increase investments and seek financing through the competitive grant scheme, the 
MTR requested the executive directors of the World Bank to approve an additional IDA credit and 
grant in the amount of US$ 40 million to Nepal for the PACT on the top of previously approved $20 
million IDA credit and grant with some additional activities and features. With additional financing 
(AF), project’s earlier restriction of 25 districts has been removed to enable it to reach throughout the 
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Public Sector

Active role of public sector is vital in providing conducive environment and assurance of support for 
any sector, and agribusiness is not an exception. Policy, environment, incentive, quality control and 
follow up are the major areas that public sector need to manage for the development of agribusiness 
sector.

1. Setting the Priority Areas

Importance of post harvest management has been realized, but so far most of the projects have been 
more inclined towards increased production. With Nepal’s membership to World Trade Organization 
(WTO) and liberalization of trade throughout the world it has also become quite clear that Nepal 
can compete in the open market only with specialization in some of the commodities of comparative 
advantage; promotion of niche products and product diversification. It can only be done through prac-
tical research and development. Similarly, high importance should also be accorded to postharvest 
management including quality improvement. 

2. Formulation/implementation of Policies 

Formulation of strong policy together with required acts, laws, by-laws and working modality is one 
of the major tasks to be performed by the government. Though the government has formulated several 
policies in agricultural commercialization, agribusiness promotion, and industrialization among oth-
ers, existing policies are not effective due to week legislative provision, lack of sufficient follow up, 
lack of awareness among the stakeholders and misuse of power in some of the instances. Government 
should come forward to solve such inconsistencies.

3. Technical backstopping 

Nepalese private sector is not yet strong in technology generation and use. The government should 
work together with private sector to generate and or find appropriate technology elsewhere, test it and 
handover the proven technology. Private sector has been importing production technology on their 
own which may be risky as they do not have proper testing and verification facility at present, and also 
that there is no compensation system in case the technology fails and producers are left helpless. Clear 
rules and regulations to regulate such import without any disincentive to private sector are required.

4. Quality control

Nepal Bureau of Standards and Metrology (NBSM), and Department of Food Technology and Quality 
Control (DFTQC) are the institutions mandated for implementation of rules and regulations related to 
quality of product and certify their quality. Another dimension of quality control is awareness creation 
among stakeholders involved at all stages from raw material to final product, which is lacking and 
need to be promoted.   

Private Sector

Past experiences in Nepal and elsewhere have indicated that it is the private sector that can mobilize 
resource and bring change relatively in short period, especially in agribusiness development. Provided 
conducive environment and assurance of their investment, private sector (including foreign invest-
ment) also seems wiling and capable of fulfilling the gap between demand and supply of much needed 
infrastructure. Followings are some of the activities where private sector needs to be involved.

1 Explore areas of comparative advantage

Nepal’s geophysical situation provides ample opportunity for niche products such as Himalayan 
herbs, rainbow trout fish, cardamom and off season vegetables/vegetable seeds, and several others 

construction of infrastructure are expected immediately after the DPR is approved. Similarly, con-
sultants are already recruited to prepare DPR for rehabilitation and construction of selected regional 
markets including one fish market in Kathmandu. 

Agribusiness innovation center
With a view to provide holistic business development services to the high growth potential small 
and medium enterprises, PACT has initiated to establish an AIC. The project has already received 
technical and financial proposals from concerned bidders which are being evaluated. Project expects 
the successful bidder to initiate some of the preliminary activities within the current fiscal year and 
start full-fledged operation next year. While AIC will not be value chain specific, it will focus on vi-
able firms in competitive value chains that add value by food processing and post-harvest processing 
primarily, but also with value added input supplies.  PACT expects AIC’s clients to be the emerging 
leaders and pioneers in the value chains in which they operate. They are likely to become role models 
for others in the future.

Product quality Improvement
The project has been providing support to three departments of MoAD to strengthen the efficiency 
and effectiveness of SPS services and thereby to reduce existing obstacles to agricultural and food 
trade. It also aims to support private sector’s efforts to gain market advantage through improved food 
quality management. The major activities undertaken towards product quality improvement are sup-
port to improve Department of Food Technology and Quality Control’s (DFTQC) infrastructure and 
capacity building for laboratory accreditation, undertaking regular analytical services, conducting 
pesticide residue analysis, mobilizing rapid alert response team, increasing market inspection, capac-
ity building of lab personnel and food inspectors etc. As part of capacity enhancement of Veterinary 
Standard and Drug Administration Office (VSDAO) the project has been helping to strengthen labo-
ratory through procurement of machineries, capacity enhancement of laboratory personnel, formulate 
Standard Operating Procedures (SOP), review and refine Acts related to meat inspection and livestock 
services, preparation of training manual and train veterinary shopkeepers. Capacity enhancement of 
officials on fumigation and heat treatment in exportable commodities and survey surveillance, prepa-
ration of standard Good Agriculture Practices (GAP); laboratory strengthening, and preparation of 
training materials were some of the areas of assistance to National Plant Quarantine Program (NPQP). 
Similarly, construction of fumigation chamber in the premise of Horticulture Farm, Kirtipur and Post 
Quarantine facility in Hariharbhawan is underway. 

By the end of May 2014 PACT has already injected Rs 424 million to grassroots level as part of its 
competitive matching grants. Visible outputs in terms of increased production and productivity of 
crops and livestock; value addition through quality improvement, grading/packaging and reduction 
in post harvest losses; and marketing efficiency are recorded. More importantly, there is high level of 
awareness increased about agribusiness development among the stakeholders.    

POSSIBLE AREAS OF INTERVENTION

The diverse climate and geography of Nepal permits production of a wide range of agricultural com-
modities. Most of those commodities such as ginger, cardamom and coffee are exported without 
processing or with limited processing, meaning that we are loosing possible benefit through value 
addition and also employment opportunities within the country. The country is also loosing opportu-
nities to gain through export to international markets due to limited facility to determine/certify the 
quality of product. As a result, main market of agricultural products has been India, that too mostly 
through informal trade. In input side, the country is loosing millions of rupees every year in importing 
quality inputs including hybrid planting materials. The herculean task of putting agribusiness sector 
to main track is not possible by the government alone. There should be equal or more effort to be put 
into agribusiness sector by private sector as well. Followings are some of the major tasks that public 
and private sector need to perform for agribusiness development in the country.
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Public Sector
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Despite several effort of the government Nepalese agribusiness sector has not been able to perform 
as expected. It is realized that overall development of the sector requires multi dimensional approach 
where public and private sector work hand in hand. The public sector should work as catalytic force to 
mobilize the other sectors including private, cooperative and donor community. Identification of pri-
ority areas for development, formulation/implementation of practical policies, mobilizing diplomatic 
channels for promotion of Nepalese product in world market, technical backstopping, quality control 
and maintaining business environment are some of the major components of agribusiness that the 
public sector should take care of. Private sector is expected to increase investment (including foreign 
investment) in agribusiness, bring most prominent technology, commercialize the potential product, 
explore market potentials, add as much as possible value to the product locally, maintain quality of 
product and build confidence among the value chain stakeholders.            
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that are yet to be explored. Private sector need to play a leading role in exploration of such products. 

2 Technology and Infrastructure

Considering limited capacity of the government towards technology generation and infrastructure 
development such as markets, storage and other facilities private sector should work hand in hand 
with the public sector to create those infrastructures. The private sector involvement in such activities 
in the past has been very low for lack of assurance from the government, no or limited incentive and 
danger of losing their investment in the absence of definite rules, regulations or their proper imple-
mentation. 

3 Increase Volume of Uniform Quality Products

Private sector is well-aware that the volume of product is one of the major constraints of Nepalese 
product getting into international market. Programs like one village one product and one district 
one product may be a solution of such constraints. Decreasing size of land holding and distraction 
of youths from agriculture is one of the major hurdles which should be corrected through collective 
farming, safe leasing arrangements and increased labor productivity by generating or importing of 
new technologies and improved management practices.

4 Market Promotion

In the absence of quality improvement and market promotion program, Nepalese products are often 
lost their identity. One of the examples is ginger that is exported to India in rough form, which after 
cleaning, grading and quality certification is exported to third country. Private sector is expected to 
bring technology for quality improvement, insure quality of product and export as Nepalese product 
to destination country.

SUMMARY AND CONCLUSION

Agribusiness is the group of industries dealing with agricultural products and services required in 
farming, processing and trade. This sector has been serving as major driving force of Nepalese econ-
omy through contributing more than one third in GDP and employing more than two thirds of labor 
force. However, this sector has not performed well in the past for various reasons including frag-
mented and decreasing size of holding, traditional farming practices, low level of agricultural inputs 
being use, lack of awareness of product quality among the stakeholders, and underdeveloped market 
infrastructures. Plans and policies starting APP (1995) have been stressing adoption of market led pro-
duction system, but efforts made by the government have not been able to provide sufficient incentive 
to attract the private sector in agribusiness.

The Project for Agricultural Commercialization and Trade implemented by the Ministry of Agriculture 
Development since November 2009 is one of the efforts of the government to promote commercial-
ization of agribusiness encompassing through production, processing to final trade. The project helps 
the agribusiness development through four groups of activities. For quality control of agricultural 
inputs and outputs, it has been providing assistance in capacity building and improvement of physical 
facilities of Department of Food Technology Quality Control, Department of Livestock Services and 
Department of Agriculture. As part of market infrastructure development, PACT has already initiated 
rehabilitation of Kalimati Fruit and Vegetable Wholesale Market; preparing DPR for construction of 
Fruit and Flower Wholesale Market at Chovar and four regional markets. The project has also initiated 
towards establishment of Agribusiness Innovation Center to support the growth oriented small and 
medium enterprises in the country. The project has helped 255 organizations to upgrade and increase 
their business through providing competitive matching grants. Fifty nine of those PACT supported 
sub-projects have been completed and others are under different stage of implementation.
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Figure 1 : International tourist arrivals worldwide 1960 to 2013 Source: UNWTO

Asia has witnessed strong growth in international tourist arrivals (ITA) especially since China opened 
to the world in 1978 and began to exert its influence on the global travel phenomenon. Collectively, 
the (then reporting) destinations of Asia reported reaching 100 million ITAs for the first time in 1996. 
One decade later, the number was approaching 200 million and by the close of last year had reached 
close to 287 million arrivals (Figure 2). 

Figure 2: International tourist arrivals to Asia 1995 to 2013 Source: UNWTO
ITAs into South Asia, according to UNWTO data, have risen from just over four million in 1995 
to more than 15 million by the end of 2013. As a consequence of this growth, South Asia’s share 
of ITAs into Asia has also risen, from 4.6% in 1995 to 5.3% in 2013, although the increase has 
been anything but consistent over that period (Figure 3).

Total international arrivals in Nepal for 2012 have been registered as 803,092 persons with an increase 
of 9.1% over 2011 and 57% increase from 2009 (509,956). Nepal has a considerable mix in arrivals, 
although Asia accounts for just over half (57%) of all international visitors in 2012. India traditionally 
contributes the largest share of international arrivals (, due to its geographic proximity and strong 
cultural ties) followed by China (8.9%) and Sri Lanka (8.7%) respectively. The Indian market share, 
however, has declined from its 1999 peak of one third of total arrivals (33.4%) to 20.6% in 2012. With 
almost 165,815 arrivals in 2012 (all by air as land arrivals are not recorded), India remains a major 
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Tourism is one of the largest and dynamically developing sectors of external economic activities. Its 
high growth and development rates, considerable volumes of foreign currency inflows, infrastructure 
development, and introduction of new management and educational experience actively affect various 
sectors of economy, which positively contribute to the social and economic development of countries 
as a whole. It has been an increasingly viable means of generating revenue even in remote regions 
of the world. At the same time, more tourists have started showing wish to see economically self-suf-
ficient local communities, rather than ones dominated by modern hotel chains, fast food chains, and 
other multi-national corporations. As it becomes more concerned about tourism development, pre-
senting rural communities with a novel and promising source of additional income and job creation 
becomes increasingly apparent. Community-based tourism which encourages local people to play 
a greater role in the management of tourism activities, agrees with the key development models in-
cluding local participation, sustainable livelihoods and poverty alleviation. It attracts the attention 
of tourists with their local culture, traditional food and style. The experience of gastronomic tourism 
also provides the main reason or motivation to travel for visitors to a particular destination. Local 
food tourism networks reward multiple community development benefits—principally by increasing 
stocks of social and human capital and expanding markets. The another relevant dimension of tra-
ditional food production stress the fact that these productions are not perceived only as food, but 
also as part of the overall tourism experience in which cultural aspects which mainly associated to 
gastronomy are of paramount importance. Moreover, it is considered as essential raw materials in the 
touristic experience, as well as in the attractiveness of a tourism destination. While traditional food 
productions are increasingly recognized as important assets to rural development, equally they pres-
ent several weaknesses which makes their placement in the market difficult mainly when compared 
with mass-productions. In parallel, the concerns and demands on hygiene issues, despite their unique-
ness and flavour, has continued to place a powerful obstacles to the initiatives. However, quality food 
and beverage products have enhanced the overall tourism product and tourists’ experiences, while 
tourism-related spending on these locally-produced goods provides economic stimuli to maintain or 
reinvigorate the viability of the local primary production and processing sectors.  

Keywords: rural tourism, poverty alleviation, traditional food, economic development, challenges

BACKGROUND INFORMATION

Tourism industry has experienced continued expansion and diversification, becoming one of the most 
rapidly developing industries in the world. Tourism has evolved into a global phenomenon. Competi-
tion between the tourist-receiving countries has been growing increasingly to obtain the highest share 
from the expanding international tourism market as a result of the enhanced transportation facilities 
and additional income allocated to travel expenses, in line with the improving level of welfare. At 
the end of the 1950s, global tourist arrivals were reported at just over 69 million. The commercial 
development of jet aircraft, coupled with an increasingly affluent global population in many places, 
especially in the West, resulted in and accelerated growth in international travel, decade by decade, 
to pass the one-billion milestone in 2012 and reaching 1.087 billion by the end of 2013 (Figure 1).
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Over the past decades, many new destinations have emerged, challenging the traditional ones of Asia, 
Europe and North America. For many developing countries, tourism has been the main sources of 
foreign exchange income and the number one export category, creating much needed employment 
and opportunities for development. 

Based on the information from countries with data available, the World Travel & Tourism Council 
(WTTC, 2013) estimated that tourism’s contribution directly to worldwide gross domestic product 
(GDP) was 5% in 2012. With direct and indirect effects of more than 185 supply-side economic activ-
ities that have significant connections to tourism, its contribution to GDP is 9%, a total of US$6 tril-
lion, and it provides 120 million direct and 125 million indirect jobs in related industries. According 
to the WTTC, it is estimated that travel and tourism sector have created more than 4 million new jobs 
in 2012, with US$760 billion in investment. Since tourism affects transportation, hotels and lodging, 
food and beverage, cultural and entertainment, banking and finance and promotion and publicity ser-
vices, tourism’s contribution to employment tends to be slightly higher and is estimated in the order 
of 6-7% of the overall number of jobs or one in 11 jobs globally (UNWTO, 2014). According to the 
WTTC, this ratio could even rise to one in ten jobs by 2022. 

RURAL TOURISM INITIATIVES IN NEPAL

Tourism development in Nepal has been visualized as a development tool – not just in promoting 
tourism growth but also in reducing poverty particularly in the rural areas. Though poverty is wide-
spread and pervasive, it is even more acute in the rural/ mountain areas. In the potential areas, tourism 
is expected to engage them in the higher productivity areas by linking to commercial process, and 
marketing chain beyond borders (Pandey 2003).

That is the reason Government of Nepal has given utmost priority in promoting rural tourism and has 
also been perceived that this kind of tourism can play a significant role in the development of rural and 
mountainous areas of Nepal.  With a view, it being an employment oriented industry, it has expected 
to solve the unemployment problems, if it is expanded to different additional areas of the country.  
Taking these facts into consideration, government in partnership with private sectors and local com-
munity has initiated to develop community based sustainable rural tourism with wider objectives 
(Pandey 1996, 2003). 

Nepal’s Seventh Plan (1985 – 90) represents as the first attempt to formulate a distinct tourism pro-
gramme with a long term prospective for equitable socio-economic distribution. Subsequently, this 
became one of the major objectives of the Eight Plan (1992 – 97) and the Ninth Plan (1997 – 2002) 
too. Consequently, the rural tourism approach in Nepal took a momentum in a planned approach mak-
ing it being relatively new paradigm for the Nepalese tourism industry. 

Although the policies and strategies of the Ninth Plan (1997 – 2002) aimed at achieving broad-based 
growth and providing basic social services to address various aspects of poverty, this could not suc-
ceed to reach large segments of the rural community, notably the poorest of the poor and marginalized 
groups. As a result, then the government tried to tackle poverty through simultaneous strategies: 
broad-based economic growth; social sector development; and a set of targeted programs within the 
Tenth Plan (2002 – 2007) and Interim Plan (2008 – 2010) as well.  Likewise, in new Tourism Policy 
2008 and Tourism Vision 2020 new directives charted to overcome the problems of endemic poverty, 
unemployment, regional imbalances and economic and social deprivation, and have set up a long-
term perspective and twenty-year growth targets (HMG, 1997, 2002, 2003 and GON 2007, 2009). 

With a view, in order to disseminate tourism benefits at the community level, various organizations 
including NGOs and INGOs are seen initiating to work closely with the rural communities.  Such or-
ganizations with emphasis on various ecotourism activities have established a new frontier in the Nep-
alese tourism history by empowering local people to get involved in community based ecotourism and 
thus helping to eradicate poverty from rural areas. Similarly, some institutions are seen involved in 
research into poverty and poverty alleviation; income and employment impacts of tourism. Likewise, 
others have been engaged in measuring sustainability of mountain tourism, and tourism’s contribution 
to community development

generating market for Nepal (MoCTCA, 2012). Other main source markets for Nepal in 2012 in order 
of size are USA (48,985), UK (41,294), Thailand (36,618), and Republic of Korea (26,004). Most Sri 
Lankans (97%) and Thais (82%) are arriving by land to visit Lumbini with short stay and generally 
low spend patterns.

Figure 3: South Asia’s relative percentage share of international visitor arrivals into Asia, 
1995 to 2013         Source: UNWTO

Figure 4: Top generating markets to Nepal 2004 to 2012, with market share

Tourism has continued to be a critical sector in both advanced and developing economies for econom-
ic development, poverty alleviation and sustaining employment. Improvement of the tourism sector 
contributes to employment, raises national income, and can improve a country’s balance of payments. 
A strong tourism sector contributes in many ways to development and the economy. It makes both 
direct contributions, by raising the national income and improving the balance of payments, and 
indirect contributions, via its multiplier effect and by providing the basis for connecting countries, 
through hard and soft infrastructure—attributes that are also critical for a country’s general economic 
competitiveness. 
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imports and reducing the economic benefit of tourism. Strong linkages between tourism and local 
food production can create considerable added value; but poor linkages can be fatal. 

In recent years, Food Tourism has grown considerably and has become one of the most dynamic and 
creative segments of tourism. Both destinations and tourism companies are aware of the importance 
of gastronomy in order to diversify tourism and stimulate local, regional and national economic de-
velopment. Furthermore, Food Tourism includes in its discourse ethical and sustainable values based 
on the territory, the landscape, the sea, local culture, local products, authenticity, which is something 
it has in common with current trends of cultural consumption.

Because local/traditional food production depends on agriculture, and other local products, the ap-
propriate development of linkages with tourism can aid the stimulation of indigenous entrepreneurial 
activity and stimulate the ‘bottom-up’ development of community-based tourism initiatives. Tourism 
not only provides a market for the final products of agriculture, but also offers the potential of further 
income generation through developing experiences for tourists in the form of ‘agritourism’. In some 
cases, however, the preference of tourists for familiar foods can be a major drain on the economy. 
This is a particular problem for areas with a limited capacity for agricultural production, such as many 
small village destinations. 

OPPORTUNITIES

In the old literature of tourism, food has been considered at a prospective destination as an attraction. 
Fresh seafood in beach resorts, traditional cookery, the famous restaurants in expensive hotels, on the 
cruise liners or in the major commercial centers all and all are built for this purpose. In fact, all the 
countries and even cities expand their unique culinary attractions to engage more travelers (Dann, 
1996).

Food takes a major part in opting for destination. The findings of a study conducted by Enteleca 
Research and Consultancy (Enteleca Research and Consultancy, 2000) indicates the food plays 
a main role in making half of the tourists stay and shop. “Food Tourists”, compared to oth-
er tourist groups, have been the most faithful group to destination (host). In their decision mak-
ing for selecting the destination of travel, local meals perform a crucial role (Okumus, 2007). It 
is believed that food holds the fourth position in perceiving a destination as an attractive place. 
In a similar investigation, seeking for the reason of tourists’ reference to Turkey, food was identified 
as the fourth factor of tourists’ satisfaction feeling and their prime reference motive. In another study 
food has been found as the second attraction in Hong Kong, the fourth in Bangkok and the fifth in 
Singapore (Enright, 2005).

In addition to significance of food in choosing destination, it is also of sizable effect in the tourist 
expenditure share. As Hudman asserts, food is an important part of tourism industry which comprises 
25% of total tourist’s expenditures (Hudman, 1986). Today, this amount is even larger. According to 
the estimation of Australian  Bureau  of  Tourism Research during a year (up to march 2003) they had 
spent 2.4 billion dollars for drinking and eating, which makes up, in sum, 22% of total costs of foreign 
visitors of Australia.

The noteworthy point about the posture and prominence of food is that tourists most often than not 
don’t choose their destination based on their expected food, but they terminate their satisfaction of 
holidays and travel memories discussing over food. The issue illustrates that despite most of tourists 
opt for destination resting on some perceived aspects or expectations (such as attractions, accommo-
dation etc), but their real satisfaction is obtained through other aspects (i.e. food) which is usually 
not taken into the initial consideration. A great deal of respondents in Sparks and Beverly’s study put 
emphasis on the key role of food in deriving their general satisfaction of a destination. Therefore, the 
promotion of variety of food products and the restaurants of an area give rise to attractiveness of that 
location (Sparks, 2000).

Today, travellers are more experienced, have more disposable income and more leisure time to travel, 
and thus tourism allows them to escape the daily routine of their usual environment and immerse 
themselves in a world of freedom and novelty. Thus, more and more tourists in the world are looking 
for concrete learning experiences, and in this endeavour the gastronomic experience, in highly diverse 

RURAL TOURISM, COMMUNITY DEVELOPMENT AND TRADITIONAL FOOD PRO-
DUCTIONS

Tourism has been the world’s largest industry and being flourishing in recent decades with increasing 
concentrations of affluence within the leisure class and increasing ease of travel for many (Honey 
2008). Experiential types of tourism such as ecotourism, adventure tourism, community based tour-
ism, and agricultural tourism—that typically take place in amenity-rich rural settings—offer urban 
visitors an opportunity to experience rurality, both as culture and landscape (Bessiere 1998). Demand 
for experiential types of tourism has increased in recent years, presenting rural communities with a 
novel and promising source of additional income and job creation. Increasingly, culinary tourism has 
emphasized local food systems (Smith and Xiao 2008). Many tourism destinations have developed 
the phrase “local food tourism network” while emphasizing cooperation across economic sectors and 
the spatial and social dimensions of local food tourism. Thus local food tourism network is defined 
as the spatially arranged web of relationships and resources necessary to integrate food products and 
farm culture as a single commodity and bring this commodity to market locally for consumption 
by visitors. Some key actors in these networks include small farms, food processors, agricultural 
cooperatives, farmers’ markets, community supported agriculture, cooperative grocery stores, local 
restaurants, and specialty food shops. 

We find that local food tourism networks confer multiple community development benefits—princi-
pally by increasing stocks of social and human capital and expanding markets. Agritourism, perhaps 
the most common form of rural tourism in Western Europe and the United States, has represented a 
meaningful source of income by allowing farmers to add value without adding acreage, thereby incen-
tivizing the preservation of traditional farms. Besides agritourism, culinary tourism with an explicit 
emphasis on traditional (local) food systems—what we call traditional (local) food tourism—is 
gaining popularity. This is largely due to interest over the past decade in tying foods to their rural 
places of origin, an activity embodied in the emergence of geographical indications or labels of origin 
(Barham 2003; Bowen 2010). Traditional food tourism potentially represents a greater contribution 
to rural community economic development than agritourism because it emphasizes linkages among 
multiple sectors of the local economy, whereas agritourism enterprises are often self-contained, pri-
vate endeavors (Green and Dougherty 2008; Renting, Marsden, and Banks 2003). With these trends 
experiential types of tourism and their community development implications link between traditional 
food systems and community economic development by evaluating the potential of traditional food 
tourism networks.

Although rural tourism is not a new phenomenon (Kastenholz and Figueiredo, 2007), it has been ac-
quiring during the last decade, a complete new dimension both in social and institutional terms. In the 
first case, this new dimension is related to the growing urban demands for rural areas (e.g. Cristóvão, 
2002), in the second case this new dimension is often translated in the formulation that rural tourism 
can act as the panacea for rural areas development problems (e.g. Ribeiro, 2003b). 

Despite the difficulties and problems in the connection between traditional food production and rural 
tourism  activities, taking into account the attraction of urban populations by rural areas and rural 
tourism activities, it is to be expected a preference for typical and traditional food productions that 
could be translated in the amplification of their markets. The another relevant dimension of traditional 
food production stress the fact that these productions are not perceived only as food, but also as part 
of the overall tourism experience in which cultural aspects (mainly associated to gastronomy) are 
of paramount importance (DuRand and Heath, 2006). In this sense, traditional food production as 
essential raw materials in a genuine local gastronomy became central in the touristic experience, as 
well as in the attractiveness of a tourism destination. As Boyne, Hall and Williams (2003: 132) refer 
“highquality food and beverage products can enhance the overall tourism product and tourists’ experi-
ences, while tourism‐related spending on these locally‐produced goods provides economic stimuli to 
maintain or reinvigorate the viability of the local primary production and processing sectors”.  

WAYS FORWARD

Tourism is thus intimately linked to local food production. Tourists, just like local people, need to eat. 
If their demands can be met from local resources this can provide an important boost to the local econ-
omy. If not, tourism can add to the demand for imported foods, harming local agriculture, increasing 
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•	 There are differing needs between small and large producers; 
•	 There is a lack of guarantee in quantity and quality in local supply; 
•	 The lack of economies of scale result in higher local food prices; 
•	 There is a lack of information to hospitality providers on locally produced options; 
•	 Food service establishments are extremely stretched and use price as a point of differ 

 ence; 

•	 Tourism sites are not well packaged or promoted; It is difficult to find the unique 
selling point of local food. 

CONCLUSIONS

This paper has discussed the evidence related with the traditional food practices and rural tourism 
in many countries. Starting with a theoretical discussion on the history, importance and economic 
benefits within international, regional and South Asian tourism pattern, the potential benefits deriving 
from the connection between traditional food productions and rural tourism activities has articulated. 
It has also mentioned that several advantages and mutual benefits can be identified in the relationship 
between regional and local traditional food productions and rural tourism initiatives and activities, 
including a stronger contribution to local development. However, based on the empirical evidence 
discussed, it has concluded that there is a strong relationship between traditional food productions and 
rural tourism with several problems and issues to be addressed to a more fruitful liaison including:  – 
the small scale of production; the higher prices of products; the social and economic characteristics 
of producers; the lack of association ability and the insufficient commercial organization capacity 
which are reflected both in the scarcity of information on traditional food and in its unavailability in 
the markets commonly used by tourism industry.
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ways, is playing an increasingly prominent part. 

As proposed by Hall and Sharples (2003), food tourism is an experiential trip to a gastronomic region, 
for recreational or entertainment purposes, which includes visits to primary and secondary producers 
of food, gastronomic festivals, food fairs, events, farmers’ markets, cooking shows and demonstra-
tions, tastings of quality food products or any tourism activity related to food. In addition, this experi-
ential journey is related to a particular lifestyle that includes experimentation, learning from different 
cultures, the acquisition of knowledge and understanding of the qualities or attributes related to tour-
ism products, as well as culinary specialities produced in that region through its consumption. Thus, 
the experience of gastronomic tourism is considered as such, provided that everything mentioned 
above constitutes the main reason or motivation to travel for visitors to a particular destination or at 
least one significant reason.

PROBLEMS AND ISSUES

Another important aspect of food production in the modern ‘risk society’ is the extent to which our 
food is safe to eat. In the 1970s food safety fears in the developed world often related to unprocessed 
foods, such as unpasteurized milk, which almost disappeared as a result. The development of modern 
factory farming methods and food processing has now created a situation in which the risks associated 
with mass-produced processed food have actually increased, and the demand for ‘safer’ foods, such 
as organic or unprocessed foods have grown as a result. This is in turn likely to increase the demand 
for gastronomic tourism in regions which can show that their food products are ‘safe’ and/or rely on 
traditional production methods. This may become increasingly important in peripheral areas where 
farmers apparently at a disadvantage through lack of mechanization and modernization may actually 
be able to turn their ‘old-fashioned’ production methods into an advantage. The increasing awareness 
of food risks will also strengthen calls for labelling and quality schemes that guarantee the origin and 
production methods of foods, which is already an important element of marketing strategies in many 
of the regions.

Supplying food without incurring in health hazards is a crucial factor in tourism industry. In 2001, 
the Pan American Health Organization (PAHO) announced its concern with foodborne illnesses, and 
in prevention announced an estimated 76,000 cases of such diseases in the United States of America, 
leading to 325,000 hospitalizations and 5,200 deaths in that country. Similarly, in Brazil, the Ministry 
of Health presented data under Hospital Information System (HIS) from 1999 to 2004 that showed 
3,410,048 hospitalizations related to foodborne illness, averaging 568,341 cases per year.

For emerging and major tourism relying countries lacking in fitting measures to reverse such 
situation could jeopardize the economic situations. There clearly need to interfere positively in food 
production. Several specific legal statutes and standards for certifications need to be developed and 
produced, as per the guidelines set or suggested or overseen by many countries. 
Despite traditional food productions are increasingly recognized as important assets to rural develop-
ment, particularly in remote areas, they continue to present several weaknesses which make difficult 
their placement in the market mainly when compared with mass‐productions. In parallel “the evo-
lution observed in food legislation” by centring the main concerns and demands on hygiene issues, 
disregarding aspects as their uniqueness and flavour, continues to place powerful obstacles to the 
initiatives of artisanal nature (Delfosse, 1991 in Tibério and Cristóvão, 2005: 22).

Likewise, Connecting local producers with the tourism sector is a common difficulty.  It can be 
attributed to a number of variables such as: 

•	 Many local producers are micro-businesses that do not want to grow and/or farmers 
are reluctant to diversify; 

•	 Producers often do not see the value-added in entering the tourism sector; 
•	 Producers lack knowledge and/or available knowledge is confusing about tourists and 

the tourism industry; 
•	 It is difficult to reach producers as they are widely spread geographically; 
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•	 There are differing needs between small and large producers; 
•	 There is a lack of guarantee in quantity and quality in local supply; 
•	 The lack of economies of scale result in higher local food prices; 
•	 There is a lack of information to hospitality providers on locally produced options; 
•	 Food service establishments are extremely stretched and use price as a point of differ 

 ence; 

•	 Tourism sites are not well packaged or promoted; It is difficult to find the unique 
selling point of local food. 

CONCLUSIONS

This paper has discussed the evidence related with the traditional food practices and rural tourism 
in many countries. Starting with a theoretical discussion on the history, importance and economic 
benefits within international, regional and South Asian tourism pattern, the potential benefits deriving 
from the connection between traditional food productions and rural tourism activities has articulated. 
It has also mentioned that several advantages and mutual benefits can be identified in the relationship 
between regional and local traditional food productions and rural tourism initiatives and activities, 
including a stronger contribution to local development. However, based on the empirical evidence 
discussed, it has concluded that there is a strong relationship between traditional food productions and 
rural tourism with several problems and issues to be addressed to a more fruitful liaison including:  – 
the small scale of production; the higher prices of products; the social and economic characteristics 
of producers; the lack of association ability and the insufficient commercial organization capacity 
which are reflected both in the scarcity of information on traditional food and in its unavailability in 
the markets commonly used by tourism industry.
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-u_ vfB k|ljlw Joj;fo ug{sf] nflu cfjZos of]Uotf lgwf/0f ug]{ / lgwf{l/t of]Uotf k"/f u/]sf JolQmsf] 
gfd tf]lsP adf]lhd kl/ifbdf btf{ ug]{,

-3_ btf{jfnf vfB k|fljlw1n] tf]lsP adf]lhdsf] Joj;flos cfrf/ ;+lxtfsf] pNn+3g u/]df jf kfngf gu/]
df tf]lsP adf]lhdsf] sfo{ljlw k"/f u/L To:tf] vfB k|fljlw1sf] gfd kl/ifbaf6 x6fpg] . 

-ª_ vfB k|ljlw gLlt lgdf{0f, vfB pBf]u, z}lIfs ;+:yfsf] :yfkgf, ;/sf/L ljefusf] sfd sf/jfxL ;DaG-
wdf g]kfn ;/sf/nfO{ cfjZos /fo ;Nnfx k|bfg ug]{ .  

-r_ kl/ifn] cfkm\gf] sfd, st{Josf] l;nlznfdf cfjZos k|lqmof lgdf{0f  ug]{5 . 

kl/ifbsf] a}7s / lg0f{o M

-!_ kl/ifbsf] a}7s ;fwf/0ftof jif{df rf/ k6s a:g]5 . t/ cWoIfn] rfx]df ;f] eGbf a9L k6s klg a}7s 
af]nfpg ;Sg]5 . 

-@_ kl/ifbsf] a}7s cWoIfn] tf]s]sf] ;do / :yfgdf a:g]5 . 

-#_ kl/ifbsf] s'n ;b:o ;+Vofsf] krf; k|ltzt eGbf a9L ;b:ox? pkl:yt ePdf kl/ifbsf] a}7ssf] nflu 
u0fk"/s ;+Vof k'u]sf]  dflgg]5 . 

-$_ kl/ifbsf] a}7ssf] cWoIftf cWoIfn] ug]{5 / lghsf] cg'kl:yltdf pkfWoIfn] ug]{5 . cWoIf tyf pkf-
WoIf b'j}sf] cg'kl:yltdf a}7sdf pkl:yt ;b:ox?n] cfk"m dWo]af6 5fg]sf] JolQmn] a}7ssf] cWoIftf 
ug]{5 . 

-%_ kl/ifbsf] a}7sdf ax'dtsf] /fo dfGo x'g]5 / dt a/fa/ ePdf a}7ssf] cWoIftf ug]{ JolQmn]  
lg0f{ofTds dtlbg ;Sg]5 . 

-^_ kl/ifbsf] lg0f{o c£oIf / ;b:o ;lrjåf/f k|dfl0ft ul/g]5 . 

-&_ kl/ifbsf] a}7s ;DaGwL cGo sfo{ljlw kl/ifb cfkm}n] lgwf{/0f u/] adf]lhd x'g]5 . 

gfd btf{ gu/fO{ vfB k|ljlw Joj;fo ug{ gx'g] M of] P]g k|f/De ePsf] ldltn] Ps jif{ kl5 kl/ifbdf gfd btf{ 
gu/fO{ s'g}klg JolQmn] vfB k|ljlw Joj;fo ug{ x'Fb}g . 

gfd btf{sf] nflu b/vf:t lbg] M

-!_ kl/ifbdf gfd btf{ u/fpg rfxg]JolQmn] tf]lsP adf]lhdsf] 9fFrfdf kl/ifb ;dIf b/vf:t lbg' kg]{5 . 

-@_ of] P]g k|f/De x'Fbfsf avt vfB k|ljlw Joj;fo ul//x]sf] JolQmn] of] P]g k|f/De ePsf] ldltn] 5 dlxgf 
leq kl/ifbdf gfd btf{ u/fpgsf] nflu pkbkmf -!_ adf]lhd b/vf:t lbg' kg]{5 . 

-#_ pkbkmf -!_ jf -@_ adf]lhd gfd btf{ u/fpg b/vf:t lbg] JolQmn] b/vf:t ;fy lzIf0f ;+:yfjf6 k|fKt 
u/]sf] k|df0fkq, pkflw tyf tT;DjGwL cGo sfuhft tyf tf]lsP adf]lhdsf] b:t'/ ;+nUg ug'{ kg]{5 . 

b/vf:t pk/ hfFra'em M bkmf !@ adf]lhd btf{ x'g cfPsf] b/vf:t pk/ /lhi6«f/n] cfjZos hfFra'em u/L 
;DalGwt ljifo ;ldltdf k]z ug]{5 . 

b/vf:t pk/ 5fgljg tyf l;kmfl/; M

-!_ bkmf !# adf]lhd /lhi6«f/n] k]z u/]sf] b/vf:t pk/ ljifo ;ldltn] cfjZos 5fgljg ug]{5 . 

 k|fKt ;DalGwt ljifodf slDtdf !@ jif{ cg'ej 
 xfl;n u/]sf vfB k|fljlw1x? dWo]af6 g]kfn 
 ;/sf/af6 dgf]lgt      – pkfWoIf
-u_ g]kfn vfB j}1flgs tyf k|fljlw1 
 ;+3sf cWoIf / yk Ps hgf k|ltlglw    – ;b:o
-3_ lq=lj= vfB k|ljlw s]Gb|Lo ljefu k|d'v    – ;b:o
-ª_ slDtdf :gfts tx vfB k|ljlw cWofkg x'g]
 SofDk;x? dWo]af6 b'O{ hgf SofDk; k|d'v   – ;b:o
-r_ vfB k|ljlw tyf u'0f lgoGq0f ljefusf
 dxf–lgb]{zs      – ;b:o
-5_ vfB pBf]u÷Joj;fo If]qaf6 slDtdf k|aGws
 kbdf sfo{/t clwsf/L     – ;b:o
-h_ vfB pkef]Qmf xs  ;+/If0f;+u ;DalGwt
  ;+:yfsf ;/sf/af6 dgf]lgt cWoIf    –  ;b:o
-em_ vfB k|ljlw If]qsf al/i7 ljz]if1 Pshgf    – ;b:o
-`_ vfB k|ljlwdf :gftsf]Q/ pkflw k|fKt 
 k|zf;g ;DaGwL cg'ej k|fKt 

 g]kfn ;/sf/af6 dgf]lgt /lhi6«f/      ;b:o–;lrj

;b:osf] kbfjlw M

-!_ dgf]lgt ;b:osf] kbfjlw rf/ jif{sf] x'g]5 . u, 3, ª, r, 5, h, em kb]g ;b:o x'g]5g\ .  r, 
h / em sf] xsdf kl/ifbaf6 dgf]gog ul/g]5 . 

-@_ dgf]lgt kbsf] nflu kbfjlw ;dfKt gx'Fb} s'g} ;b:osf] kb l/Qm x'g cfPdf afFls cjlwsf] 
nflu csf]{ ;b:o dgf]lgt x'g]5 . 

;b:osf] lgldQ cof]Uotf M b]xfosf s'g} JolQm ;b:osf] nflu cof]Uo dflgg]5 

-s_ u}/ g]kfnL gful/s

-v_ btf{ lstfajf6 gfd x6fOPsf] 

-u_ g}lgs ktg b]lvg] kmf}hbf/L cleof]udf cbfntaf6 s;'/bf/ 7x/L ;hfo kfPsf]

-3_ duh lau|]sf]

;b:otf ;dfKt x'g] cj:yf M b]xfosf] cj:yfdf kl/ifbsf] ;b:otf ;dfKt ePsf] dflgg]5 M

-s_ bkmf & adf]lhd cof]Uo ePdf,

-v_ ;b:osf] kbaf6 lbPsf] /flhgfdf :jLs[t ePdf,

-u_ kl/ifbnfO{ sf/0f ;lxtsf] k"j{ ;"rgf glbO{ nuftf/ tLg k6s;Dd kl/ifbsf] a}7sdf cg'kl:yt ePdf,

-3_ d[To' ePdf . 

kl/ifbsf] sfd, st{Jo / clwsf/ M o; P]gdf cGoq n]lvPsf] sfd, st{Jo / clwsf/sf] cltl/Qm kl/ifbsf] sfd, 
st{Jo / clwsf/ b]xfo adf]lhd x'g]5 M

-s_ vfB k|ljlw Joj;fo ;'rf? ?kjf6 ;+rfng ug{sf] nflu cfjZos gLlt, of]hgf tyf sfo{qmdx? tof/ 
u/L To;sf] sfof{Gjogsf] nflu ;'emfj k]z ug]{,

-v_ vfB k|ljlw lzIff lbg] lzIf0f ;+:yf / To:tf ;+:yfx?n] k|bfg u/]sf k|df0fkq tyf pkflwx?nfO{ tf]lsP 
adf]lhd dfGotf lbg],
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-u_ vfB k|ljlw Joj;fo ug{sf] nflu cfjZos of]Uotf lgwf/0f ug]{ / lgwf{l/t of]Uotf k"/f u/]sf JolQmsf] 
gfd tf]lsP adf]lhd kl/ifbdf btf{ ug]{,

-3_ btf{jfnf vfB k|fljlw1n] tf]lsP adf]lhdsf] Joj;flos cfrf/ ;+lxtfsf] pNn+3g u/]df jf kfngf gu/]
df tf]lsP adf]lhdsf] sfo{ljlw k"/f u/L To:tf] vfB k|fljlw1sf] gfd kl/ifbaf6 x6fpg] . 

-ª_ vfB k|ljlw gLlt lgdf{0f, vfB pBf]u, z}lIfs ;+:yfsf] :yfkgf, ;/sf/L ljefusf] sfd sf/jfxL ;DaG-
wdf g]kfn ;/sf/nfO{ cfjZos /fo ;Nnfx k|bfg ug]{ .  

-r_ kl/ifn] cfkm\gf] sfd, st{Josf] l;nlznfdf cfjZos k|lqmof lgdf{0f  ug]{5 . 

kl/ifbsf] a}7s / lg0f{o M

-!_ kl/ifbsf] a}7s ;fwf/0ftof jif{df rf/ k6s a:g]5 . t/ cWoIfn] rfx]df ;f] eGbf a9L k6s klg a}7s 
af]nfpg ;Sg]5 . 

-@_ kl/ifbsf] a}7s cWoIfn] tf]s]sf] ;do / :yfgdf a:g]5 . 

-#_ kl/ifbsf] s'n ;b:o ;+Vofsf] krf; k|ltzt eGbf a9L ;b:ox? pkl:yt ePdf kl/ifbsf] a}7ssf] nflu 
u0fk"/s ;+Vof k'u]sf]  dflgg]5 . 

-$_ kl/ifbsf] a}7ssf] cWoIftf cWoIfn] ug]{5 / lghsf] cg'kl:yltdf pkfWoIfn] ug]{5 . cWoIf tyf pkf-
WoIf b'j}sf] cg'kl:yltdf a}7sdf pkl:yt ;b:ox?n] cfk"m dWo]af6 5fg]sf] JolQmn] a}7ssf] cWoIftf 
ug]{5 . 

-%_ kl/ifbsf] a}7sdf ax'dtsf] /fo dfGo x'g]5 / dt a/fa/ ePdf a}7ssf] cWoIftf ug]{ JolQmn]  
lg0f{ofTds dtlbg ;Sg]5 . 

-^_ kl/ifbsf] lg0f{o c£oIf / ;b:o ;lrjåf/f k|dfl0ft ul/g]5 . 

-&_ kl/ifbsf] a}7s ;DaGwL cGo sfo{ljlw kl/ifb cfkm}n] lgwf{/0f u/] adf]lhd x'g]5 . 

gfd btf{ gu/fO{ vfB k|ljlw Joj;fo ug{ gx'g] M of] P]g k|f/De ePsf] ldltn] Ps jif{ kl5 kl/ifbdf gfd btf{ 
gu/fO{ s'g}klg JolQmn] vfB k|ljlw Joj;fo ug{ x'Fb}g . 

gfd btf{sf] nflu b/vf:t lbg] M

-!_ kl/ifbdf gfd btf{ u/fpg rfxg]JolQmn] tf]lsP adf]lhdsf] 9fFrfdf kl/ifb ;dIf b/vf:t lbg' kg]{5 . 

-@_ of] P]g k|f/De x'Fbfsf avt vfB k|ljlw Joj;fo ul//x]sf] JolQmn] of] P]g k|f/De ePsf] ldltn] 5 dlxgf 
leq kl/ifbdf gfd btf{ u/fpgsf] nflu pkbkmf -!_ adf]lhd b/vf:t lbg' kg]{5 . 

-#_ pkbkmf -!_ jf -@_ adf]lhd gfd btf{ u/fpg b/vf:t lbg] JolQmn] b/vf:t ;fy lzIf0f ;+:yfjf6 k|fKt 
u/]sf] k|df0fkq, pkflw tyf tT;DjGwL cGo sfuhft tyf tf]lsP adf]lhdsf] b:t'/ ;+nUg ug'{ kg]{5 . 

b/vf:t pk/ hfFra'em M bkmf !@ adf]lhd btf{ x'g cfPsf] b/vf:t pk/ /lhi6«f/n] cfjZos hfFra'em u/L 
;DalGwt ljifo ;ldltdf k]z ug]{5 . 

b/vf:t pk/ 5fgljg tyf l;kmfl/; M

-!_ bkmf !# adf]lhd /lhi6«f/n] k]z u/]sf] b/vf:t pk/ ljifo ;ldltn] cfjZos 5fgljg ug]{5 . 

 k|fKt ;DalGwt ljifodf slDtdf !@ jif{ cg'ej 
 xfl;n u/]sf vfB k|fljlw1x? dWo]af6 g]kfn 
 ;/sf/af6 dgf]lgt      – pkfWoIf
-u_ g]kfn vfB j}1flgs tyf k|fljlw1 
 ;+3sf cWoIf / yk Ps hgf k|ltlglw    – ;b:o
-3_ lq=lj= vfB k|ljlw s]Gb|Lo ljefu k|d'v    – ;b:o
-ª_ slDtdf :gfts tx vfB k|ljlw cWofkg x'g]
 SofDk;x? dWo]af6 b'O{ hgf SofDk; k|d'v   – ;b:o
-r_ vfB k|ljlw tyf u'0f lgoGq0f ljefusf
 dxf–lgb]{zs      – ;b:o
-5_ vfB pBf]u÷Joj;fo If]qaf6 slDtdf k|aGws
 kbdf sfo{/t clwsf/L     – ;b:o
-h_ vfB pkef]Qmf xs  ;+/If0f;+u ;DalGwt
  ;+:yfsf ;/sf/af6 dgf]lgt cWoIf    –  ;b:o
-em_ vfB k|ljlw If]qsf al/i7 ljz]if1 Pshgf    – ;b:o
-`_ vfB k|ljlwdf :gftsf]Q/ pkflw k|fKt 
 k|zf;g ;DaGwL cg'ej k|fKt 

 g]kfn ;/sf/af6 dgf]lgt /lhi6«f/      ;b:o–;lrj

;b:osf] kbfjlw M

-!_ dgf]lgt ;b:osf] kbfjlw rf/ jif{sf] x'g]5 . u, 3, ª, r, 5, h, em kb]g ;b:o x'g]5g\ .  r, 
h / em sf] xsdf kl/ifbaf6 dgf]gog ul/g]5 . 

-@_ dgf]lgt kbsf] nflu kbfjlw ;dfKt gx'Fb} s'g} ;b:osf] kb l/Qm x'g cfPdf afFls cjlwsf] 
nflu csf]{ ;b:o dgf]lgt x'g]5 . 

;b:osf] lgldQ cof]Uotf M b]xfosf s'g} JolQm ;b:osf] nflu cof]Uo dflgg]5 

-s_ u}/ g]kfnL gful/s

-v_ btf{ lstfajf6 gfd x6fOPsf] 

-u_ g}lgs ktg b]lvg] kmf}hbf/L cleof]udf cbfntaf6 s;'/bf/ 7x/L ;hfo kfPsf]

-3_ duh lau|]sf]

;b:otf ;dfKt x'g] cj:yf M b]xfosf] cj:yfdf kl/ifbsf] ;b:otf ;dfKt ePsf] dflgg]5 M

-s_ bkmf & adf]lhd cof]Uo ePdf,

-v_ ;b:osf] kbaf6 lbPsf] /flhgfdf :jLs[t ePdf,

-u_ kl/ifbnfO{ sf/0f ;lxtsf] k"j{ ;"rgf glbO{ nuftf/ tLg k6s;Dd kl/ifbsf] a}7sdf cg'kl:yt ePdf,

-3_ d[To' ePdf . 

kl/ifbsf] sfd, st{Jo / clwsf/ M o; P]gdf cGoq n]lvPsf] sfd, st{Jo / clwsf/sf] cltl/Qm kl/ifbsf] sfd, 
st{Jo / clwsf/ b]xfo adf]lhd x'g]5 M

-s_ vfB k|ljlw Joj;fo ;'rf? ?kjf6 ;+rfng ug{sf] nflu cfjZos gLlt, of]hgf tyf sfo{qmdx? tof/ 
u/L To;sf] sfof{Gjogsf] nflu ;'emfj k]z ug]{,

-v_ vfB k|ljlw lzIff lbg] lzIf0f ;+:yf / To:tf ;+:yfx?n] k|bfg u/]sf k|df0fkq tyf pkflwx?nfO{ tf]lsP 
adf]lhd dfGotf lbg],
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k'gM gfd btf{ ug]{ M

-!_ bkmf !* sf] pkbkmf -!_ sf] v08 -s_, -v_ / -u_ adf]lhdsf] cj:yfdf btf{ lstfaaf6 gfd x6fpg] 
lg0f{o u/]sf]df To:tf] lg0f{o ePsf] ldltn] sDtLdf Ps jif{ kl5 ;DalGwt JolQmn] dgfl;j dflkmssf] 
sf/0f vf]nL k'gM gfd btf{sf] nflu bkmf !@ adf]lhd kl/ifb\df b/vf:t lbg ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd k'gM gfd btf{sf] nflu b/vf:t lbPdf kl/ifbn] To:tf] b/vf:tjfnfsf] gfd k'gM 
btf{ ug{ dgfl;j b]v]df k'gM gfd btf{ ug]{ lg0f{o ug{ ;Sg]5 . 

-#_ pkbkmf -@_ adf]lhd kl/ifbn] b/vf:tjfnfsf] gfd k'gM btf{ ug]{ lg0f{o u/]sf]df /lhi6«f/n] To:tf] b/
vf:tjfnfsf] gfd btf{ lstfadf k'gM btf{ u/L b/vf:tjfnfnfO{ tf]lsP adf]lhdsf] 9fFrfdf k'gM gfd 
btf{ ePsf] k|df0fkq lbg' kg]{5 . 

z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] dfGotf M

-!_ s'g} lzIf0f ;+:yfn] k|bfg u/]sf] vfB k|ljlw ljifosf] z}lIfs of]Uotfsf] k|df0fkq jf pkflwnfO{ kl/ifbn] 
k|lqmof k'/\ofO{ dfGotf lbg]5 . 

-@_ pkbkmf -!_ adf]lhd kl/ifbn] dfGotf lbPsf] z}lIfs of]Uotfsf] k|df0fkq jf pkflw / To:tf] k|df0fkq 
jf pkflw k|bfg ug]{ lzIf0f ;+:yfsf] gfd g]kfn /fhkqdf k|sfzg ul/g]5 . 

ljj/0f dfu ug{ ;Sg] M

-!_ bkmf @! adf]lhd s'g} z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] dfGotf lbg] qmddf kl/ifbn] ;DalGwt 
lzIf0f ;+:yf;+u To:tf] z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] nflu lgwf{l/t kf7\oqmd tyf egf{sf] 
nflu lgwf{l/t zt{ tyf tT;DaGwL cGo ljj/0fx? dfu ug{ ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd kl/ifbaf6 dfu eP adf]lhdsf] cfjZos ljj/0f pknJw u/fpg' ;DalGwt lzIf0f 
;+:yfsf] st{Jo x'g]5 . 

k/LIffsf] lg/LIf0f M

-!_ kl/ifbn] vfB k|ljlw lzIf0f sfo{qmdsf] k/LIffdf ko{j]Ifs lgo'Qm u/L k7fpg ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhdsf] ko{j]Ifsn] ko{j]If0fsf] qmddf b]v]sf s'/fx?sf] af/]df k|ltj]bg tof/ u/L kl/
ifbdf k]z ug'{kg]{5 . 

dfGotf x6fpg] M

-!_ bkmf @! adf]lhd dfGotf k|bfg ul/Psf] s'g} z}lIs of]Uotfsf] k|df0fkq jf pkflwsf] ;DjGwdf ;DjlGwt 
lzIf0f ;+:yfjf6 bkmf @@ adf]lhd k|fKt ljj/0f jf bkmf @# sf] pkbkmf @ adf]lhd k|fKt k|ltj]bg pk/ 
ljrf/ ubf{ To:tf] lzIf0f ;+:yfn] lgwf{/0f u/]sf] kf7\oqmd, egf{sf zt{ tyf k/LIff k|0ffnL pko'Qm tyf 
kof{Kt 5}g eGg] nfu]df kl/ifbn] ;f] ;DjGwdf cfkmgf] k|ltj]bg ;/sf/ ;dIf k]z ug]{5 . 

-@_ pkbkmf -!_ adf]lhd kl/ifbsf] k|ltj]bg k|fKt ePkl5 ;f] ;DjGwdf ;/sf/n] ;DjlGwt ;+:yf;+u 
:kli6s/0f dfu ug{ ;Sg]5 . 

-#_ pkbkmf -@_ adf]lhd ;DalGwt lzIf0f ;+:yf;+u dfu ul/P adf]lhd k|fKt x'g cfPsf] :ki6Ls/0fsf] 
;DjGwdf ;/sf/n] ljrf/ u/L ;f] ;DjGwdf cGo s'g} s'/f hfFra'em ug'{kg]{ eP cfjZos hfFra'em u/L 
;f] ;d]tsf] cfwf/df ;/sf/n] To:tf] lzIf0f ;+:yfn] s'g} vf; ldltkl5 k|bfg u/]sf] s'g} z}lIfs of]
Uotfsf] k|df0fkq jf pkflwsf] dfgotf x6fpg ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd 5fgljg ubf{ s'g} s'/f c:ki6, x'g cfPdf tT;DjGwL s'/fx? :ki6 kf-
g{sf] nflu ;DjlGwt b/vf:tjfnf;+u ljifo ;ldltn] cfjZos k|df0f tyf sfuhft dfu ug{  
;Sg]5 . 

-#_ pkbkmf -@_ adf]lhd dfu ePsf k|df0fkq tyf sfuhft ljifo ;ldlt ;dIf k]z ug'{ ;DalGwt b/
vf:tjfnfsf] st{Jo x'g]5 . 

-$_ pkbkmf -!_, -@_, / -#_ adf]lhd 5fgljg ubf{ b/vf:tjfnfsf] gfd kl/ifbdf btf{ ug{ of]Uo b]v]df ljifo 
;ldltn] kl/ifb ;dIf l;kmfl/z ug]{5 . 

gfd btf{ ug]{ M bkmf !$ adf]lhd ljifo ;ldltn] cfjZos 5fgljg u/L gfd btf{sf] nflu l;kmfl/; u/]sf] b/
vf:tjfnfsf] gfd kl/ifbdf btf{ ug{ pko'Qm b]v]df kl/ifbn] To:tf] b/vf:tjfnfsf] gfd tf]lsP adf]
lhdsf] 9fFrfdf tof/ ul/Psf] kl/ifbsf] btf{ lstfjdf btf{ ug]{ lg0f{o ug]{5 . 

gfd btf{ k|df0fkq lbg] M bkmf !% adf]lhd kl/ifbaf6 gfd btf{ ug]{ lg0f{o ePsf b/vf:tjfnfsf] gfd /lhi6«f/n] 
btf{ lstfjdf btf{ u/L b/vf:tjfnfnfO{ tf]lsP adf]lhdsf] 9fFrfdf gfd btf{ k|df0fkq lbg]5 . 

gfd btf{ gug]{ lg0f{o ePsf]df hfgsf/L lbg] M kl/ifbdf gfd btf{sf] nflu b/vf:t lbg] s'g}  
b/vf:tjfnfsf] gfd btf{ ug{ gldNg] s'g} sf/0f b]vL kl/ifbn] gfd btf{ gug]{ lg0f{o u/]sf]df /lhi6«f/n] 
;DalGwt b/vf:tjfnfnfO{ ;f] s'/fsf] lnlvt hfgsf/L lbg' kg]{5 . 

btf{ lstfjaf6 gfd x6fpg]M 

-!_ b]xfo adf]lhdsf] cj:yfdf afx]s btf{jfnf vfB k|fljlw1sf] gfd btf{ lstfjaf6 x6fOg] 5}g 

 -s_ duh lau|]df,

 -v_ ;fx"sf] C0f ltg{ g;sL bfdf;fxLdf k/]df,

 -u_ tf]lsP adf]lhdsf] Joj;flos cfrf/ ;+lxtfsf] pNn+3g u/]sf] cleof]udf btf{ lst  
faaf6 gfd x6fpg] elg kl/ifbsf] a}7sdf k]z ePsf] k|:tfj b'O{ ltxfO{ ax'dtaf6   
kfl/t ePdf,

 -3_ g}lgs ktg b]lvg] kmf}hbf/L cleof]udf cbfntaf6 bf]ifL k|dfl0ft ePdf,

 -ª_ wf]vf jf uNtLn] of]Uotf gk'u]sf] s'g} JolQmsf] gfd btf{ x'g uPdf .

-@_ pkbkmf -!_ sf] v08 -u_ / -8)_ adf]lhdsf] cf/f]kdf s'g} btf{jfnf vfB k|fljlw1sf] gfd 
btf{ lstfjaf6 x6fpg] k|:tfj kl/ifbsf] a}7sdf k]z ug'{ cl3 To:tf] JolQmnfO{ nfu]sf] cleof]
usf] ;DaGwdf hfFra'em u/L k|ltj]bg k]z ug{ kl/ifbn] Ps hfFra'em ;ldlt u7g ug]{5 . 

-#_ pkbkmf -@_ adf]lhd u7g ePsf] hfFra'em ;ldltn] hfFra'em ubf{ ckgfpg' kg]{ sfo{ljlw tf]
lsP adf]lhd x'g]5 . 

k|df0fkq /2 ug]{ M bkmf !* adf]lhd kl/ifbn] btf{ lstfjaf6 gfd x6fpg] lg0f{o u/]sf]df /lhi6«f/n] To:tf] 
JolQmsf] gfd btf{ lstfaaf6 x6fO{ bkmf !^ adf]lhd lbOPsf] gfd btf{ k|df0fkq /2 u/L ;DalGwt 
JolQmnfO{ ;f] s'/fsf] hfgsf/L lbg' kg]{5 . 
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k'gM gfd btf{ ug]{ M

-!_ bkmf !* sf] pkbkmf -!_ sf] v08 -s_, -v_ / -u_ adf]lhdsf] cj:yfdf btf{ lstfaaf6 gfd x6fpg] 
lg0f{o u/]sf]df To:tf] lg0f{o ePsf] ldltn] sDtLdf Ps jif{ kl5 ;DalGwt JolQmn] dgfl;j dflkmssf] 
sf/0f vf]nL k'gM gfd btf{sf] nflu bkmf !@ adf]lhd kl/ifb\df b/vf:t lbg ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd k'gM gfd btf{sf] nflu b/vf:t lbPdf kl/ifbn] To:tf] b/vf:tjfnfsf] gfd k'gM 
btf{ ug{ dgfl;j b]v]df k'gM gfd btf{ ug]{ lg0f{o ug{ ;Sg]5 . 

-#_ pkbkmf -@_ adf]lhd kl/ifbn] b/vf:tjfnfsf] gfd k'gM btf{ ug]{ lg0f{o u/]sf]df /lhi6«f/n] To:tf] b/
vf:tjfnfsf] gfd btf{ lstfadf k'gM btf{ u/L b/vf:tjfnfnfO{ tf]lsP adf]lhdsf] 9fFrfdf k'gM gfd 
btf{ ePsf] k|df0fkq lbg' kg]{5 . 

z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] dfGotf M

-!_ s'g} lzIf0f ;+:yfn] k|bfg u/]sf] vfB k|ljlw ljifosf] z}lIfs of]Uotfsf] k|df0fkq jf pkflwnfO{ kl/ifbn] 
k|lqmof k'/\ofO{ dfGotf lbg]5 . 

-@_ pkbkmf -!_ adf]lhd kl/ifbn] dfGotf lbPsf] z}lIfs of]Uotfsf] k|df0fkq jf pkflw / To:tf] k|df0fkq 
jf pkflw k|bfg ug]{ lzIf0f ;+:yfsf] gfd g]kfn /fhkqdf k|sfzg ul/g]5 . 

ljj/0f dfu ug{ ;Sg] M

-!_ bkmf @! adf]lhd s'g} z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] dfGotf lbg] qmddf kl/ifbn] ;DalGwt 
lzIf0f ;+:yf;+u To:tf] z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] nflu lgwf{l/t kf7\oqmd tyf egf{sf] 
nflu lgwf{l/t zt{ tyf tT;DaGwL cGo ljj/0fx? dfu ug{ ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd kl/ifbaf6 dfu eP adf]lhdsf] cfjZos ljj/0f pknJw u/fpg' ;DalGwt lzIf0f 
;+:yfsf] st{Jo x'g]5 . 

k/LIffsf] lg/LIf0f M

-!_ kl/ifbn] vfB k|ljlw lzIf0f sfo{qmdsf] k/LIffdf ko{j]Ifs lgo'Qm u/L k7fpg ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhdsf] ko{j]Ifsn] ko{j]If0fsf] qmddf b]v]sf s'/fx?sf] af/]df k|ltj]bg tof/ u/L kl/
ifbdf k]z ug'{kg]{5 . 

dfGotf x6fpg] M

-!_ bkmf @! adf]lhd dfGotf k|bfg ul/Psf] s'g} z}lIs of]Uotfsf] k|df0fkq jf pkflwsf] ;DjGwdf ;DjlGwt 
lzIf0f ;+:yfjf6 bkmf @@ adf]lhd k|fKt ljj/0f jf bkmf @# sf] pkbkmf @ adf]lhd k|fKt k|ltj]bg pk/ 
ljrf/ ubf{ To:tf] lzIf0f ;+:yfn] lgwf{/0f u/]sf] kf7\oqmd, egf{sf zt{ tyf k/LIff k|0ffnL pko'Qm tyf 
kof{Kt 5}g eGg] nfu]df kl/ifbn] ;f] ;DjGwdf cfkmgf] k|ltj]bg ;/sf/ ;dIf k]z ug]{5 . 

-@_ pkbkmf -!_ adf]lhd kl/ifbsf] k|ltj]bg k|fKt ePkl5 ;f] ;DjGwdf ;/sf/n] ;DjlGwt ;+:yf;+u 
:kli6s/0f dfu ug{ ;Sg]5 . 

-#_ pkbkmf -@_ adf]lhd ;DalGwt lzIf0f ;+:yf;+u dfu ul/P adf]lhd k|fKt x'g cfPsf] :ki6Ls/0fsf] 
;DjGwdf ;/sf/n] ljrf/ u/L ;f] ;DjGwdf cGo s'g} s'/f hfFra'em ug'{kg]{ eP cfjZos hfFra'em u/L 
;f] ;d]tsf] cfwf/df ;/sf/n] To:tf] lzIf0f ;+:yfn] s'g} vf; ldltkl5 k|bfg u/]sf] s'g} z}lIfs of]
Uotfsf] k|df0fkq jf pkflwsf] dfgotf x6fpg ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd 5fgljg ubf{ s'g} s'/f c:ki6, x'g cfPdf tT;DjGwL s'/fx? :ki6 kf-
g{sf] nflu ;DjlGwt b/vf:tjfnf;+u ljifo ;ldltn] cfjZos k|df0f tyf sfuhft dfu ug{  
;Sg]5 . 

-#_ pkbkmf -@_ adf]lhd dfu ePsf k|df0fkq tyf sfuhft ljifo ;ldlt ;dIf k]z ug'{ ;DalGwt b/
vf:tjfnfsf] st{Jo x'g]5 . 

-$_ pkbkmf -!_, -@_, / -#_ adf]lhd 5fgljg ubf{ b/vf:tjfnfsf] gfd kl/ifbdf btf{ ug{ of]Uo b]v]df ljifo 
;ldltn] kl/ifb ;dIf l;kmfl/z ug]{5 . 

gfd btf{ ug]{ M bkmf !$ adf]lhd ljifo ;ldltn] cfjZos 5fgljg u/L gfd btf{sf] nflu l;kmfl/; u/]sf] b/
vf:tjfnfsf] gfd kl/ifbdf btf{ ug{ pko'Qm b]v]df kl/ifbn] To:tf] b/vf:tjfnfsf] gfd tf]lsP adf]
lhdsf] 9fFrfdf tof/ ul/Psf] kl/ifbsf] btf{ lstfjdf btf{ ug]{ lg0f{o ug]{5 . 

gfd btf{ k|df0fkq lbg] M bkmf !% adf]lhd kl/ifbaf6 gfd btf{ ug]{ lg0f{o ePsf b/vf:tjfnfsf] gfd /lhi6«f/n] 
btf{ lstfjdf btf{ u/L b/vf:tjfnfnfO{ tf]lsP adf]lhdsf] 9fFrfdf gfd btf{ k|df0fkq lbg]5 . 

gfd btf{ gug]{ lg0f{o ePsf]df hfgsf/L lbg] M kl/ifbdf gfd btf{sf] nflu b/vf:t lbg] s'g}  
b/vf:tjfnfsf] gfd btf{ ug{ gldNg] s'g} sf/0f b]vL kl/ifbn] gfd btf{ gug]{ lg0f{o u/]sf]df /lhi6«f/n] 
;DalGwt b/vf:tjfnfnfO{ ;f] s'/fsf] lnlvt hfgsf/L lbg' kg]{5 . 

btf{ lstfjaf6 gfd x6fpg]M 

-!_ b]xfo adf]lhdsf] cj:yfdf afx]s btf{jfnf vfB k|fljlw1sf] gfd btf{ lstfjaf6 x6fOg] 5}g 

 -s_ duh lau|]df,

 -v_ ;fx"sf] C0f ltg{ g;sL bfdf;fxLdf k/]df,

 -u_ tf]lsP adf]lhdsf] Joj;flos cfrf/ ;+lxtfsf] pNn+3g u/]sf] cleof]udf btf{ lst  
faaf6 gfd x6fpg] elg kl/ifbsf] a}7sdf k]z ePsf] k|:tfj b'O{ ltxfO{ ax'dtaf6   
kfl/t ePdf,

 -3_ g}lgs ktg b]lvg] kmf}hbf/L cleof]udf cbfntaf6 bf]ifL k|dfl0ft ePdf,

 -ª_ wf]vf jf uNtLn] of]Uotf gk'u]sf] s'g} JolQmsf] gfd btf{ x'g uPdf .

-@_ pkbkmf -!_ sf] v08 -u_ / -8)_ adf]lhdsf] cf/f]kdf s'g} btf{jfnf vfB k|fljlw1sf] gfd 
btf{ lstfjaf6 x6fpg] k|:tfj kl/ifbsf] a}7sdf k]z ug'{ cl3 To:tf] JolQmnfO{ nfu]sf] cleof]
usf] ;DaGwdf hfFra'em u/L k|ltj]bg k]z ug{ kl/ifbn] Ps hfFra'em ;ldlt u7g ug]{5 . 

-#_ pkbkmf -@_ adf]lhd u7g ePsf] hfFra'em ;ldltn] hfFra'em ubf{ ckgfpg' kg]{ sfo{ljlw tf]
lsP adf]lhd x'g]5 . 

k|df0fkq /2 ug]{ M bkmf !* adf]lhd kl/ifbn] btf{ lstfjaf6 gfd x6fpg] lg0f{o u/]sf]df /lhi6«f/n] To:tf] 
JolQmsf] gfd btf{ lstfaaf6 x6fO{ bkmf !^ adf]lhd lbOPsf] gfd btf{ k|df0fkq /2 u/L ;DalGwt 
JolQmnfO{ ;f] s'/fsf] hfgsf/L lbg' kg]{5 . 
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n]vf tyf n]vfk/LIf0f M

-!_ kl/ifbsf] cfo Joosf] n]vf tf]lsP adf]lhd /flvg]5 . 

-@_ kl/ifbsf] n]vf k/LIf0f tf]lsP adf]lhd x'g]5 . 

s;"/ tyf b08 ;hfo M

-!_ bkmf !! adf]lhd kl/ifb\df gfd btf{ gu/fO{ vfB k|ljlWf Joj;fo u/]df o; P]g adf]lhdsf] 
s;"/ u/]sf] dflgg]5 . 

-@_ bkmf -!_ adf]lhdsf] s;"/ ug]{ JolQmnfO{ tLg xhf/ ?k}ofF;Dd hl/jfgf jf tLg  
dlxgf;Dd s}b jf b'j} ;hfo x'g ;Sg]5 . 

-#_ pkbkmf -@_ df pNn]v u/]b]lv afx]s of] P]g jf o; P]g cGtu{t ag]sf] lgodsf]  
alv{nfk x'g] u/L s'g} sfd ug]{ JolQmnfO{ b'O{ xhf/ ?k}ofF;Dd hl/jfgf x'g]5 . 

kl/ifbsf] lj36g M

-!_ kl/ifbn] of] P]g jf o; P]g cGtu{t ag]sf] lgod adf]lhd cfk"mnfO{ k|fKt clwsf/sf] k|of]u 
ug{ g;s]sf] jf clwsf/sf] b'?kofu] u/]sf] jf k|fKt clwsf/ eGbf a9L clwsf/ k|of]u u/]sf] 
jf of] P]g jf o; P]g cGtu{t ag]sf] lgod adf]lhd kl/ifbn] kfng ug'{ kg]{ st{Jo kfng 
ug{ g;s]sf] eGg] ;/sf/nfO{ nfu]df ;/sf/n] kl/ifb lj36g ug{ ;Sg]5 . 

-@_ pbkmf -!_ adf]lhd kl/ifbsf] lj36g ePkl5 kl/ifbsf] sf]if tyf ;DklQ ;/sf/n] cfkmgf] 
lhDdfdf /fvL csf]{ kl/ifb u7g geP;Dd of] P]g / o; P]g cGtu{t ag]sf] lgod adf]lhd 
kl/ifbn] ug'{kg]{ ;a} sfd sf/jfxL cfkm}+n] ug{ jf Ps ;ldlt u7g u/L ;f] ;ldltjf6 u/fpg 
;Sg]5 . 

-#_ pkbkmf -!_ adf]lhd kl/ifb lj36g ePsf] ;fwf/0ftof tLg dlxgfleq ;/sf/n] bkmf % adf]
lhd csf]{ kl/ifb u7g ug]{5 . 

-$_ pkbkmf -#_ adf]lhd csf]{ kl/ifb u7g ePkl5 pkbkmf -@_ adf]lhd ;/sf/n] cfˆgf] lhDdfdf 
/fv]sf] sf]if tyf ;DklQ pQm kl/ifbnfO{ x:tfGt/0f ug]{5 . 

ljifo ;ldlt tyf cGo ;ldlt u7g ug{ ;Sg] M

-!_ kl/ifbn] cfjZostfg';f/ ljifo ;ldlt tyf cGo ;ldlt u7g ug{ ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd u7g ePsf ljifo ;ldlt tyf ;ldltsf] sfd, st{Jo tyf clwsf/ kl/
ifbn] tf]lslbP adf]lhd x'g]5 . 

;b:osf] a}7s eQf tyf cGo ;'ljwf M ;b:o tyf bkmf #@ adf]lhd u7g ePsf ljifo ;ldlt tyf cGo ;ldltsf 
;b:osf] a}7s eQf tyf cGo ;'ljwf tf]lsP adf]lhd x'g]5 . 

kl/ifbsf] sd{rf/L M

-!_ kl/ifbn] cfjZostf cg';f/ sd{rf/Lsf] lgo'lQm ug{ ;Sg]5 . 

-@_ pkbkmf -!_ adf]lhd lgo'Qm sd{rf/Lsf] ;]jf, zt{ tyf ;'ljwf tf]lsP adf]lhd x'g]5 . 

cg';Gwfg txlssft tyf d'2f rnfpg] clwsf/L M bkmf #) adf]lhdsf] s;"/sf] cg';Gwfg txlssft ug]{, d'2f 

-$_ pkbkmf -#_ adf]lhd s'g} z}lIfs of]Uotfsf] k|df0fkq jf pkflwsf] dfotf x6fOPsf] ;"rgf g]kfn  
/fhkqdf k|sfzg ul/g]5 . 

        kl/ifbn] ;d;fdoLs ljifo j:t'x?df cWoog÷cg';Gwfg÷vf]h sfo{ u/L ;do ;dodf k|ltj]bg tof/ 
u/L cfjZos ;'wf/fTds sfo{ ;'emfj jf hfgsf/L g]kfn ;/sf/fnfO{ lbg ;Sg]5 . kl/ifbn] ljifo;+u 
k|ToIf÷ck|ToIf ;DalGwt cGo kl/ifbx?;+u ;dGjofTds sfo{sf] nflu kxn ug{ ;Sg]5 . 

cWoIfsf] sfd, st{Jo / clwsf/ M cWoIfsf] sfd, st{Jo / clwsf/ b]xfo adf]lhd x'g]5 M

-s_ kl/ifbsf] a}7sdf 5nkmn ul/g] ljifox?sf] k|fyldstf lgwf{/0f ug]{,

-v_ kl/ifbåf/f ;+rflnt of]hgf tyf sfo{qmdx?sf] cg'udg tyf d"Nof+sg ug]{, u/fpg] / tT;D   

 jGwdf cfjZos lgb]{zg lbg],

-u_ kl/ifbsf] sfd sf/jfxL Jojl:yt, k|efjsf/L / ;'rf? ?kjf6 ;+rfng ug]{, u/fpg] . 

-3_ tf]lsP adf]lhdsf] cGo sfo{ ug]{ . 

pkfWoIfsf] sfd, st{Jo / clwsf/ M cWoIfsf] cg'kl:yltdf o; P]g adf]lhd cWoIfn] ug'{kg]{ sfd, st{Jo / 
clwsf/sf] k|of]u ug'{ pkfWoIfsf] st{Jo x'g]5 . 

/lhi6«f/sf] lgo'lQm tyf sfd, st{Jo / clwsf/ M
-!_ /lhi6«f/ k"0f{ ;do sfd ug]{ kbflwsf/L x'g]5 .

-@_ /lhi6«f/sf] sfd, st{Jo / clwsf/ b]xfo adf]lhd x'g]5 M

 -s_ kl/ifbsf] ;fdfGo k|zf;g / Joj:yfkgsf] sfo{ ug]{,

 -v_ kl/ifbsf] sf]ifsf] /]vb]v lgoGq0f, ;DklQsf] Joj:yf / :ofxf/ ;+ef/sf] Joj:yf ug]{, 

  u/fpg],

 -u_ kl/ifbsf] jflif{s sfo{qmd tyf of]hgf th'{df u/L kl/ifbdf k]z ug]{,

 -3_ kl/ifbsf] jflif{s cfo Joo tyf k'/s cfo Joo ljj/0f tof/ ug]{,

 -ª_ kl/ifbjf6 :jLs[t ah]6, of]hgf tyf sfo{qmd sfof{Gjog ug]{,

 -r_ kl/ifbsf] cfGtl/s / clGtd n]vfk/LIf0f ug]{ Joj:yf u/fpg],

 -5_ kl/ifb / vfB k|fljlw1x? aLr ;Dks{ clwsf/Lsf] ?kdf sfd ug]{,

 -h_ kl/ifbjf6 lgb]{zg lbP adf]lhdsf] cGo sfo{x? ug]{, u/fpg],

 -em_ tf]lsP adf]lhdsf] cGo sfo{ ug]{ .

kl/ifbsf] sf]if M
-!_ kl/ifbsf] cfˆgf] Pp6f 5'§} sf]if x'g]5 . 

-@_ pkbkmf -!_ adf]lhdsf] sf]ifdf b]xfo adf]lhdsf /sd /xg] 5g\ M

 -s_ ;/sf/jf6 k|fKt /sd,

 -v_ :jb]zL jf ljb]zL JolQm, ;+:yf, ;/sf/ jf cGt/f{li6«o ;+3, ;+:yfaf6 C0f, rGbf,    

  ;xfotf, cg'bfg jf bfg bftJosf] ?kdf k|fKt /sd,

 -u_ kl/ifbsf] tkm{jf6 pknJw u/fOPsf] ;]jf afkt k|fKt /sd,

 -3_ cGo s'g} ;|f]taf6 k|fKt /sd .

-#_ kl/ifbsf] sf]ifdf k|fKt x'g cfPsf] /sd s'g} jfl0fHo a}+sdf vftf vf]nL hDdf ul/g]5 . 

-$_ kl/ifbsf] sf]if / vftfsf] ;+rfng tf]lsP adf]lhd x'g]5 . 
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n]vf tyf n]vfk/LIf0f M
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 -ª_ kl/ifbjf6 :jLs[t ah]6, of]hgf tyf sfo{qmd sfof{Gjog ug]{,
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kl/ifbsf] sf]if M
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rnfpg] clwsf/L jf lgsfo / tT;DjGwL sfo{ljlw ;/sf/n] g]kfn /fhkqdf ;"rgf k|sfzg u/L tf]
lslbP adf]lhd x'g]5 . 

;/sf/;Fu ;Dks{ M  kl/ifbn] ;/sf/;+u ;Dks{ /fVbf s[lif tyf ;xsf/L dGqfno dfkm{t /fVg' kg]{5 . 

lgod agfpg] clwsf/ M
-!_ of] P]gsf] p2]Zo sfof{lGjt ug{ Gf]kfn ;/sf/n] kl/ifbsf] /fo lnO{ lgodx? 

 agfpg ;Sg]5 . 

-@_ pkbkmf -!_ n] lbPsf] clwsf/sf] ;a{ dfGotfdf k|lts"n k|efj gkf/L tL lgodn] 

  b]xfosf] s'/fx?df Joj:yf ug{ ;Sg]5 M

-s_ kl/ifbsf] a}7s / To;sf] sfo{ljlw tf]Sg],

-v_ bkmf % adf]lhd kl/ifbsf] ;b:ox?sf] r'gfj ug]{ tl/sf tf]Sg],

-u_ kl/ifbsf cWoIf / ;b:ox?sf] clwsf/ / st{Jo tf]Sg],

-3_ kl/ifbsf] sf]if wg ;DklQsf] Joj:yf ug]{,

-ª_ kl/ifbsf] cWoIf / ;b:ox?nfO{ kfl/>lds lbg],

-r_ /lhi6«f/ / c? sd{rf/Lsf] ;]jfsf] zt{, tna, eQf / ;hfo, avf{:tL 

 ;DaGwL cfjZos Joj:yf ug]{,

-5_ of] P]g adf]lhd /fVg'kg]{ btf{jfnf k|fljlw1 btf{ lstfjsf] kmf/fd tf]Sg],

-h_ o; P]g adf]lhd lng'kg]{ b:t'/ / b/vf:t kq lgwf{l/t ug]{,

-em_ ;ldltx?sf] u7g ug]{ t/Lsf To:tf] ;ldltsf] st{Jo / clwsf/ tf]Sg],

-`_ lx;fj lstfj /fVg],

-6_ btf{ lstfj hDdf ug]{ / k|sfzg ug]{,

-7_ /lhi6«f/sf] lg0f{o pk/ kl/ifbn] k'g/fj]bg ;'Gg] tl/sf tf]Sg],

-8_ kl/ifbsf] sfd ;'rf? ?kn] rfn' ug{ rflxg] c? s'/fsf] Joj:yf ug]{ .

ljlgod M

-!_ of] P]g / lgodsf] clwgdf /xL c? cfjZos sfd s'/fsf] nflu kl/ifbn] ljlgod agfpg 
;Sg]5 / To:tf] ljlgod ;/sf/af6 :jLs[t x'g'k5{ .

-@_ kl/ifbsf] b'O{ ltxfO{ ;b:osf] ax'dt ePdf kl/ifbn] ;f] ljlgod ;+zf]wg ug{ ;Sg]5 / of] P]
gnfO{ ;+zf]wg ug{ dgfl;j b]vL b'O{ ltxfO{ ;b:on] k|:tfj kfl/t u/L g]kfn ;/sf/ ;dIf 
l;kmfl/; ug{ ;Sg]5 . 

 cg';"rLdf yk ug{ ;Sg] M 

;/sf/n] g]kfn /fhkqdf ;"rgf k|sfzg u/L cg';"rLdf cfjZostfg';f/ vfB k|ljlw ljifo yk ug{ 
;Sg]5 . 

s[lif k|wfg d'n's eP/ klg vfB;+s6 / s'kf]if0fsf] ;d:ofn] u'lh|/x]sf] g]kfnnfO{ plrt k|ljlwsf] ljsf; dfkm{t 
:jR5 vfB pTkfbg ul/ vfBdf pkef]Qmf clwsf/ ;+/If0f ug{sf nflu ;xof]lu 7xl/g] vfB k|ljlw kl/ifb u7gsf 
nflu ;/f]sf/jfnfnfO{ bjfj k'Ug h?/L 5 / To;sf nflu ljz]if ul/ vfB If]qdf ;/f]sf/ /fVg] ;Dk'0f{ jolQmx? 
/ lgsfox?sf] Pstfa4 cfjfhn] dfq ;Dej x'g ;S5 . 
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(MOF, 2012). 

An agriculture information dissemination system (IDS) was done in India to improve the crop produc-
tivity, increase profitability efficiency of agriculture input and reducing the cost of production (Reddy 
and Ankaiah, 2005). In the mean time Inklaar et al. (2005) concluded that the productivity in US from 
the year 1995 onwards accelerated due to large focus largely on the impact of ICT. The growth of ICT 
in developing countries offers a new technology and new opportunities for accessing information in 
poor countries (Aker, 2010). According to research done by Silva and Ratnadiwakara (2008) conclud-
ed that the information and communication technologies (ICT) helped in reducing transaction costs in 
agriculture by enabling timely and affordable  communication but according to Munyua et al. (2008) 
the ICT had steadily grown in Africa but due to weak policies over there the capacity are among the 
biggest obstacles to wider use. 

In recent times, traceability has emerged as a new index of quality and basis for trade in agricultural 
products (Opara, 2002). Traceability has become a key word in the global food industry due to in-
creased incidents of food contamination. ICT does allow a  more rapid and efficient response to food 
safety problems, enabling quick identification of  problem sources and their location in the supply 
chain (Setboonsarng et al., 2009).

MATERIALS AND METHODS

The research project was minutely piloted in ward no 1 of Kalimati VDC of Sindhuli district, first 
of all the base line survey was done. The base line included the production of agro-product, feasible 
market study and soil sample analysis. Agriculture has the two phases they are pre harvest and post 
harvest. 

Pre-harvest Agriculture Activities

In the pre harvest agriculture the soil sample analysis was done form 22 different location of project 
site with aid of NARC.  Based on the NARC recommendation the information of chemical fertilizer 
added was integrated to data base similarly four agriculture information centers (AIC) were also es-
tablished in the project site. Farmer’s information is collected and uploaded to database via AIC. Each 
farmer’s record in pre-harvesting phase is tracked: which farmer has planted what, when etc for the 
traceability. Based upon that information, farmers will get automated alert SMS message about the 
disease that can occur in that crop, way to solve it etc. Series of these alert messages can help to grow 
healthy crops in the pre-harvesting stage.  

Apart from these if any problems gets arise then the problems were collected at the information cen-
ters and the online. Similarly to motivate farmers to commercial farming, teach about IPM (integrated 
Pest Management system), agriculture video documentaries were periodically screened. 

Postharvest Agriculture Activities

After the harvest, all the farmers’ record is again kept in the database. Which person has what to sell, 
what is his/her expected price, how long he/she wants to advertise for his/her product. On the other 
side in the major market areas, traders will put their demands. Like trader A is seeking what product, 
how much can he give (market rate), how much he can buy. Now since both the information is now 
in the database. 

SMS training and registration

Firstly SMS training was given to the farmers in the mass, around 300 farmers were in the training. A 
special roman Nepali coding was done for some of the specific agro commodities like aalu for potato, 
pyaaj for onion etc.
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ICT based agriculture (E-Agriculture) is an emerging field focusing on the enhancement of agricultur-
al and rural development through improved information and communication processes. More specif-
ically, e-Agriculture involves the conceptualization, design, development, evaluation and application 
of innovative ways to use information and information communication technologies (ICT) in the rural 
domain, with a primary focus on agriculture. The research was minutely piloted in ward no 1 of Ka-
limati VDC of Sindhuli District. Farmers lack information and aren’t able to come out of subsistence 
farming only because of the information gap and lack of awareness of the technology. The problems 
such as, farmers do not have sufficient agricultural skills to turn seed to seedlings and grow as a 
healthy plant, the agricultural pattern in rural areas is still traditional, after they harvest and there is 
exploitation by middle-traders degrading real farmers. An android version of mobile application was 
developed to mitigate these problems. Soil samples from 22 different sites of the target project area 
and tested the collected soil samples at NARC. This information was used in exploring the variety of 
crops that can be grown in that village. Farmers as well as the traders could easily input the price of 
agro commodities via android application. Potato is the major cash crop grown in the research site. 
The android application is had connected 355 farmers and 110 traders in research site and the farm-
ers are trading to those whose price value gets matched or nearby their values. 

Keywords: ICT, Agriculture, Sindhuli

INTRODUCTION

Information communication technology is often used as the extended synonym of Information Tech-
nology (IT) (Murray, 2011) in fact this focuses on the integration of telecommunications, application 
in any form, audiovisual material which allow users to transmit, manipulate and use the information 
used. ICT based agriculture (E-Agriculture) is an emerging field focusing on the enhancement of ag-
ricultural and rural development through improved information and communication processes. More 
specifically, e-Agriculture involves the conceptualization, design, development, evaluation and appli-
cation of innovative ways to use information and information communication technologies (ICT) in 
the rural domain, with a primary focus on agriculture (Anon, 2008). The term ICT was used in year 
late 1980s (Melody et al., 1986) when Dennis Stevenson when used this word in UK government 
writing this word became popular (Stevenson et al., 1997). 

Agriculture is the mainstay of Nepalese economy. The agriculture sector occupies about 35% share 
of GDP still in 2009/10. However, it is ironic to note that the production of major food staples like 
paddy and wheat are insufficient to feed its population for a whole year (CBS, 2010). Nepal being an 
agriculture country the agriculture cannot grow in industrial scale due to one main reason that is farm 
mechanization (Nepal and Thapa, 2009). In a research done in poor group it was concluded that 95% 
of income poor or education poor reside in rural areas and agriculture is major source of income and 
employment (Chhetry, 2003) and about one third of GDP is being contributed by agriculture alone 
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(MOF, 2012). 
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price<space>aalu<space>banepa; here aalu is the agro-product and Banepa is the market side. 

To make farmer aware how much to use chemical fertilizer it can be also done just by sending SMS as 
IFA<space>malkhad<space>2 <space>8<space>cauli to 4001in this text 2 as ropani, 8 as anna and 
cauli as agro product. An automated reply to will be sent giving him/her information on how much 
chemical fertilizer do he need to put while farming cabbage. 

Lastly as the SMS calculator service was also provided if a farmer texts as IFA<space>calc<space>ka-
limati<space>banepa<space>16<space>1000 to 4001 in this coding the kalimiati is the location of 
the farmer  and Banepa is the market area 16 is price per kg of agro-product and 1000 is the weight. 
An automated reply for the total calculation gets reply including the travel expenses from Kalimati to 
Banepa. The weather forecast is under construction it will be launched soon after the necessary work 
gets completed. 

Talking about the android application the application has the information related to plant diseases, 
animal diseases, and the information of agro-product for both trader and farmer.  Besides these the 
information on chemical fertilizer to be added per ropani system is also added in the application. 

RESULTS AND DISCUSSION

From the baseline survey the it was found that potato was widely cultivated in the research site but 
along with other 28 crops were cultivated there which were coded in roman nepali. Based on the 
roman nepali the input texts was developed.  So after the SMS programme is being launched 355 
farmers and 110 traders are being connected via mobile application and there are 4 AIC’s established. 
Similarly the after the soil sample analysis the calculation for chemical fertilizer per ropani was inte-
grated with server. This was done to make farmer on excessive use of chemical fertilizer and increase 
the productivity. 

Similarly the periodical video screenings on various agriculture systems was also screened. The SMS 
calculator was developed where farmer could easily get the price of all agro products. 

Conclusions

Mobile is the handiest device being got popular on the one side whereas the old farmers are not literate 
and in the mean time they cannot survey the market price too. Due the middlemen the farmers were 
not in much profit as they expect so this technique reduced the middle men in agro-trade as which 
there is no high price in agro products. After the ICT trade was conducted the people are very much fa-
miliar with SMS technology, probable market areas where they can make profit. The time is also less 
consumed after the ICT trade was established research site.  Since this research was minutely piloted 
in small area there may be some difficulties in scaling up the project but there are lots of opportunities 
in agri-trade via this system. The details can be found at www.ict4agri.com.
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application was developed. In this android application the farmers and the traders were required 
to put the price of the agro products. The android application was only distributed to research site.  
Registration of agro product could be done with registering with AIC. 

Fig: Android Application Software (ICT, 2014)

If a farmer need the best price for his agro product in defined market area then s/he could text 
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There are many benefits of using ionizing radiation in food. Irradiation processing of food is already 
well established industry and is used by over fifty five countries. Nepal has to do different exercises 
before it can imple ment this technology. The paper emphasizes on the use of ionizing radiation for the 
pro motion of agribusiness and food trade in Nepal. 
Keywords: benefits, commercial applica tion, food, prospects in Nepal, ionizing    radiation

1. INTRODUCTION
Nuclear energy finds application for peaceful purpose in area of agriculture, environment, food, 
material science, health, etc as following
i. Diagnosis, control and treatment of disease
ii. Plant and animal breeding
iii. Sterilization of non-food materials and changing material properties
iv. Analytical techniques
v. Treatment and analysis of food
2. BENEFITS OF FOOD IRRADIATION
Following are the benefits of food irradiation
•	 Destruction of spoilage microorganisms to reduce food spoilage
•	 Destruction of pathogenic microorganisms to reduce the risk of food-borne disease 
•	 Destruction of parasites and microbial toxins (food safety)
•	 Destruction of insects and organisms harmful to plant or plant products (phytosanitary purpose)
•	 Reduction of food loss by early ripening, germination or sprouting e.g. potato, onion, garlic 
3. ADVANTAGES OF FOOD IRRADIATION
Irradiation is accepted as a novel food processing method. Its advantages are listed below.
•	 Promising preservation technology for fresh cut fruits and vegetables
•	 Meet sanitary and phytosanitary treatment requirement of foods and boost export and import trade 

of food
•	 Non thermal method suitable for the sterilization of heat intolerant (e.g. ice cream, chocolate, 

fruits) and heat sensitive foods (containing heat sensitive nutrients)
•	 Suitable for treatment of packaged diets for immune-compromised patients
•	 Provide alternative for bromine containing fumigants used for the treatment of cereals and fruits 

being criticized for leaving residue and effect on environment
•	 Decreased cooking time of dried vegetables (due to softening effect)
•	 Increased juice extraction from fruits

4. STATUS OF FOOD IRRADIATION IN THE WORLD AND ASIA-PACIFIC 
Food irradiation is a well established technology. 55-60 countries already use irradiation. North 
America and Europe do little food irradiation e.g. beef and spices irradiated in USA, however they 
import irradiated foods. In the Asia and Pacific region China has largest number of irradiation facility 
and is the largest producer of irradiated foods. Other large producers (>1000 ton per year) are Vietnam, 
Indonesia, India, Pakistan, and Australia. A number of these countries are constructing new irradiation 
facilities. Mostly gamma irradiators, much less electron beams, and quite a few x-ray accelerators 
are in use. Some countries e.g. Nepal and Mongolia do not have any irradiation facility. Irradiation 
is done for sanitary, extend shelf life, phytosanitary and quality improvement purposes. Spices, fresh 
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Sri Lanka 1 facility for research, 
1 under construction 
for commercial 
purpose

N

Thailand 3 facilities; 2 
commercial, 1 for 
research

Herbs, spices, dry meat,poultry, 
seafood & vegetables, fruits, meat 
& products: 838 ton fruits in 2012 S, PS, D, Exp

Vietnam 9 facilities: 3 
government, 6 
commercial

frozen seafood, dried and salted 
seafood, spices, seasonings, 
dehydrated vegetables, fresh 
fruits; 80,000 tons in 2012

S, PS, D, Exp

S (sanitary), PS (phytosaniary), E (extend shelf life), N (none), D (domestic use), Exp (export)
5. JUSTIFICATION OF FOOD IRRADIATION IN NEPAL
Agriculture sector plays a critical role in the Nepalese economy as this sector contributes more 
than one third to country’s GDP, and more than two third of its population depend on it for their 
employment and livelihood. Important food crops are cereals, grains, legumes, pulses, oilseeds, fruits, 
vegetables, spices and herbs, tea, coffee, sugarcane. Important spices grown in Nepal are ginger 
(highest production), garlic, turmeric, chilly and cardamom. High postharvest loss due to biological 
agents and unfavourable storage climatic conditions is a serious problem in Nepal. Adulteration and 
unhygienic condition of food are the major food quality and safety concerns in Nepal. There is regular 
incidence of adverse health condition due to unsafe food, beverage and water. Food safety is one of 
the challenges for food and nutrition security of the country. Nepal is exporting some food items to 
different countries. The major export food trade items of Nepal are vegetable ghee, tea, coffee, large 
cardamom, lentil, honey, ginger, noodles and beer. There are many barriers and constraints for export 
trade of food items. WTO agreement on TBT and SPS, and food safety related issues are the important 
trade related concerns. 

6. PROSPECTIVE FOR FOOD IRRADIATION IN NEPAL
Of course, there is high prospect of food irradiation for decontamination, disinfection, infestation 
control, shelf life extension, quality improvement of food in Nepal.  Nepal mainly has agrarian 
economy and it produces diverse agro-produce. The prospective foods for irradiation are fruits, 
vegetables, cereals, pulses, meat, poultry, spices and honey. Among these, ginger, cardamom and 
lentil are highly prospective irradiated export food products. 

7. PRESENT STATUS 
Nepal became member of IAEA only in 2008. The National Nuclear Policy formulated in 2007spells 
out use of irradiation technology for the disinfection and shelf life extension of foods, though not 
specifying the foods. The nuclear law is undergoing preparation. Nuclear steering committee is official 
body to look after the matters dealing with nuclear energy. Country Program Framework 2011-15 
has been developed which contains food irradiation as one activity. To date, food irradiation is not 
in practice in Nepal. No food is irradiated for either sanitary, phytosanitary or any other trade and 
commercial purpose. Not even basic things have been done so far. Anything that moved about food 
irradiation was after the induction of Nepal as a party to Regional Cooperative Agreement program 
of IAEA. 

8. WAY FORWARD
 The fact is that here we have to start from almost zero level. Surely, awareness is the thing to 

and dried fruits, nuts, dried vegetables and fish, and frozen foods are mostly irradiated. Summary of 
food irradiation activity in Asia-Pacific is shown in Table 1.
Table 1: Summary of food irradiation in Asia-Pacific

Country Number and 
description of 
irradiation facility

Main irradiated food products and 
annual production  

Purpose & 
commercial 

use
Australia 4 facilities; 3 

commercial plants, 1 
for research 

Tropical fruits, herbs, spices,
900-1000 ton in 2012 PS, D, Exp

Bangladesh 6 facilities; 2 
commercial, 4 for 
research 

Spices, peanut, protein food 
supplement; dry fish, pulses, beef 
casing, turtle meat, macaroni, 
fruits; 41 ton in 2012

S, E, D, Exp

China 156 facilities (150 Co60, 
6 EB), 

Cooked meat products, spices and 
dry vegetables, garlic, frozen 
food; 200,000 tons in 2010 S, E, D, Exp

India 13 facilities; 8 
commercial, 3 
government, 3 others 
for research;  5 under 
construction

Mango and other fruits (220  
on in 2012), spices and other 
products (2000 ton in 2012), 
cashew nut, semolina, meals for 
immune-compromised patients, 
ready to eat fruits, ready to cook 
vegetables;  

S, PS, D, Exp

Indonesia 2 facilities; 1 
commercial, 1 for 
research (govt)

Frozen foods, cocoa, ready to eat 
food, dry vegetables, spices, 
honey;  9000 ton in 2012

S, E, D, Exp

Japan Potato; 6000 ton in 2012 E, D
Malaysia 4 facilities; 3 

commercial, 1 
government; 

spices, herbs, cocoa powder, 562 ton 
in 2012 S, D

Mongolia N N

Myanmar 3 facilities for research N

Nepal N N

New Zealand Y/N N

Pakistan 2 facilities; 1 
commercial, 1 for 
research; 5 under 
construction

Mango, spices, pulses, rice, ready 
meals, dry fruits, fruit pulp; 1130 
ton

S, PS, E, D, 
Exp

Philippines 1 commercial facility spices, dehydrated vegetables and 
herbal products; 850 ton in 2012 S, D

Korea, Rep. 7 facilities; 5 
commercial; 3 for 
research

Dried vegetables and spices; 200 ton 
in 2010 (production in decreasing 
trend)

S, D
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The production of betel nut is in increasing trend in eastern terai of Nepal. Though there is huge 
cultivation of this cash crop, farmers of this sector have not been beneficiated significantly due to the 
high post harvest  loss (>20%). To mitigate the scenario, this study was carried for finding optimum 
temperature and time to dry the fresh nuts, their value addition and shelf life. Ripened betel nuts (both 
round and slender types) were harvested and collected from the pocket area then dried in cabinet and 
solar drier separately till the separation of kernel from the husk which took 14-16 hours at 60°C in 
cabinet drier and 3 sunny-days in solar drier (Maximum 68°C), formed clearance between husk and 
kernel 1.2-1.8mm which made easy separation of husk from kernel manually or mechanically. Dry 
matter and fat contents of dried nuts were analyzed and found to be 42.4-45.8% and 7.5-7.7% respec-
tively. Some of the dried nuts were rehydrated (weight increased 30.2-32.5%) by soaking with potable 
water for 48 hours (26°C). Rehydrated nuts and fresh ripened nuts were candied as whole-fruit candy 
making process with 20% sugar syrup and 20% sugar added skimmed milk separately for 5 days and 
dried in solar drier. Both dried nuts and nut-candies were packed in PE-pouches and evaluated by 
organoleptic, moisture (2.36-3.12%) and peroxide value (0.74-0.92Meq) tests for 1 year in each 3 
months' interval. Panelists (>10) preferred the nut-candy prepared from slender type nut using sugar 
and milk as best among the value added products.

Keywords: Betel nut, drying, value addition, quality evaluation, shelf life

INTRODUCTION

The production of betel nut is in increasing trend in eastern terai of Nepal, mainly Jhapa, Morang and 
Sunsari. The climate is very much suitable to cultivate this crop in these districts and other places of 
similar environment. Nowadays people have been intending to cultivate this crop in their farm instead 
of the staple food, rice. Many people of this area are hoping to sustain their better life for their imme-
diate future through this cash crop. It gives fruits after 5 years of plantation up to 50 years. Though 
betel nut is the major cash crop of the districts, it has not been giving proper economic return as 
farmers' hope. Farmers do not have the proper knowledge of harvesting, handling, drying and product 
diversification of betel nuts. Government of Nepal and other related stakeholders also have not been 
addressing the problems of farmer in appropriate way. So, due to the lack of such techniques, farmers 
are compelled to sale the fresh betel nuts in minimum price. If we provide the appropriate techniques 
for peeling, drying and product development, there will be several times increment in their economic 
return. So, the main objective of this research was to improve the livelihood of betel nut farmers by 
finding the optimum temperature and time to dry the betel nut for the separation of kernel from husk 
in both electric and solar drier and to search the commercial opportunities of betel nuts through value 
addition and shelf life studies.

MATERIALS AND METHODS

Ripened betel nuts (both round and slender types) were harvested and collected from the Jhapa district 
within 2 days of harvest. Nuts were then dried in both cabinet (electrical, constant temperature 60°C) 
and solar drier (3 sunny-days, temperature 40 to 68°C inside the drier) separately. The drying time was 
observed for the formation of clearance between husk and kernel of betel nuts which made easy sep-
aration of husk from the kernel. The nuts were then dehusked and further dried to constant weight in 
solar drier.  The dried nuts were used to determine the dry matter (using hot air oven) and fat contents 
(as ether extract using soxhlet apparatus) method. Partly, the dried nuts were rehydrated by soaking 
with potable water for 48 hours (average temperature 26°C). Rehydrated nuts and fresh ripened nuts 
of both types were used for value addition by soaking with 20% sugar syrup and 20% sugar added 
skimmed milk separately for 5 days. During soaking, products were boiled for 5 minutes every day 
and finally drained and dried in solar drier individually till the final weight almost constant. Both dried 

start with as public opinion has important bearing in the process. Awareness is necessary for all 
(legislators, public leaders, food control authority, public or consumers, traders, industries, etc) to 
avoid confusion and prevent disputes. Some activity is already going on for this purpose. Secondly 
and/or simultaneously, regulatory task (act, regulation, work procedure, authority, etc) need be 
completed. Inaction of nuclear law and formation of nuclear authority for food application are 
required. Thirdly come technology, facilities, trained manpower, and eventually the commercial 
use. Nepal can seek the assistance of IAEA for building capacity for irradiation technology. Apart 
from this, we have to learn from the experience of countries which are already using irradiation 
technology viz. their regulatory practices and how irradiation technologies were established. IAEA 
model food irradiation regulations can be used as a basis.

mailto:achyutmishra2000@gmail.com


94

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

95

STUDY ON THE DRYING AND VALUE ADDITION OF BETEL NUTS 
(ARECA CATECHU)

Achyut  Mishra1*,  Man B. Shrestha1, Roman Karki1 and Rishi Raj Gautam2

 1Food Research Division, NARC, Khumaltar
2Central Campus of Technology, Tribhuvan University

*Corresponding author: achyutmishra2000@gmail.com

The production of betel nut is in increasing trend in eastern terai of Nepal. Though there is huge 
cultivation of this cash crop, farmers of this sector have not been beneficiated significantly due to the 
high post harvest  loss (>20%). To mitigate the scenario, this study was carried for finding optimum 
temperature and time to dry the fresh nuts, their value addition and shelf life. Ripened betel nuts (both 
round and slender types) were harvested and collected from the pocket area then dried in cabinet and 
solar drier separately till the separation of kernel from the husk which took 14-16 hours at 60°C in 
cabinet drier and 3 sunny-days in solar drier (Maximum 68°C), formed clearance between husk and 
kernel 1.2-1.8mm which made easy separation of husk from kernel manually or mechanically. Dry 
matter and fat contents of dried nuts were analyzed and found to be 42.4-45.8% and 7.5-7.7% respec-
tively. Some of the dried nuts were rehydrated (weight increased 30.2-32.5%) by soaking with potable 
water for 48 hours (26°C). Rehydrated nuts and fresh ripened nuts were candied as whole-fruit candy 
making process with 20% sugar syrup and 20% sugar added skimmed milk separately for 5 days and 
dried in solar drier. Both dried nuts and nut-candies were packed in PE-pouches and evaluated by 
organoleptic, moisture (2.36-3.12%) and peroxide value (0.74-0.92Meq) tests for 1 year in each 3 
months' interval. Panelists (>10) preferred the nut-candy prepared from slender type nut using sugar 
and milk as best among the value added products.

Keywords: Betel nut, drying, value addition, quality evaluation, shelf life

INTRODUCTION

The production of betel nut is in increasing trend in eastern terai of Nepal, mainly Jhapa, Morang and 
Sunsari. The climate is very much suitable to cultivate this crop in these districts and other places of 
similar environment. Nowadays people have been intending to cultivate this crop in their farm instead 
of the staple food, rice. Many people of this area are hoping to sustain their better life for their imme-
diate future through this cash crop. It gives fruits after 5 years of plantation up to 50 years. Though 
betel nut is the major cash crop of the districts, it has not been giving proper economic return as 
farmers' hope. Farmers do not have the proper knowledge of harvesting, handling, drying and product 
diversification of betel nuts. Government of Nepal and other related stakeholders also have not been 
addressing the problems of farmer in appropriate way. So, due to the lack of such techniques, farmers 
are compelled to sale the fresh betel nuts in minimum price. If we provide the appropriate techniques 
for peeling, drying and product development, there will be several times increment in their economic 
return. So, the main objective of this research was to improve the livelihood of betel nut farmers by 
finding the optimum temperature and time to dry the betel nut for the separation of kernel from husk 
in both electric and solar drier and to search the commercial opportunities of betel nuts through value 
addition and shelf life studies.

MATERIALS AND METHODS

Ripened betel nuts (both round and slender types) were harvested and collected from the Jhapa district 
within 2 days of harvest. Nuts were then dried in both cabinet (electrical, constant temperature 60°C) 
and solar drier (3 sunny-days, temperature 40 to 68°C inside the drier) separately. The drying time was 
observed for the formation of clearance between husk and kernel of betel nuts which made easy sep-
aration of husk from the kernel. The nuts were then dehusked and further dried to constant weight in 
solar drier.  The dried nuts were used to determine the dry matter (using hot air oven) and fat contents 
(as ether extract using soxhlet apparatus) method. Partly, the dried nuts were rehydrated by soaking 
with potable water for 48 hours (average temperature 26°C). Rehydrated nuts and fresh ripened nuts 
of both types were used for value addition by soaking with 20% sugar syrup and 20% sugar added 
skimmed milk separately for 5 days. During soaking, products were boiled for 5 minutes every day 
and finally drained and dried in solar drier individually till the final weight almost constant. Both dried 

start with as public opinion has important bearing in the process. Awareness is necessary for all 
(legislators, public leaders, food control authority, public or consumers, traders, industries, etc) to 
avoid confusion and prevent disputes. Some activity is already going on for this purpose. Secondly 
and/or simultaneously, regulatory task (act, regulation, work procedure, authority, etc) need be 
completed. Inaction of nuclear law and formation of nuclear authority for food application are 
required. Thirdly come technology, facilities, trained manpower, and eventually the commercial 
use. Nepal can seek the assistance of IAEA for building capacity for irradiation technology. Apart 
from this, we have to learn from the experience of countries which are already using irradiation 
technology viz. their regulatory practices and how irradiation technologies were established. IAEA 
model food irradiation regulations can be used as a basis.

mailto:achyutmishra2000@gmail.com


96

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

97

Fig. 2: The rehydration capacity of dried nuts at room temperature (26°C) for 48 hours 

Physicochemical analysis of the value added nuts 

Rehydrated nuts and fresh ripened nuts were candied as whole-fruit candy making process with 20% 
sugar syrup and 20% sugar added skimmed milk separately for 5 days and dried in solar drier. All the 
dried nut-candies were packed in PE-pouches and stored for further study. Processed nuts were eval-
uated by moisture, peroxide value (0.74-0.92Meq) and organoleptic tests for 1 year in each 3 months' 
interval. Here the results of each parameter for one year have been expressed. 

The moisture content (fig. 3) of value added nuts were ranged from the 1.16 (±0.12) to 1.64(±0.17)%. 
The very low moisture content results very low chance of any microbial growth on the products that 
is why the products were in good condition up to that duration.

  

Fig. 3: Diagrammatic show of moisture contents of processed nuts at 12 months of storage 

Peroxide values of the products were evaluated from their ether extract using soxhlet apparatus. The 
values are the indicator of rancidity level on the products. The obtained readings of Peroxide values 
were found in the range 0.63 (±0.02) to 0.92(±0.03) MeqO2/Kg which is under the limit of acceptabili-
ty (<10 MeqO2/Kg).  The highest value of peroxide was of sugar and milk treated product which might 
be due to the residual milk fat as well as high fat content on bold variety nuts. 

nuts and nut-candies were cooled, packed in PE-pouches (thickness 25 micron) and stored for further 
quality evaluation. Prepared nut products were evaluated by organoleptic tests by more than 10 panel-
ists using 9-points hedonic rating method. Chemical analysis such as moisture contents and peroxide 
values of ether extract for 1 year in each interval of 3 months. All the quality evaluation procedures 
were followed according to mentioned in Handbook of Quality Analysis for the Fruits and Vegetable 
Products by Rangana (2005). The data recorded for all the testing were analyzed statistically using 
Microsoft Excel, 2007 and averages were put with standard deviation.

RESULTS AND DISCUSSION

Drying of ripened betel nuts (both round and slender types) were carried out in cabinet drier till the 
separation of husk from kernel about 14-16 hrs at 60°C in cabinet drier and 3 sunny-days in solar drier 
(Maximum 68°C), formed appropriate clearance between husk and kernel (1.2-1.8mm) to separate 
each other for both bold and slender type nuts (fig. 1). The clearance was due to the low water con-
tained hard cover, made of dead tissues, between husk and kernel which remains almost constant size 
but the size of kernel reduced on drying.  The clearance makes easy separation of husk from kernel 
manually or mechanically.  

Fig. 1: The trend of clearance formation between husk and kernel during drying of betel nuts

Physicochemical analysis of the dried nuts

Nut kernels were separated from the husk and dried till constant weight in both cabinet and solar drier. 
Dried nuts were then taken to analyze physicochemical parameters such as dry matter, fat contents and 
rehydration capacity. The dry matter and fat contents of bold and slender type nuts were 42.37 (±0.3), 
45.80 (±0.95)% and 7.73(±0.21), 7.50(±0.36) %  respectively. 

Similarly, the rehydration capacity in terms of weight increased of dried nuts for both bold and slender 
type nuts during soaking with water were measured and found to be 32.47(±0.86) and 30.23 (±0.38)% 
respectively (fig. 2). Rehydration capacity is the measure of processing as well as texture quality of 
the nuts. It is claimed that, higher the rehydration capacity of the nuts, easier the value addition and 
more brittle the texture. 
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Fig.6: Diagrammatic show of scores for flavor of processed nuts at 12 months of storage

Fig.7: Diagrammatic show of scores for taste of processed nuts at 12 months of storage

Similarly, the taste attributes were also evaluated for all the value added products and the highest score 
was given to the product prepared from fresh ripened slender nuts cooked with 20% sugar containing 
milk (7.42 out of 9) and the least preference to the product of slender dried nuts (6.92 out of 9) (fig. 7).

Similarly, the texture attributes were evaluated sensorially for all the value added products and the 
highest score was given to the product prepared from fresh ripened slender nuts cooked with 20% sug-
ar containing milk and bold type plain dried nuts (7.42 out of 9) and the least preference to the product 
of rehydrated slender nut product prepared using 20% sugar containing milk (6.5 out of 9) (fig. 8).

  Fig. 4: Diagrammatic show of peroxide value of processed nuts at 12 months of storage

Both dried nuts and nut-candies were evaluated organoleptically using 9 point hedonic rating method 
in terms of color, flavor, taste and texture for 1 year in each 3 months' interval by more than 10 pan-
elists. 

Fig.5: Diagrammatic show of scores for color of processed nuts at 12 months of storage

Except taste, all the sensorial parameters were statistically different (p<0.05). The color attribute of all 
10 value added nuts products were evaluated and the highest score was given to the product prepared 
from fresh ripened slender nuts cooked with 20% sugar syrup (7.58 out of 9) and the least preference 
to the product, rehydrated slender nuts cooked with milk and 20% sugar as well as plain slender dried 
nuts (6.58 out of 9) (fig. 5). 

Similarly, the flavor attributes were also evaluated for all the products and the highest score was given 
to the product prepared from fresh ripened slender nuts cooked with 20% sugar containing milk (7.75 
out of 9) and least preference to the product of slender dried nuts (6.58 out of 9) (fig.6).
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REQUIREMENTS AND IMPLEMENTATION PROTOCOL OF RESIDUE 
MONITORING PLAN (RMP) WITH REFERENCE TO HONEY FOR  EX-

PORT TO EU
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Major exportable agro-food commodities of Nepal (viz. Honey, Large Cardamom, Tea, Ginger) are 
losing their international market mentioning the reason of lack of testing, certification and residue 
monitoring programmes for pesticides and other agrochemicals used during farming. In order to ad-
dress this problem, Government of Nepal has recently developed a draft of Residue Monitoring Plan 
(RMP) with especial reference to honey for export to EU. This paper wishes to explore the informa-
tion included in this draft mainly Requirements of RMP, Responsibilities of various stakeholders and 
its implementation protocol briefly.

Keywords: Pesticide Residue, RMP, Requirements, Implementation, Honey, EU

INTRODUCTION

Honey is one of the major export potential agro-food commodities highly prioritized by Nepal Trade 
Integration Strategy (NTIS). NTIS strategy is a prioritized trade promotion strategy of Government of 
Nepal, which is formulated at 2010 in the leadership of Ministry of Commerce and Supplies with fi-
nancial and substantive support from United Nations Development Programme (UNDP), Government 
of Finland (GoF), United Kingdom Department for International Development (DFID), International 
Finance Corporation (IFC) and the International Trade Center (ITC). NTIS Strategy, thus formulated, 
has listed 19 major export potential products and services from Nepal including seven agro-food com-
modities which are honey, tea, large cardamom, ginger, lentil, instant noodles and medicinal herbs/
essential oils. Honey is one of these seven priority agro-food products (NTIS, 2010).

Abundance of natural flora and fauna, availability of appropriate climate condition, unique flavor, 
positive socioeconomic impact especially income to poor landless farmers, a lot of groundwork al-
ready done by different organization, involvement of large number entrepreneurs in the processing 
and marketing, high quality production and good relation between beekeepers and stakeholders are 
the strength of Nepalese honey for its export. The Most attractive ten markets of honey as indicated 
by NTIS 2010 are UK, France, Japan, USA, Germany, Belgium, Poland, Australia, Saudi Arabia and 
Slovakia (NTIS, 2010).

However, lack of facilities and equipment for good export quality honey, near saturation of domestic 
markets and entrepreneurs inability to find new markets other than India, non- inclusion of Nepal in 
the list of countries that are authorized to export honey, absence of proper equipment and laboratories 
facilities to test for residue presence (MRLs) are the major weaknesses recorded which needs to be 
addressed properly by Nepal for export promotion of honey. Exported value of honey from Nepal was 
reported of 49 thousand US Dollar at 2004 and the value was declined to 14 thousand US Dollar at 
2008 showing the annual decline of about 26.9%. EU banned Nepalese honey since 2002/2003 men-
tioning the reason of lack of monitoring programmes for pesticide and other residues recording the 
export loss of approximate value of about Nepalese Rupees 76 million (until 2010) i.e. approximately 
Nepalese Rupees 9.4 million per year for eight years (NTIS, 2010; Bhandari, 2005).

To address the requirement of submission of a residue control plan to EU and other honey importing 
countries, Government of Nepal (with additional reference of APEDA, 2008 and EIC, 2013/14 list-
ed in the reference part of this paper) recently prepared a revised draft of Residue Monitoring Plan 
(RMP) for honey to ensure the level of residues of pesticide and other agriculture chemicals are kept 
within the maximum residue limits (MRLs) prescribed under the EU regulations. The objectives of 

Fig.8: Diagrammatic show of scores for texture of processed nuts at 12 months of storage

CONCLUSIONS

Finding optimum temperature and time to dry the betel nut for the separation of kernel from husk and 
to search the commercial opportunities of betel nuts through value addition were the major objectives 
of this research. The separation of kernel from the husk took 14-16 hours at 600C in cabinet drier and 
3 sunny-days in solar drier formed appropriate clearance between husk and kernel to separate. Value 
addition can be done for betel nuts by rehydrating dried nuts as well as fresh ripened nuts using sugar, 
milk solids etc. and all value added and dried nuts can be stored at least 1 year. Most of panelists pre-
ferred the nut-candy prepared from fresh ripened slender type nut using sugar and milk as best among 
the value added products.

ACKNOWLEDGEMENTS

Authors are highly acknowledged to Mahendra Jung Thapa, Chudamani Bhattarai, Dhrubalal Regmi, 
Basudev Mishra and staff of Food Research Division (NARC) for their valuable information and help 
during the research.

REFERENCES

RFTQC, 2064. Annual Progress Report of Regional Food Technology and Quality Control office, 
Biratnagar.

Cruess W. V. (1988). Commercial Fruits and Vegetable Products, Fourth edition.

MoAC, 2062. Report on 'study of betel nut farming in Nepal' 

FRD, 2011. Annual Report of Food Research Division, NARC, Khumaltar.



100

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

101

REQUIREMENTS AND IMPLEMENTATION PROTOCOL OF RESIDUE 
MONITORING PLAN (RMP) WITH REFERENCE TO HONEY FOR  EX-

PORT TO EU
Nawa R. Dahal*and Jiwan P. Lama

Department of Food Technology and Quality Control (DFTQC), Babarmahal, Kathmandu
*Corresponding author:nawarajd@yahoo.com

Major exportable agro-food commodities of Nepal (viz. Honey, Large Cardamom, Tea, Ginger) are 
losing their international market mentioning the reason of lack of testing, certification and residue 
monitoring programmes for pesticides and other agrochemicals used during farming. In order to ad-
dress this problem, Government of Nepal has recently developed a draft of Residue Monitoring Plan 
(RMP) with especial reference to honey for export to EU. This paper wishes to explore the informa-
tion included in this draft mainly Requirements of RMP, Responsibilities of various stakeholders and 
its implementation protocol briefly.

Keywords: Pesticide Residue, RMP, Requirements, Implementation, Honey, EU

INTRODUCTION

Honey is one of the major export potential agro-food commodities highly prioritized by Nepal Trade 
Integration Strategy (NTIS). NTIS strategy is a prioritized trade promotion strategy of Government of 
Nepal, which is formulated at 2010 in the leadership of Ministry of Commerce and Supplies with fi-
nancial and substantive support from United Nations Development Programme (UNDP), Government 
of Finland (GoF), United Kingdom Department for International Development (DFID), International 
Finance Corporation (IFC) and the International Trade Center (ITC). NTIS Strategy, thus formulated, 
has listed 19 major export potential products and services from Nepal including seven agro-food com-
modities which are honey, tea, large cardamom, ginger, lentil, instant noodles and medicinal herbs/
essential oils. Honey is one of these seven priority agro-food products (NTIS, 2010).

Abundance of natural flora and fauna, availability of appropriate climate condition, unique flavor, 
positive socioeconomic impact especially income to poor landless farmers, a lot of groundwork al-
ready done by different organization, involvement of large number entrepreneurs in the processing 
and marketing, high quality production and good relation between beekeepers and stakeholders are 
the strength of Nepalese honey for its export. The Most attractive ten markets of honey as indicated 
by NTIS 2010 are UK, France, Japan, USA, Germany, Belgium, Poland, Australia, Saudi Arabia and 
Slovakia (NTIS, 2010).

However, lack of facilities and equipment for good export quality honey, near saturation of domestic 
markets and entrepreneurs inability to find new markets other than India, non- inclusion of Nepal in 
the list of countries that are authorized to export honey, absence of proper equipment and laboratories 
facilities to test for residue presence (MRLs) are the major weaknesses recorded which needs to be 
addressed properly by Nepal for export promotion of honey. Exported value of honey from Nepal was 
reported of 49 thousand US Dollar at 2004 and the value was declined to 14 thousand US Dollar at 
2008 showing the annual decline of about 26.9%. EU banned Nepalese honey since 2002/2003 men-
tioning the reason of lack of monitoring programmes for pesticide and other residues recording the 
export loss of approximate value of about Nepalese Rupees 76 million (until 2010) i.e. approximately 
Nepalese Rupees 9.4 million per year for eight years (NTIS, 2010; Bhandari, 2005).

To address the requirement of submission of a residue control plan to EU and other honey importing 
countries, Government of Nepal (with additional reference of APEDA, 2008 and EIC, 2013/14 list-
ed in the reference part of this paper) recently prepared a revised draft of Residue Monitoring Plan 
(RMP) for honey to ensure the level of residues of pesticide and other agriculture chemicals are kept 
within the maximum residue limits (MRLs) prescribed under the EU regulations. The objectives of 

Fig.8: Diagrammatic show of scores for texture of processed nuts at 12 months of storage

CONCLUSIONS

Finding optimum temperature and time to dry the betel nut for the separation of kernel from husk and 
to search the commercial opportunities of betel nuts through value addition were the major objectives 
of this research. The separation of kernel from the husk took 14-16 hours at 600C in cabinet drier and 
3 sunny-days in solar drier formed appropriate clearance between husk and kernel to separate. Value 
addition can be done for betel nuts by rehydrating dried nuts as well as fresh ripened nuts using sugar, 
milk solids etc. and all value added and dried nuts can be stored at least 1 year. Most of panelists pre-
ferred the nut-candy prepared from fresh ripened slender type nut using sugar and milk as best among 
the value added products.

ACKNOWLEDGEMENTS

Authors are highly acknowledged to Mahendra Jung Thapa, Chudamani Bhattarai, Dhrubalal Regmi, 
Basudev Mishra and staff of Food Research Division (NARC) for their valuable information and help 
during the research.

REFERENCES

RFTQC, 2064. Annual Progress Report of Regional Food Technology and Quality Control office, 
Biratnagar.

Cruess W. V. (1988). Commercial Fruits and Vegetable Products, Fourth edition.

MoAC, 2062. Report on 'study of betel nut farming in Nepal' 

FRD, 2011. Annual Report of Food Research Division, NARC, Khumaltar.



102

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

103

Registration of Bee-Keepers

Each bee-keeper intend to export of honey to EU must apply to the concerned honey processer in 
prescribed format for registration of bee-keeping sufficiently before starting of the honey harvesting 
season. The registered bee-keeper will document and maintain record of all field application of pes-
ticides and other agrochemicals in bee hive as per the format given. The registered bee-keeper will 
adopt recommended pest management practices and pre-harvest intervals as recommended by Plant 
Protection Directorate of DOA. The registered bee-keeper will ensure that no application of any pes-
ticide or other agricultural chemical in the bee-hive takes place once the accredited laboratory draws 
the sample for residue analysis.

Registration of honey processer

The honey processer involved with the export of honey to EU should be registered with the DFTQC. 
The registered honey processer will maintain a register or bee-keeper in the prescribed format. Each 
registered bee-keeper will be assigned a unique registration number (District 2 digits/VDC 2 digits/
bee-keeper 3 digits). Each bee-keeper will be permitted to register with any one honey processing 
facility during a particular harvesting season. The honey processer will issue a document evidencing 
registration in the format prescribed after verifying the particulars in the application and the inspec-
tion of bee-hives. The registered honey processer will develop and document standard operating pro-
cedures (SOPs) detailing procedures of post-harvest processing including heat treatment of honey and 
maintain all records related to post harvest processing and treatment. The honey processer will adopt 
hygiene practices while handling honey during all stages of processing of honey to prevent contam-
ination. The registered honey processer will not give any post-harvest chemical treatment of honey. 
If any post-harvest chemical treatment of honey carried out by the processing unit, on the request of 
the exporter, then he should ensure that the honey samples will be drawn for each lot as per the pro-
cedures prescribed and got them tested by the accredited testing laboratory for the residues of specific 
chemical used in the post-harvest treatment at the cost of the exporter prior to undertaking processing 
of honey for export to EU.

Recognition of accredited residue testing laboratories

A list of accredited laboratories those are proposed (and recognized by DFTQC) for taking pesticide 
residue analysis in honey for export to EU is given in Table 1.

this plan are; to closely monitor the residue levels of pesticide, drugs and other agriculture chemicals 
in honey to ensure that they are within maximum residue limits (MRLs) set up by EU; to regulate the 
safe use of pesticides, drugs and other chemicals for control of pests in beekeeping and to ensure that 
recommended pre-harvest interval, are strictly adhered to mitigate the pesticide residue problem; to 
identify the sources of pesticide residues and to take appropriate measures to minimize the source of 
contamination and to establish an effective system to control the injudicious use and application of 
pesticides.

REQUIREMENTS OF RMP

Basic requirements of RMP include identifying the districts for implementing RMP and effective pe-
riod, finalizing management protocol including the various stakeholders, registration of bee-keepers, 
registration of honey processers, recognition of accredited residue testing laboratories, designation of 
national reference laboratory, organization of awareness programmes before starting the implementa-
tion and assuring the fund required for its implementation. 

Identification of Designated Districts/Effective Period

This plan is designed to be effectively implemented in the major honey producing districts (Chi-
tawan, Nawalparasi, Rupendehi, Kapilbastu, Dang, Sarlahi, Mahottari, Makawanpur, Banke, Bardia 
and Kanchanpur) from which export of honey is allowed. It is provisioned to be commenced from the 
date of approval for a period of two years and will be reviewed at the end of second year for further 
continuance of export to EU.

Finalizing Management protocol

This draft manual has recognized Department of Food Technology and Quality Control (DFTQC) 
under the Ministry of Agriculture Development (MOAD) as a leading coordinating organization to 
implement RMP in association with Department of Agriculture through District Agriculture officers 
of the concerned districts and the concerned officers of Plant Protection Directorate including Plant 
and Food Quarantine officials. The registered beekeepers, honey processers, accredited laboratories 
and national referral laboratory are the key players for the successful implementation of this plan. The 
detail of the management structure proposed is presented in Fig 1.
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Organization of awareness programmes

DFTQC in collaboration with Department of Agriculture involving concerned District Agriculture 
officers and officers of plant protection directorate, food (honey) inspection, plant quarantine and food 
quarantine will organize an awareness programme at the beginning of each harvesting season, regard-
ing the need for adaptation of recommended pest management practices in honey hive and pre-harvest 
intervals, which will be attended by all registered bee-keepers/honey processers/exporters and other 
concerned stakeholders in the designated districts from which the exports are programmed to EU. The 
meeting encourages promoting eco-friendly integrated pest management practices to minimize the 
pesticide residue problems through judicious use of pesticides.

Funding

This plan proposed that Ministry of Agricultural Development will provide necessary fund to DFTQC 
for funding the organization of awareness campaign in designated districts and also will bear fifty 
percent of testing fees charged by the laboratories for residue analysis under this plan. DFTQC will 
support organizing the meeting of stakeholders to review the plan at the end of each year and monitor-
ing activities. DFTQC will also fund the organization of review meeting of all concerned stakeholders 
to discuss the issues related to honey export to EU and implement appropriate measures to mitigate 
the problems to facilitate smooth exports to EU.

RESPONSIBILITIES OF VARIOUS STAKEHOLDERS

Major stakeholders for implementing RMP in honey identified are registered bee-keepers, registered 
honey processer, Honey exporters, Accredited residue testing laboratories, Designated National Ref-
erence Laboratory including District Agriculture development officers, Plant protection officers, Food 
(honey) inspector, Plant Quarantine Officers and Food Quarantine Officers. Their assigned responsi-
bilities are presented as follows.

Responsibility of Registered bee-keepers

The registered bee-keepers will be responsible for 

•	 To follow the recommended pest management practices and pre-harvest intervals in bee-
hives for control of pests.

•	 To maintain the record of all field application of pesticides and any other agrochemicals in 
the bee-hives and monitor the incidence of pests through appropriate means.

•	 To permit the district agriculture/plant protection officers to undertaking pre-harvest inspec-
tion of bee-hives to assess the incidence of pests and diseases and advise appropriate control 
measures.

•	 To permit the representative of accredited test laboratory for drawing representative sample 
of honey for residue analysis. 

•	 To not to use any spraying of pesticides in bee-hives once the samples are drawn for residue 
analysis.

•	 To not to use any misbranded or un-registered or banned or un-recommended pesticides in 
the bee-hives and 

•	 To adopt eco-friendly integrated pest management practices in the bee-hives to minimize 
pesticide residues.

Responsibility of Registered Honey Processer

The registered honey processer will be responsible for 

Table 1: List of Accredited Laboratories recognized for testing for pesticide residue in honey.

S.N. Name of the Laboratory Status
1. Geo-Chem Lab Pvt. Ltd., 36, Raja Industrial Estate,1st Floor, 

Purushottam Kheraj Marg,Mulund (West), Mumbai – 400 
080.Phone: 022-67974999

Fax: 022-67974616, E-mail: neel@geochemgroup.com,             
laboratory@geochemgroup.com,  radlab@geochemgroup.
com, sureshbabu@geochemgroup.com               

Accredited to NABL/
ISO-17025, recognized 
by APEDA

2. Insecticide Residue Testing Laboratory, Krishibhavan, Shi-
vajinagar, 

Pune – 411 005, Phone: 020-25534348, 25281186, Fax: 020-
25537695, 26131064, Phone/fax: 020-25510300 Cell: 094224 
95497, E-mail: irtlpune@yahoo.com, ,   irtlpune@rediffmail.
com,             vijayskolekar@gmail.com

Government laboratory 
recognised by APEDA

3. Reliable Analytical Laboratory, A-1, 5 Acres, Kothari Com-
pound

Tiku - ji - ni Wadi Road, Manpada, Thane (W) – 400 607, 
Phone: 022-25899490, 25899491, Fax: 022-25899492, 
E-mail: reliablelabs@hotmail.com,   info@reliablelabs.org, 
renu@reliablelabs.org  

Accredited to NABL/
ISO-17025, recognised 
by APEDA

4. Vimta Labs Ltd., 142, IDA, Cherlapally, Hyderabad – 500 
051

Phone: 040-2726 4141, 2726 4444, Fax: 040-27263657, 
E-mail: crm@vimta.com ,  sudhakar@vimta.com            

Accredited to NABL/
ISO-17025, recognised 
by APEDA

5. SGS India limited, 1/509 A, Old Mahabalipuram Road, Opp. 
Govt. High School, Thoraipakkam, Chennai – 600 085, Phone: 
044 – 2496 2822/ 2496 3844, Fax: 044 – 2496 3075, E-mail: 
Parthiban.R@sgs.com, Anand.Kumar@sgs.com        

Accredited to NABL/
ISO-17025, recognised 
by APEDA

6. Shriram Institute for Industrial Research, Plot 14 & 15, 
Sadarmangla Industrial Area,  White Field Road,  Ban-
galore – 560 048, Phone: 080-28410165, 28412842, Fax: 
080-28410189,E-mail: srisrb@vsnl.net.in 

             sribglr@bgl.vsnl.net.in, kd@shriraminstitute-banga-
lore.org

Accredited to NABL/
ISO-17025, recognised 
by APEDA

7 Edward Food Research and Analysis Center Ltd. (efrac), 
Subhas Nagar, PO: Nilgunj Bazar, Barasat, Kolkata 700 121, 
India, Email: efraclab@efrac.org, Phone +91 33 7112 2800, 
Fax: +91 33 7112 2801, Website: www.efrac.org

Accredited to NABL/
ISO-17025, recognised 
by APEDA

8 Intertek India Pvt. Ltd (Food Services), No 68, Udhog Vihar 
Phase-1, Gugaon -122016, Haryana, India, Email:food.gur-
gaon@intertek.com, Tel: +91-0124-4840600, Fax: +91-0124-
4147881, Website: ww.intertek.com

Accredited to NABL/
ISO-17025, recognised 
by APEDA

Designation of national referral laboratory

The Central Food Laboratory of DFTQC is proposed to be designated as national referral laboratory 
for referral testing and closely monitoring the activities of accredited testing laboratories for pesticide 
residue analysis in honey for export to EU.
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Organization of awareness programmes

DFTQC in collaboration with Department of Agriculture involving concerned District Agriculture 
officers and officers of plant protection directorate, food (honey) inspection, plant quarantine and food 
quarantine will organize an awareness programme at the beginning of each harvesting season, regard-
ing the need for adaptation of recommended pest management practices in honey hive and pre-harvest 
intervals, which will be attended by all registered bee-keepers/honey processers/exporters and other 
concerned stakeholders in the designated districts from which the exports are programmed to EU. The 
meeting encourages promoting eco-friendly integrated pest management practices to minimize the 
pesticide residue problems through judicious use of pesticides.

Funding

This plan proposed that Ministry of Agricultural Development will provide necessary fund to DFTQC 
for funding the organization of awareness campaign in designated districts and also will bear fifty 
percent of testing fees charged by the laboratories for residue analysis under this plan. DFTQC will 
support organizing the meeting of stakeholders to review the plan at the end of each year and monitor-
ing activities. DFTQC will also fund the organization of review meeting of all concerned stakeholders 
to discuss the issues related to honey export to EU and implement appropriate measures to mitigate 
the problems to facilitate smooth exports to EU.

RESPONSIBILITIES OF VARIOUS STAKEHOLDERS

Major stakeholders for implementing RMP in honey identified are registered bee-keepers, registered 
honey processer, Honey exporters, Accredited residue testing laboratories, Designated National Ref-
erence Laboratory including District Agriculture development officers, Plant protection officers, Food 
(honey) inspector, Plant Quarantine Officers and Food Quarantine Officers. Their assigned responsi-
bilities are presented as follows.

Responsibility of Registered bee-keepers

The registered bee-keepers will be responsible for 

•	 To follow the recommended pest management practices and pre-harvest intervals in bee-
hives for control of pests.

•	 To maintain the record of all field application of pesticides and any other agrochemicals in 
the bee-hives and monitor the incidence of pests through appropriate means.

•	 To permit the district agriculture/plant protection officers to undertaking pre-harvest inspec-
tion of bee-hives to assess the incidence of pests and diseases and advise appropriate control 
measures.

•	 To permit the representative of accredited test laboratory for drawing representative sample 
of honey for residue analysis. 

•	 To not to use any spraying of pesticides in bee-hives once the samples are drawn for residue 
analysis.

•	 To not to use any misbranded or un-registered or banned or un-recommended pesticides in 
the bee-hives and 

•	 To adopt eco-friendly integrated pest management practices in the bee-hives to minimize 
pesticide residues.

Responsibility of Registered Honey Processer

The registered honey processer will be responsible for 

Table 1: List of Accredited Laboratories recognized for testing for pesticide residue in honey.

S.N. Name of the Laboratory Status
1. Geo-Chem Lab Pvt. Ltd., 36, Raja Industrial Estate,1st Floor, 

Purushottam Kheraj Marg,Mulund (West), Mumbai – 400 
080.Phone: 022-67974999

Fax: 022-67974616, E-mail: neel@geochemgroup.com,             
laboratory@geochemgroup.com,  radlab@geochemgroup.
com, sureshbabu@geochemgroup.com               

Accredited to NABL/
ISO-17025, recognized 
by APEDA

2. Insecticide Residue Testing Laboratory, Krishibhavan, Shi-
vajinagar, 

Pune – 411 005, Phone: 020-25534348, 25281186, Fax: 020-
25537695, 26131064, Phone/fax: 020-25510300 Cell: 094224 
95497, E-mail: irtlpune@yahoo.com, ,   irtlpune@rediffmail.
com,             vijayskolekar@gmail.com

Government laboratory 
recognised by APEDA

3. Reliable Analytical Laboratory, A-1, 5 Acres, Kothari Com-
pound

Tiku - ji - ni Wadi Road, Manpada, Thane (W) – 400 607, 
Phone: 022-25899490, 25899491, Fax: 022-25899492, 
E-mail: reliablelabs@hotmail.com,   info@reliablelabs.org, 
renu@reliablelabs.org  

Accredited to NABL/
ISO-17025, recognised 
by APEDA

4. Vimta Labs Ltd., 142, IDA, Cherlapally, Hyderabad – 500 
051

Phone: 040-2726 4141, 2726 4444, Fax: 040-27263657, 
E-mail: crm@vimta.com ,  sudhakar@vimta.com            

Accredited to NABL/
ISO-17025, recognised 
by APEDA

5. SGS India limited, 1/509 A, Old Mahabalipuram Road, Opp. 
Govt. High School, Thoraipakkam, Chennai – 600 085, Phone: 
044 – 2496 2822/ 2496 3844, Fax: 044 – 2496 3075, E-mail: 
Parthiban.R@sgs.com, Anand.Kumar@sgs.com        

Accredited to NABL/
ISO-17025, recognised 
by APEDA

6. Shriram Institute for Industrial Research, Plot 14 & 15, 
Sadarmangla Industrial Area,  White Field Road,  Ban-
galore – 560 048, Phone: 080-28410165, 28412842, Fax: 
080-28410189,E-mail: srisrb@vsnl.net.in 

             sribglr@bgl.vsnl.net.in, kd@shriraminstitute-banga-
lore.org

Accredited to NABL/
ISO-17025, recognised 
by APEDA

7 Edward Food Research and Analysis Center Ltd. (efrac), 
Subhas Nagar, PO: Nilgunj Bazar, Barasat, Kolkata 700 121, 
India, Email: efraclab@efrac.org, Phone +91 33 7112 2800, 
Fax: +91 33 7112 2801, Website: www.efrac.org

Accredited to NABL/
ISO-17025, recognised 
by APEDA

8 Intertek India Pvt. Ltd (Food Services), No 68, Udhog Vihar 
Phase-1, Gugaon -122016, Haryana, India, Email:food.gur-
gaon@intertek.com, Tel: +91-0124-4840600, Fax: +91-0124-
4147881, Website: ww.intertek.com

Accredited to NABL/
ISO-17025, recognised 
by APEDA

Designation of national referral laboratory

The Central Food Laboratory of DFTQC is proposed to be designated as national referral laboratory 
for referral testing and closely monitoring the activities of accredited testing laboratories for pesticide 
residue analysis in honey for export to EU.
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•	 To undertake drawl and testing a minimum of 5% samples directly from registered honey 
processor pertaining to the batches tested by the accredited residue testing laboratories as a 
measure of conformity.

•	 To advise regarding re-testing of failed samples by the accredited testing laboratory.

•	 To conduct training/proficiency tests of the analysts from accredited testing laboratories to 
ensure consistency in reproducibility of results.

•	 To evaluate and standardize the testing protocols for adoption by the accredited testing lab-
oratories.

•	 To closely monitor and audit the activities of accredited testing laboratories recognized by 
DFTQC.

•	 To conduct proficiency testing programme

•	 Issuing internal alerts.

Responsibility of District Agriculture Officers

District agriculture officers will be responsible for

•	 To undertake pre-harvest inspection of the registered bee-keeper to assess the pest/disease 
status of bee-hives and report any incidence of pests and advice recommended practices to 
control the pests.

•	 To report any incidence of occurrence of pest outbreaks or occurrence of new pests

•	 To promote eco-friendly integrated pest management practices and to enforce the regulations 
of Pesticide act within the district.

Responsibility of Plant Protection officers

Plant protection officers will be responsible for 

•	 To issue phytosanitary certificates after necessary verification of certificates of residue anal-
ysis issued by accredited laboratory.

•	 To record the particulars of residue analysis certificate in the export inspection register in 
order to establish the trace back of exported commodity.

•	 To refuse/reject the consignment for issue of phytosanitary certificate in the event of receipt 
of internal alert from national referral laboratory/communication received in respect of failed 
samples or detection of residues of banned pesticides under pesticide act or in the event of 
suspension of exports from specified bee-keeper or honey processer or region in the event of 
receipt of communication of nonconformities from EU.

Responsibility of Food (Honey) Inspectors

Food (Honey) Inspectors will be responsible for

•	 To undertake Post-harvest inspection of the registered bee-keeper/Honey processer to assess 
the Good Manufacturing Practices.

•	 To draw the representative samples for residue testing and send the representative sample to 
the accredited testing laboratory for analysis.

•	 To report any incidence of occurrence of hazard outbreaks or occurrence of new hazards.

•	 To establish facility SOPs for post-harvest processing including necessary treatments, pack-
aging and labeling.

•	 To associate with representative of concerned testing laboratory in drawing representative 
samples for residue testing.

•	 To verify that the recommended pest management practices and the pre-harvest intervals are 
adopted by the registered bee-keeper.

•	 To not to undertake any post-harvest chemical treatment of honey for export to EU.

•	 To suspend the exports from that bee-keeper in the event of failing of sample and to under-
take further investigation into the cause of such failure.

•	 To use only recommended practices for post-harvest treatment of honey.

•	 To not to treat or expose the packing materials to pesticides, while disinfecting the packing 
places for control of pests and also not to use any packing material impregnated with pesti-
cides.

Responsibility of Honey Exporters

The exporters will be responsible for 

•	 To source the honey for export only from the registered bee-keeper/honey processer.

•	 To maintain all records related to export shipment-wise to facilitate tracing back of exports 
to specific honey processer and bee-keeper.

•	 To not to export of honey from bee-keeper/honey processer not confirming with MRLs pre-
scribed under the EU requirements.

Responsibility of Accredited residue testing laboratories

The test laboratories recognized by DFTQC for purpose of residue analysis will be responsible for 

•	 To draw the representative samples of fruits for residue analysis in accordance with pre-
scribed sampling procedures and ensure proper storage of samples, while testing and keeping 
for future reference and maintaining its integrity.

•	 To undertake testing of samples of residue determination in accordance with testing proto-
cols specified in this residue monitoring plan.

•	 To issue certificates of residue analysis at the end of testing as per the format prescribed 
under this residue monitoring plan.

•	 To report the results of testing of all samples through web-based internet enabled software 
developed by DFTQC and or by printed format at specified intervals.

•	 To take immediate action to notify the National Referral Laboratory regarding failure of 
sample.

•	 To adopt good laboratory practices through-out testing and to maintain appropriate records 
for tracing back of samples to specific bee-keeper/honey processer.

Responsibility of Designated national referral laboratory

The National Referral Laboratory designated by DFTQC under this plan will be responsible for;
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•	 To undertake drawl and testing a minimum of 5% samples directly from registered honey 
processor pertaining to the batches tested by the accredited residue testing laboratories as a 
measure of conformity.

•	 To advise regarding re-testing of failed samples by the accredited testing laboratory.

•	 To conduct training/proficiency tests of the analysts from accredited testing laboratories to 
ensure consistency in reproducibility of results.

•	 To evaluate and standardize the testing protocols for adoption by the accredited testing lab-
oratories.

•	 To closely monitor and audit the activities of accredited testing laboratories recognized by 
DFTQC.

•	 To conduct proficiency testing programme

•	 Issuing internal alerts.

Responsibility of District Agriculture Officers

District agriculture officers will be responsible for

•	 To undertake pre-harvest inspection of the registered bee-keeper to assess the pest/disease 
status of bee-hives and report any incidence of pests and advice recommended practices to 
control the pests.

•	 To report any incidence of occurrence of pest outbreaks or occurrence of new pests

•	 To promote eco-friendly integrated pest management practices and to enforce the regulations 
of Pesticide act within the district.

Responsibility of Plant Protection officers

Plant protection officers will be responsible for 

•	 To issue phytosanitary certificates after necessary verification of certificates of residue anal-
ysis issued by accredited laboratory.

•	 To record the particulars of residue analysis certificate in the export inspection register in 
order to establish the trace back of exported commodity.

•	 To refuse/reject the consignment for issue of phytosanitary certificate in the event of receipt 
of internal alert from national referral laboratory/communication received in respect of failed 
samples or detection of residues of banned pesticides under pesticide act or in the event of 
suspension of exports from specified bee-keeper or honey processer or region in the event of 
receipt of communication of nonconformities from EU.

Responsibility of Food (Honey) Inspectors

Food (Honey) Inspectors will be responsible for

•	 To undertake Post-harvest inspection of the registered bee-keeper/Honey processer to assess 
the Good Manufacturing Practices.

•	 To draw the representative samples for residue testing and send the representative sample to 
the accredited testing laboratory for analysis.

•	 To report any incidence of occurrence of hazard outbreaks or occurrence of new hazards.

•	 To establish facility SOPs for post-harvest processing including necessary treatments, pack-
aging and labeling.

•	 To associate with representative of concerned testing laboratory in drawing representative 
samples for residue testing.

•	 To verify that the recommended pest management practices and the pre-harvest intervals are 
adopted by the registered bee-keeper.

•	 To not to undertake any post-harvest chemical treatment of honey for export to EU.

•	 To suspend the exports from that bee-keeper in the event of failing of sample and to under-
take further investigation into the cause of such failure.

•	 To use only recommended practices for post-harvest treatment of honey.

•	 To not to treat or expose the packing materials to pesticides, while disinfecting the packing 
places for control of pests and also not to use any packing material impregnated with pesti-
cides.

Responsibility of Honey Exporters

The exporters will be responsible for 

•	 To source the honey for export only from the registered bee-keeper/honey processer.

•	 To maintain all records related to export shipment-wise to facilitate tracing back of exports 
to specific honey processer and bee-keeper.

•	 To not to export of honey from bee-keeper/honey processer not confirming with MRLs pre-
scribed under the EU requirements.

Responsibility of Accredited residue testing laboratories

The test laboratories recognized by DFTQC for purpose of residue analysis will be responsible for 

•	 To draw the representative samples of fruits for residue analysis in accordance with pre-
scribed sampling procedures and ensure proper storage of samples, while testing and keeping 
for future reference and maintaining its integrity.

•	 To undertake testing of samples of residue determination in accordance with testing proto-
cols specified in this residue monitoring plan.

•	 To issue certificates of residue analysis at the end of testing as per the format prescribed 
under this residue monitoring plan.

•	 To report the results of testing of all samples through web-based internet enabled software 
developed by DFTQC and or by printed format at specified intervals.

•	 To take immediate action to notify the National Referral Laboratory regarding failure of 
sample.

•	 To adopt good laboratory practices through-out testing and to maintain appropriate records 
for tracing back of samples to specific bee-keeper/honey processer.

Responsibility of Designated national referral laboratory

The National Referral Laboratory designated by DFTQC under this plan will be responsible for;



108

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

109

B1 Antibacterial Substances Dihydrostreptomycin including strepto-
mycin

10*

Sulphonimides (Sulfadimidine, sulfa-
diazine, sulfadimethoxine, sulfadoxine, 
sulfamethazine, sulfanilamide, sul-
famirazine, sulfamethoxy- pyridazine, 
sulfamethiazole, sulfathiazole)

10*

Sum of chlorotetracycline and 4-epi-chlo-
rotetracycline

10*

Sum of oxytetracycline and 4-epi-oxytet-
racycline

10*

Sum of tetracycline and 4-epi-tetracy-
cline

10*

Tylosin A 10*
B2c Carbamates Carbaryl 3000

Carbofuran 100
Propoxeur 10

Pyrethroids cyfluthrin (sum of isomers) 7
cyhalothrin (sum of isomers) 7
cypermethrin (sum of isomers)- alphacy-
permethrin

17

Deltamethrin 17
Fenvalerate (sum of RR, RS and SR iso-
mers)

17

Permethrin (sum of isomers) 17
B2f Other pharmacologically 

active subs
Amitraz 200

B3a Organochlorine com-
pounds including PCBS

Aldrin and dieldrin as dieldrin 10
Chlorobenzelate 20
DDT (sum of p,p-DDT, p-p-DDE and p,p 
TDE (DDD) expressed as DDT

50

Endosulfan (sum of alpha and beta-iso-
mers and endosulfan-sulphate expresses 
as endosulfan)

10

HCH (alpha and beta isomers) 5
Lindane (gamma HCH) 10
Heptachlor (sum of heptachlor and hep-
tachlor epoxide expressed as heptachlor)

10

Hexachlorobenzene (HCB) 5
Vinclozolin (sum of viinclozolin and all 
metabolites containing the 3,5- dichlo-
raninilinemoiety, expressed as vinclo-
zolin)

10

B3b Organophosphorous com-
pounds

Coumafos 100

•	 To promote Good Manufacturing practices and to enforce the mandatory regulations of Food 
Act, Consumer Protection Act and Standards Weights and Measure Act.

Responsibility of Plant Quarantine officers

Plant Quarantine officers will be responsible for 

•	 To issue Phytosanitary Certificates after necessary verification.

•	 To record the particulars of certificate in the export inspection register in order to establish 
the trace back of exported commodity.

•	 To refuse/reject the consignment for issue of Phytosanitary Certificate in the event of failed 
samples under pesticide act or in the event of suspension of exports from specified bee-keep-
er or region in the event of receipt of communication of nonconformities from EU.

Responsibility of Food Quarantine officers

Food Quarantine officers will be responsible for 

•	 To issue Export Certification Certificates after necessary verification of certificates of residue 
analysis issued by accredited laboratory.

•	 To record the particulars of residue analysis certificate in the export inspection register in 
order to establish the trace back of exported commodity.

•	 To refuse/reject the consignment for issue of Export Certification Certificate in the event of 
receipt of internal alert from national referral laboratory/communication received in respect 
of failed samples or detection of residues of banned pesticides under pesticide act or in the 
event of suspension of exports from specified bee-keeper or honey processer or region in the 
event of receipt of communication of nonconformities from EU.

IMPLEMENTATION PROTOCOL FOR RMP

The protocol for the implementation of this draft RMP is based on those pesticides, drugs and other 
chemicals covered and MRLs prescribed by EU. The proposed implementation protocol is given as 
follows. A list of pesticides, drugs and other agriculture chemicals along with their maximum residue 
limits (MRLs) as prescribed under EU requirements is given in Table 2.

Table 2: Maximum Residue Limits for pesticides, drugs and other chemical s in honey pre-
scribed under EU legislation

Group Substances Compound or marker residue MRL/MRPL 
(µg/Kg)

A6 Chloramphenicol Chloramphenicol 0.3*
Nitrofurantoin metabolite Amino-hydantoin (AHD) 1*
Furaltadone metabolite 3-amino-5-morpholinemethyl-2-oxazo-

lidinone (AMOZ)
1*

Furazolidone metabolite Amino-oxazolidinone (AOZ) 1*
Nitrofurazone metabo-
lotes

Semi-carbazide (SEM) 1*

Nitroimidazoles Metronidazole 1*
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•	 To promote Good Manufacturing practices and to enforce the mandatory regulations of Food 
Act, Consumer Protection Act and Standards Weights and Measure Act.

Responsibility of Plant Quarantine officers

Plant Quarantine officers will be responsible for 

•	 To issue Phytosanitary Certificates after necessary verification.

•	 To record the particulars of certificate in the export inspection register in order to establish 
the trace back of exported commodity.

•	 To refuse/reject the consignment for issue of Phytosanitary Certificate in the event of failed 
samples under pesticide act or in the event of suspension of exports from specified bee-keep-
er or region in the event of receipt of communication of nonconformities from EU.

Responsibility of Food Quarantine officers

Food Quarantine officers will be responsible for 

•	 To issue Export Certification Certificates after necessary verification of certificates of residue 
analysis issued by accredited laboratory.

•	 To record the particulars of residue analysis certificate in the export inspection register in 
order to establish the trace back of exported commodity.

•	 To refuse/reject the consignment for issue of Export Certification Certificate in the event of 
receipt of internal alert from national referral laboratory/communication received in respect 
of failed samples or detection of residues of banned pesticides under pesticide act or in the 
event of suspension of exports from specified bee-keeper or honey processer or region in the 
event of receipt of communication of nonconformities from EU.

IMPLEMENTATION PROTOCOL FOR RMP

The protocol for the implementation of this draft RMP is based on those pesticides, drugs and other 
chemicals covered and MRLs prescribed by EU. The proposed implementation protocol is given as 
follows. A list of pesticides, drugs and other agriculture chemicals along with their maximum residue 
limits (MRLs) as prescribed under EU requirements is given in Table 2.

Table 2: Maximum Residue Limits for pesticides, drugs and other chemical s in honey pre-
scribed under EU legislation

Group Substances Compound or marker residue MRL/MRPL 
(µg/Kg)

A6 Chloramphenicol Chloramphenicol 0.3*
Nitrofurantoin metabolite Amino-hydantoin (AHD) 1*
Furaltadone metabolite 3-amino-5-morpholinemethyl-2-oxazo-
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Furazolidone metabolite Amino-oxazolidinone (AOZ) 1*
Nitrofurazone metabo-
lotes

Semi-carbazide (SEM) 1*

Nitroimidazoles Metronidazole 1*
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porter in consultation with the accredited testing laboratory and honey processer will draw the sched-
ule of sampling sufficiently in advance and intimate the concerned laboratory and honey processer. 
The sampling of honey will be carried out, when the bee-hive attain near harvesting stage. The detail 
of sampling of honey from bee-hive proposed is as follows.

a) Drawal of primary samples:  Sampling of honey will be carried out randomly at least eleven 
hives up to thirty hives (at least eighteen from thirty one to three hundred hives and at least twenty 
five above three hundred hives) selected in north, south, east, west and central area of bee-hive 
premises. It should be ensured that the hives selected for sampling represent the entire bee-hive 
premises. At least 100 gram honey will be collected from each chamber from three chambers se-
lected from each hive at random representing the different canopy levels namely top, middle and 
lower and different geographical directions of north, south, east, west and center of the premises. 
The honey collected will be mixed to form a composite sample of 3.3 Kg (if the number of total 
hives up-to thirty), 5.4 Kg (if the number of total hives 31-300) and 7.5 Kg (if the number of total 
hives above 300).

b) Submitted Samples:  Considering the sample size of 250 ml, two set of samples will be prepared. 
One  set (as given below) will be for immediate analysis and other set will be retained as reference 
sample by the concerned accredited laboratory of a period of 3 months at less than 10oC. The 
group-wise breakdown of sampling and testing is given as below as per the EU plan template.

Number of hives/Parameter to be 
tested in honey

Up to 30 hives 31 to 300 hives Above 
300 hives

B1 1 2 3
B2c 1 2 3
B3a+B3b+B3c 2 4 6
A6+B2f+lead 1 1 2
Total number of samples 

for analysis
4 9 14

Sampling from registered honey processer

As per the EU requirement, the number of samples drawn shall be equal to 100 per 3000 
tonnes of the annual honey production for registered honey processing establishments for the 
first 3000 tonnes and one sample for each additional 300 tonnes. The group-wise breakdown 
of sampling and testing as per the EU plan template proposed is as follows.

Groups Criteria (as 
% of total 
number of 
samples)

Number of samples 
up to 300 tonnes 

annual production

Number of sam-
ples for 3000 

tonnes annual 
production

Remarks

B1 25 2 25 Total number 
of samples 
will be cal-
culated as 
per the given 
criteria for 
exact annual 
production

B2c 25 2 25
B3a+B3b+B3c 40 4 40
A6+B2f+lead 10 1 10
Total number 
of samples for 

analysis

100 9 100

Note: The samples must be drawn from different batches/Lots/Sources for each group under each set. 

Malathion (sum of malathion and mala-
oxon expressed as malathion)

20

Phosalone 50
B3c Chemical Elements Cadmium 1000

Lead 250
 (Source: EC, 1996)

Note: * The detection below the prescribed limit by validated internationally accepted method as per 
EU requirements shall be treated as non-compliance of the sampled lot and corrective actions shall be 
followed as per the procedure 

Implementation of Recommended Pest Management Practices/Pre-harvest intervals

The first and very important step of implementation of RMP is to follow the recommended pest man-
agement practices and the pre-harvest intervals by registered bee-keepers and bee-keepers is to adopt 
eco-friendly integrated pest management practices to mitigate the pesticide residue problem as per the 
recommended guidelines prepared by Plant Protection Directorate.

Pre-harvest inspection of bee-hives

The second step of implementation undertake pre-harvest inspection of registered bee-hives by Dis-
trict Agriculture/Plant Protection officer of the concerned district, at least once during the harvesting 
season with a view to record any incidence of pests and diseases in the bee-hive and advise appro-
priate plant protection measures for the control of pests and diseases. It is to verify the pest/disease 
management practices adopted by the bee-keeper and ensure that they are in line with recommended 
Practices covered under this residue monitoring plan and also make recommendation to consider 
whether the bee-keeper is qualified for drawl of samples for testing by the concerned accredited resi-
due testing laboratory. At the end of the inspection he will record the results of pre-harvest inspection 
in a prescribed format and the copies of the report duly signed by the bee-keeper and the District 
Agriculture/Plant Protection Officer of the concerned district. The report will be made available to 
the bee-keeper, concerned honey processer and testing laboratory for appropriate action and record.

Implementation of Good Manufacturing Practices at Honey processing Plant

Another very important step of implementation of RMP is to follow the recommended good man-
ufacturing practices (GMP) by registered honey processer and honey processer also encouraged to 
implement Hazard analysis Critical Control Point (HACCP) Approaches recommended approved 
guidelines for assuring food safety.

Post-harvest inspection of honey processing unit

A Food inspector of the concerned area of jurisdiction will undertake post-harvest inspection of regis-
tered honey processing unit with packing and labeling facility, at least once during harvesting season 
with a view to record any incidence of malpractices in the honey processing unit and advice appropri-
ate processing measures for control of food safety hazards. He will also verify Good Manufacturing 
Practices/Good Hygiene Practices/Hazard Analysis and Critical Control Points adopted by honey pro-
cesser and ensure that they are in the line of recommended practices covered under this plan and also 
make recommendations to consider whether the honey processer is qualified for drawl of samples for 
testing by the concerned accredited laboratory. At the end of the inspection, the results of post-harvest 
inspection are recorded in a prescribed format and the copies of the report duly signed by the honey 
processer and the Food inspector of concerned area of jurisdiction. The report will be made available 
to honey processer and testing laboratory for appropriate action and record. 

Sampling of Honey from registered bee-keeper

A trained food inspector will undertake sampling of honey from each registered bee-keeper in the 
presence of bee-keeper and an authorized person of concerned honey processer. The bee-keeper/ex-
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porter in consultation with the accredited testing laboratory and honey processer will draw the sched-
ule of sampling sufficiently in advance and intimate the concerned laboratory and honey processer. 
The sampling of honey will be carried out, when the bee-hive attain near harvesting stage. The detail 
of sampling of honey from bee-hive proposed is as follows.
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hives up to thirty hives (at least eighteen from thirty one to three hundred hives and at least twenty 
five above three hundred hives) selected in north, south, east, west and central area of bee-hive 
premises. It should be ensured that the hives selected for sampling represent the entire bee-hive 
premises. At least 100 gram honey will be collected from each chamber from three chambers se-
lected from each hive at random representing the different canopy levels namely top, middle and 
lower and different geographical directions of north, south, east, west and center of the premises. 
The honey collected will be mixed to form a composite sample of 3.3 Kg (if the number of total 
hives up-to thirty), 5.4 Kg (if the number of total hives 31-300) and 7.5 Kg (if the number of total 
hives above 300).
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One  set (as given below) will be for immediate analysis and other set will be retained as reference 
sample by the concerned accredited laboratory of a period of 3 months at less than 10oC. The 
group-wise breakdown of sampling and testing is given as below as per the EU plan template.

Number of hives/Parameter to be 
tested in honey

Up to 30 hives 31 to 300 hives Above 
300 hives

B1 1 2 3
B2c 1 2 3
B3a+B3b+B3c 2 4 6
A6+B2f+lead 1 1 2
Total number of samples 

for analysis
4 9 14

Sampling from registered honey processer
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Groups Criteria (as 
% of total 
number of 
samples)

Number of samples 
up to 300 tonnes 

annual production

Number of sam-
ples for 3000 

tonnes annual 
production

Remarks

B1 25 2 25 Total number 
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culated as 
per the given 
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exact annual 
production
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of samples for 

analysis
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Note: The samples must be drawn from different batches/Lots/Sources for each group under each set. 

Malathion (sum of malathion and mala-
oxon expressed as malathion)

20

Phosalone 50
B3c Chemical Elements Cadmium 1000

Lead 250
 (Source: EC, 1996)

Note: * The detection below the prescribed limit by validated internationally accepted method as per 
EU requirements shall be treated as non-compliance of the sampled lot and corrective actions shall be 
followed as per the procedure 
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Reporting of testing activities by accredited laboratories

The accredited testing laboratory will enter the results of testing and issue the certificate in an internet 
enabled reporting format paced in DFTQC website immediately after completion of analysis.

Action by accredited test laboratories in case of failed samples

In case, the test results exceed the maximum residue limits (MRLs), the nominated laboratory will 
immediately intimate the National Referral Laboratory regarding the failure of the sample. The ac-
credited test laboratory will also forward the test report and chromatograms of failed samples to the 
national referral laboratory by email for taking up appropriate action. In case of marginally failed 
samples, the accredited testing laboratory, will seek appropriate guidance from the National Referral 
Laboratory for re-testing of samples.

On detection of any pesticides which are banned under Pesticide Act, the accredited testing laboratory 
will intimate the National Referral Laboratory for immediate taking-up the issue with Director Gen-
eral of DFTQC. Director General of Department of Agriculture, Chief of Plant Protection Directorate 
are then informed  for appropriate action for preventing the export of honey from that area followed 
by an in depth investigation into the cause/source of pesticide contamination and the supplier/dis-
tributor /dealer/manufacturer of pesticide and to take appropriate legal action as per the provision of 
Pesticide Act.

Action by National Referral Laboratory

Immediately after the receipt of information of failed sample, the national referral laboratory will 
issue an internal alert notice. Laboratories are responsible to test all the failing samples in dupli-
cate before reporting results to the NRL. In case, bee-keeper/honey processer/exporter wishes to get 
re-sampling done after satisfactory period to bring down the residues, laboratory will do the re-sam-
pling. The cost of re-testing will be borne by the concerned exporter. If the sample passes the test, the 
NRL will revoke the internal alert notice on receipt of information from the laboratories. Immediately 
upon the issue of internal alert notice by the national referral laboratory, the export of honey will be 
temporarily suspended from the concerned bee-keeper/honey processer, as the case may be, and the 
exports will be resumed only after the internal alert notice is revoked.

Action by DFTQC

On receipt of communication of nonconformities from EU, DFTQC will immediately issue a notice 
seeking the explanation from the concerned including bee-keeper/honey processer and the accredited 
testing laboratory into the cause of such non-conformity and order the immediate suspension of the 
export of honey from the concerned bee-keeper/honey processer, as the case may be and order investi-
gation into the cause of non-conformity. The exports from the suspended bee-keeper/honey processer, 
as the case may be, will be reinstated after ensuring corrective actions to mitigate the pesticide residue 
problems are implemented and verified. DFTQC will forward a copy of investigation to EU.

AUDITING AND REVIEW

Finally, DFTQC in association with NRL will organize auditing. Auditing includes the auditing of 
records maintained by the accredited laboratories at least once in every harvesting season with or 
without prior notice to ensure credible testing. At the end of each audit, the NRL will forward a copy 
of audit report to DFTQC and the concerned laboratory. The NRL will recommend to DFTQC for in-
vestigation in the event of non-compliance with the guidelines/procedure for drawl of samples, testing 
of honey as prescribed under this plan and question the lab about the corrective and preventive action 
plan to comply with this residue monitoring document. Auditing also includes the audit of adoption of 
recommended practices and records maintained by Bee-Keeper, Honey processer and Honey export-
ers. DFTQC will organize a meeting with all concerned stakeholders at the beginning of each season 
to review the implementation of residue monitoring plan for further improvement.

REFERENCES

However it would be considered as one sample at the respective set.

Besides the above, NRL will draw 5% of samples directly from the honey processing premises to the 
lot of concerned bee-keeper tested by the accredited testing laboratories just prior to packing as a mea-
sure of conformity. The NRL will analyze these samples, report as per the format given and integrate 
this report in a consolidated report to ensure that the pesticide residue levels are within a maximum 
residue limits prescribed.

Sample forwardal to testing laboratory

The honey will be packed cleaned and sterilized bottle, sealed and attached with a sampling slip and 
the declaration form obtained from the bee-keeper and honey processer. The packed bottle is then 
again repacked in a cartoon box. The packing box will be then sealed and stamped by the represen-
tative of testing laboratory and the representative of bee-keeper and honey processer. The address of 
the accredited testing laboratory will be clearly marked on the top of the Box. The package boxes of 
samples will be affixed with appropriate seals and either couriered for hand delivered in person at 
the concerned accredited testing laboratory/National referral laboratory, as the case may be, within a 
maximum period of 48 hours of sampling.

Sample receipt/Storage by testing laboratory

On receipt of package boxes of sampled honey at accredited laboratory, the seals will be verified by a 
person authorized to receive samples and the particulars of samples will then be entered in the inter-
net enabled reporting format placed in website of DFTQC and or/a sample register maintained at the 
facility. The sampling slip and the declaration form will be retained for record by the receiving staff 
and a sample code number will be allotted and the same clearly marked on the PET package of honey 
samples. One sample will be immediately issued for the laboratory testing and the other regained as 
reference sample in secured and sealed condition in cold room of accredited testing laboratory for a 
maximum period of 3 months.

Testing and Issue of residue analysis certificate

The testing methodology will be developed as per the standard operating procedure (SOP) set by the 
National Referral Laboratory at DFTQC, Babarmahal, Kathmandu. Testing will be carried out by 
accredited laboratories as per the approved methodology and certificate of residue analysis will be 
issued in respect of each sample tested as per the approved format within four days of drawl of the 
sample. The certificate will be printed in triplicate (3 copies) and issued as under:

a) First copy – to be printed as "Exporter's copy"
b) Second copy – to be printed as "Bee-keepers/honey Processer's copy"

c) Third copy- to be printed as "Office copy" of test laboratory.

Each certificate will bear a printed serial number and must bear the signature/stamp of the authorized 
signatory of the testing laboratory and appropriate seal of the accredited laboratory. The testing labo-
ratory will issue the certificates to the exporters within a maximum period of 24 hours of completion 
of testing or within 4 days of drawing of sample from bee-hive/honey processing unit subject to 
receipt of payments. Bee-keeper/honey processer copy can be obtained either through exporter or 
directly from the laboratory's local office.

Verification by the officers of Quarantine

The concerned officers of quarantine will verify the particulars of residue analysis certificate with that 
of particulars of consignment offered for export inspection and phytosanitary certification and record 
the particulars of residue analysis certificate in the export inspection register to ensure proper trace 
back of export consignment. The phytosanitary certificate and export certificate will only be issued 
(by Plant Quarantine officer and Food Quarantine Officer respectively) to the consignment that has 
passed the phytosanitary requirements and requirement of Maximum Limits of the residue analysis 
testing.
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Probiotic DVS (Direct vat set) culture purchased from chemical store in Kathmandu was used to 
prepare inoculation mix (Starter source) for the Probiotic yoghurt preparation. The definite quantity 
of whole milk was taken in a conical flask and sterilized in autoclave at 121ºC for 15 minute. After 
completion of sterilization of the milk, it is cooled to 38-40 ºC and inoculated with probiotic DVS 
culture at the rate of 0.01 %. Then, the mix was pre-incubated at 20-25ºC for 30-60 minutes. Now 
inoculation mix was ready for use.  

The standardized and pasteurized milk was taken for the preparation of the probiotic yoghurt. It 
was filtered through muslin cloth in order to remove fat gathering floating on the surface, which might 
affect the sensory characteristics of the final product. To see the effect of sucrose and SMP addition 
on the quality characteristics of the Probiotic yoghurt, 16 formulations were made by varying sucrose 
concentration of 0, 1 , 2 and 3 percentage and SMP concentration of again 0, 1, 2 and 3 percentage, 
respectively, in the milk. Firstly, the mixes were taken in a conical flasks and the mouth of the flask 
were plugged with cotton. Then milk mix was pasteurized at 90-95ºC for 15 min. After that the pas-
teurized milk mix was cooled to starter maximum growth temperature of 38-40ºC and inoculated with 
the prepared inoculation mix at 5 %. The inoculated milk mix was then mixed thoroughly and kept 
in an incubator maintained at 40±2ºC until 0.6 % titrable acidity is reached and coagulum is formed. 
Now the prepared probiotic yoghurt was immediately cooled below 5 ºC and stored at that tempera-
ture in a refrigerator. 

 

Pasteurization  
(90-95°C for 15 min) 

Addition of sugar and SMP 
(To study the effect) 

Filtration through muslin cloth 

 

Standardized and pasteurized milk 
(8.5 % MSNF,3% fat) 

Inoculation with prepared 
starter (5 %) 

Cooling and Storage               
(Below 5°C) 

Incubation  
(40±2°C/3.5-4 hr) 

Cooling  
 (38-40°C) 

Figure 1.  Flow chart for the preparation of the Probiotic yoghurt
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This study was carried out to study the effect of total solid content and storage duration on the quality 
parameters of probiotic yoghurt. Sugar addition in the milk mix significantly (p<0.05) increases the 
sensory score in terms of taste of the product. From data analysis of the sensory score of the samples 
of products, it was found that 2% addition of sugar in the milk mix without added SMP gives best 
result. Incorporation of skimmed milk powder (SMP) in the milk mix during preparation of Probiotic 
yoghurt is not valuable as it don’t alter the quality characteristics of the product significantly. Again 
the addition of higher amount of skimmed milk powder in the milk mix during preparation of the 
product gives powdery mouth feel to the product and hence is not recommended to incorporate in the 
product. The final product was stored at refrigerated condition, at around 5°C, and was subjected to 
organoleptic, chemical and microbiological analysis at 0, 3, 6, 9, 12 and 15th days of storage period. 
The acidity of the product was markedly increased and sensory scores in terms of taste and overall 
acceptability are also changed significantly (p<0.05) during 15 days on storage. The viable count of 
probiotic strain was also decreased from 9.76 log10 cfu/ml to 7.25 log10 cfu/ml during 15 days.

Keywords:  Probiotic, Yoghurt, Sensory, Quality, Storage time

INTRODUCTION

    Probiotic yoghurt is a fermented whole or skim milk product that contains an active culture of L. 
acidophilus or other probiotic strains which are capable to ferment the milk. It is claimed that Pro-
biotic yoghurt has therapeutic and health-promoting properties. It is also claimed that the growth of 
L. acidophilus under the conditions existing in the intestinal tract will replace undesirable putrefac-
tive fermentations with a beneficial lactic fermentation (De, 2000). The product is equally useful for 
the lactose-intolerant people as L. acidophilus present in the product help in the assimilation of the 
lactose in the human gut (Vijayendra and Gupta, 1992). The Product obtained by milk fermentation 
using probiotic strains can be a set or stirred type. They are almost identical to regular yoghurt with 
respect to color, flavor, appearance, and texture and body characteristics. But the main difference lies 
in the microorganism used for the fermentation process; some uses L. acidophilus while the other uses 
combination of L. acidophilus, L. bulgaricus and S. thermophilus. Other strains are also used in the 
production of probiotic yoghurt such as Bifidobacterium bifidum, Bifidobacterium breve, Bifidobac-
terium longum etc. The most frequently used bacteria in these products include the Lactobacillus and 
Bifidobacterium species. As the method of probiotic yoghurt preparation technology has been com-
mercialized these days, a proper processing technology helps to produce quality and uniform product. 
The objective of the research was to study the effect of sucrose and total solid content on the quality 
parameters of the probiotic yoghurt produced using probiotic DVS (Direct Vat Set) culture and then 
to study the shelf-life of the product under refrigerated storage condition.

MATERIALS AND METHODS

In the present work, standardized buffalo milk and cow milk (mixed sample) from the (KDDC) Kam-
dhenu Dairy Development Corporation, Sunsari was used for the probiotic yoghurt preparation. Sugar 
and Skimmed milk powder, required for the preparation of the Probiotic yoghurt, was purchased from 
local market of Dharan, Sunsari.
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of whole milk was taken in a conical flask and sterilized in autoclave at 121ºC for 15 minute. After 
completion of sterilization of the milk, it is cooled to 38-40 ºC and inoculated with probiotic DVS 
culture at the rate of 0.01 %. Then, the mix was pre-incubated at 20-25ºC for 30-60 minutes. Now 
inoculation mix was ready for use.  

The standardized and pasteurized milk was taken for the preparation of the probiotic yoghurt. It 
was filtered through muslin cloth in order to remove fat gathering floating on the surface, which might 
affect the sensory characteristics of the final product. To see the effect of sucrose and SMP addition 
on the quality characteristics of the Probiotic yoghurt, 16 formulations were made by varying sucrose 
concentration of 0, 1 , 2 and 3 percentage and SMP concentration of again 0, 1, 2 and 3 percentage, 
respectively, in the milk. Firstly, the mixes were taken in a conical flasks and the mouth of the flask 
were plugged with cotton. Then milk mix was pasteurized at 90-95ºC for 15 min. After that the pas-
teurized milk mix was cooled to starter maximum growth temperature of 38-40ºC and inoculated with 
the prepared inoculation mix at 5 %. The inoculated milk mix was then mixed thoroughly and kept 
in an incubator maintained at 40±2ºC until 0.6 % titrable acidity is reached and coagulum is formed. 
Now the prepared probiotic yoghurt was immediately cooled below 5 ºC and stored at that tempera-
ture in a refrigerator. 

 

Pasteurization  
(90-95°C for 15 min) 

Addition of sugar and SMP 
(To study the effect) 

Filtration through muslin cloth 

 

Standardized and pasteurized milk 
(8.5 % MSNF,3% fat) 

Inoculation with prepared 
starter (5 %) 

Cooling and Storage               
(Below 5°C) 

Incubation  
(40±2°C/3.5-4 hr) 

Cooling  
 (38-40°C) 

Figure 1.  Flow chart for the preparation of the Probiotic yoghurt
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This study was carried out to study the effect of total solid content and storage duration on the quality 
parameters of probiotic yoghurt. Sugar addition in the milk mix significantly (p<0.05) increases the 
sensory score in terms of taste of the product. From data analysis of the sensory score of the samples 
of products, it was found that 2% addition of sugar in the milk mix without added SMP gives best 
result. Incorporation of skimmed milk powder (SMP) in the milk mix during preparation of Probiotic 
yoghurt is not valuable as it don’t alter the quality characteristics of the product significantly. Again 
the addition of higher amount of skimmed milk powder in the milk mix during preparation of the 
product gives powdery mouth feel to the product and hence is not recommended to incorporate in the 
product. The final product was stored at refrigerated condition, at around 5°C, and was subjected to 
organoleptic, chemical and microbiological analysis at 0, 3, 6, 9, 12 and 15th days of storage period. 
The acidity of the product was markedly increased and sensory scores in terms of taste and overall 
acceptability are also changed significantly (p<0.05) during 15 days on storage. The viable count of 
probiotic strain was also decreased from 9.76 log10 cfu/ml to 7.25 log10 cfu/ml during 15 days.

Keywords:  Probiotic, Yoghurt, Sensory, Quality, Storage time

INTRODUCTION

    Probiotic yoghurt is a fermented whole or skim milk product that contains an active culture of L. 
acidophilus or other probiotic strains which are capable to ferment the milk. It is claimed that Pro-
biotic yoghurt has therapeutic and health-promoting properties. It is also claimed that the growth of 
L. acidophilus under the conditions existing in the intestinal tract will replace undesirable putrefac-
tive fermentations with a beneficial lactic fermentation (De, 2000). The product is equally useful for 
the lactose-intolerant people as L. acidophilus present in the product help in the assimilation of the 
lactose in the human gut (Vijayendra and Gupta, 1992). The Product obtained by milk fermentation 
using probiotic strains can be a set or stirred type. They are almost identical to regular yoghurt with 
respect to color, flavor, appearance, and texture and body characteristics. But the main difference lies 
in the microorganism used for the fermentation process; some uses L. acidophilus while the other uses 
combination of L. acidophilus, L. bulgaricus and S. thermophilus. Other strains are also used in the 
production of probiotic yoghurt such as Bifidobacterium bifidum, Bifidobacterium breve, Bifidobac-
terium longum etc. The most frequently used bacteria in these products include the Lactobacillus and 
Bifidobacterium species. As the method of probiotic yoghurt preparation technology has been com-
mercialized these days, a proper processing technology helps to produce quality and uniform product. 
The objective of the research was to study the effect of sucrose and total solid content on the quality 
parameters of the probiotic yoghurt produced using probiotic DVS (Direct Vat Set) culture and then 
to study the shelf-life of the product under refrigerated storage condition.

MATERIALS AND METHODS

In the present work, standardized buffalo milk and cow milk (mixed sample) from the (KDDC) Kam-
dhenu Dairy Development Corporation, Sunsari was used for the probiotic yoghurt preparation. Sugar 
and Skimmed milk powder, required for the preparation of the Probiotic yoghurt, was purchased from 
local market of Dharan, Sunsari.
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Effect of added SMP on the quality of product To study the effect of added SMP on the acidity and 
sensory parameters of the probiotic yoghurt, product with 0, 1, 2 and 3% added SMP and 0, 1, 2 and 
3% addition of sugar was prepared and analysis of the product was carried out.
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Figure 3. Effect of SMP addition on the acidity of the product

The time temperature combination for Pasteurization of milk was taken 95ºC /15 min as in that 
temperature the maximum viability of probiotics (for both L. acidophilus and Bifidobacterium spp.) 
was observed by Mortazavian et al., (2006).

Fat, Titrable acidity, protein, Ash was determined as described in AOAC (2005). pH was determined 
by the direct reading with the digital pH meter. Lactose was determined by the Lane and Eynon meth-
od following the instruction given by Ranganna, (2000). 

Total viable count and coliform counts were carried out by serial dilution in MRS agar and violet red 
bile agar (VRBA) respectively as per Harrigan and McCance( 1979). The temperature of incubation 
was maintained at 38±2ºC for total count and 32±2ºC for coliform count and colonies were observed 
in 42-48 hours.

Sensory evaluation (by 12 panelists comprising teachers and students of Central Campus of Tech-
nology, Dharan) was performed according 9 point hedonic rating test (9 = like extremely, 1 = dis-
like extremely) for color, smell, texture, taste and overall acceptance for coded samples rinsing their 
mouths between tests. The final product was stored at refrigerated condition for 15 days in a house 
hold refrigerator. The product was prepared in the PS-yoghurt cup used by the Kamdhenu Dairy and 
stored in it. It was subjected to chemical and microbiological analysis at 0, 3, 6, 9, 12 and 15th days of 
storage period. Organoleptic properties like appearance, taste, flavor and overall acceptability were 
also studied during the storage.
Three replicate data obtained was analyzed by ANOVA and t-test using features of GenStat Discovery 
Edition 3 (GenStat Release 7.22 DE) and means were compared by L.S.D. method at 5% level of 
significance. 

RESULTS AND DISCUSSIONS

 Composition of Milk

The Acidity (as lactic acid), pH, Lactose, Protein, Fat and Ash  content of the milk col-
lected from the KDDC plant were  0.17%, 6.7, 4.4%, 3.5%, 3.0% and 0.71% respectively.  
Changes on acidity and pH of the product during Fermentation (40±2ºC)

The effect of fermentation time on acidity and pH of the Probiotic yoghurt is presented in Figure 2. As 
the fermentation time increased, the acidity in the product was also increased. Initially the increasing 
trend was slow where as it is quicker at the later periods of fermentation. Consequently, there was a 
gradual fall in the pH of the product with the prolongation of the fermentation time. During 6 hour of 
fermentation, the acidity of the product had increased from 0.17 to 1.75 while the pH decreased from 
6.7 to 3.61 in the period of fermentation. The initial slow rise in the acidity followed by a quick abrupt 
rise can be understood as a slow growing nature of L. acidophilus at early period of fermentation (De, 
2000).    Since the fermentation period needs to be terminated when acidity of the product reaches 
to near 0.65% (Chandan, 2004) and as its acidity was reached during 3-4 hours of fermentation, 3.5 
hours of fermentation was chosen as the optimum fermentation time for the product to achieve the 
required level of acidity.

     It is worthwhile to state here that the culture taken for the production of the probiotic yoghurt had 
a good acid development capacity and had very short fermentation period to form coagulum and re-
quired level of acidity in comparison to the pure culture of L. acidophilus which takes around 18-20 
hours to reach that level of acidity. Hence the probiotic DVS culture has improved incubation ability 
and is also very economical due to the short fermentation period required to production of probiotic 
yoghurt.
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Effect of added SMP on the quality of product To study the effect of added SMP on the acidity and 
sensory parameters of the probiotic yoghurt, product with 0, 1, 2 and 3% added SMP and 0, 1, 2 and 
3% addition of sugar was prepared and analysis of the product was carried out.
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The time temperature combination for Pasteurization of milk was taken 95ºC /15 min as in that 
temperature the maximum viability of probiotics (for both L. acidophilus and Bifidobacterium spp.) 
was observed by Mortazavian et al., (2006).

Fat, Titrable acidity, protein, Ash was determined as described in AOAC (2005). pH was determined 
by the direct reading with the digital pH meter. Lactose was determined by the Lane and Eynon meth-
od following the instruction given by Ranganna, (2000). 

Total viable count and coliform counts were carried out by serial dilution in MRS agar and violet red 
bile agar (VRBA) respectively as per Harrigan and McCance( 1979). The temperature of incubation 
was maintained at 38±2ºC for total count and 32±2ºC for coliform count and colonies were observed 
in 42-48 hours.

Sensory evaluation (by 12 panelists comprising teachers and students of Central Campus of Tech-
nology, Dharan) was performed according 9 point hedonic rating test (9 = like extremely, 1 = dis-
like extremely) for color, smell, texture, taste and overall acceptance for coded samples rinsing their 
mouths between tests. The final product was stored at refrigerated condition for 15 days in a house 
hold refrigerator. The product was prepared in the PS-yoghurt cup used by the Kamdhenu Dairy and 
stored in it. It was subjected to chemical and microbiological analysis at 0, 3, 6, 9, 12 and 15th days of 
storage period. Organoleptic properties like appearance, taste, flavor and overall acceptability were 
also studied during the storage.
Three replicate data obtained was analyzed by ANOVA and t-test using features of GenStat Discovery 
Edition 3 (GenStat Release 7.22 DE) and means were compared by L.S.D. method at 5% level of 
significance. 

RESULTS AND DISCUSSIONS

 Composition of Milk

The Acidity (as lactic acid), pH, Lactose, Protein, Fat and Ash  content of the milk col-
lected from the KDDC plant were  0.17%, 6.7, 4.4%, 3.5%, 3.0% and 0.71% respectively.  
Changes on acidity and pH of the product during Fermentation (40±2ºC)

The effect of fermentation time on acidity and pH of the Probiotic yoghurt is presented in Figure 2. As 
the fermentation time increased, the acidity in the product was also increased. Initially the increasing 
trend was slow where as it is quicker at the later periods of fermentation. Consequently, there was a 
gradual fall in the pH of the product with the prolongation of the fermentation time. During 6 hour of 
fermentation, the acidity of the product had increased from 0.17 to 1.75 while the pH decreased from 
6.7 to 3.61 in the period of fermentation. The initial slow rise in the acidity followed by a quick abrupt 
rise can be understood as a slow growing nature of L. acidophilus at early period of fermentation (De, 
2000).    Since the fermentation period needs to be terminated when acidity of the product reaches 
to near 0.65% (Chandan, 2004) and as its acidity was reached during 3-4 hours of fermentation, 3.5 
hours of fermentation was chosen as the optimum fermentation time for the product to achieve the 
required level of acidity.

     It is worthwhile to state here that the culture taken for the production of the probiotic yoghurt had 
a good acid development capacity and had very short fermentation period to form coagulum and re-
quired level of acidity in comparison to the pure culture of L. acidophilus which takes around 18-20 
hours to reach that level of acidity. Hence the probiotic DVS culture has improved incubation ability 
and is also very economical due to the short fermentation period required to production of probiotic 
yoghurt.
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Figure 7.  Effect of SMP addition on the sensory parameters of the product 
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Figure 4. Effect of added sugar on the acidity of the product

   The effect of SMP addition on acidity of the Probiotic yoghurt is presented in Figure 3. At 1% and 
2% addition of SMP on the milk, acidity of the product was slightly increased on fermentation at con-
stant temperature for a constant time period. But when percentage of added SMP was higher i.e. 3%, 
acidity of the product was decreased to some extent. The initial increase on the acidity of the product 
might be due to the availability of more sugar i.e. lactose in the milk. When more SMP was added, 
acidity of the product was slightly low which might be due to growth inhibition of the culture due to 
higher solid content of the milk mix (Tamime and Robinson, 1985).
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Figure 5.  Effect of SMP addition on the sensory parameters of the yoghurt 

without added sugar
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Figure 11.   Effect of sucrose concentration on the quality characteristics of the product with 
two percentage added SMP

Analysis of the product

From the above work, it was found that milk mix formulation without added SMP and 2% sugar gives 
the best product among other formulations. Hence, final product was prepared with 0% added SMP 
and 2% added sugar and then microbiological as well as chemical analysis of the product was carried 
out. The acidity, lactose, protein, fat and ash content of the final product were found to be 0.71, 3.8, 
3.76, 2.65   and    0.75 percentages respectively. pH of that product is found to be 4.36. The same 
parameters for the acidophilus milk prepared by Gupta (1992) using lactobacilus acidophilus strain 
301 and 1899 with 6% sugar and 0.1% carboxymethylcellulose in milk were 0.80, 4.20, 3.70, 2.85 
and 0.70 percentages and 4.40 respectively. Palikhey, (2006) prepared acidophillus milk by using 
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Figure 8. Effect of SMP addition on the sensory parameters of the probiotic yoghurt 
with three percentage added sugar

Effect of sucrose concentration on the quality of the product When the sugar percentage in the 
product was increased, there was also a slight increase in the acidity level of the product as shown 
in Figure 4. Study conducted by Shirai et  al, (2001) on lactic acid bacterial fermentation had also 
revealed that the initial high glucose concentration reduce the time of fermentation and increase the 
amount of lactic acid produced. Addition of sugar up to 10-12 %, however, inhibit the starter culture 
which is mainly due to the adverse osmotic effect of the solutes in the milk but low water activity may 
also be involved (Tamime and Robinson, 1985). 
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Figure 9.  Effect of sucrose concentration on the quality characteristics of the product without 
added SMP
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(In log10 cfu/ml)

•	 Values are arithmetic mean of the triplicate samples  

•	 Same superscript in the row represents no significant difference among the samples at 5 % 
level of significance   

 The acidity of the product is markedly increased during 15 days on storage. The increase may be 
due to the high acid development capacity of the probiotic DVS culture. Sensory scores in terms of 
taste and overall acceptability are also changed significantly (p<0.05) however the product was ac-
ceptable after the 15 days of storage.

   The viability of the probiotic strain i.e. L. acidophilus is decreased on storage, which may be due 
to the production of toxic metabolites during the storage period (Singh et al., 2006). The viable count 
of probiotic strain is around 9.76 log10 cfu/ml initially which is decreased to 7.25 log10 cfu/ml during 
15 days of storage at refrigerated condition i.e. 4-5˚C  which is more than 1 log decrease, however, 
the count was still sufficient to provide the beneficial health effects. During 35 days of storage of the 
probiotic dairy product prepared by Dave R.I. and Shah N.P.(1997), 3 log cycles inhibition of bifido-
bacteria was observed from initial counts of >106 cfu/ml. Palikhey (2006) and Singh et al., (2006) 
were also found the decrease of probiotic strain in the probiotic dairy product during 6 and 40 days 
of storage condition but the final viable count was not below the required level of maintaining health 
effects. The decrease in number of viable count of L. acidophilus was also observed by Brasheras and 
Gilliand (1995) in the probiotic dairy food product.

 From the study carried out during this research and other storage studies carried out by different 
workers, it can be concluded that the self-life of the prepared probiotic yoghurt on the over mentioned 
storage condition is more than two weeks. Earlier studies on the probiotic dairy products using L. 
acidophilus had shown that the shelf life of the product is around 28 days for Nighswonger et al.,( 
2004)’s product and 40 days for Singh et al., (2006)’s product kept at refrigerated condition.

CONCLUSIONS
The fermentation period of 3.5 hour was adequate to attain the required level of acidity in the Probi-
otic yoghurt. Sugar and SMP addition resulted in a slight increase in the acidity but for the product 
prepared by using higher concentration of both added sugar and SMP, acidity of the product slightly 
decreased at that concentration. Total viable count of the probiotic yoghurt was found to be 58×108 /
ml which were adequate to achieve the desired health benefit results.

Sugar addition in the milk mix significantly increases (p<0.05) the sensory score in terms of taste of 
the product. From data analysis of the sensory score of the samples of products, it was found that 2% 
addition of sugar in the milk mix without added SMP gives best result. Incorporation of skimmed 
milk powder (SMP) in the milk mix during preparation of Probiotic yoghurt is not valuable as it don’t 
alter the quality characteristics of the product significantly (p>0.05).

Storage studies at refrigerated condition i.e. below 5 ºC for 15 days showed the slight degradation of 
the quality characteristics of the product but had acceptable quality in terms of sensory characteristics 
and viable count of the product. The initial viable count of the product was 9.76 log10 cfu/ml and de-
creased to 7.25 log10 cfu/ml on the 15th day of storage. So, it can be concluded that the self-life of the 
prepared probiotic yoghurt on the over mentioned storage condition is more than two weeks.
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isolated culture of the L. acidophilus without addition of sugar and the same parameters for his prod-
ucts were 0.96,  3.37,  3.18,  2.17 and 0.82 percentages and 4.24 respectively. Alternatively, the total 
viable count of the prepared probiotic yoghurt was 58×108 cfu/ml while the same data for the similar 

probiotic dairy products were 43×108 cfu/ml for Palikhey (2006) and was 1.60×109cfu/ml of the one 
prepared by Gupta et al., (2006). As by Gupta (1992) and Palikhey (2006), no coliform was detected 
in the product.
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    The difference in the compositional characteristics of these products is might be due to the different 
strains used in the preparation of these products. That difference might be due to the compositional 
different raw milk used to prepare the product.

Variation is also seen in the total viable count of these products. It was less than the acidophilus milk 
prepared by Gupta et al., and was slightly high than the acidophilus milk prepared by Palikhey (2006). 
The reason for higher viable count in the Gupta (1992) product is might be due to inclusion of growth 
promoter in the milk. The higher viable count in prepared probiotic yoghurt than the product prepared 
by Palikhey (2006) might be due to the use of probiotic DVS culture in the present work.   
Effect of duration of storage

Table 1.  Changes on the product characteristics during storage of the product at 5º C

                                Storage periods (in days)                                                                                                       
Parameters           0   3      6   9        12   15  

Acidity, % lactic acid     0.71           0.73    0.96  1.35             1.46 1.84

Appearance      7.65a  7.60a     7.56a 7.05a         7.00a 6.5a

Taste      7.75a  7.65ab     7.55abc 7.43abcd        6.89de 6.23def

Flavor      6.58a  6.45a     6.38a 6.29a         6.48a 6.33a 

Overall acceptability      7.75a  7.63ab     7.56abc 7.46abc         7.00abcd 6.12de

Total viable count     9.76  9.46      9.03 8.52              7.85 7.25 
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(In log10 cfu/ml)

•	 Values are arithmetic mean of the triplicate samples  

•	 Same superscript in the row represents no significant difference among the samples at 5 % 
level of significance   

 The acidity of the product is markedly increased during 15 days on storage. The increase may be 
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15 days of storage at refrigerated condition i.e. 4-5˚C  which is more than 1 log decrease, however, 
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of storage condition but the final viable count was not below the required level of maintaining health 
effects. The decrease in number of viable count of L. acidophilus was also observed by Brasheras and 
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decreased at that concentration. Total viable count of the probiotic yoghurt was found to be 58×108 /
ml which were adequate to achieve the desired health benefit results.
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alter the quality characteristics of the product significantly (p>0.05).
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creased to 7.25 log10 cfu/ml on the 15th day of storage. So, it can be concluded that the self-life of the 
prepared probiotic yoghurt on the over mentioned storage condition is more than two weeks.
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The production of expanded snack foods using defatted oilseed powder as an ingredient in ready-to-
eat food is rare. In view of its health benefits, defatted flax seed was chosen to be added to the tradi-
tional maize grits and rice grits used as the basis of an extrusion expanded snack concept. Maize grits, 
rice grits and defatted flax flour were mixed to prepare different formulation and best formulation was 
selected on the basis of sensory evaluation. Among all trial formulation, formulation having 80 % 
maize grits, 5 % defatted flax seed and 15 % rice grits was found to be best through sensory analysis. 
Further variations in feed moisture gave the result of 18 % being best among 16 %, 17 %, 18 % and 
19 % through physicochemical and sensory analyses. The physiochemical parameters of the final 
product; density, expansion, WAI and WSI were found to be 0.32±0.04 g/cc, 3.25± 0.01, 7.22 ± 0.26 
g/g and 6.28 ± 0.36 respectively. Total phenols, compounds contributing to the antioxidant property, 
were studied in raw material mix and the final product and were found to be 122.08 ± 0.42 and 178.36 
± 0.80 as gallic acid (mg, %) respectively. Similarly, flavonoids, another compound contributing to 
antioxidant property in raw material mix and the final product and were found to be 116.32 ± 0.46 and 
147.33 ± 0.44 as rutin (mg, %) respectively.

Keywords: Extrusion, Flaxseed, Density, Expansion, WAI, WSI, Total Phenols, Flavonoids

INTRODUCTION

Extrusion cooking as a continuous cooking, mixing, and forming process, is a versatile, low cost, and 
very efficient technology in food processing. During extrusion cooking, the raw materials undergo 
many chemical and structural transformations, such as starch gelatinization, protein denaturation, 
complex formation between amylose and lipids, and degradation reactions of vitamins, pigments, 
etc. (Ilo and Berghofer, 1999). By-product utilization refers to the use of secondary product produced 
during the manufacture of principle product. Flaxseed is the by-product of oil processing industry 
remaining after the expulsion of oil. Such defatted cake is found to be rich in crude protein, crude 
fiber, ash and mineral contents which are being used to meet a part of the nutritional requirements 
of either animal-feed or human consumption. Partial de-fattening improved the foam capacity, foam 
stability and water absorption capacities (Husssain, 2008). Mineral profile and proximate composition 
of the defatted flaxseed flours showed that this can be added in the many types of food applications as 
de-fattening solves the problem of stability (Camire, 2001).
MATERIALS AND METHODS

The methodology adopted to conduct this study was divided into three parts. Keeping different pa-
rameters like particle size of grits, speed of rotor of extruder, extrusion temperature and drying tem-
perature fixed, effect of feed moisture on final product was analyzed on the basis of physicochemical 
parameters and sensory analysis, at the first phase, a trial was carried out for a product containing 85 
% maize grits, and 15% flaxseed flour. This product did not expand. Also the product was dark brown 
and dense hardly showing any expansion. Secondly, six trial formulations A, B, C, D, E and F were 
made in order to find the best proportion of mix through sensory analysis. A consists of 60 % maize, 
25 % rice and 15 % flax, B consists of 65 % maize, 20 % rice and 15 % flax, C consists of 70 % maize, 
20 % rice and 10 % flax, D consists of 75 % maize, 15 % rice and 10 % flax, E consists of 80 % maize, 
15 % rice and 5 % flax and F consists of 85 % maize, 10 % rice and 5 % flax. Thirdly, the best for-
mulation was selected on the basis of sensory analysis. Into that formulation, variation was done with 
feed moisture. Products M1, M2, M3 and M4 were developed varying the feed moisture. M1 consists 
of 16 % moisture, M2 consists 17 % of moisture, M3 consists of 18 % moisture and M4 consists of 19 
% moisture. Four different physicochemical properties of the extrudates were determined. The basic 
extrusion procedure is shown in Figure 1 and 2.
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Density

Extrudate density was calculated as Stojceska et al. (2008). 

Where, M is the mass of cooled extrudrate of length L and diameter D measured by Vernier 
caliper.
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     After the best composition had been selected variation in feed moisture was done for product 
formulation.
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Table 1. Sensory analysis of preliminary formulation

*The values in the table are the mean of the triplicates ± standard deviation. Score having 
different subscript letters are significantly different (p < 0.05). We can see that product E got 
highest score in all the attributes from Table 1. So, the product E was accepted for further 
evaluation of product. Using the same proportion of mix in product E, further product were 
developed making variation in the feed moisture. The effect of feed moisture on sensory and 
physicochemical property of extruded product was then studied.

Effect of feed moisture variation on overall property of extruded product

Based upon the preliminary study on sensory quality of different formulation mixes, formulation E 
was found to be the best product. Using the proportion of ingredient as in formulation E, further prod-
ucts M1, M2, M3 and M4 were developed varying the feed moisture. M1 consists of 16 % moisture, 
M2 consists 17 % of moisture, M3 consists of 18 % moisture and M4 consists of 19 % moisture. Four 
different samples differing in feed moisture were prepared for the study. The effect of varying feed 
moisture on the physicochemical property of final extruded product; density, expansion, WAI and 
WSI were studied.

Effect of feed moisture on density of final product 

Extrudate density is highly correlated with the moisture content (Onwulata et al., 1994). It increases 
with moisture content, feed rate and decreases with temperature. The average density score for for-
mulation sample M1(16 %), M2(17 %), M3(18 %) and M4(19 %) were found to be 0.23 ± 0.03, 0.29 
± 0.04, 0.32 ± 0.04 and 0.38 ± 0.02 respectively.

Product with low feed moisture that is sample M1 has the lowest density and sample M4 has the 
highest density value. Directly expanded extruded product with lower density is desirable. As the feed 
moisture content increased, there was increase in extrudate bulk density, which may be due to reduc-
tion in elasticity of dough and lower expansion as reported by Ding et al. (2005). Figure 3 shows the 
density values of the respective formulated samples.

Expansion

Expansion, the ratio of diameter of extrudate and the diameter of die, was used to express the 
expansion of extrudate as Martinez et al. (1988) and Blanshard (1995).

Water Absorption Index (WAI) and Water Solubility Index (WSI)

The WAI and WSI were measured using a technique developed for cereals as Anderson et 
al. (1969).

Determination of Total phenols and Flavonoids 

Total phenolics was determined as per Sadasivum and Manickam (1996). Total flavonoids was deter-
mined as per Shen et al. (2009) and the results were expressed as rutin equivalent.

Sensory analysis

Sensory analysis of product was performed by 9 point hedonic scoring test (9 = like extreme-
ly, 1 = dislike extremely) according to Ranganna, (2011).

Statistical analysis 

Data were statistically processed by GenStat Discovery Edition 12.1, GenStat for Analysis of 
Variance (ANOVA) at 5 % level of significance. The means were compared using LSD and 
the best formulation was selected.

RESULTS AND DISCUSSION

Proximate composition of Flaxseed

The proximate analysis of defatted flaxseed gave the result of moisture content, fat, protein, 
fiber, ash and starch content being 9.04 ± 0.70, 5.78 ± 0.01, 33.39 ± 0.51, 18.41 ± 0.08, 7.93 
± 0.10 and 34.49 ± 1.22 respectively.

Formulation of the product

Extruded product with different proportion of maize, rice and defatted flax flour was prepared at a 
preliminary stage with different formulations and its sensory analysis was done. Six trial formulations 
A, B, C, D, E and F were made in order to find the best proportion of mix through sensory analysis. A 
consists of 60 % maize, 25 % rice and 15 % flax, B consists of 65 % maize, 20 % rice and 15 % flax, 
C consists of 70 % maize, 20 % rice and 10 % flax, D consists of 75 % maize, 15 % rice and 10 % 
flax, E consists of 80 % maize, 15 % rice and 5 % flax and F consists of 85 % maize, 10 % rice and 5 
% flax. The result of sensory analysis is presented in Table 1.
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highest score in all the attributes from Table 1. So, the product E was accepted for further 
evaluation of product. Using the same proportion of mix in product E, further product were 
developed making variation in the feed moisture. The effect of feed moisture on sensory and 
physicochemical property of extruded product was then studied.

Effect of feed moisture variation on overall property of extruded product

Based upon the preliminary study on sensory quality of different formulation mixes, formulation E 
was found to be the best product. Using the proportion of ingredient as in formulation E, further prod-
ucts M1, M2, M3 and M4 were developed varying the feed moisture. M1 consists of 16 % moisture, 
M2 consists 17 % of moisture, M3 consists of 18 % moisture and M4 consists of 19 % moisture. Four 
different samples differing in feed moisture were prepared for the study. The effect of varying feed 
moisture on the physicochemical property of final extruded product; density, expansion, WAI and 
WSI were studied.

Effect of feed moisture on density of final product 

Extrudate density is highly correlated with the moisture content (Onwulata et al., 1994). It increases 
with moisture content, feed rate and decreases with temperature. The average density score for for-
mulation sample M1(16 %), M2(17 %), M3(18 %) and M4(19 %) were found to be 0.23 ± 0.03, 0.29 
± 0.04, 0.32 ± 0.04 and 0.38 ± 0.02 respectively.

Product with low feed moisture that is sample M1 has the lowest density and sample M4 has the 
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moisture content increased, there was increase in extrudate bulk density, which may be due to reduc-
tion in elasticity of dough and lower expansion as reported by Ding et al. (2005). Figure 3 shows the 
density values of the respective formulated samples.

Expansion

Expansion, the ratio of diameter of extrudate and the diameter of die, was used to express the 
expansion of extrudate as Martinez et al. (1988) and Blanshard (1995).

Water Absorption Index (WAI) and Water Solubility Index (WSI)

The WAI and WSI were measured using a technique developed for cereals as Anderson et 
al. (1969).

Determination of Total phenols and Flavonoids 

Total phenolics was determined as per Sadasivum and Manickam (1996). Total flavonoids was deter-
mined as per Shen et al. (2009) and the results were expressed as rutin equivalent.

Sensory analysis

Sensory analysis of product was performed by 9 point hedonic scoring test (9 = like extreme-
ly, 1 = dislike extremely) according to Ranganna, (2011).

Statistical analysis 

Data were statistically processed by GenStat Discovery Edition 12.1, GenStat for Analysis of 
Variance (ANOVA) at 5 % level of significance. The means were compared using LSD and 
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RESULTS AND DISCUSSION

Proximate composition of Flaxseed

The proximate analysis of defatted flaxseed gave the result of moisture content, fat, protein, 
fiber, ash and starch content being 9.04 ± 0.70, 5.78 ± 0.01, 33.39 ± 0.51, 18.41 ± 0.08, 7.93 
± 0.10 and 34.49 ± 1.22 respectively.

Formulation of the product

Extruded product with different proportion of maize, rice and defatted flax flour was prepared at a 
preliminary stage with different formulations and its sensory analysis was done. Six trial formulations 
A, B, C, D, E and F were made in order to find the best proportion of mix through sensory analysis. A 
consists of 60 % maize, 25 % rice and 15 % flax, B consists of 65 % maize, 20 % rice and 15 % flax, 
C consists of 70 % maize, 20 % rice and 10 % flax, D consists of 75 % maize, 15 % rice and 10 % 
flax, E consists of 80 % maize, 15 % rice and 5 % flax and F consists of 85 % maize, 10 % rice and 5 
% flax. The result of sensory analysis is presented in Table 1.
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Figure 4. Expansion of respective formulated samples

Effect of feed moisture on WAI

WAI is related with moisture content. WAI decreases with higher moisture content in feed mix. Aver-
age WAI of formulated products M1(16 %), M2(17 %), M3(18 %) and M4(19 %) were obtained to be 
5.40 ± 0.32, 6.23 ± 0.33, 7.22 ± 0.26 and 7.59 ± 0.31 respectively. With increasing feed moisture con-
tent, the WAI value will increase. This might be due to higher moisture content, acting as a plasticizer 
during extrusion cooking, reduces the degradation of starch granules and this results in an increased 
capacity for water absorption (K. C., 2012). Protein denaturation, starch gelatinization and swelling 
of the crude fiber, which occurred during extrusion, could all be responsible for the variation of WAI 
of extrudates. Figure 5 shows the WAI values of the respective formulated samples.

Figure 5. WAI of respective formulated samples

Figure 3. Density of respective formulated samples

Effect of feed moisture on expansion

Expansion is related with moisture content. Expansion decreases with higher moisture content in 
feed mix. Average expansion of the formulated product sample M1(16%), M2(17%), M3(18%) and 
M4(19%)with reference to 4mm die opening were obtained to be 3.84 ± 0.03, 3.84 ± 0.02, 3.25 ± 
0.01 and 3.17 ± 0.03 respectively. Directly expanded extruded products with higher expansion are 
desirable. Ryu and Walker (1995) stated that lower viscosity of the melt at high feed moisture caused 
bubble shrinkage and collapse increased. Soluble fiber like beta glucan acts as a barrier in starch 
swelling (Al-Rabadi et al., 2012) and ultimate expansion of product. At very high temperature and 
lower moisture the vaporization occurs in a violent way and may cause breakage of the structure, 
hampering expansion (Hashismoto and Grossmann,2003). Figure 4 shows the expansion values of the 
respective formulated samples.
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refers M3 stands completely different from all other products. The mean taste score of product M3 
(8.22 ± 0.67) was considerably higher than that of other products. There was no significant difference 
between M1 and M2 which differ with M3 and M4. M3 and M4 were considered to have similar score 
without significant difference. The mean expansion score of product M3 (8.33 ± 0.50) was consider-
ably higher than that of other products. There was significant difference between M1 and M3 whereas 
M1 and M2 were similar, M2 and M4 were similar and M3 and M4 were similar. The mean overall 
acceptance score of product M3 (7.89 ± 0.33) was considerably higher than that of other products. 
Product M3 and M4 were identical whereas product M1, M2 and M3 were not identical to each other.

Figure 7. Sensory evaluation of product varying in feed moisture

     Score having different subscript letters are significantly different (p < 0.05). Sensory evaluation for 
the products was carried out to find the best feed moisture for the product formulation.  From Figure 
7, it showed that product M3 got highest score in all the attributes. From physicochemical and sensory 
analyses product M3 was considered best. 

Proximate composition of final product  The proximate analysis of the final product (M3) and the 
control (balls with maize and rice only) were carried out. The result is tabulated in Table 2.

Table 2. Proximate composition of final product and control* (% db)

*The values in the table are the mean of the triplicates ± standard deviation. All parameters are in 
dry basis except moisture. Means bearing similar superscripts are not significantly different (p > 

0.05).

Effect of feed moisture on WSI

WSI is related with moisture content. WSI increases with higher moisture content in feed mix. Aver-
age WSI of formulated products M1(16 %), M2(17 %), M3(18 %) and M4(19 %) were obtained to be 
7.80 ± 0.12, 7.23 ± 0.24, 6.28 ± 0.36 and 5.30 ± 0.35 respectively.

WSI decreases with the increase in feed moisture and increased with the increase in extrusion tem-
perature and screw speed (Gujral et al., 2001). Decrease of WSI with the increase in moisture content 
may be attributed to reduction in lateral expansion due to plasticization of melt as (Ding et al., 2005). 
Besides, the starch gelatinization which results in the release of amylose and amylopectin, can also oc-
cur dextrinization and other reactions that lead to the formation of low molecular weight compounds, 
influencing the WSI (Camire and Krumhar, 1990). Figure 6 shows the WSI values of the respective 
formulated samples.

Figure 6. WSI of respective formulated samples

Sensory evaluation of products varying in feed moisture

Extruded products with different percentage of feed moisture with similar formulations of rice grits, 
maize grits and flaxseed flour were prepared and the sensory analysis was done. The result of sensory 
analysis is presented in Figure 7.

  Statistical analysis showed that there was significant difference in color, appearance, texture, taste, 
expansion and overall acceptance within the samples (p < 0.05). The mean color score of product M3 
(8.22 ± 0.44) was considerably higher than that of other products. There was significant difference of 
M1 with M2 and M3 whereas there was no difference with M4. The mean appearance score of prod-
uct M3 (8.11 ± 0.33) was considerably higher than that of other products. There was no significant 
difference between M1 and M2 whereas M2 was different from M3 and M4. The mean texture score 
of product M3 (8.00 ± 0.00) was considerably higher than that of other products. There was no sig-
nificant difference between M1, M2 and M4 whereas M3 was different from all other products. This 
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Table 3. Total phenolics and flavonoids of raw material mix and extruded ball (mg %, db)*

     *Values bearing different superscripts are significantly different (p > 0.05). The total phenolics of 
raw material mix and final product were found to be 122.08 and 178.36 as gallic acid (mg %) respec-
tively. 

Determination of phenolics in raw material mix and the final product (extruded balls) gave the result 
of phenolics being increasing after extrusion. The total flavonoids of raw material mix and final prod-
uct were found to be 116.32 and 147.33 as rutin (mg %) respectively. Determination of flavonoids in 
raw material mix and the final product (extruded balls) gave the result of flavonoids being increasing 
after extrusion, the increase being relatively low than that of phenolics. Until recently it was thought 
that technological processes used in food industry are the cause of degradation of native antioxidants 
(Grela et al., 1999, Nicoli et al., 1999), but the recent reports prove, that their impact on the amounts 
and quality of polyphenols and flavonoids is ambiguous (Zieliński et al., 2001), which is also support-
ed by the present results. Extrusion caused the total amount of identified phenolic compounds to in-
crease, in comparison to unprocessed rye grains by 4 times (Gumul et al., 2010). Extrusion causes an 
increase in the free and esterified phenolic acid. Thermal processing induces maillard reaction which 
is responsible for increasing the antioxidant property (Gumul et al., 2010). In the effect of extrusion 
the total amount of phenolic and flavonoid compounds increased, in comparison to raw material 
which is shown in Table 3. This indicates a nutritionally superior balls being produced.

CONCLUSIONS

The study revealed that formulation having 80% maize, 15% rice, 5% defatted flaxseed flour was 
found to be the best. Among the feed moisture variations, 18 % was found to be the best. Comparative 
study of control and the final product with respect to nutritive value gave the result of final product 
being superior with respect to protein and fiber content. 
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     Comparative study between the control and final product showed a nutritionally significant balls 
being produced. The final product is found rich in protein and fiber. Utilizing a by-product that gives 
protein as well as fiber can be the best utilization for any food industries.

Sensory of final product with control

The final product which was considered best was again fetched to sensory analysis against control. 
The product was coded Z1 whereas control was coded Z2. The result of sensory analysis is 
presented in Figure8.

Figure 8. Sensory evaluation of final product and control

Scores bearing similar superscripts are not significantly different (p > 0.05). Sensory evaluation for 
the final product and control was carried out to find the best among them. Sensory evaluation was 
based on six sensory parameters viz. product appearance, color, taste, texture, expansion and overall 
acceptance. All the parameters of final product were slightly less than that of the control. The mean 
values of product and control for color were 6.30 ± 0.50 and, 8.50 ± 0.53 for appearance were 7.20 
± 0.67 and 8.40 ± 0.53, for texture were 6.56 ± 0.53 and 8.00 ± 0.50, for taste were 6.56 ± 0.53 and 
8.30 ± 0.50, for expansion were 7.56 ± 0.53 and 8.00 ± 0.00 and for overall acceptance were 7.00 
± 0.00 and 8.20 ± 0.44 respectively. The color of the final product was slightly brown which varied 
significantly with the control. The brown color is due to the presence of pigments of flax. This color 
affected the appearance as well due to which there was significant difference between the final product 
and the control samples. The texture being affected by the fibers of flax contributed to the less value 
of texture for product than control which concludes a significant difference between the two samples 
with respect to texture. Presence of fiber and protein from flax contributed to the taste difference be-
tween the two. There was a significant difference in taste between the final product and the sample. 
The t-test result shows no difference in expansion between the final product and the sample where as 
there was difference in overall acceptability between the final product and control.  

 Change in phenolics and flavonoids of flax after extrusion

Total phenolics and flavonoids contents of raw material mix (80 % maize, 15 % rice and 5 % defatted 
flaxseed conditioned at 18 % moisture level) and final product were analyzed. The result of phenolics 
and flavonoids is shown in Table 3.
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Resistant starch (RS) is the fraction of dietary starch, which escapes digestion in the small intestine. It 
passes into the large intestine and more or less fermented by gut microflora. Some of starch and prod-
ucts of starch degradation not absorbed in the small intestine of healthy individuals are considered as 
RS. RS can be used as component of dietary fibre in food preparation. The recent increased interest 
in RS is related to its effects in the gastrointestinal tract, which in many ways are similar to these of 
dietary fibre. RS is naturally found in cereal grains, seeds and in heated starch or starch-containing 
foods. Unripe banana is considered the RS-richest non-processed food. On the basis of percentage of 
total starch, potato starch has the highest RS concentration and corn starch has the lowest. The RS 
concentrations are five times higher in the cereal grains than in the flours. Legumes grains are high in 
RS and retain their functionality even after cooking. RS received much attention for its health benefit 
like prevention of colonic cancer, hypoglycemic effects, prebiotic potential, hypochole-sterolaemic 
effects, inhibition of fat accumulation, help in mineral absorption, reduction of gall stone formation 
and its use Cholera Treatment. Studies have shown that granular resistant starch provides better 
appearance, texture, and mouthfeel than do conventional fiber sources and improves expansion and 
crispness in certain food applications. RS has desirable physicochemical properties such as swelling, 
viscosity increase, gel formation and water holding capacity making it useful in a variety of foods. 
These properties make it possible to use RS to replace flour without significantly affecting dough 
rheology, taste and flavor along with fortifying fiber in the food. The incorporation of RS in baked 
products, pasta products and beverages imparts improved textural properties and health benefits. RS 
successfully replaced most or all of the fat in imitation cheese without adversely affecting meltability 
or hardness 

Keywords: resistant starch, dietary fibre, textural properties, dough rheology

INTRODUCTION

Starch is main source of energy in the human diet and animal feed. It is the most abundant and univer-
sally distributed forms of storage polysaccharide in plants, and occurs as granules in the chloroplast 
of green leaves and amyloplast of seeds, pulses and tubers (Tester, Karkalas, and Qi, 2004). Starch 
granule organization is very complicated and depends strongly on the botanical origin. Starch exists 
naturally in the form of discrete granules within plant cells. The starch granule is mainly composed 
of a mixture of two polymers: an essential linear polysaccharide called amylose and highly branched 
polysaccharide called amylopectin.

Amylose portion of starch contains the linear glucose chain joining each other by ∞(1-4) glycosidic 
linkage, and some branch chain also present,  once in every 180-320 units, or 0.3-0.5% of the linkag-
es. The average molecular weight of amylose molecule is about 106 g/mol and degree of polymeriza-
tion (DP) of 6000. The chains can easily form single or double helices. (Whistler and BeMiller, 1997). 
Amylopectin portion is highly branched  has an average molecular weight range from 107 to 5X108 g/
mol and DP of 2X 106. This makes it one of the largest polymers in nature. It consists of thousands of 
short linear chain of (1-4) linked ∞ D-glucopyranosyl units, linked to each other by ∞-(1-6) linkages. 
The branch point linkages constitute 4-5% of the total linkages (Whistler and BeMiller, 1997).  Nutri-
tional classification of starch based on the extent of digestibility on this basis starch can be classified 
as follows: (Englyst and Hudson, 1996; Englyst and Hudson, 1997).
Rapidly digestible starch

Rapidly digestible starch (RDS) consists mainly of amorphous and dispersed starch. It is digested 
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Resistant starch (RS) is the fraction of dietary starch, which escapes digestion in the small intestine. It 
passes into the large intestine and more or less fermented by gut microflora. Some of starch and prod-
ucts of starch degradation not absorbed in the small intestine of healthy individuals are considered as 
RS. RS can be used as component of dietary fibre in food preparation. The recent increased interest 
in RS is related to its effects in the gastrointestinal tract, which in many ways are similar to these of 
dietary fibre. RS is naturally found in cereal grains, seeds and in heated starch or starch-containing 
foods. Unripe banana is considered the RS-richest non-processed food. On the basis of percentage of 
total starch, potato starch has the highest RS concentration and corn starch has the lowest. The RS 
concentrations are five times higher in the cereal grains than in the flours. Legumes grains are high in 
RS and retain their functionality even after cooking. RS received much attention for its health benefit 
like prevention of colonic cancer, hypoglycemic effects, prebiotic potential, hypochole-sterolaemic 
effects, inhibition of fat accumulation, help in mineral absorption, reduction of gall stone formation 
and its use Cholera Treatment. Studies have shown that granular resistant starch provides better 
appearance, texture, and mouthfeel than do conventional fiber sources and improves expansion and 
crispness in certain food applications. RS has desirable physicochemical properties such as swelling, 
viscosity increase, gel formation and water holding capacity making it useful in a variety of foods. 
These properties make it possible to use RS to replace flour without significantly affecting dough 
rheology, taste and flavor along with fortifying fiber in the food. The incorporation of RS in baked 
products, pasta products and beverages imparts improved textural properties and health benefits. RS 
successfully replaced most or all of the fat in imitation cheese without adversely affecting meltability 
or hardness 

Keywords: resistant starch, dietary fibre, textural properties, dough rheology

INTRODUCTION
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in Europe however Japan authorized its usages. (Starch in food, Amm charlet).

Resistant starch as a component of Dietary fibre
 Dietary fibre (DF) can be defined from different points of views, including legal, technolog-
ical, chemical, nutritional and functional. Hipsley defined fibre in 1953 (Buttriss & Stokes, 2008) but, 
dietary fibre is not an entity, but a collective term for a complex mixture of substances with different 
chemical and physical properties, which exert different types of physiological effects. Dietary fibre 
was first defined as non-digestible components of plants that make up the plant cell wall: cellulose, 
hemicelluloses (both non-starch polysaccharides) and lignin. 

 The Codex Alimentarius Commission’s Committee on Nutrition and Foods for Special Di-
etary Uses, adopted a new definition of dietary fibre for inclusion in the Guidelines on Nutrition 
and Health Claims. The committee defined dietary fibre as ‘‘carbohydrate polymers with 10 or more 
monomeric units, which are not hydrolyzed by the endogenous enzymes in the small intestine of hu-
mans”. The committee also allowed local authorities to decide whether to include or exclude polymers 
with 3–9 monomeric units (Mermelstein, 2009).

 The Commission of The European Communities (2008) defines ‘fibre’ as carbohydrate poly-
mers with three or more monomeric units, which are neither digested nor absorbed in the small intes-
tine. In 2001, the Institute of Medicine’s Panel on the Definition of Dietary Fibre provided an updated 
definition of dietary fibre and defined total fibre as the sum of dietary fibre and functional fibre. 
They defined dietary fibre as ‘‘non-digestible carbohydrates and lignin that are intrinsic and intact 
in plants”, where non-digestible means not digested or absorbed in the human small intestine, and 
functional fibre as ‘‘isolated, non-digestible carbohydrates that have beneficial physiological effects 
in humans” (Mermelstein,2009).

 Food  having greater nutritional properties getting popularities these days due to the higher 
consumer awareness, considerable importance is given to functional foods, which, in principle, apart 
from their basic nutritional functions, provide physiological benefits and/or reduce the risk of chronic 
diseases. Functional foods either contain (or add) a component with a positive health effect or elim-
inate a component with a negative one. One of the added components could be resistant starch (RS) 
(Mikulíková, Masár, & Kraic, 2008), which is widely used as a functional ingredient, especially in 
foods containing high dietary fibre levels. So resistant starch (RS) has gained importance as a new 
source of dietary fibre (Sanz et al., 2008). The general behavior of RS is physiologically similar to that 
of soluble, fermentable fibre, like guar gum. The most common results include increased fecal bulk 
and lower colonic pH (Slavin, Stewart, Timm, & Hospattankar, 2009). Additional observations sug-
gest that resistant starch, such as soluble fibre, has a positive impact on colonic health by increasing 
the crypt cell production rate, or decreasing colonic epithelial atrophy in comparison with non-fibre 
diets. There are indications that resistant starch, like guar, a soluble fibre, influences tumorigenesis, 
and reduces serum cholesterol and triglycerides. Overall, since resistant starch behaves physiologi-
cally as a fibre, it should be retained in the total dietary fibre assay (Haralampu, 2000). The recent 
increased interest in RS is related to its effects in the gastrointestinal tract, which in many ways are 
similar to these of dietary fibre. Like soluble fibre, RS is a substrate for the colonic microbiota, form-
ing metabolites including short-chain fatty acids (SCFA), i.e. mainly acetic, propionic and butyric 
acid. Butyric acid is largely metabolised by the colonocyte, and is the most import energy source for 
the cell (Elmstahl, 2002). RS consumption has also been related to reduce postprandial glycemic and 
insulinemic responses, which may have beneficial implications in the management of diabetes (Tha-
ranathan & Mahadevamma, 2003). Therefore, there is wide justification for assuming that RS behaves 
physiologically like fibre (Sajilata et al., 2006).

 RS is not a cell wall component but is nutritionally more similar to non starch polysaccha-
rides than to digestible starch. Of late, RS has been considered a new ingredient for creating fibre-rich 
foods, although one of the problems of including RS is that it does not have all the properties of solu-
ble and insoluble fibre together (Sharma et al., 2008).

Food source of resistant starch
 Starch is the major dietary source of carbohydrates, and is most abundant storage polysac-

case, starch granules have been gelatinized and are more accessible to enzymatic digestion.

Slowly digestible starch

Slowly digestible starch (SDS) likes RDS, it is expected to be completely digestion in the small intes-
tine but it is digested more slowly than RDS. During in vitro hydrolysis, SDS is converted to glucose 
between 20 and 100 min. This category consists of physically inaccessible amorphous starch and raw 
starch with a type A and type C crystalline structure, such as cereals.
Resistant starch

Resistant starch (RS) is a small fraction of starch that was not hydrolyzed after 120 min of in vitro 
hydrolysis by ∞-amylase and pullulanase treatment. RS is now defined as that fraction of dietary 
starch, which escapes digestion in the small intestine. It passes into the large intestine and more or 
less fermented by gut microflora.
Definition and classification of resistant starch

RS is defined as the sum of starch and products of starch degradation not absorbed in the small intes-
tine of healthy individuals (Eliasson, A.C., 2004). Most foods are heat processed prior to consumption. 
Although heat processing increases the availability of starch to enzyme, a fraction of starch remains 
resistant to amylase hydrolysis in the human gastrointestinal tract. This fraction is called resistant 
starch (RS).  The resistant starch can be produced by repeated cycles of autoclaving and cooling. Am-
ylose content, processing temperature and water content are factors known to influence the yields of 
resistant starch. Resistant starches have been obtained in high yields from high-amylose maize starch 
(23–48%) and from debranched potato and waxy maize amylopectins (47% and 34%, respectively). 
Without debranching, waxy maize and potato amylopectin produce very little resistant starch (0.2% 
and 4.2%, respectively (Jane,2009). It is subdivided into 4 categories regarding the mechanism that 
prevents its enzymatic digestion (Englyst et al., 1992) as follows:

Resistant starch type I

 Resistant starch type I (RS1) represents starch that is resistant because it is physically inac-
cessible to digestion by entrapment in a non-digestible matrix such as partly milled grains and seeds 
and in some very dense types of processed starchy food such as intact cells in legumes. RS1 is heat 
stable in most normal cooking operation and enables its use as an ingredient in wide variety of con-
ventional foods.

Resistant starch type II
 Resistant starch type II (RS2) represents starch that is a certain granular form and resistant 
to enzyme digestion. In starch granules, starch is tightly packed in a radical pattern and is relatively 
dehydrated. This compact structure limits the accessibility of digestive enzymes and accounts for the 
resistant nature of RS2 such as un-gelatinized starch, crystalline regions of native starch granules and 
retrograded amylopectin. Examples of native RS2 are found in green bananas, uncooked potatoes, 
and peas. A RS2 starch derived from high amylose cornstarch (NOVELOSE 240, National Starch and 
Chemical Company) has been commercially developed. 

Resistant starch type III
 Resistant starch type III (RS3) represents the most resistant starch fraction and is mainly 
retrograded starch formed during cooling of gelatinized starch such as cooked and cooled baked 
potatoes, breakfast cereals, retrograded amylose. NOVELOSE 330, National Starch and Chemical 
Company, is commercially developed RS3 starch derived from high amylose corn starch.

Resistant starch type IV
 Resistant starch type IV (RS4) represents the chemically modified starch such as hydroxy-
propyl starch, cross linking starch and distarch phosphate starch. This starch has not been authorized 
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(Haralampu, 2000).RS supplementation in diet may enhance fermentation of starch in the large intes-
tine is a decrease in faecal pH  and a reduction in the concentrations of products of protein fermenta-
tion in the faeces, i.e. decreased levels of ammonia and phenol and an increased excretion of nitrogen. 
Dramatically changes in faecal pH and bulking as well as greater production of SCFA in the colon of 
rats fed with RS preparations were reported (Ferguson et al., 2000). This suggested that RS resembled 
the effects of soluble dietary fiber. However, when RS was combined with an insoluble dietary fiber 
such as wheat bran, much higher SCFA, in particular butyrate was observed in the feces. In conclusion 
it can be said that RS can improve certain markers of colonic function in humans e.g. increase faecal 
output, faecal bulk and transit time and decrease pH and ammonia levels, increase SCFA and decrease 
bile salts in faecal water. (Nugent , 2005)

Hypoglycemic effects
 The glycemic index (GI) is a physiological concept used to classify carbohydrate containing 
foods. It is closely tied in with the term ‘glycemic response’. Both refer to the ability of a particular 
food to elevate postprandial blood glucose concentrations. GI is measured as the incremental area 
under the blood glucose curve after consumption of 50 gm of available carbohydrate from a test 
food, divided by the area under the curve after eating a similar amount of available carbohydrate in 
a control food (generally white bread or glucose) (Ludwig & Eckel 2002). Foods with high GI value 
release glucose rapidly into the blood stream (i.e. elicit a rapid glycemic response), while foods with 
a low GI value release glucose more slowly into the bloodstream and result in improved glycemic and 
insulinaemic responses.

 The glycemic index of starchy foods depends upon various factors such as the amylose/am-
ylopectin ratio, gelatinization of starch, water content and baking temperature of the processed foods, 
this shows the factors affecting the GI values of starch are in accordance with those of RS formation. 
GI values range from about 10 for starch from legumes to close to 100 in certain potato or rice prod-
ucts and breakfast cereals (Sharma et al., 2008). 

 Insulin is a hormone that enables glucose uptake by muscle and adipose cells, thereby lower-
ing blood glucose levels. It also inhibits the use of stored body fat and together with an array of other 
physiological signals can modulate appetite and satiety signals. RS-rich foods release glucose slowly 
and therefore one would expect this to result in a lowered insulin response, greater access to and use 
of stored fat and, potentially, a muted generation of hunger signals. These conditions help not only in 
the management of diabetes and impaired glucose tolerance, but also in the treatment of obesity and 
in weight management. (Nugent ,2005)

 Foods containing RS moderate the rate of digestion. The slow digestion of RS has impli-
cations for its use in controlled glucose release applications. Numerous studies measured glycemic 
response in food containing RS, in healthy non-diabetic, non-insulin-dependent diabetes mellitus and 
hyperinsulinemic subjects. These studies showed a consistent trend whereby RS had an impact on the 
glycaemic response, including lower maximum blood-glucose response, lower maximum blood-in-
sulin response, reduced area under the blood-glucose response curve and the blood-insulin response 
curve. The RS3-containing bar decreased postprandial blood glucose and might play a role in provid-
ing an improved metabolic control in type II diabetes (noninsulin dependent) (Higgins et al., 2004).

 Behall & Hallfrisch 2002; Brown et al. 2003; Higgins 2004, researchers found that RS con-
sumption may confer a small decrease in postprandial glycaemia, but is associated with more physi-
ologically significant reductions in postprandial insulinaemia and also found that RS must contribute 
at least 14% of total starch intake in order to confer any benefits to glycaemic or insulinaemic 

Prebiotic potential
 Prebiotics are non-digestible food ingredients that beneficially affect the host by selectively 
stimulating the growth and/or activity of one or more bacteria (probiotics) in the gastrointestinal tract 
and thereby exert a health-promoting effect (Scholz-Ahrens et al., 2007; Roberfroid, 2000). Various 
experimental studies on pigs and humans have revealed a time-dependent shift in fecal and large bow-
el SCFA profiles, suggesting the possible interaction of RS with the ingested bacteria (Topping et al., 
2003).

charide in plants, and occurs as granules in the chloroplast of green leaves and the amyloplast of 
seeds, pulses, and tubers (Sajilata et al., 2006). Resistant starch is naturally found in cereal grains, 
seeds and in heated starch or starch-containing foods (Charalampopoulos et al., 2002). Physical form 
of grains or seeds in which starch is located, size and type of starch granules, cooking and food pro-
cessing, especially cooking and cooling (Slavin, 2004) are the factors which determine the digestibili-
ty of starch.The digestibility of starch in rice and wheat is increased by milling to flour (Sajilata et al., 
2006). 

 Unripe banana is considered the RS-richest non-processed food. Several studies have sug-
gested that consumption of unripe bananas confers beneficial effects for human health, a fact often 
associated with its high resistant starch (RS) content, which ranges between 47% and 57%. Recently, 
the preparation of unripe banana flour was described, with 73.4% total starch content, 17.5% RS con-
tent and a dietary fibre level of 14.5%. Although banana represents an alternative source of indigest-
ible carbohydrates, mainly RS and dietary fibre,  its native RS is rendered digestible when it cooked. 
(Rodríguez, et al.  2008).

 On the basis of percentage of total starch, potato starch has the highest RS concentration and 
corn starch has the lowest. Raw potato starch contain 75% RS as a percentage of Total Starch (TS). 
Starches from tubers such as potatoes tend to exhibit B-type crystallinity patterns that are highly re-
sistant to digestion. Amylomaize contains mostly amylose, which has been shown to lower not only 
digestibility but also blood insulin and glucose values in humans (Bednar et al., 2001). Whole grains 
are rich sources of fermentable carbohydrates including dietary fibre, resistant starch and oligosac-
charides (Slavin, 2004). Fibre provided by the whole grain includes a substantial resistant starch com-
ponent, as well as varying amounts of soluble and fermentable fibres, depending on the whole grain 
source (Lunn & Buttriss, 2007). The RS concentrations are five times higher in the cereal grains than 
in the flours (Bednar et al., 2001).But the flour contain higher RDS and SDS than grain. 

 Legumes are known for their high content of both soluble and insoluble dietary fibre. Pulse 
grains are high in RS and retain their functionality even after cooking (Rochfort & Panozzo, 2007). 
Legumes has high TDF and RS concentrations (mean 36.5% and 24.7%,respectively). RS concen-
trations generally constituted the highest proportion of the starch fractions of legumes. Leguminous 
starches display a C-type pattern of crystallinity. This type of starch is more resistant to hydrolysis 
than that with an A-type crystallinity pattern and helps explain why legumes have high amounts of 
RS. Another possible reason for the higher RS concentrations in legumes could be the relationship 
between starch and protein. When red kidney beans are preincubated with pepsin, there is an increase 
in their susceptibility to amylolytic attack (Bednar et al., 2001). Cooked legumes are prone to retro-
grade more quickly, thereby lowering the process of digestion. Processed legumes contain significant 
amount of RS3. The digestibility of legume starch is much lower than that of cereal starch. The higher 
content of amylose in legumes, which probably leads to a higher RS content, may account for their 
low digestibility. High-amylose cereal starch has been shown to be digested at a significantly lower 
rate (Tharanathan & Mahadevamma, 2003). There is a very high diversity of the content of resistant 
starch in seeds of leguminous plants (from 80% to only a few percent). 

Health Benefit of Resistant Starch
Resistant starch, RS has received much attention for both its health benefits and functional properties 
(Sajilata et al., 2006). Resistant starch is one of the most abundant dietary sources of non-digestible 
carbohydrates (Nugent, 2005) and could be as important as non-starch polysaccharides, NSP  in pro-
moting large bowel health and preventing bowel inflammatory diseases (IBD) and colorectal cancer 
(CRC) (Topping, Anthony, & Bird, 2003). 

Prevention of colonic cancer
RS escapes digestion in the small intestine. It is slowly fermented by the intestine microflora in the 
large intestine producing a wide range of short-chain fatty acids (SCFA), primarily acetate, propionate 
and butyrate. SCFA production had a positive impact on bowel health, including epithelial prolifer-
ation and lowers colonic pH. The butyrate is a main energy substrate for large intestinal epithelial 
cells and inhibits the malignant transformation of such cells in vitro. These effects may lead to the 
decreased incidence of colon cancer, atherosclerosis, and obesity- related complications in human 
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(Haralampu, 2000).RS supplementation in diet may enhance fermentation of starch in the large intes-
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the management of diabetes and impaired glucose tolerance, but also in the treatment of obesity and 
in weight management. (Nugent ,2005)

 Foods containing RS moderate the rate of digestion. The slow digestion of RS has impli-
cations for its use in controlled glucose release applications. Numerous studies measured glycemic 
response in food containing RS, in healthy non-diabetic, non-insulin-dependent diabetes mellitus and 
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rate (Tharanathan & Mahadevamma, 2003). There is a very high diversity of the content of resistant 
starch in seeds of leguminous plants (from 80% to only a few percent). 
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Resistant starch, RS has received much attention for both its health benefits and functional properties 
(Sajilata et al., 2006). Resistant starch is one of the most abundant dietary sources of non-digestible 
carbohydrates (Nugent, 2005) and could be as important as non-starch polysaccharides, NSP  in pro-
moting large bowel health and preventing bowel inflammatory diseases (IBD) and colorectal cancer 
(CRC) (Topping, Anthony, & Bird, 2003). 

Prevention of colonic cancer
RS escapes digestion in the small intestine. It is slowly fermented by the intestine microflora in the 
large intestine producing a wide range of short-chain fatty acids (SCFA), primarily acetate, propionate 
and butyrate. SCFA production had a positive impact on bowel health, including epithelial prolifer-
ation and lowers colonic pH. The butyrate is a main energy substrate for large intestinal epithelial 
cells and inhibits the malignant transformation of such cells in vitro. These effects may lead to the 
decreased incidence of colon cancer, atherosclerosis, and obesity- related complications in human 



144

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

145

etary intake of RS is 2- to 4-fold lower in the United States, Europe, and Australia, compared with 
populations consuming high-starch diets, such as in India and China, which may be reflected in the 
difference in the number of gallstone cases in the latter countries (Sajilata et al., 2006).

Resistant Starch and Cholera Treatment
 Cholera is a bacterial infection characterized by severe diarrhoea, vomiting, and dehydra-
tion. Resistant starch has health promoting effects on the colonic microflora. Bacteria in the colon 
ferment these carbohydrates producing short chain fatty acids that boost fluid absorption, helping to 
prevent dehydration. (Shetty, 1996) Accelerated recovery from infectious diarrhoea has been shown 
in humans as well as in animals. Ramakrishna et al.( Ramkrishna,2000) randomly assigned 48 adoles-
cents and adults with cholera into three treatment groups, (a) receiving standard rehydration solution 
(SRS), (b) SRS + 50g of rice flour per liter of SRS and (c) SRS + 50 g of maize starch per liter of 
SRS (that resist digestion), respectively. Results showed that fecal weight were significantly lower 
and the duration of diarrhoea was significantly shorter for patients given the amylase resistant maize 
starch. Both RS (as green bananas) and NSP have been found to facilitate recovery from other forms 
of infectious diarrhoea in children, (Rabbani,2001). Feeding with cooked rice, an established source 
of RS (Marsono 1993) lowers the severity and incidence of diarrhoeal disease in pigs ( Hampson, 
2000). This benefit of RS in lowering the severity of diarrohoea seems to be due to increased fluid 
absorption along with cations (Na+, K+, and Ca2+) by SCFA helping to reverse dehydration(Shetty, 
1986) and modulation of muscular activity of the large bowel. The cholera microorganisms in the 
gut may also adhere to starch granules in same way as bifidobacteria limiting their viability and thus 
removing them from site of infection.( Topping,2003) While these findings suggest that RS appears to 
limit dehydration, it may not apply to diarrhoea that is not due to cholera. “A better oral rehydration 
solution should be effective for treating all types of diarrhoea, and it should be easy to prepare, store 
and administer,”(Rabbani, 2001).

APPLICATION IN FOOD

Application of RS in food preparation is important due to these two reasons: 

•	 Fiber fortification and potential physiological benefits of resistant starch, which may similar 
to fiber. 

•	 Unique functional properties, yielding high quality products not attainable otherwise with 
traditional insoluble fibers (Yue and Waring,1998).

 RS, having functionality of dietary fiber, provide desirable properties of low water holding 
capacity, small particle size, and bland flavor. Studies have shown that granular resistant starch pro-
vides better appearance, texture, and mouthfeel than do conventional fiber sources and improves ex-
pansion and crispness in certain food applications. This greatly increases the likelihood that consum-
ers will accept these foods and hence increase their dietary fibre intake (Buttriss and Stokes, 2008). RS 
has desirable physicochemical properties such as swelling, viscosity increase, gel formation and water 
holding capacity making it useful in a variety of foods.( Roberfroid,1993) These properties make it 
possible to use RS to replace flour without significantly affecting dough rheology, taste and flavor 
along with fortifying fiber in the food. Otherwise it is  not attainable in high fiber foods(Heitman 
et al.,1992). Resistant starch are mainly used in moderate and low-moisture products. Many baked 
goods and cereals are known to provide a source of fiber. Some, like high-fiber bread, bran muffins, 
and breakfast cereals, are abundant in the marketplace. Others, such as butter-flavored cookies, cake-
like muffins, and brownies, are considered desserts and do not normally come to mind in relation to 
healthy eating patterns or fiber fortification. However, such products can be prepared when using 
resistant starch as a source of fiber. 

 Historically, fibre-containing foods have been coarser, denser and sometimes less palatable 
than refined, processed foods. The use of resistant starches as food ingredients typically does not 
change the taste or significantly change the texture, but may improve sensory properties compared 
with many of the traditionally used fibers, such as bran and gums (Sajilata et al., 2006). 

 The amount of RS used to replace flour depends on the starch being used, the application, the 

  RS has been suggested for use in probiotic compositions to promote the growth of beneficial 
microorganisms such as bifidobacteria and lactobacilli (David, 1999). Since RS almost entirely passes 
the small intestine, it can behave as a substrate for growth of the probiotic microorganisms.

Hypocholesterolaemic effects
 Hypocholesterolemic effects of RS have been proved by several studies. A study in rats 
shows, RS diets (25% raw potato) markedly raised the cecal size and the cecal pool of short-chain 
fatty acids (SCFA), as well as SCFA absorption and lowered plasma cholesterol and triglycerides. 
Furthermore, there was a lower concentration of cholesterol in all lipoprotein fractions, especially 
the high-density lipoprotein (HDL1) and a decreased concentration of triglycerides in the triglycer-
ide-rich lipoprotein fraction (Ranhotra,et al., 1997; Kim et al., 2003). There are two mechanisms 
involved. The first one is resistant starch binding bile acids and leading to an increased fecal bile acid 
excretion. Which result the less bile acid recycled. In order to compensate for the excreted bile acid, 
the liver synthesizes new bile acids from cholesterol and thereby reducing serum cholesterol level. 
Second mechanism for lowering serum cholesterol level has been proposed. In this mechanism  RS 
is believed to aid in shifting bile acid pools away from cholic acid to chenodeoxycholic acid. Cheno-
deoxycholic acid appears to be an inhibitor of 3-hydroxy-3-methylglutaryl (HMG) CoA reductase, a 
regulatory enzyme necessary for cholesterol biosynthesis (Groff and Gropper, 1999). As HMG CoA 
reductase activity lowers, the production of cholesterol subsequently decreases therefore resulting in 
lower serum cholesterol. 

 According to several studies, RS ingestion may decrease the serum cholesterol level in rats 
fed a cholesterol-free diet (De-Deckere, Kloots, & Van-Amelsvoort, 1993; Hashimoto et al., 2006).
Some earlier studies in humans reported the beneficial effect of RS on fasting plasma triglyceride 
and cholesterol levels. However, some other studies indicate that RS consumption does not affect the 
measures of total cholesterol in humans. Therefore it is evident that more research is needed to help 
us better understand the effects of RS on lipid metabolism in humans (Nugent, 2005).

Inhibition of fat accumulation

 It is proposed that eating a diet rich in RS may increase the mobilization and use of stored 
fat as a result of a reduction in insulin secretion (Tapsell, 2004). Studies in humans indicate that diets 
rich in RS do not affect total energy expenditure, carbohydrate oxidation or fat oxidation (Rangana-
than et al., 1994; Tagliabue et al., 1995). In another study on human volunteers, breads rich in RS 
imparted greater satiety than white breads between 70 and 120 min after eating (De Roos, Heijnen, 
& De Graff, 1995). Higgins et al. (2004) examined the relationship between the RS content of a meal 
and postprandial fat oxidation, finding that replacing 5.4% of total dietary carbohydrates with RS 
could significantly increase postprandial lipid oxidation and probably reduce fat accumulation in the 
long term. The use of resistant starch in the diet as a bioactive functional food component is a natural, 
endogenous way to increase gut hormones that are effective in reducing energy intake, so may be an 
effective natural approach to the treatment of obesity (Keenan et al., 2006).

Mineral absorption
 Resistant starch enhances the ileal absorption of a number of minerals in rats and humans. 
Lopez et al. (2001) and Younes et al. (1995) reported an increased absorption of calcium, magnesium, 
zinc, iron and copper in rats fed RS-rich diets. In humans, these effects appear to be limited to calci-
um (Trinidad et al. 1996; Coudray et al. 1997). RS may therefore improve the ileal absorption of a 
number of dietary minerals but any effect in humans is likely to be small. Meal containing 16.4% RS 
resulted in a greater apparent absorption of calcium and iron as compared with a completely digestible 
starch (Morais, et a1., 1996). Which shows RS could have a positive effect on intestinal calcium and 
iron absorption.

Reduction of gall stone formation
 Digestible starch contributes to gall stone formation through a greater secretion of insulin, 
and insulin in turn leads to the stimulation of cholesterol synthesis, so RS reduces the incidence of 
gallstones. Gallstones are less frequent where whole grains are consumed rather than flour. The di-
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etary intake of RS is 2- to 4-fold lower in the United States, Europe, and Australia, compared with 
populations consuming high-starch diets, such as in India and China, which may be reflected in the 
difference in the number of gallstone cases in the latter countries (Sajilata et al., 2006).

Resistant Starch and Cholera Treatment
 Cholera is a bacterial infection characterized by severe diarrhoea, vomiting, and dehydra-
tion. Resistant starch has health promoting effects on the colonic microflora. Bacteria in the colon 
ferment these carbohydrates producing short chain fatty acids that boost fluid absorption, helping to 
prevent dehydration. (Shetty, 1996) Accelerated recovery from infectious diarrhoea has been shown 
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cents and adults with cholera into three treatment groups, (a) receiving standard rehydration solution 
(SRS), (b) SRS + 50g of rice flour per liter of SRS and (c) SRS + 50 g of maize starch per liter of 
SRS (that resist digestion), respectively. Results showed that fecal weight were significantly lower 
and the duration of diarrhoea was significantly shorter for patients given the amylase resistant maize 
starch. Both RS (as green bananas) and NSP have been found to facilitate recovery from other forms 
of infectious diarrhoea in children, (Rabbani,2001). Feeding with cooked rice, an established source 
of RS (Marsono 1993) lowers the severity and incidence of diarrhoeal disease in pigs ( Hampson, 
2000). This benefit of RS in lowering the severity of diarrohoea seems to be due to increased fluid 
absorption along with cations (Na+, K+, and Ca2+) by SCFA helping to reverse dehydration(Shetty, 
1986) and modulation of muscular activity of the large bowel. The cholera microorganisms in the 
gut may also adhere to starch granules in same way as bifidobacteria limiting their viability and thus 
removing them from site of infection.( Topping,2003) While these findings suggest that RS appears to 
limit dehydration, it may not apply to diarrhoea that is not due to cholera. “A better oral rehydration 
solution should be effective for treating all types of diarrhoea, and it should be easy to prepare, store 
and administer,”(Rabbani, 2001).

APPLICATION IN FOOD
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•	 Fiber fortification and potential physiological benefits of resistant starch, which may similar 
to fiber. 

•	 Unique functional properties, yielding high quality products not attainable otherwise with 
traditional insoluble fibers (Yue and Waring,1998).

 RS, having functionality of dietary fiber, provide desirable properties of low water holding 
capacity, small particle size, and bland flavor. Studies have shown that granular resistant starch pro-
vides better appearance, texture, and mouthfeel than do conventional fiber sources and improves ex-
pansion and crispness in certain food applications. This greatly increases the likelihood that consum-
ers will accept these foods and hence increase their dietary fibre intake (Buttriss and Stokes, 2008). RS 
has desirable physicochemical properties such as swelling, viscosity increase, gel formation and water 
holding capacity making it useful in a variety of foods.( Roberfroid,1993) These properties make it 
possible to use RS to replace flour without significantly affecting dough rheology, taste and flavor 
along with fortifying fiber in the food. Otherwise it is  not attainable in high fiber foods(Heitman 
et al.,1992). Resistant starch are mainly used in moderate and low-moisture products. Many baked 
goods and cereals are known to provide a source of fiber. Some, like high-fiber bread, bran muffins, 
and breakfast cereals, are abundant in the marketplace. Others, such as butter-flavored cookies, cake-
like muffins, and brownies, are considered desserts and do not normally come to mind in relation to 
healthy eating patterns or fiber fortification. However, such products can be prepared when using 
resistant starch as a source of fiber. 

 Historically, fibre-containing foods have been coarser, denser and sometimes less palatable 
than refined, processed foods. The use of resistant starches as food ingredients typically does not 
change the taste or significantly change the texture, but may improve sensory properties compared 
with many of the traditionally used fibers, such as bran and gums (Sajilata et al., 2006). 

 The amount of RS used to replace flour depends on the starch being used, the application, the 

  RS has been suggested for use in probiotic compositions to promote the growth of beneficial 
microorganisms such as bifidobacteria and lactobacilli (David, 1999). Since RS almost entirely passes 
the small intestine, it can behave as a substrate for growth of the probiotic microorganisms.

Hypocholesterolaemic effects
 Hypocholesterolemic effects of RS have been proved by several studies. A study in rats 
shows, RS diets (25% raw potato) markedly raised the cecal size and the cecal pool of short-chain 
fatty acids (SCFA), as well as SCFA absorption and lowered plasma cholesterol and triglycerides. 
Furthermore, there was a lower concentration of cholesterol in all lipoprotein fractions, especially 
the high-density lipoprotein (HDL1) and a decreased concentration of triglycerides in the triglycer-
ide-rich lipoprotein fraction (Ranhotra,et al., 1997; Kim et al., 2003). There are two mechanisms 
involved. The first one is resistant starch binding bile acids and leading to an increased fecal bile acid 
excretion. Which result the less bile acid recycled. In order to compensate for the excreted bile acid, 
the liver synthesizes new bile acids from cholesterol and thereby reducing serum cholesterol level. 
Second mechanism for lowering serum cholesterol level has been proposed. In this mechanism  RS 
is believed to aid in shifting bile acid pools away from cholic acid to chenodeoxycholic acid. Cheno-
deoxycholic acid appears to be an inhibitor of 3-hydroxy-3-methylglutaryl (HMG) CoA reductase, a 
regulatory enzyme necessary for cholesterol biosynthesis (Groff and Gropper, 1999). As HMG CoA 
reductase activity lowers, the production of cholesterol subsequently decreases therefore resulting in 
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fed a cholesterol-free diet (De-Deckere, Kloots, & Van-Amelsvoort, 1993; Hashimoto et al., 2006).
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and cholesterol levels. However, some other studies indicate that RS consumption does not affect the 
measures of total cholesterol in humans. Therefore it is evident that more research is needed to help 
us better understand the effects of RS on lipid metabolism in humans (Nugent, 2005).

Inhibition of fat accumulation

 It is proposed that eating a diet rich in RS may increase the mobilization and use of stored 
fat as a result of a reduction in insulin secretion (Tapsell, 2004). Studies in humans indicate that diets 
rich in RS do not affect total energy expenditure, carbohydrate oxidation or fat oxidation (Rangana-
than et al., 1994; Tagliabue et al., 1995). In another study on human volunteers, breads rich in RS 
imparted greater satiety than white breads between 70 and 120 min after eating (De Roos, Heijnen, 
& De Graff, 1995). Higgins et al. (2004) examined the relationship between the RS content of a meal 
and postprandial fat oxidation, finding that replacing 5.4% of total dietary carbohydrates with RS 
could significantly increase postprandial lipid oxidation and probably reduce fat accumulation in the 
long term. The use of resistant starch in the diet as a bioactive functional food component is a natural, 
endogenous way to increase gut hormones that are effective in reducing energy intake, so may be an 
effective natural approach to the treatment of obesity (Keenan et al., 2006).

Mineral absorption
 Resistant starch enhances the ileal absorption of a number of minerals in rats and humans. 
Lopez et al. (2001) and Younes et al. (1995) reported an increased absorption of calcium, magnesium, 
zinc, iron and copper in rats fed RS-rich diets. In humans, these effects appear to be limited to calci-
um (Trinidad et al. 1996; Coudray et al. 1997). RS may therefore improve the ileal absorption of a 
number of dietary minerals but any effect in humans is likely to be small. Meal containing 16.4% RS 
resulted in a greater apparent absorption of calcium and iron as compared with a completely digestible 
starch (Morais, et a1., 1996). Which shows RS could have a positive effect on intestinal calcium and 
iron absorption.

Reduction of gall stone formation
 Digestible starch contributes to gall stone formation through a greater secretion of insulin, 
and insulin in turn leads to the stimulation of cholesterol synthesis, so RS reduces the incidence of 
gallstones. Gallstones are less frequent where whole grains are consumed rather than flour. The di-
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desired fiber level, and in some cases, the desired structure-function claims (Brown, 2004). Therefore, 
appropriate inclusion levels can vary, but are easily determined for each end use. From a quality stand-
point, some applications are more sensitive to flour replacement than others. For example, in bread 
and rolls, which generally have a bland flavor, are low in fat and require a minimum amount of gluten 
for structure, the maximum flour replacement is typically 10–20% without noticeably changing the 
texture. Vital wheat gluten would then be added to bring the gluten back to its original value. Howev-
er, for chemically leavened products, flour replacement levels can be much higher and no additional 
vital wheat gluten is required. Sweet products in particular lend themselves to high RS levels because 
they tend to be high in fat and sugar, which helps compensate for changes in flavor and mouthfeel. In 
these applications, flour replacement can be as high as 75 %.( Brown, 2004).

 The incorporation of RS in baked products, pasta products and beverages imparts improved 
textural properties and health benefits (Premavalli,et al., 2006). A panel rated 40% TDF RS loaf cakes 
as best for flavor, grittiness moisture perception, and tenderness 24 hour after baking.  Similar result 
has been obtained on sensory  evaluation by a trained panel of  toasted waffles for initial crispness, 
crispness after 3 min, moistness and overall texture, RS waffle showed greater crispness than control 
or traditional fibre. RS can improve expansion in extruded cereals and snacks. RS may also be used 
in thickened, opaque health beverages in which insoluble fibre is desired. Insoluble fibers generally 
require suspension and add opacity to beverages. Compared with insoluble fibres, RS imparts a less 
gritty mouth feel and masks flavors less (Sajilata et al., 2006). Bread containing 40% TDF RS had 
greater loaf volume and better cell structure compared with traditional fibers tested (Baghurst,et al, 
1996).

 Resistant starch successfully replaced most or all of the fat in imitation cheese without 
adversely affecting meltability or hardness and presenting  the well-established benefit of resistant 
starch as a functional fibre. In addition, low-fat, starch-containing imitation cheese has been demon-
strated to have the potential to expand during microwave heating. Since this type of imitation cheese 
expands on microwave heating, it can be presented as a stand-alone snack, Pre-expanded or as a 
home expansion product. (Arimi,et al,. 2008)

 RS were incorporated in a variety of baked goods, many of which include batter systems, 
such as in cakes, cake-like muffins, or brownies. In general, application tests showed that RS acts as 
texture modifier, imparting a favorable tenderness to the crumb. A low-fat, loaf cake was formulated 
with RS and various fibers to obtain approximately 3% TDF or 2.5 g of fiber per 80 g serving. These 
included a 40% TDF RS (Novelose 240 starch), oat fiber, a blend of oat fiber with Novelose 240 starch 
in a 50/50 ratio based on TDF contribution, and a 23% TDF RS (Hylon VII starch). The baked cakes 
made with RS were similar to that containing oat fiber and the control in the amount of moisture loss 
after baking, height, specific volume, and density. A panel rated the 40% TDF RS loaf cakes as the 
best for flavor, grittiness, moisture perception, and tenderness 24 h after baking. (Sajilata et al., 2006). 

 RS can be used as an ingredient that improves crispness in foods where high heat is applied 
to a product’s surface during processing. French toast and waffles, especially frozen reheated types, 
represent foods in which surface crispness is desired (Sajilata et al., 2006). 

 Along with textural enhancement, RS can improve expansion in extruded cereals and snacks. 
Various cereals were formulated to contain 40% TDF RS (Novelose 240 starch) alone and in com-
bination with oat fiber in ratios of 50/50 and 25/75 based on weight. The cereal with RS and no oat 
fiber had greater volumetric expansion than the control. In blends with oat fiber, the cereal containing 
75% of RS had better expansion than the one containing only 50%. Dried pasta products containing 
up to 15% RS can be made with little or no effect on dough rheology during extrusion. Although the 
resultant pasta was lighter in color, a firm “al dente” texture was obtained in the same cooking time as 
a control that had no added fiber. RS may also be used in thickened, opaque health beverages in which 
insoluble fiber is desired. Insoluble fibers generally require suspension and add opacity to beverages. 
Compared with insoluble fibers, RS imparts a less gritty mouthfeel and masks flavors less. (Sajilata et 
al., 2006). 
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desired fiber level, and in some cases, the desired structure-function claims (Brown, 2004). Therefore, 
appropriate inclusion levels can vary, but are easily determined for each end use. From a quality stand-
point, some applications are more sensitive to flour replacement than others. For example, in bread 
and rolls, which generally have a bland flavor, are low in fat and require a minimum amount of gluten 
for structure, the maximum flour replacement is typically 10–20% without noticeably changing the 
texture. Vital wheat gluten would then be added to bring the gluten back to its original value. Howev-
er, for chemically leavened products, flour replacement levels can be much higher and no additional 
vital wheat gluten is required. Sweet products in particular lend themselves to high RS levels because 
they tend to be high in fat and sugar, which helps compensate for changes in flavor and mouthfeel. In 
these applications, flour replacement can be as high as 75 %.( Brown, 2004).

 The incorporation of RS in baked products, pasta products and beverages imparts improved 
textural properties and health benefits (Premavalli,et al., 2006). A panel rated 40% TDF RS loaf cakes 
as best for flavor, grittiness moisture perception, and tenderness 24 hour after baking.  Similar result 
has been obtained on sensory  evaluation by a trained panel of  toasted waffles for initial crispness, 
crispness after 3 min, moistness and overall texture, RS waffle showed greater crispness than control 
or traditional fibre. RS can improve expansion in extruded cereals and snacks. RS may also be used 
in thickened, opaque health beverages in which insoluble fibre is desired. Insoluble fibers generally 
require suspension and add opacity to beverages. Compared with insoluble fibres, RS imparts a less 
gritty mouth feel and masks flavors less (Sajilata et al., 2006). Bread containing 40% TDF RS had 
greater loaf volume and better cell structure compared with traditional fibers tested (Baghurst,et al, 
1996).

 Resistant starch successfully replaced most or all of the fat in imitation cheese without 
adversely affecting meltability or hardness and presenting  the well-established benefit of resistant 
starch as a functional fibre. In addition, low-fat, starch-containing imitation cheese has been demon-
strated to have the potential to expand during microwave heating. Since this type of imitation cheese 
expands on microwave heating, it can be presented as a stand-alone snack, Pre-expanded or as a 
home expansion product. (Arimi,et al,. 2008)

 RS were incorporated in a variety of baked goods, many of which include batter systems, 
such as in cakes, cake-like muffins, or brownies. In general, application tests showed that RS acts as 
texture modifier, imparting a favorable tenderness to the crumb. A low-fat, loaf cake was formulated 
with RS and various fibers to obtain approximately 3% TDF or 2.5 g of fiber per 80 g serving. These 
included a 40% TDF RS (Novelose 240 starch), oat fiber, a blend of oat fiber with Novelose 240 starch 
in a 50/50 ratio based on TDF contribution, and a 23% TDF RS (Hylon VII starch). The baked cakes 
made with RS were similar to that containing oat fiber and the control in the amount of moisture loss 
after baking, height, specific volume, and density. A panel rated the 40% TDF RS loaf cakes as the 
best for flavor, grittiness, moisture perception, and tenderness 24 h after baking. (Sajilata et al., 2006). 

 RS can be used as an ingredient that improves crispness in foods where high heat is applied 
to a product’s surface during processing. French toast and waffles, especially frozen reheated types, 
represent foods in which surface crispness is desired (Sajilata et al., 2006). 

 Along with textural enhancement, RS can improve expansion in extruded cereals and snacks. 
Various cereals were formulated to contain 40% TDF RS (Novelose 240 starch) alone and in com-
bination with oat fiber in ratios of 50/50 and 25/75 based on weight. The cereal with RS and no oat 
fiber had greater volumetric expansion than the control. In blends with oat fiber, the cereal containing 
75% of RS had better expansion than the one containing only 50%. Dried pasta products containing 
up to 15% RS can be made with little or no effect on dough rheology during extrusion. Although the 
resultant pasta was lighter in color, a firm “al dente” texture was obtained in the same cooking time as 
a control that had no added fiber. RS may also be used in thickened, opaque health beverages in which 
insoluble fiber is desired. Insoluble fibers generally require suspension and add opacity to beverages. 
Compared with insoluble fibers, RS imparts a less gritty mouthfeel and masks flavors less. (Sajilata et 
al., 2006). 
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The physicochemical properties of lentil starch were measured and linked up with its functional prop-
erties and compared with those of corn and potato starches. The amylose content of lentil starch was 
the highest among these starches. The crystallinity and gelatinization enthalpy of lentil starch were 
the lowest among these starches. The high amylose: amylopectin ratio in lentil starch resulted into low 
crystallinity and gelatinization enthalpy. Gelatinization and pasting temperatures of lentil starch were 
in between those of corn and potato starches. Lentil starch gels showed the highest storage modulus, 
gel strength and pasting viscosity than corn and potato starch gels. Peleg’s model was able to predict 
the stress relaxation data of these starches well (R2>0.98). The elastic modulus of lentil starch gel 
was less frequency dependent and higher in magnitude at high temperature (60°C) than at lower tem-
perature (10°C). Lentil starch is suitable where higher gel strengthened pasting viscosity are desired. 

Keywords: Lentil starch, corn starch, potato starch, amylose-to-amylopectin ratio, gelatinization.

1. INTRODUCTION

Starches are ubiquitous macromolecules synthesized by plants and have wide application in both 
food and non-food products (Lillford & Morrison, 1997). In food, starch is present both as the major 
ingredient as well as a minor ingredient imparting some specific functions (Jane, 1997). Some of these 
functions include thickening, coating, gelling, adhesion, and encapsulation. When starch is heated in 
the excess of water, it swells irreversibly and undergoes order-to-disorder phase transition and the 
phenomenon is known as gelatinization (Cook & Gidley, 1992). Important functional properties of 
starch such as pasting and gelation are derived once the starch is gelatinized. As a consequence of 
gelatinization of starch, at high concentration, starch is able to form a three dimensional gel network 
and retards phase separation. The temperature range at which this transition occurs is characteristic to 
the particular starch source.

Starch granule size, shape and its composition (amylose to amylopectin ratio) vary with botanical 
origin. Amylose content of lentil starch is high and ranges from 29-45.5% (Hoover & Sosulski, 1991). 
The amylose-to-amylopectin ratio has great impact on the structure-function property of starch (Tes-
ter, 1997). Differences in starch physicochemical characteristics have significant impact on their func-
tional properties. Based on the requirement of food products, starches from different sources are used 
for different purposes to meet the specific processing needs. 

Pasting and gel formation are two important functional properties of starch. The understanding of 
these functional characteristics is essential in food processing operations to help in the selection of 
ingredients to suit the end product requirements. Corn and potato starch shave been extensively inves-
tigated and commonly used in food processing (Silverio et al., 2000). Similar studies on lentil starch 
are very limited. There are only limited publications on lentil starch (Biliaderis et al., 1979; Bhatty & 
Slinkard, 1979; Hoover & Ratnayake, 2002). Therefore, the objective of this study was to compare 
the physicochemical properties of lentil starch with popular starches such as corn and potato starch 
and relate these measurements with their functional properties such as swelling, pasting and gelation. 

2. MATERIALS AND METHODS

2.1 Raw materials
Lentil starch was isolated from Australian Aldinga cultivar of lentil. Corn starch and potato starch 
were purchased from Ajax Chemicals, NSW, Australia.
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2.3.8 Pasting properties
Pasting profiles and viscosity profiles of starch samples were measured by using Rapid ViscoAnalyz-
er (Newport, Scientific Pty Ltd, NSW, Australia). Viscosity of paste was expressed as mPa.s. Starch 
concentration of 8% (w/w) was used in all these tests.  The starch suspensions were heated from 50° 
to 95°C at the heating rate of 12.5°C/min, held at 95°C for 5 minutes and finally cooled down to 50°C 
at the same cooling rate. During heating, the samples were stirred at 960 rpm for the first 1 minute and 
160 rpm for the rest of testing time. 

2.3.9 Texture profile analysis (TPA) of starch gel

Texture profile analysis (TPA) of starch gels was carried out using a texture analyser (TA.XT plus, 
Stable Micro Systems Ltd, UK). The TPA tests were performed and data were analysed following 
Bourne’s method (2002). The starch paste heated in a water bath at 90°C with continuous mixing for 
10 minutes followed by immediate cooling under tap water. The gel was stored overnight at 4°C and 
equilibrated to room temperature (25°C) before measurement. Gel cylinders (8.2 mm diameter and 
8 mm height) were compressed twice to 30% of their original height at a constant speed of 0.3 mm/s 
with 5 sec gap in between two compression. A cylindrical probe (derlin) of 10 mm diameter was used 
for this purpose. Texture profile analysis (TPA) was used to calculate hardness, cohesiveness, adhe-
siveness, springiness, and gumminess properties of the gels. 

2.4 Statistical analysis

Triplicate runs were carried out for each experiment, if stated otherwise. Data were subjected to 
statistical analysis, using  one way analysis of variance (ANOVA) to evaluate the significance of dif-
ferences (p<0.05). SPSS version 10.0 software (SPSS Co., Chicago U.S.) was used for this purpose. 

3. RESULTS AND DISCUSSION

3.1 Physicochemical properties

3.1.1 Chemical composition of starch

Chemical composition of all three starch samples are presented in Table 1. Ash and crude protein con-
tent of three starches ranged from 0.27-0.43g/100g and 0.17-0.36 g/100g, respectively. Low ash and 
protein content in starch indicates the purity of starch. According to Tester, Karkalas, and Qi (2004), 
purified starches should contain less than 0.6% protein. Three starches were significantly different 
(p<0.05) in amylose content. The amylose content of lentil starch was the highest (32.52%) among 
three starches studied. The amylose content of corn and potato starch was 24.78% and 14.93%, re-
spectively. 

3.1.2 Particle size distribution 

The granule size and shape of starch vary with botanic origin. Fig. 1 shows the granule (particle) 
size distribution of three starches viz., lentil, corn and potato. Among three starches, potato and corn 
exhibited bimodal particle size distribution with the size of small granule fractions ranging from 0.8-
5 μm and 0.5-3 μm respectively. Lentil starch granules showed monomodal size distribution with 
narrow size range (10 - 45μm) with the mean granule 50% volume based size (Dv,50) being 21.57 mm. 
The potato starch showed the highest mean granule size (44 mm) and the widest particle size distribu-
tion (Fig 1) while the corn starch has the smallest granule size (12.93 mm) (Table 1).  These particle 
size and size distribution data are within range of other published data (Tester et al., 2004; Hoover, 
Hughes, Chung & Liu, 2010). 

2.2 Isolation and purification of lentil starch

Lentil starch was isolated following the method of Joshi et al., (2014). With this method, starch was 
isolated by wet method from lentil flour.

2.3 Physicochemical properties of starch

2.3.1 Proximate composition 
Starch samples were analysed for their moisture (Method No. 925.1), crude protein (N×6.25) (Method 
No. 920.87) and ash content (Method No. 923.03) following the standard method of analysis (AOAC, 
2005).

2.3.2 Amylose content

Amylose content of the starches were determined by using amylose/amylopectin kit from Megazyme 
(Wicklow, Ireland). 

2.3.3 Starch Morphology
Starch morphology of the lentil starch along with the corn and potato starch was studied by scanning 
electron microscope (SEM) (JEOL, JSM 6300 SEM, Japan). For SEM, very thin layer of starch pow-
der was directly applied to double- sided adhesive tape on an aluminium stub and was coated with 
gold. An accelerating potential of 15 kV was used during micrography during image acquisition.

2.3.4 X-ray diffraction (XRD)
X-ray diffraction (XRD) traces of starch granules was measured using a Siemens (D501, Siemens, 
Karlsruhe, Germany) diffractometer with CuKα<1radiation. Diffractograms were recorded between 
5° and 35° (2θ) at a rate of 1.20°/ min (2θ) and with a step size of 0.05° (2θ).Crystallinity of the starch 
was determined following the method of Nara and Komiya (1983). 

2.3.5 Granule particle size 
The particle size distribution of the starch samples was measured using a Malvern laser diffraction 
particle size analyzer (Mastersizer 2000TM, Malvern Instrument, USA). Water was used as a dispers-
ing medium for all the powders. The sample suspension was subjected to sonication during measure-
ments for better dispersion of the powder. Particle size distribution was calculated by the Mastersizer 
software (version 5.54). 

2.3.6 Gelatinization properties

Gelatinization properties (onset and peak gelatinization temperatures, enthalpy of gelatinization) of 
starch samples were studied by using a differential scanning calorimeter (DSC) in which starch sam-
ples in excess of water were heated in hermetically sealed pans (Mettler Toledo, Switzerland). Starch 
sample (3.5±0.5 mg, dwb) was weighed into standard aluminium pan of 40 µl capacity into which 
10 µl of distilled water was added. Sample pans along with empty pan as reference was heated at a 
rate of 10°C/min from 25° to 100°C. Onset temperature (To), peak temperature (Tp) and enthalpy of 
gelatinization (∆H) were calculated using STAR® software associated with the DSC. 

2.3.7 Swelling power 

Swelling power of starch samples was determined at different temperatures (60°90°C) by using meth-
od of Leach, McCowen, and Schoch (1959). Starch swelling power was calculated as the ratio of 
weight of swollen starch to the initial dry weight of the starch and expressed as g/g. 
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Fig 2. X-ray diffractogram of lentil, corn and potato starches in native state.

Table 1. Physicochemical properties of lentil, corn and potato starch

Parameters Lentil starch Corn starch Potato starch
Protein (g/100g) 0.36±0.03a 0.43±0.03b 0.27±0.02c

Ash (g/100 g) 0.17±0.05a 0.21±0.03 a 0.36±0.04b

Amylose (%) 32.52±3.52 a 24.78±2.52b 14.93±0.83c

Relative Crystallinity (%) 9.12 a 25.37b 37.67c

Starch gran-
ule size

(μm) 

d(0.1) 14.43±0.02 a 7.50±0.14b 22.83±0.02c

d(0.5) 21.57±0.03 a 12.93±0.02b 44.15±0.03c

d(0.9) 32.21±0.05 a 20.03±0.64b 76.06±0.06c

Gelatinization 
properties 

Onset temperature (°C) 61.56±0.23 a 68.58±0.49b 60.43±0.23c

Peak temperature (°C) 69.32±0.30 a 73.8±0.25b 65.65±0.23c

Heat Enthalpy (J/g) 11.80±1.04 a 14.80±0.67b 18.28±0.23c

All the data are the mean of three replicates and are expressed as mean ± SD. 

Means with the different superscript letters within the same row are significantly different (p<0.05).

3.1.4 Gelatinization properties

Gelatinization parameters of the lentil, corn and potato starches are presented in Table 1. Among 
three starch samples, corn starch showed the highest onset (68.58°C) and peak (73.80°C) gelatiniza-
tion temperatures while potato starch had the lowest onset (60.43°C) and peak (65.65°C) gelatiniza-
tion temperatures. The onset and peak gelatinization temperature for lentil starch was 61.56°C and 
68.32°C, respectively which are intermediate to those of potato and corn starches. Gelatinization tem-
peratures for lentil, corn and potato starches in this work are similar to earlier works by Kaur, Sandhu 
and Lim (2010); and Li and Yeh (2001). Higher transition temperature for corn starch was attributed to 
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Fig 1. Particle size distribution pattern of lentil starch (LS), corn starch (CS) and potato starch 
(PS).

3.1.3 Crystallinity 
Starch granules are semi-crystalline and consist of both amorphous and ordered (crystalline) areas. 
The Xray diffraction pattern of the lentil, corn and potato starch are shown in Fig 2. Corn starch and 
potato starches exhibited characteristic A (cereals) and B (tubers) type crystalline patterns, respec-
tively while lentil starch showed C type crystalline pattern. C type diffraction pattern is common in 
legume starches and is intermediate between A and B type diffraction patterns (Hoover & Ratnayake, 
2002). Lentil starches exhibited five major peaks at 5.6°, 15.0°, 17.0°, 17.8°, 23.0° and 26.3° (2θ 
angles), of which, three peaks at 15°, 17° and 26.3° (2θ angle) were common among three starches. 
Two peaks at 17.8° and 23° (2θ angle) were common between lentil and corn starch. Likewise, the 
peak at 5.6° (2θ angle), characteristics of B-type diffraction pattern was observed in both lentil and 
potato starch, however, the intensity of peaks for the latter was much higher than in the former. The 
varying degree of crystallinity in three starches is evidenced from the diffractogram shown in Fig 2 
which shows higher intensity in the major peaks for potato and corn starches compared to that of the 
lentil starch. The crystallinity of the three starches was in the following order: potato starch> corn 
starch> lentil starch and ranged from 9.12 to 37.67% (Table 1). The percentage of crystallinity in these 
three starch types agrees with the published data (Tester et al., 2004; Hoover et al., 2010). Higher peak 
values indicate the better orientation and/ or more compactly packed crystallites within the granules, 
therefore, diffract X-rays to greater degree (Hoover & Manuel, 1995). The higher crystallinity of 
potato starch reflects stronger interaction between double helices within crystalline lamellae while 
lower crystallinity in lentil starch emphasizes the difference in molecular composition (high amylose 
content) of lentil starch compared to that of two other starches. Sandhu and Lim (2008) have observed 
a negative correlation between crystallinity and amylose content for legume starches.
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d(0.5) 21.57±0.03 a 12.93±0.02b 44.15±0.03c

d(0.9) 32.21±0.05 a 20.03±0.64b 76.06±0.06c

Gelatinization 
properties 

Onset temperature (°C) 61.56±0.23 a 68.58±0.49b 60.43±0.23c

Peak temperature (°C) 69.32±0.30 a 73.8±0.25b 65.65±0.23c

Heat Enthalpy (J/g) 11.80±1.04 a 14.80±0.67b 18.28±0.23c

All the data are the mean of three replicates and are expressed as mean ± SD. 

Means with the different superscript letters within the same row are significantly different (p<0.05).

3.1.4 Gelatinization properties

Gelatinization parameters of the lentil, corn and potato starches are presented in Table 1. Among 
three starch samples, corn starch showed the highest onset (68.58°C) and peak (73.80°C) gelatiniza-
tion temperatures while potato starch had the lowest onset (60.43°C) and peak (65.65°C) gelatiniza-
tion temperatures. The onset and peak gelatinization temperature for lentil starch was 61.56°C and 
68.32°C, respectively which are intermediate to those of potato and corn starches. Gelatinization tem-
peratures for lentil, corn and potato starches in this work are similar to earlier works by Kaur, Sandhu 
and Lim (2010); and Li and Yeh (2001). Higher transition temperature for corn starch was attributed to 
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3.1.3 Crystallinity 
Starch granules are semi-crystalline and consist of both amorphous and ordered (crystalline) areas. 
The Xray diffraction pattern of the lentil, corn and potato starch are shown in Fig 2. Corn starch and 
potato starches exhibited characteristic A (cereals) and B (tubers) type crystalline patterns, respec-
tively while lentil starch showed C type crystalline pattern. C type diffraction pattern is common in 
legume starches and is intermediate between A and B type diffraction patterns (Hoover & Ratnayake, 
2002). Lentil starches exhibited five major peaks at 5.6°, 15.0°, 17.0°, 17.8°, 23.0° and 26.3° (2θ 
angles), of which, three peaks at 15°, 17° and 26.3° (2θ angle) were common among three starches. 
Two peaks at 17.8° and 23° (2θ angle) were common between lentil and corn starch. Likewise, the 
peak at 5.6° (2θ angle), characteristics of B-type diffraction pattern was observed in both lentil and 
potato starch, however, the intensity of peaks for the latter was much higher than in the former. The 
varying degree of crystallinity in three starches is evidenced from the diffractogram shown in Fig 2 
which shows higher intensity in the major peaks for potato and corn starches compared to that of the 
lentil starch. The crystallinity of the three starches was in the following order: potato starch> corn 
starch> lentil starch and ranged from 9.12 to 37.67% (Table 1). The percentage of crystallinity in these 
three starch types agrees with the published data (Tester et al., 2004; Hoover et al., 2010). Higher peak 
values indicate the better orientation and/ or more compactly packed crystallites within the granules, 
therefore, diffract X-rays to greater degree (Hoover & Manuel, 1995). The higher crystallinity of 
potato starch reflects stronger interaction between double helices within crystalline lamellae while 
lower crystallinity in lentil starch emphasizes the difference in molecular composition (high amylose 
content) of lentil starch compared to that of two other starches. Sandhu and Lim (2008) have observed 
a negative correlation between crystallinity and amylose content for legume starches.
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Fig 3. Swelling curve for lentil (LS), corn (CS) and potato starches (PS) showing experimental 
(E) and VTF (VTF) and power law (PL) model fit data.

3.2.2 Pasting characteristics
Pasting is the phenomenon indicated by increase in viscosity when starch is heated in presence of excess 
of water. Heating causes disruption of internal ordered structure and amylose starts to leach out from 
the granules. Due to heating and plasticization effect of water, hydrogen bonds stabilizing the crystal-
line structure in the amylopectin are destabilized and water form hydrogen bonds with amylopectin 
leading to hydration and swelling. As the heating continues, starch granules become increasingly sus-
ceptible to shear disintegration due to swelling. The phase transition in starch was monitored by vis-
cometric method using RVA. The results of pasting properties of lentil starch along with the corn and 
potato starches are presented in Fig 4 as a plot of apparent viscosity (mPa.s) versus time. The parame-
ters obtained from pasting curve are listed in Table 3. Peak viscosity is related to the granule swelling. 
Among starches, potato starch exhibited the highest peak viscosity (10,668  mPa.s) and the lowest past-
ing temperature of 66.2°C (temperature at which the viscosity starts to rise).  The degree of swelling 
and granule integrity are directly related to the viscosity of cooked paste. The higher thermal stability 
of corn and lentil starch can be related to their lower swelling capability. The observed peak viscosity 
of lentil starch was about two third value of potato starch and is nearly two fold higher than that of corn 
starch. Although the pasting behaviors of these three starches are similar to those reported in literature, 
however, the pasting parameters such as peak and final viscosity are different and cannot be compared 
due to difference in concentration, method and cultivars used in other published works (Hoover & Ma-
nuel, 1995; Li &Yeh, 2001; Sandhu & Lim, 2008). Potato starch with the highest peak viscosity also 
had higher break-down value compared to lentil and corn starches. This can be attributed to its higher 
 deformability of starch granules due to its very high swelling power (Fig 4). The break-down value 
gives an indication of paste stability and is the result of rupture of swollen starch granules. Only 
intact swollen starch granules contribute to viscosity. When the system is cooled, amylose leached 
into the aqueous phase starts to re-associate and gradually forms a gel. The gel formation leads to 
the final equilibrium viscosity. This increase in viscosity from break down value to final equilibrium 
viscosity is known as setback in pasting curve. Final viscosity of starch paste when cooled to 50°C 
was in following order: lentil starch> corn starch> potato starch. The order of final viscosity of starch 
gel matches with their amylose content. During the cooling phase, the viscosity of starch paste de-
pends on the nature of starch and the applied shear rate. Cold paste viscosity depends mainly on the 

its higher lipid content and rigid granular structure (Singh, Singh, Kaur, Sodhi and Gill, 2003) whilst 
potato starch and lentil starch (Hoover and Sosulski, 1991) contained only negligible lipid. 

Enthalpy of gelatinization was found significantly different in three types of starches studied (p<0.05). 
Among these, lentil starch had the lowest enthalpy of gelatinization (11.8 J/g) while the potato starch 
had the highest enthalpy (18.28±0.23 J/g). The degree of crystallinity and enthalpy of gelatinization 
followed same order (Table 1). Low enthalpy of gelatinization for lentil starch might be due to its low 
crystallinity (Moorthy, 2002). Li and Yeh (2001) also reported similar higher enthalpy value of 16.8 
J/g for potato starch. The variation in gelatinization enthalpy is considered primarily due to energy re-
quired for ‘melting’ of crystallites which involves rupture or breakage of intrahelical hydrogen bonds. 
Cooke and Gidley (1992), had proposed that enthalpy of gelatinization is principally due to loss of 
double helical order in starch. However, according to Lopez-Rubio, Flanagan, Gilbert, and Gidley 
(2008), the enthalpy associated with granule gelatinization is due to melting of overall amylopectin 
crystals rather than separation of double helices within starch crystallites. This is also supported by 
the X-ray diffraction study by Zobel, Young, and Rocca (1988) in which they have reported that ge-
latinization is the melting of starch crystallites. Since amylopectin mostly exists in crystalline form 
in starch granules, higher amylopectin content in potato starch justifies its higher enthalpy for gelati-
nization. 

3.2 Functional properties of starches

3.2.1 Swelling characteristics

Swelling behaviour of starch was investigated over a temperature range of 60° to 90°C. The swelling 
power was found to increase with increase in the temperature in all these starches (Fig 3). Among 
three starches, potato starch showed remarkably higher swelling power. In contrast to this, lentil and 
corn starches exhibited much lower swelling power. Vasanthan and Hoover (1992) reported similar 
swelling behavior for these starches. According to Leach et al. (1959), cereal and legume starches 
have limited swelling ability compared to tuber starch. The extent of swelling is largely related to 
their amylose to amylopectin ratio with higher proportions of amylopectin leading to higher swelling. 
Higher gelatinization temperature is linked with a higher degree of association in amorphous areas 
which leads to the restricted swelling in cereal starch (Leach et al., 1959). The characteristics of the 
bonding forces within the starch granules affect the manner with which they undergo swelling. The 
higher swelling capability of potato starch can also be attributed to its higher content of phosphate 
groups. It is believed that the repulsion between phosphate groups in adjacent chains helps increase 
hydration by weakening the bonding within crystalline domain (Galliard & Bowler, 1987). 

The swelling power as a function temperature was predicted using VTF and Power law models as 
shown in Fig 3. The swelling behavior of lentil and corn starches was predicted well by both the mod-
els (R2> 0.97). In the case of potato starch, VTF model predicted the swelling data excellently (R2> 
0.99) while power law did not follow the experimental data that well (R2> 0.95).  
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Fig 3. Swelling curve for lentil (LS), corn (CS) and potato starches (PS) showing experimental 
(E) and VTF (VTF) and power law (PL) model fit data.

3.2.2 Pasting characteristics
Pasting is the phenomenon indicated by increase in viscosity when starch is heated in presence of excess 
of water. Heating causes disruption of internal ordered structure and amylose starts to leach out from 
the granules. Due to heating and plasticization effect of water, hydrogen bonds stabilizing the crystal-
line structure in the amylopectin are destabilized and water form hydrogen bonds with amylopectin 
leading to hydration and swelling. As the heating continues, starch granules become increasingly sus-
ceptible to shear disintegration due to swelling. The phase transition in starch was monitored by vis-
cometric method using RVA. The results of pasting properties of lentil starch along with the corn and 
potato starches are presented in Fig 4 as a plot of apparent viscosity (mPa.s) versus time. The parame-
ters obtained from pasting curve are listed in Table 3. Peak viscosity is related to the granule swelling. 
Among starches, potato starch exhibited the highest peak viscosity (10,668  mPa.s) and the lowest past-
ing temperature of 66.2°C (temperature at which the viscosity starts to rise).  The degree of swelling 
and granule integrity are directly related to the viscosity of cooked paste. The higher thermal stability 
of corn and lentil starch can be related to their lower swelling capability. The observed peak viscosity 
of lentil starch was about two third value of potato starch and is nearly two fold higher than that of corn 
starch. Although the pasting behaviors of these three starches are similar to those reported in literature, 
however, the pasting parameters such as peak and final viscosity are different and cannot be compared 
due to difference in concentration, method and cultivars used in other published works (Hoover & Ma-
nuel, 1995; Li &Yeh, 2001; Sandhu & Lim, 2008). Potato starch with the highest peak viscosity also 
had higher break-down value compared to lentil and corn starches. This can be attributed to its higher 
 deformability of starch granules due to its very high swelling power (Fig 4). The break-down value 
gives an indication of paste stability and is the result of rupture of swollen starch granules. Only 
intact swollen starch granules contribute to viscosity. When the system is cooled, amylose leached 
into the aqueous phase starts to re-associate and gradually forms a gel. The gel formation leads to 
the final equilibrium viscosity. This increase in viscosity from break down value to final equilibrium 
viscosity is known as setback in pasting curve. Final viscosity of starch paste when cooled to 50°C 
was in following order: lentil starch> corn starch> potato starch. The order of final viscosity of starch 
gel matches with their amylose content. During the cooling phase, the viscosity of starch paste de-
pends on the nature of starch and the applied shear rate. Cold paste viscosity depends mainly on the 

its higher lipid content and rigid granular structure (Singh, Singh, Kaur, Sodhi and Gill, 2003) whilst 
potato starch and lentil starch (Hoover and Sosulski, 1991) contained only negligible lipid. 

Enthalpy of gelatinization was found significantly different in three types of starches studied (p<0.05). 
Among these, lentil starch had the lowest enthalpy of gelatinization (11.8 J/g) while the potato starch 
had the highest enthalpy (18.28±0.23 J/g). The degree of crystallinity and enthalpy of gelatinization 
followed same order (Table 1). Low enthalpy of gelatinization for lentil starch might be due to its low 
crystallinity (Moorthy, 2002). Li and Yeh (2001) also reported similar higher enthalpy value of 16.8 
J/g for potato starch. The variation in gelatinization enthalpy is considered primarily due to energy re-
quired for ‘melting’ of crystallites which involves rupture or breakage of intrahelical hydrogen bonds. 
Cooke and Gidley (1992), had proposed that enthalpy of gelatinization is principally due to loss of 
double helical order in starch. However, according to Lopez-Rubio, Flanagan, Gilbert, and Gidley 
(2008), the enthalpy associated with granule gelatinization is due to melting of overall amylopectin 
crystals rather than separation of double helices within starch crystallites. This is also supported by 
the X-ray diffraction study by Zobel, Young, and Rocca (1988) in which they have reported that ge-
latinization is the melting of starch crystallites. Since amylopectin mostly exists in crystalline form 
in starch granules, higher amylopectin content in potato starch justifies its higher enthalpy for gelati-
nization. 

3.2 Functional properties of starches

3.2.1 Swelling characteristics

Swelling behaviour of starch was investigated over a temperature range of 60° to 90°C. The swelling 
power was found to increase with increase in the temperature in all these starches (Fig 3). Among 
three starches, potato starch showed remarkably higher swelling power. In contrast to this, lentil and 
corn starches exhibited much lower swelling power. Vasanthan and Hoover (1992) reported similar 
swelling behavior for these starches. According to Leach et al. (1959), cereal and legume starches 
have limited swelling ability compared to tuber starch. The extent of swelling is largely related to 
their amylose to amylopectin ratio with higher proportions of amylopectin leading to higher swelling. 
Higher gelatinization temperature is linked with a higher degree of association in amorphous areas 
which leads to the restricted swelling in cereal starch (Leach et al., 1959). The characteristics of the 
bonding forces within the starch granules affect the manner with which they undergo swelling. The 
higher swelling capability of potato starch can also be attributed to its higher content of phosphate 
groups. It is believed that the repulsion between phosphate groups in adjacent chains helps increase 
hydration by weakening the bonding within crystalline domain (Galliard & Bowler, 1987). 

The swelling power as a function temperature was predicted using VTF and Power law models as 
shown in Fig 3. The swelling behavior of lentil and corn starches was predicted well by both the mod-
els (R2> 0.97). In the case of potato starch, VTF model predicted the swelling data excellently (R2> 
0.99) while power law did not follow the experimental data that well (R2> 0.95).  
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Fig 5. Texture profile analysis (TPA) of starch gels (15% w/v): lentil starch (LS), corn starch 
(CS) and potato starch (PS).
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Fig 6. Effect of lentil starch concentration on texture profile analysis (TPA).

The effect of concentration of lentil starch on gel strength is shown in Figure 6. As the concentration 
of starch increased from 10 to 40% (w/v), the strength and gumminess also increased accordingly. At 
lower starch concentration (10 to 15% w/v), not much change in gel strength was observed, however, 
when concentration of starch was increased to 20% (w/v), there was threefold increase in gel strength 
and gumminess. This result indicates that strong interactions among the constituents of lentil starch 

composition of the continuous phase which in turn depends on the amount of amylose leached out 
from the starch granules during heating (Loh, 1992). This is due to tendency of amylose molecules to 
reassociate strongly upon cooling as the H-bonds between amylose molecules become less transient 
as the temperature declines. Amylopectin also begins to self-associate but the rate of aggregation or 
recrystallization is much slower. Therefore, amylose plays an important role in the gel network sta-
bilization in the early stage of gelation. Since the amylose content of lentil starch was significantly 
higher than other two starches (Table 1), it can be expected that higher concentration of amylose in the 
continuous phase contributed to the formation of firm gel. These results show that lentil starches can 
be potentially used where strong gelling properties were required in the final product. 
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Fig 4. Effect of heating rate on RVA curve (a) at 12.5°C/min heating and cooling. 

Table 3. Pasting properties of lentil, corn and potato starch

Peak 
viscosity 
(mPa.s)

Peak tem-
perature

(°C)

Peak time

(min)

Break 
down

(mPa.s)

Set back

(mPa.s)

Final vis-
cosity

 (mPa.s)
Lentil starch 7308 71.9 4.40 2244 1440 6516 
Corn starch 4200 76.9 4.80 1536 2112 4776 
Potato starch 10668 66.2 2.73 9492 1608 2772 

3.2.3.2 Texture Profile analysis (TPA) 
Texture profile analysis (TPA) profiles for lentil starch along with the corn and potato  starch gel sam-
ples are presented in Fig 8. All three types of starch gels shown significantly difference in gel hardness 
and gumminess properties (p<0.5). Among three starch gels, lentil starch gel exhibited the highest gel 
strength and gumminess. Adhesiveness which is defined as the area under negative section of the TPA 
curve was absent in all three starches. Resilience, cohesiveness and springiness were not significantly 
different (p>0.05) for all three starches tested. The TPA result showed that lentil starch can form much 
stronger gel than potato and corn starch gels.
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The effect of concentration of lentil starch on gel strength is shown in Figure 6. As the concentration 
of starch increased from 10 to 40% (w/v), the strength and gumminess also increased accordingly. At 
lower starch concentration (10 to 15% w/v), not much change in gel strength was observed, however, 
when concentration of starch was increased to 20% (w/v), there was threefold increase in gel strength 
and gumminess. This result indicates that strong interactions among the constituents of lentil starch 

composition of the continuous phase which in turn depends on the amount of amylose leached out 
from the starch granules during heating (Loh, 1992). This is due to tendency of amylose molecules to 
reassociate strongly upon cooling as the H-bonds between amylose molecules become less transient 
as the temperature declines. Amylopectin also begins to self-associate but the rate of aggregation or 
recrystallization is much slower. Therefore, amylose plays an important role in the gel network sta-
bilization in the early stage of gelation. Since the amylose content of lentil starch was significantly 
higher than other two starches (Table 1), it can be expected that higher concentration of amylose in the 
continuous phase contributed to the formation of firm gel. These results show that lentil starches can 
be potentially used where strong gelling properties were required in the final product. 

50

60

70

80

90

100

0

2000

4000

6000

8000

10000

12000

0 200 400 600 800

Vi
sc

os
ity

 (m
Pa

.s)

Time (sec)

LS std CS std PS std Temp (°C)

Fig 4. Effect of heating rate on RVA curve (a) at 12.5°C/min heating and cooling. 

Table 3. Pasting properties of lentil, corn and potato starch
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Corn starch 4200 76.9 4.80 1536 2112 4776 
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3.2.3.2 Texture Profile analysis (TPA) 
Texture profile analysis (TPA) profiles for lentil starch along with the corn and potato  starch gel sam-
ples are presented in Fig 8. All three types of starch gels shown significantly difference in gel hardness 
and gumminess properties (p<0.5). Among three starch gels, lentil starch gel exhibited the highest gel 
strength and gumminess. Adhesiveness which is defined as the area under negative section of the TPA 
curve was absent in all three starches. Resilience, cohesiveness and springiness were not significantly 
different (p>0.05) for all three starches tested. The TPA result showed that lentil starch can form much 
stronger gel than potato and corn starch gels.
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Table 5. Stress relaxation model parameters starch gels (15% w/v)

Parameters Initial stress σ 

(kPa)
Equilibrium stress 

σ∞(kPa)
k1 k2

Lentil starch 11.82±1.53 7.85±0.94 1611±127 3.02±0.38
Corn starch 8.16±0.34 6.94±0.55 1482±126 5.90±0.68
Potato starch 4.89±0.79 4.02±0.68 2335±49 5.60±0.22

All the data are expressed as mean ± SD and are the mean of three replicates. 

4. CONCLUSIONS

In this work, the physicochemical (composition, crystallinity, gelatinization behaviour) properties of 
lentil starch were linked to its functional (swelling, pasting and gel formation) properties and com-
pared with corn and potato starches. The amylose content of three starches studied was in the follow-
ing order: lentil starch> corn starch> potato starch. While crystallinity and enthalpy of gelatinization 
was in the following order: potato starch> corn starch> lentil. High amylose/ amylopectin ratio in len-
til starch was related to the lower degree of crystallinity and enthalpy of gelatinization amongst these 
three starches. Lentil starch gel showed the higher viscoelastic solid properties and gel strength and 
final viscosity among these three starches. These results suggest that lentil starch can be used in prod-
uct formulation where stronger gelling properties than that of cereal and tuber starches are required.
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3.2.3.3 Stress relaxation behaviour
The stress relaxation behaviour of lentils starch along with the corn and potato starch gels was studied 
and the results are presented in Fig 6. Peleg’s model (1980) was used to predict the experimental data 
and to obtain the rheological parameters (Table 5). Figure shows the typical experimental stress relax-
ation curves for all the three starches along with their corresponding predicted values (shown by lines) 
are plotted against the relaxation time. It can be seen that Peleg’s model was able to fit experimental 
data reasonably well with an average absolute error value <0.6% (R2>0.97). The graph shows a small 
gradual decrease in stress over time tending to attain equilibrium stress. This type of behaviour is 
typical of viscoelastic solid materials. Stress in viscoelastic solids will decay to an equilibrium stress 
depending on the molecular structure of the material (Figura & Teixeira, 2007). Mean values of model 
parameters such as initial stress (σo), residual equilibrium stress (σ∞) and the constants k1 and k2 are 
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hardness observed in these three starches in TPA data. The magnitude of constants k1 and k2 indicate 
a more elastic, solid like property in these starch gels. The constant k2 was not significantly different 
for corn and potato starch gels. The value of constant k1for potato starch gel was significantly higher 
than those of lentil and corn starch gels (p<0.05). The stress relaxation behaviour of these gels can be 
attributed to the destruction of weak bonds while the strong bonds remain unaffected by a mechanical 
deformation of the gels (Hibberd & Wallace, 1966).
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Six finger millet varieties, viz. dalle, okhle, kabre, juwain, GPU 0025, and GE 5016  were used to 
assess their malting and brewing potential. Malting of all varieties was carried out by germinating the 
millets at 28±1ºC and 93±2%RH followed by drying at 50±2ºC. Among all varieties, kabre variant of 
finger millet germinated for 48 h was chosen for further study based on α-and β-amylase activities, 
diastatic power, carboxypeptidase activity and free amino nitrogen (FAN) content of their millet malts, 
and TSS, pH, color, turbidity, total reducing sugar, glucose, FAN and yield of their malt extracts. Ef-
fects of gibberellic acid (GA) (0 –100 ppm solution in water) and potassium bromate (PB) (0 –75 ppm 
solution in water) on the amylase activity of Kabre millet were studied. The GA had negative effect on 
α-amylase as the GA acid concentration increased towards 100 ppm and had no effect on β-amylase 
activities any concentration of this study . On the contrary, PB increased both α- and β-amylase ac-
tivities and reached 45-48 mg mal./g dm/min at 48 h @ 75 ppm concentration. Similarly, the Effect of 
commercial α-amylase (Neotempase) at a concentration of 100 mg/100 g malt had significant effect 
on fitration rate of wort and total reducing sugar (TRS) content, whereas commercial glucoamylase 
(Amylo 300) at a concentration of 150 mg/100 g malt had increased TRS in the millet malt wort. Beer 
was prepared with optimized concentraltions of commercial α-amylase (100 mg/100 g millet malt) 
and glucoamylase (150 mg/100 g malt) with varying propertion of rice adjunct (0, 25, 50, 75, 100) 
with the both commercial enzymes @ 80 mg/100 g rice adjunct. Physical, chemical and biochemical 
analyses were performed on millet wort and beer. A proportion of two parts of millet malt and one 
part of rice adjunct was found to produce relatively superior beer based on sensory score. This beer, 
pure millet malt beer and two brands of commercial market beer were compared based on sensory 
attributes. These beers ranked in descending order as market beer, millet beer with rice adjunct (33% 
to total malt) and pure millet beer.

Keywords: finger millet, malting, enzyme activities, brewing

INTRODUCTION

In Nepal, bulk of millet is fermented using traditional technology to produce highly esteemed local 
fermented undistilled and distilled alcoholic beverage named as jand and raksi, respectively. Besides 
this, millet is also used for the preparation of roti (a chapatti like product) and dhido and porridge 
(soft-solid and semi-solid cooked foods). Taylor et al. (2006) also reported that finger millet malt has 
a higher level of  β-amylase activity than that of sorghum and much less than that of barley. Millet 
in the form of malt is probably a much better option than using unmalted grain as adjunct in brewing 
(Taylor, 2009).

Finger millet (Eleusine coracana) is the fourth most important food crops of Nepal. It is a 
vital crop of mid-hills where it is commonly grown as a relay crop in maize/millet system as a mono 
crop in the hilly areas of mid-western region. Finger millet occupied 265,496 ha of land and produced 
291,098 MT with the productivity of 1,096 kg/ka (NARC, 2010). Finger millet is a rich source of 
calcium, phosphorous, iron, and folic acid. The availability of minerals increases by fermentation. 
Finger millet is drought resistant; it can grow on less fertile land. Hills and mountains of Nepal have 
a large potential of growing millet. 

In Nepal, there are five breweries in operation at present and produce about 500,000 hL 
of beer annually utilizing about 7,000 MT of barley malt that are imported from abroad (personal 
communication). A large sum of foreign currency is being spent in purchasing barley malt annually. 
Hence, finger millet malt preparation could substitute barley malt, partly if not totally, making benefit 
to both the farmers and industrialists. Utilization of locally available cereals in brewing not only save 
foreign currency (used in buying malt) but also reduce the cost of beer production. The lack of en-
zymes in millet or other cereals’ malt can be enhanced by supplementing  exogenous enzymes. Thus, 
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a higher level of  β-amylase activity than that of sorghum and much less than that of barley. Millet 
in the form of malt is probably a much better option than using unmalted grain as adjunct in brewing 
(Taylor, 2009).

Finger millet (Eleusine coracana) is the fourth most important food crops of Nepal. It is a 
vital crop of mid-hills where it is commonly grown as a relay crop in maize/millet system as a mono 
crop in the hilly areas of mid-western region. Finger millet occupied 265,496 ha of land and produced 
291,098 MT with the productivity of 1,096 kg/ka (NARC, 2010). Finger millet is a rich source of 
calcium, phosphorous, iron, and folic acid. The availability of minerals increases by fermentation. 
Finger millet is drought resistant; it can grow on less fertile land. Hills and mountains of Nepal have 
a large potential of growing millet. 

In Nepal, there are five breweries in operation at present and produce about 500,000 hL 
of beer annually utilizing about 7,000 MT of barley malt that are imported from abroad (personal 
communication). A large sum of foreign currency is being spent in purchasing barley malt annually. 
Hence, finger millet malt preparation could substitute barley malt, partly if not totally, making benefit 
to both the farmers and industrialists. Utilization of locally available cereals in brewing not only save 
foreign currency (used in buying malt) but also reduce the cost of beer production. The lack of en-
zymes in millet or other cereals’ malt can be enhanced by supplementing  exogenous enzymes. Thus, 
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Table 3: Comparative analyses of millet malt and its extract

Millet malt analyses Millet malt extract analyses*
α β DP CP FAN TSS pH Color Turb. TRS Glu.

(ext.)
FAN
(ext.)

Yield Total

Dalle 6 5 4 4 5 4 6 4 4 5 4 51
Kabre 5 6 6 5 5 4 6 6 6 5 6 60
Okhle 4 5 4 4 4 5 6 6 5 	4 5 52
Juwain 5 4 4 6 6 6 4 5 5 6 4 55
GE 5016 4 4 4 4 5 4 4 4 4 4 4 45
GPU0025 5 5 5 5 4 4 6 4 4 4 5 51
* Comparative rating scale: Highest score = 6, Medium score = 5 and Lowest score = 4 

Based on this scoring, kabre cv of millet was ranked as first followed by Juwain cv. The former cv of 
millet was chosen for further analyses.

Effect of Gibberellic Acid (GA) and Potassium Bromated (PB) Treatments on Amylase Activi-
ties of Finger Millet (var. Kabre) Malt

Gibberellic acid treatment on alpha amylase activity was studied (Fig. 1). It had no effect on alpha 
amylase at a concentration up to 100 ppm in steeping water for the time period up to 72 h.  But po-
tassium bromate increased alpha amylase activity at a concentration up to 75 ppm in steeping water 

for the time period of 72 h.

Fig. 1: Effect of gibberellic acid, potassium bromate and time on alpha amylase activity

the overall objective of this work was to evaluate the brewing quality of Nepalese millet malts. The 
specific objectives were selection of the finger millet variety for malting, standardization  of malting 
process, optimization of brewing process for beer production, and comparison of millet beer with 
commercial beer.

MATERIALS AND METHODS
Materials used for the experiment and methods adopted for physicochemical analyses are presented 
in Table 1.

Table 1: Raw materials and their sources

S.N. Materials Sources
1. Dalle, Kabre, Okhle 

GPU 0025 and GE 5016 variet-
ies of millet

RARC, Hill Crops Research Program, 
Dolakha

2. Juwain variety of millet Khotang
3. Malt, hops Gorkha Brewery P. Ltd, Nawalparasi
4. Brewer’s yeast Sungold Brewery P. Ltd, Nawalparasi
5. Com. a-amylase (Neotempase)

 Com. Glucoamylase

Himalayan Distillary Pvt.Ltd, Birganj

Analytical methods adopted for analysung different parameters during analyses are presented in  
Table 2.

Table 2: Parameters and their corrosponding methods

S.N. Parameters Methods/references
1. a, b-amylase activities Mallik and Singh (1980)
2. Carboxypeptidase activity Okolo and Ezeogu (1995)
3. Alcohol , ester Kirk and Sawyer (1991)
4. Diastatic activity, FAN, color, sp. 

gr., viscosity, aldehyde, tannin, 
phenolics, fusel oil

AOAC Official Method (2005); slight modification 
in some cases

5. Methanol Chromotropic method
6. pH, TSS, turbidity General method used
7. Total reducing sugar Rangana (1986)
8. Glucose, thiamin, niacin Sadasivam and Manickam (2008), minor modifica-

tion in case of vitamins
9. Sensory evaluation, ribiflavin Ramganna (1986) (hedonic rating)
10. Statistical analysis GenStat 12.1

RESULTS AND DISCUSSIONS
Different physicochemical analyses were used to characterization of finger millet malt. Since detail 
description of each malt quality parameter is not possible to present in this limited section, therefore 
only the comparative score is given in Table 3. 



166

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

167

Table 3: Comparative analyses of millet malt and its extract

Millet malt analyses Millet malt extract analyses*
α β DP CP FAN TSS pH Color Turb. TRS Glu.

(ext.)
FAN
(ext.)

Yield Total

Dalle 6 5 4 4 5 4 6 4 4 5 4 51
Kabre 5 6 6 5 5 4 6 6 6 5 6 60
Okhle 4 5 4 4 4 5 6 6 5 	4 5 52
Juwain 5 4 4 6 6 6 4 5 5 6 4 55
GE 5016 4 4 4 4 5 4 4 4 4 4 4 45
GPU0025 5 5 5 5 4 4 6 4 4 4 5 51
* Comparative rating scale: Highest score = 6, Medium score = 5 and Lowest score = 4 

Based on this scoring, kabre cv of millet was ranked as first followed by Juwain cv. The former cv of 
millet was chosen for further analyses.

Effect of Gibberellic Acid (GA) and Potassium Bromated (PB) Treatments on Amylase Activi-
ties of Finger Millet (var. Kabre) Malt

Gibberellic acid treatment on alpha amylase activity was studied (Fig. 1). It had no effect on alpha 
amylase at a concentration up to 100 ppm in steeping water for the time period up to 72 h.  But po-
tassium bromate increased alpha amylase activity at a concentration up to 75 ppm in steeping water 

for the time period of 72 h.

Fig. 1: Effect of gibberellic acid, potassium bromate and time on alpha amylase activity

the overall objective of this work was to evaluate the brewing quality of Nepalese millet malts. The 
specific objectives were selection of the finger millet variety for malting, standardization  of malting 
process, optimization of brewing process for beer production, and comparison of millet beer with 
commercial beer.

MATERIALS AND METHODS
Materials used for the experiment and methods adopted for physicochemical analyses are presented 
in Table 1.

Table 1: Raw materials and their sources

S.N. Materials Sources
1. Dalle, Kabre, Okhle 

GPU 0025 and GE 5016 variet-
ies of millet

RARC, Hill Crops Research Program, 
Dolakha

2. Juwain variety of millet Khotang
3. Malt, hops Gorkha Brewery P. Ltd, Nawalparasi
4. Brewer’s yeast Sungold Brewery P. Ltd, Nawalparasi
5. Com. a-amylase (Neotempase)

 Com. Glucoamylase

Himalayan Distillary Pvt.Ltd, Birganj

Analytical methods adopted for analysung different parameters during analyses are presented in  
Table 2.

Table 2: Parameters and their corrosponding methods

S.N. Parameters Methods/references
1. a, b-amylase activities Mallik and Singh (1980)
2. Carboxypeptidase activity Okolo and Ezeogu (1995)
3. Alcohol , ester Kirk and Sawyer (1991)
4. Diastatic activity, FAN, color, sp. 

gr., viscosity, aldehyde, tannin, 
phenolics, fusel oil

AOAC Official Method (2005); slight modification 
in some cases

5. Methanol Chromotropic method
6. pH, TSS, turbidity General method used
7. Total reducing sugar Rangana (1986)
8. Glucose, thiamin, niacin Sadasivam and Manickam (2008), minor modifica-

tion in case of vitamins
9. Sensory evaluation, ribiflavin Ramganna (1986) (hedonic rating)
10. Statistical analysis GenStat 12.1

RESULTS AND DISCUSSIONS
Different physicochemical analyses were used to characterization of finger millet malt. Since detail 
description of each malt quality parameter is not possible to present in this limited section, therefore 
only the comparative score is given in Table 3. 



168

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

169

Similar study was also conducted on glucoamylase and 100 ppm of the enzyme was found 
to be optimum amount (Fig. 4).

Fig. 4:  Effect of glucoamylase addition  on filtration rate, reducing sugar and glucose

 Effect of rice adjunct on properties of millet beer

The worts prepared by using different proportions of rice adjunct were boiled for 1 h with hops, 
cooled, adjusted to about 14°Bx with sterile water and then subjected to fermentation. After com-
pletion of fermentation the green beers were pasteurized, allowed to stand overnight in refrigerated 
condition and analyzed for different physicochemical, volatile and sensory parameters.

Physicochemical properties of beer. Effect of adjunct addition on physicochemical proper-
ties of beer is shown in Table 4. TSS of beer showed significant (p<0.05) change with adjunct level. 
It increased at 25 parts adjunct addition compared to control but decreased on further addition of 
adjunct. Beer with 50 and 75 parts adjunct had similar TSS but beer with 100 parts adjunct had the 
lowest content of TSS. The obtained values of TSS of beers, in present work, were similar to that 
reported for naked barley beer (Acharya, 2007) but lower than that reported for wheat beer (Mahato, 
2010). pH of beer remained statistically same (p>0.05) at all level of adjunct addition but total, fixed 
and volatile acidities increased significantly (p<0.05) on adding adjunct.

Total acidity remained statistically unchanged at all level of adjunct addition while fixed 
acidity of beer with 100 parts adjunct was lower. Similarly, Volatile acidity at all level of adjunct ad-
dition was statistically similar but beer with 100 parts adjunct had significantly high content of it. The 
obtained value of pH (3.9–4.1) for beers conforms well to Nepal Standard (NS, 2040) but was higher 
compared to traditional Amgba (Roger et al., 2013). Similar values of pH (4.16 ±1.25), total acidity 
(0.271±0.045 %) and volatile acidity (0.038 ± 0.004 %) but lower fixed acidity (0.2135± 0.05 %) in 
naked barley beer (Acharya, 2007) and relatively higher value of pH (4.40±0.01), lower value of total 
(0.25±0.05 %) and fixed (0.205±0.05 %) acidities but similar value of volatile acidity (0.0345±0.004 
%) in wheat beer (Mahato, 2010) have been reported.

  The pH of beer has enormous influence on product quality. Many of the molecules in beer 
can exist in charged and uncharged forms, the relative proportions of which are directly dependent 
on the pH. For instance, the bitter compounds exist in both uncharged and charged states, and the 
former is bitterer than the latter.  pH falls during fermentation as yeast acts to lower the pH of wort 
from 5.2–5.5 to 3.8–4.5. Secretion of organic acid (including lactate, succinate and acetate), which are 
normal products of metabolism of brewing yeast, are responsible for drop in pH during fermentation 
(Bamforth, 2003). The final levels of these acids in beer depend on vigor of fermentation, with faster 

Similarly, effect of beta amylase activitiy on gibberellic acid and potassium bromate was also 
studied (Fig. 2). Gibberellic acid had no effect on beta amylase activity whereas beta amylase activity 
was increased.

     

Fig. 2:  Effect of gibberellic acid, potassium bromate and time on beta amylase activity

Effect of α-amylase (Neotempase) addition

The effect of alpha amylase on filtration rate and sugar production is presented in Fig.3. Filtration rate 
and sugar production is positively related to saccharifying properties of the enzyme. Addition of alpha 
amylase increased filtration rate up to the concentration of 50 ppm, there after no significant effect 
was observed. But, production of total reducing sugar and glucose was increased up to 100 ppm of 
alpha amylase.  

Fig.3:  Effect of alpha amylase addition  on filtration rate, reducing sugar and glucose
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sensory characteristics of beer is shown in Fig. 5. 

Appearance and clarity and color were found to be improved above 50 parts adjunct while 
flavor was statistically same at all level of adjunct addition. In comparison with 0 parts adjunct (con-
trol), body decreased slightly (not significantly) up to 50 parts adjunct addition and then decreased 
significantly on further increasing adjunct level. In terms of overall acceptance beer with 50 parts 
adjunct got maximum score followed by beer with 75 parts, 100 part, 25 parts and 0 parts adjunct 
respectively.

Ratio A B C D E
Malt flour : Rice adjunct 100:0 100:25 100:50 100:75 100:100

Figure 5:  Sensory characteristics of millet beers

Note: Bars with same letters indicate not significantly different at p>0.05.

 Panelists involved in this sensory analysis were from the population consuming beers light 
in color. This might be the reason for lower scores in appearance and clarity and color for beer with 0 
and 25 parts adjunct as they were quite dark in color. From this result it can be concluded that beer can 
be made using up to 50 parts adjunct without sacrificing any sensory quality and improving aesthetic 
value. Therefore beers with 0 parts and 50 parts adjunct were taken for comparison with common 
market beers.

Comparison of Finger Millet Beer with Commercial beers

Among the beers so prepared in this study, two beers namely beer made without using adjunct and 
from 50 parts adjunct were taken and compared with two brands of market beers in terms of different 
physicochemical properties, volatile constituents, vitamin contents and sensory qualities. 

Physicochemical properties of beers

Physicochemical properties of millet beers and market beers are presented in Table 5. Statistical test 
revealed that these beers are significantly (p<0.05) different with respect to some parameters while not 
different (p>0.05) with respect to other parameters.

The values of TSS, colour and viscosityof millet beers with and without adjunct (rice) were 
higher. Free amino nitrogen (FAN) contents of both brands of beers were higher compared to millet 
beers; B brand of beer had more FAN than that of A.

fermentations resulting in more of these acids in final beer.  

Table 4:  Effect of Adjunct Addition on Physicochemical Properties of Beer

Parameters
Adjunct addition (g/100 g by weight of malt)*

0 25 50 75 100
TSS

5.75a (0.05)

5.8 b

(0)

5.6 c

(0)

5.6 c

(0)
5.15 d 
(0.05)

pH 4.1 a (0) 4 a(0) 3.9 a (0) 3.9 a(0) 3.9 a(0)
Colour (ASBC unit)

7.36 a 
(0.015)

5.92 b 
(0.005)

3.25 c

(0)
3.045 d 
(0.005)

1.94e 
(0.01)

Viscosity (cP)
1.42 a 
(0.021)

1.40 b 
(0.008)

1.35 cd 
(0.004)

1.37 c 
(0.005)

1.34 d 
(0.004)

Glucose (mg %)
4.55 a 
(0.18)

13.27 b 
(0.18)

2.91 c 
(0.36)

8 d 

(0.36)
4.55 a 
(0.18)

Total reducing sugar as maltose (%, 
m/v)

1.27 a 
(0.021)

1.32b 
(0.011)

1.17 c 
(0.017)

1.16 c 
(0.009)

1.04 d 
(0.043)

Free amino nitrogen (mg/L)
24.44 a 
(2.96)

27.96 a 
(3.15)

15 b 

(3.52)
10.37 b 
(0.37)

12.41b 
(1.30)

Acidities
a) Total as lactic (%, m/v) 0.29 a 

(0.008)
0.35b 
(0.008)

0.35b 
(0.004)

0.35b 
(0.008)

0.35b 
(0.004)

b) Fixed as lactic (%, m/v) 0.24 a 
(0.004)

0.28b 
(0.008)

0.28b 
(0.004)

0.29b 
(0.008)

0.24a 
(0.004)

c) Volatile as acetic 

(%, m/v)

0.031a 
(0.008)

0.045b 

(0)

0.045b 

(0)

0.039b 

(0)

0.073c 
(0.006)

*Values are the means of three determinations. Figures in the parentheses are standard deviation. 
Figures in the row bearing different alphabets in superscript are significantly different at p<0.05.

FAN content of beer remained unchanged at 25 parts adjunct addition but decreased thereaf-
ter. Viscosity of beer decreased significantly (p<0.05) on adding adjunct and showed weak negative 
correlation (R2=0.798) with level of adjunct. Total reducing sugars contents of all beers were different 
with each other except beers with 50 and 75 parts adjunct which were similar statistically. Also, glu-
cose contents of 0, 25, 50 and 75 parts adjunct were significantly different with each other but that of 
100 parts adjunct was similar to control.

During fermentation the yeast takes up amino acids and sugars from the wort. The sugars are 
metabolized, with carbon dioxide and ethyl alcohol being produced under the anaerobic conditions 
while the amino acids are used for cell growth.  Therefore, fermentation lowers free amino nitrogen 
and sugar contents. Any free amino nitrogen left over in beer is a hazard, as could make a tasty meal 
for spoilage organisms (Bamforth, 2003).

Effect of rice adjunct on sensory characteristics of beer. The beers made using different 
proportions of malt and adjunct were subjected to sensory analysis. Effect of rice adjunct level on 
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beer prepared with adjunct and brand A. However, tannin content of all beers so analyzed was simi-
lar statistically. EC50 concentration of millet beer without adjunct was lowest followed by brand B, 
millet beer with adjunct and brand A, indicating highest free radical scavenging activity of millet beer 
without adjunct followed by brand B, millet beer with adjunct and brand A. The beers rich in phenolic 
antioxidants have higher quality, more stable sensory properties (such as flavour and aroma), foam 
stability and longer shelf life with respect to beers with low antioxidant activity (Goupy et al., 1999). 
The obtained values of total phenol contents of beers are higher than Brazilian beers (250–300 mg/L) 
but fall in the range of European lager beer (270–470 mg/L) (Siqueira et al., 2011).

Similar total phenol content (43.1±2 mg GAE / 100 mL) but higher tannin content (42.5±2.7 
mg tannic acid/100mL) in millet beer (Karki & Kharel, 2013) and higher total phenol content (521±25 
mg/L) in industrial sorghum beer (Roger et al., 2013) have been reported. The final phenol content of 
beer depends on both the raw materials and the brewing process (Dvorakova et al., 2007) which might 
be the reason behind observed difference.

Sensory quality of beers

Both millet beers (with or without adjunct) along with market beers were subjected sensory analysis. 
The mean sensory scores for the beers are presented in Fig. 6. Mean scores for appearance and clarity 
of millet beer without adjunct was lower compared to both market beers but that of millet beer with 
adjunct was similar to market beer of brand B. However, brand A of market beer had significantly 
high scores than millet beers with adjunct. Similarly, scores for color of millet beer without adjunct 
was lower but that of millet beer with adjunct was similar compared to both brands of market beers. 
Flavor and body were similar for all beers. Overall acceptability of both market beers was similar to 
millet beers with adjunct but was significantly higher than millet beer without adjunct.   

Fig. 6:  Sensory quality of beers
Note: Bars with same letters are not significantly different at p>0.05.

The panelists involved in this analysis were consumers of light coloured beer. But the millet 
beer without adjunct was quite dark and opaque. However, millet beer with adjunct was quite clear 
and light coloured having appearance more or less like that of common market beers. This might be 
the reason behind preference of millet beer with adjunct by panelists.

Table 5:  Physicochemical Properties of Beers

Parameters

Market Beer Millet Beer

A B Without 
adjunct With adjunct

TSS 4.15a (0.05) 4.6 d (0) 5.75 b (0.05) 5.6 c (0)
pH 4 a (0) 4.2 a (0) 4.1 a (0) 3.9 a (0)

Colour (ASBC unit) 2.36 a (0.04)
2.685 

d(0.005) 7.355 b(0.015) 3.25 c (0)
Viscosity (cP) 1.20 a(0.012) 1.19 a (0.006) 1.42 b (0.021) 1.35 c(0.004)

Glucose (mg %) 22.30a (0.80)
12.51d 
(0.321) 4.55 b (0.182) 2.91c(0.364)

Fructose (mg %) 57.02a (5.472)
51.84 

a(8.352) 50.83 a(0.72) 33.98 b(1.728)
Total reducing sugar (% as 
maltose)

0.87 a (0.029) 0.61d (0.006) 1.27 b (0.021) 1.17 c(0.018)

FAN (mg/L) 37.38a(1.87) 65.61d(3.55) 24.44 b(2.963) 15 c(3.52)
Acidity

a. Total as lactic     (%, m/v) 0.29 a (0.004) 0.28a(0.004) 0.29 a (0.008) 1.35 b(0.004)
b.   Fixed as lactic    (%, m/v) 0.24 a (0.009) 0.24 a (0.009) 0.24 a (0.004) 1.28 b(0.004)
c.   Volatile as acetic (%,m/v) 0.03a(0.003) 0.03 a (0.003) 0.03 a (0.008) 0.04 b (0)
Tannin                  (mg tannic 
acid/L) 168.40a (20.40)

180.30 

a(1.70)
149.70 a 
(35.70) 205.80 a(6.80)

Total phenolics      (mg gallic 
acid/L) 293.80 a (3.25)

324.68 d 
(0.325) 474.50 b(6.50) 302.25c (3.25)

*Values are the means of three determinations. Figures in the parentheses are standard deviation. 
Figures in the row bearing different alphabet in superscript are significantly different at p<0.05.

Analogous values of TSS (5.93±1.59), pH (4.02±0.11), viscosity (1.39±0.1 cP), colour 
(7.17±0.30) but comparatively high FAN (3.1±0.1 mg%) have been reported for millet beer (Karki & 
Kharel, 2013). Similar values of TSS (5.8±0.28) and pH (4.16±1.25) were reported for naked barley 
beer (Acharya, 2007). 

Total, fixed and volatile acidities of millet beer without adjunct were similar to both brands 
of market beer but that of millet beer with adjunct was higher statistically. Fructose content of millet 
beer without adjunct was similar to both brands of market beers while that of millet beer with adjunct 
was lower compared to them. Glucose content of both brands of market beers was higher compared 
to millet beers. However, total reducing sugar content of market beers was lower compared to millet 
beers; A brand of beer had more total reducing sugar compared to B.

Similar values of fructose content (53.4±0.7 mg%) but comparatively low total reduc-
ing sugar (0.51±0.01%) total acidity (0.24±0.01%), fixed acidity (0.21±0.01%), volatile acidity 
(0.021±0.001%) but high glucose content (10±0.1 mg%) have been reported for millet beer (Karki & 
Kharel, 2013).

Total phenol content of beer prepared without adjunct was highest followed by brand B, 
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beer prepared with adjunct and brand A. However, tannin content of all beers so analyzed was simi-
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adjunct was similar to market beer of brand B. However, brand A of market beer had significantly 
high scores than millet beers with adjunct. Similarly, scores for color of millet beer without adjunct 
was lower but that of millet beer with adjunct was similar compared to both brands of market beers. 
Flavor and body were similar for all beers. Overall acceptability of both market beers was similar to 
millet beers with adjunct but was significantly higher than millet beer without adjunct.   

Fig. 6:  Sensory quality of beers
Note: Bars with same letters are not significantly different at p>0.05.
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0.87 a (0.029) 0.61d (0.006) 1.27 b (0.021) 1.17 c(0.018)
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*Values are the means of three determinations. Figures in the parentheses are standard deviation. 
Figures in the row bearing different alphabet in superscript are significantly different at p<0.05.

Analogous values of TSS (5.93±1.59), pH (4.02±0.11), viscosity (1.39±0.1 cP), colour 
(7.17±0.30) but comparatively high FAN (3.1±0.1 mg%) have been reported for millet beer (Karki & 
Kharel, 2013). Similar values of TSS (5.8±0.28) and pH (4.16±1.25) were reported for naked barley 
beer (Acharya, 2007). 

Total, fixed and volatile acidities of millet beer without adjunct were similar to both brands 
of market beer but that of millet beer with adjunct was higher statistically. Fructose content of millet 
beer without adjunct was similar to both brands of market beers while that of millet beer with adjunct 
was lower compared to them. Glucose content of both brands of market beers was higher compared 
to millet beers. However, total reducing sugar content of market beers was lower compared to millet 
beers; A brand of beer had more total reducing sugar compared to B.

Similar values of fructose content (53.4±0.7 mg%) but comparatively low total reduc-
ing sugar (0.51±0.01%) total acidity (0.24±0.01%), fixed acidity (0.21±0.01%), volatile acidity 
(0.021±0.001%) but high glucose content (10±0.1 mg%) have been reported for millet beer (Karki & 
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CONCLUSIONS AND RECOMMENDATIONS
Conclusions

Based on the results and discussion, following conclusions were drawn:
1. Kabre var. of finger millet germinated for 48 h at 28±1ºC and 93±2 % RH resulted the best malt 

quality among six millet varieties studied.

2. Gibberellic acid (GA) treatment had negative effect on α-amylase but it had no effect on β-am-
ylase.

3.  Potassium bromate (PB) treatment increased α-amylase and β-amylase activities and the ac-
tivities increased with time. The β-amylase activity reached maximum between 48-60 h of 
germination.

4. Use of commercial enzymes (viz; α-amylase and glucoamylase) is beneficial for finger millet 
malt mashing, as they improve the quality of resulting wort.

5. Rice adjunct up to 100 parts per 100 parts millet malt can be used without unacceptably de-
crease in wort FAN content and hence fermentability of wort.

6. Addition of rice increases asthetic quality (i.e. color and appearance/clarity) while decreases 
body but it does not affect flavour of millet beer.

7. Physicochemical properties, volatile constituents, vitamin contents and sensory qualities of 
millet beers are comparable to market beer.

Recommendations

From the present study following recommendations were made:

1. Kilning temperature and time can be varied to study the effect of finger millet malt on the 
quality of beer.

2. Commercial protease could be used to improve the FAN content of millet worts.

3. Effect of different adjunct types on quality of millet beer could be studied.

4. Clarification and carbonation can be done to improve the quality of beer and head formation 
property of the beer could be analyzed.

5. Pilot-plant scale study of millet beer with 1/3 rice adjunct is required before starting into in-
dustrial scale.
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From the present study following recommendations were made:

1. Kilning temperature and time can be varied to study the effect of finger millet malt on the 
quality of beer.
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3. Effect of different adjunct types on quality of millet beer could be studied.

4. Clarification and carbonation can be done to improve the quality of beer and head formation 
property of the beer could be analyzed.

5. Pilot-plant scale study of millet beer with 1/3 rice adjunct is required before starting into in-
dustrial scale.
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When processing there is always need for knowledge about how the nutrients behave under particular 
processing method, to explore ways to minimize detrimental effect and selection of best processing 
method with regard to nutritional quality and quantity. Protein in millet is more affected by process-
ing than maize proteins. Some proteins became increasingly cross linked via disulfide bonds during 
processing decreasing the digestibility and bioavailability (Vivas et al., 1992).  However sometime 
one particular processing method will open the door to improvement in nutritional quality which other 
processing has been unable to. 

Underutilized cereals and their processing can be utilized to develop novel products, food beneficial 
to health and  as functional ingredients. Proso millet is a gluten-free cereal and is therefore considered 
a suitable raw material for the manufacturing of foods and beverages for people suffering from celiac 
disease (Zarnkow et al., 2010).  Foxtail millet is reach in protein quality and quantity and potential 
functional food ingredient. Foxtail millet protein concentrates is rich in lysine, the first limiting amino 
acid in most cereals, suggesting possible use as a supplementary protein source to most cereals (Mo-
hamed et al., 2009). 

In conclusion, there is need for nutritional processing  for these underutilized cereals with numerous 
health benefits, functional properties and therapeutic applications. The study was focused to fight food 
and nutritional insecurity and develop best value addition technology for farmers and entrepreneurs 
for mid and high hills of Nepal.

MATERIALS AND METHODS

Chino and kaguno was obtained from Agriculture Research Station (ARS), NARC Jumla. Biscuits 
were prepared from chino and kaguno flour at the proportion of 20, 30, 40 and 50 % of total flour 
with remaining percentage of wheat flour. The control was also prepared with 100% wheat flour. The 
recipe is given below

Table 1: Recipe for making biscuit from chino and kaguno

Particulars Amount 
Total flour 1000 g
Grinded Sugar 300 g
Vegetable Ghee 100 g
Baking Powder 20 g
Ammonium Bicarbonate 15 g
Water 400 ml

The procedure for making biscuit is given below

1. The wheat flour, chino and kaguno flour were mixed well by sieving at 60 mesh size sieve. 

2. Out of given proportion of water 50g grinded  sugar was added in 200ml water. Baking pow-
der  and ammonium bicarbonate were  also added. .

3. Vegetable ghee was melted and remaining amount of grinded sugar was added to make a 
paste.

4. The paste of vegetable ghee and grinded sugar was added to the mix described in no 1.
5. The solution as described in no 2 was also added to the mix as described in no 5.
6. The remaining water was added and the dough was made.
7. The sheet was made of thickness 4-5 mm and the biscuit were cut into circle by biscuit cutter.
8. The biscuits were baked in hot air baking oven at 2200 C for 17 minutes.

STUDY ON THE PREPARATION OF BISCUIT AND CAKE FROM CHINO 
(PROSOMILLET) AND KAGUNO (FOXTAIL MILLET)
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Biscuit are prepared from chino and kaguno at the proportion of 20, 30, 40 and 50% with wheat flour. 
Sensory evaluation was carried out and there is no significant difference (p≤0.05) in taste in the dif-
ferent samples. However there is significant difference in texture, color, smell and overall acceptance. 
Similarly cakes were prepared from chino and kaguno from 40 and 50% flour with wheat flour. Sen-
sory evaluation was carried out and it has been found out that there is significant difference in color, 
texture, smell .taste and overall acceptance between samples.

Keywords: chino, kaguno, biscuit, cake, sensory evaluation

INTRODUCTION

Cereal crops, particularly proso and foxtail millet have native to Karnali region of Nepal; but un-
derutilized and is in path of extinction. However, they have recently experienced increased interest 
due to their potential health benefits and therapeutic applications. It has been suggested that the intake 
of whole grain foods is beneficial to the prevention and management of diabetes mellitus.  Study have 
found that 70% ethanol extracts from different cultivars of, foxtail millet (Setaria italica)   and proso 
millet (Panicum miliaceum L.) have shown  high inhibitory  activities against α-glucosidase and also 
strongly inhibited degradation of starch by pancreatic and salivary α-amylase indicating the potential 
for development of effective anti-diabetic agents (Kim et al., 2011). Proso millet have also positive 
effects on body cholesterol metabolism by increasing plasma High Density Lipoprotein (HDL) - cho-
lesterol level, cholesterol turnover or fecal bile acid excretions; and also possibly inhibiting cholester-
ol synthesis (Cho and Ha, 2003).

Proso millet has also been found to prevent cardiovascular disease by reducing plasma triglycerides 
in hyperlipidemic rats (Lee et al., 2010). Similarly, proso millet  protein concentrate (PMP) have been 
found to  elevate plasma HDL and adinoponectin levels, and also reduce blood glucose and insulin 
level ameliorating type 2 diabetes, cardiovascular disease and obesity in diabetic mice indicating po-
tential therapeutic application of PMP (Park et al.,2008; Nishizawa et al., 2009). Linoleic acid from 
methanolic extract of proso millet have been found to inhibit the activity of histone deacetylase and 
potent cytotoxicity against human leukemia and prostate cancer cells highlighting possible anti-tumor 
activity (Aburai et al., 2007). Edible flours of small millets were also good source of endogenous an-
tioxidants such as carotenoids, tocopherol and polyphenols (Asharani et al., 2010). Phenolic content 
of millets, such as ferulic and p-coumaric acids, have displayed effective radical and reactive oxygen 
species (ROS) inhibition activities controlling oxidative stress and several pathological conditions 
and aging (Chandrasekara and Shahidi, 2011). 

These underutilized cereals, with numerous health benefits, have ample possibility of processing them 
into desirable and nutritious processed products by baking, germination, malting, extrusion, popping, 
puffing, flaking, pelleting, etc. Thus local and improved cultivars of these cereals need to be evalu-
ated for processing and nutritional characteristics keeping in view of retention of protein quality and 
quantity during processing (Vivas et al., 1992). Traditionally millet has been processed into many 
traditional foods such as porridge, gruels, tortillas, etc. and consumed by populace of Africa, Asia 
and Central America from eons; but evidence suggest that there is decrease in protein quantity and 
digestibility in these traditional products (Rooney et al., 1986). The amount of albumin, globulin and 
prolamin proteins have been found to be drastically reduced and so does protein digestibility when 
processed into thick porridge under acidic, basic or neutral conditions (Vivas et al., 1992).Thus there 
is need to explore in traditional processing technology and suggest corrective measures and techno-
logical improvements. 
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When processing there is always need for knowledge about how the nutrients behave under particular 
processing method, to explore ways to minimize detrimental effect and selection of best processing 
method with regard to nutritional quality and quantity. Protein in millet is more affected by process-
ing than maize proteins. Some proteins became increasingly cross linked via disulfide bonds during 
processing decreasing the digestibility and bioavailability (Vivas et al., 1992).  However sometime 
one particular processing method will open the door to improvement in nutritional quality which other 
processing has been unable to. 

Underutilized cereals and their processing can be utilized to develop novel products, food beneficial 
to health and  as functional ingredients. Proso millet is a gluten-free cereal and is therefore considered 
a suitable raw material for the manufacturing of foods and beverages for people suffering from celiac 
disease (Zarnkow et al., 2010).  Foxtail millet is reach in protein quality and quantity and potential 
functional food ingredient. Foxtail millet protein concentrates is rich in lysine, the first limiting amino 
acid in most cereals, suggesting possible use as a supplementary protein source to most cereals (Mo-
hamed et al., 2009). 

In conclusion, there is need for nutritional processing  for these underutilized cereals with numerous 
health benefits, functional properties and therapeutic applications. The study was focused to fight food 
and nutritional insecurity and develop best value addition technology for farmers and entrepreneurs 
for mid and high hills of Nepal.

MATERIALS AND METHODS

Chino and kaguno was obtained from Agriculture Research Station (ARS), NARC Jumla. Biscuits 
were prepared from chino and kaguno flour at the proportion of 20, 30, 40 and 50 % of total flour 
with remaining percentage of wheat flour. The control was also prepared with 100% wheat flour. The 
recipe is given below

Table 1: Recipe for making biscuit from chino and kaguno

Particulars Amount 
Total flour 1000 g
Grinded Sugar 300 g
Vegetable Ghee 100 g
Baking Powder 20 g
Ammonium Bicarbonate 15 g
Water 400 ml

The procedure for making biscuit is given below

1. The wheat flour, chino and kaguno flour were mixed well by sieving at 60 mesh size sieve. 

2. Out of given proportion of water 50g grinded  sugar was added in 200ml water. Baking pow-
der  and ammonium bicarbonate were  also added. .

3. Vegetable ghee was melted and remaining amount of grinded sugar was added to make a 
paste.

4. The paste of vegetable ghee and grinded sugar was added to the mix described in no 1.
5. The solution as described in no 2 was also added to the mix as described in no 5.
6. The remaining water was added and the dough was made.
7. The sheet was made of thickness 4-5 mm and the biscuit were cut into circle by biscuit cutter.
8. The biscuits were baked in hot air baking oven at 2200 C for 17 minutes.

STUDY ON THE PREPARATION OF BISCUIT AND CAKE FROM CHINO 
(PROSOMILLET) AND KAGUNO (FOXTAIL MILLET)
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Biscuit are prepared from chino and kaguno at the proportion of 20, 30, 40 and 50% with wheat flour. 
Sensory evaluation was carried out and there is no significant difference (p≤0.05) in taste in the dif-
ferent samples. However there is significant difference in texture, color, smell and overall acceptance. 
Similarly cakes were prepared from chino and kaguno from 40 and 50% flour with wheat flour. Sen-
sory evaluation was carried out and it has been found out that there is significant difference in color, 
texture, smell .taste and overall acceptance between samples.

Keywords: chino, kaguno, biscuit, cake, sensory evaluation

INTRODUCTION

Cereal crops, particularly proso and foxtail millet have native to Karnali region of Nepal; but un-
derutilized and is in path of extinction. However, they have recently experienced increased interest 
due to their potential health benefits and therapeutic applications. It has been suggested that the intake 
of whole grain foods is beneficial to the prevention and management of diabetes mellitus.  Study have 
found that 70% ethanol extracts from different cultivars of, foxtail millet (Setaria italica)   and proso 
millet (Panicum miliaceum L.) have shown  high inhibitory  activities against α-glucosidase and also 
strongly inhibited degradation of starch by pancreatic and salivary α-amylase indicating the potential 
for development of effective anti-diabetic agents (Kim et al., 2011). Proso millet have also positive 
effects on body cholesterol metabolism by increasing plasma High Density Lipoprotein (HDL) - cho-
lesterol level, cholesterol turnover or fecal bile acid excretions; and also possibly inhibiting cholester-
ol synthesis (Cho and Ha, 2003).

Proso millet has also been found to prevent cardiovascular disease by reducing plasma triglycerides 
in hyperlipidemic rats (Lee et al., 2010). Similarly, proso millet  protein concentrate (PMP) have been 
found to  elevate plasma HDL and adinoponectin levels, and also reduce blood glucose and insulin 
level ameliorating type 2 diabetes, cardiovascular disease and obesity in diabetic mice indicating po-
tential therapeutic application of PMP (Park et al.,2008; Nishizawa et al., 2009). Linoleic acid from 
methanolic extract of proso millet have been found to inhibit the activity of histone deacetylase and 
potent cytotoxicity against human leukemia and prostate cancer cells highlighting possible anti-tumor 
activity (Aburai et al., 2007). Edible flours of small millets were also good source of endogenous an-
tioxidants such as carotenoids, tocopherol and polyphenols (Asharani et al., 2010). Phenolic content 
of millets, such as ferulic and p-coumaric acids, have displayed effective radical and reactive oxygen 
species (ROS) inhibition activities controlling oxidative stress and several pathological conditions 
and aging (Chandrasekara and Shahidi, 2011). 

These underutilized cereals, with numerous health benefits, have ample possibility of processing them 
into desirable and nutritious processed products by baking, germination, malting, extrusion, popping, 
puffing, flaking, pelleting, etc. Thus local and improved cultivars of these cereals need to be evalu-
ated for processing and nutritional characteristics keeping in view of retention of protein quality and 
quantity during processing (Vivas et al., 1992). Traditionally millet has been processed into many 
traditional foods such as porridge, gruels, tortillas, etc. and consumed by populace of Africa, Asia 
and Central America from eons; but evidence suggest that there is decrease in protein quantity and 
digestibility in these traditional products (Rooney et al., 1986). The amount of albumin, globulin and 
prolamin proteins have been found to be drastically reduced and so does protein digestibility when 
processed into thick porridge under acidic, basic or neutral conditions (Vivas et al., 1992).Thus there 
is need to explore in traditional processing technology and suggest corrective measures and techno-
logical improvements. 

mailto:karki.roman@gmail.com
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nificantly lesser value than biscuits made from 20% and 30% chino dudhe flours, 40% kalo kaguno 
flour and 20 and 50% pahelo kaguno flours. The biscuit made from 50% chino hade flour  has sig-
nificantly lesser value than 20% and 30% chino hade flour, 20, 40  and 50% kalo kaguno flours and 
20, 40 and 50% flour. The biscuit made from 20% chino dudhe flour has significantly higher values 
than 40% chino dudhe flour  and 30% kalo kaguno flour and 30% pahelo kaguno and control made 
from 100% wheat flour. Similarly the texture of biscuit made from 30% chino pahelo kaguno flour 
has significantly higher value than biscuits made from 40% chino dudhe flour and 30% kalo kaguno 
flour, 30% pahelo kaguno flour and control.the texture of biscuits made from 40% chino dude flour 
has significantlylower values than biscuits made form 40% kalo kaguno flour and 50%o pahelo kagu-
no flour..Similarly biscuit made from 50% chino dudhe flour has significantly lesser values than 40% 
kalo kaguno flour, 20% and 50% pahelo kaguno flour. The biscuit made from 20% kalo kaguno flour 
is significantly higher than 50% chino hade flour and insignificant to other biscuits. The texture of 
biscuit made from 30% kalo kaguno is significantly lower than 20% chino dudhe , 30% chino duche, 
40% kalo kaguno, 20%  pahelo kaguno and 50 % pahelo kaguno flours. Similarly, 40% kalo kaguno 
biscuit has significantly higher value than pahelo kaguno and control flours. The texture of biscuit 
made from 50% kalo kaguno flour is significantly higher value than 50% chino hade flour and insig-
nificant to other samples. The biscuit made from 20% pahelo kaguno flour is significantly higher than 
30% pahelo kaguno flour The biscuit made from 30% pahelo kaguno biscuit have significantly lower 
value than 50% pahelo kaguno flour. Similarly texture of 50% pahelo kaguno flour is significantly 
higher values than control,

Table 3: Sensory evaluation of biscuits made from chino and kaguno 

S.N. Biscuit Texture Color Taste Smell Overall acceptance
1 Chino hade 20% 7.042 6.792 6.958 6.208 7.000
2 Chino hade 30% 6.917 6.083 6.375 6.292 6.625
3 Chino hade 40% 6.333 6.750 6.188 5.833 6.500
4 Chino hade 50% 6.208 6.458 6.208 6.375 6.500
5 Chino dudhe 20% 7.167 6.875 6.708 6.375 6.917
6 Chino dudhe30% 7.167 6.542 6.167 6.375 6.750
7 Chino dudhe 40% 6.458 6.583 6.375 6.167 6.417
8 Chino dudhe 50% 6.667 6.708 6.542 6.667 6.708
9 Kalo kaguno 20% 6.958 6.583 6.583 6.625 6.833
10 Kalo kaguno 30% 6.400 6.440 6.720 6.360 6.680
11 Kalo kaguno 40% 7.458 6.917 6.958 6.833 7.208
12 Kalo kaguno 50% 6.958 6.208 6.750 6.500 6.833
13 Pahelo kaguno 20% 7.458 7.458 6.917 6.958 7.250
14 Pahelo kaguno 30% 6.458 5.458 6.250 5.792 6.125
15 Pahelo kaguno 40% 6.958 6.625 6.792 6.750 6.875
16 Pahelo kaguno 50% 7.542 7.625 6.875 7.125 7.292
17 Control 6.375 6.333 6.417 6.375 6.667

Mean value 6.854 6.614 6.575 6.448 6.775
Standard deviation 1.28070 1,31634 1.28893 1.35863 1.09958
Standard error mean 0.3966 0.36126 0.37100 0.31164 0.31164
F value 2.900 3.714 1.149 1.703 1.955
LSD (p≤0.05) .000 .000 .307 .044 0.015 .015

9. The biscuits were cooled and packed in the polythene bag.

The recipe for making cake is given below

Table 2: Recipe for making cake

Particulars Amount
Total Flour 1000 g
Grinded Sugar 700 g
Vegetable Ghee 500 g
Egg 10 pieces
Baking Powder 20 g
Water 370 ml

The procedure for making cake is given below

1. Half of the grinded sugar was added to the total flour.

2. Baking powder  was added to the half amount of the water.

3. The eggs were broken and mixed well.

4. The vegetable ghee was melted and remaining amount of grinded sugar was added to make 
a cream.

5. The cream was added to the flour in no 1 and total amount of water was added to make the 
batter.

6. The batter was added to the small bowl (half filled)  and baked in hot air baking oven at 
2100C for 30- 35 minutes.

7.  The cake were cooled and packed in polythene bag.

The sensory evaluation was carried out by hedonic ranking test. Statistical analysis was done using 
SPSS software.

RESULTS AND DISCUSSION

Biscuit

The sensory evaluation data of biscuits made from chino and kaguno is given in Table 3. The mean 
value of texture, color, taste, smell and overall acceptance were found to be 6.854±1,281, 6.614±1.316, 
6.575±1.289, 6.448±1.359, 6.775±1.010, respectively. There is significant difference  (p≤0.05) in 
texture, color, smell and overall acceptance ; the taste however is not significantly different among 
samples

Texture

The highest value of texture is found of biscuits made from 50% pahelo kaguno flour (7.542)  and 
lowest value  is of 50% chino hade flour (6.208). The p value of texture is given in Table 4.  The tex-
ture of  biscuits made from 20%  chino hade flour  has significantly higher value than biscuits made 
from 40 and 50% chino hade flour. The biscuit made from 30% chino hade  flour has significantly 
higher value than biscuit made from 50% chino hade flour. The biscuit made from 30% chino hade 
flour has significantly higher value than biscuit made from 50% chino hade flour and insignificant 
difference with rest of the samples. Similarly, The  biscuit made from 40% chino hade flour has sig-
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higher values than control,
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4 Chino hade 50% 6.208 6.458 6.208 6.375 6.500
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9 Kalo kaguno 20% 6.958 6.583 6.583 6.625 6.833
10 Kalo kaguno 30% 6.400 6.440 6.720 6.360 6.680
11 Kalo kaguno 40% 7.458 6.917 6.958 6.833 7.208
12 Kalo kaguno 50% 6.958 6.208 6.750 6.500 6.833
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14 Pahelo kaguno 30% 6.458 5.458 6.250 5.792 6.125
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9. The biscuits were cooled and packed in the polythene bag.

The recipe for making cake is given below

Table 2: Recipe for making cake

Particulars Amount
Total Flour 1000 g
Grinded Sugar 700 g
Vegetable Ghee 500 g
Egg 10 pieces
Baking Powder 20 g
Water 370 ml

The procedure for making cake is given below

1. Half of the grinded sugar was added to the total flour.

2. Baking powder  was added to the half amount of the water.

3. The eggs were broken and mixed well.

4. The vegetable ghee was melted and remaining amount of grinded sugar was added to make 
a cream.

5. The cream was added to the flour in no 1 and total amount of water was added to make the 
batter.

6. The batter was added to the small bowl (half filled)  and baked in hot air baking oven at 
2100C for 30- 35 minutes.

7.  The cake were cooled and packed in polythene bag.

The sensory evaluation was carried out by hedonic ranking test. Statistical analysis was done using 
SPSS software.

RESULTS AND DISCUSSION

Biscuit

The sensory evaluation data of biscuits made from chino and kaguno is given in Table 3. The mean 
value of texture, color, taste, smell and overall acceptance were found to be 6.854±1,281, 6.614±1.316, 
6.575±1.289, 6.448±1.359, 6.775±1.010, respectively. There is significant difference  (p≤0.05) in 
texture, color, smell and overall acceptance ; the taste however is not significantly different among 
samples

Texture

The highest value of texture is found of biscuits made from 50% pahelo kaguno flour (7.542)  and 
lowest value  is of 50% chino hade flour (6.208). The p value of texture is given in Table 4.  The tex-
ture of  biscuits made from 20%  chino hade flour  has significantly higher value than biscuits made 
from 40 and 50% chino hade flour. The biscuit made from 30% chino hade  flour has significantly 
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Color

The highest value of color is of biscuit made from 50% pahelo kaguno flour and lowest is of biscuit 
made from 30% pahelo kaguno flour (see Table 3). The p value of color of biscuits made from chino 
and kaguno flour is given in Table 5. Color of biscuit of 20 % chino hade is significantly higher than 
30% pahelo kaguno flour and significantly lower than 50% pahelo kaguno flour. The color of 30% 
chino hade flour is significantly lower than 20% chino dudhe, 40% kalo kaguno,  20% pahelo kaguno 
and 50% pahelo kaguno flours. Similarly, the color of  40% chiino hade flour  is significantly lower 
than 50% paheo kaguno flour and significantly higher than 30% pahelo kaguno flour. The p value of 
color of biscuit made from 50% chino hade flour is significantly higher than biscuit from 30% pahelo 
kaguno flour and significantly lower than biscuits made from 20% and 50% pahelo kaguno flours. The 
color of 20% chino dudhe flour is significantly lower than 50% pahelo kaguo flour and significantly 
higher than 30% pahelo kaguno flour. The color of 30%, 40% and 50% chino dudhe flour are sig-
nificantly higher than 30% pahelo kaguno flour and is significantly lower than 20% and 50% pahelo 
kaguno flours. Similarly the color of  biscuit made from the color  of 20, and 30% kalo kaguno flour 
are significantly higher than 30% pahelo kaguno flour and is significantly lower than 20% and 50% 
pahelo kaguno flours. The color of biscuit made from 40% kalo kaguno flour is significantly higher  
than  30% pahelo kaguno flour and insignificant difference with other biscuits. The biscuits made 
from 50% kalo kaguno is significanty higher values than 30% pahelo kaguno biscuits and significant-
ly lower than 20% and 50% pahelo kaguno flours. Similarly the color of 20%  pahelo kaguno flour is 
significantly higher values than  biscuits made from 30% and 40% pahelo kaguno flours. The biscuits 
made from 30% pahelo kaguno flour is significnalty lower values than all samples. The biscuit made 
from 40% pahelo kaguno flour is significantly lower values than bisuit made from 50% pahelo kagu-
no flour.

Taste

The highest value of taste is of biscuit made from 20% chino hade and 40% kalo kaguno flour (6.958) 
and lowest value is of biscuit made from 30% chino dudhe flour (6.167) (see Table 3). There is no 
significant difference between the biscuit made from above mentioned proportions.

Smell

The biscuit made from 20%  and 30% chino hade have significantly lower value than 50% pahelo 
kaguno biscuit (see Table 6). Similarly, the biscuit made from 40% chino hade has significantly low-
er values than biscuits made from 50% chino hade, 20% and 40% kalo kaguno and 20%, 40% and 
50% pahelo kaguno flours. The biscuit made from 40% chino dudhe biscuit has significantly lower 
values than 20% and 50% pahelo kaguno biscuits. The biscuits made from 50% chino dudhe biscuits 
has significantly higher values than biscuit made from 30% pahelo kaguno biscuit. The biscuit made 
from 20% pahelo kaguno biscuit has significantly higer values than 30% pahelo kaguno biscuit. The 
biscuit made from 30% pahelo kaguno has significantly higher than 40% pahelo kaguno biscuit and 
significantly lower value than 40% pahelo kaguno biscuit.

Overall acceptance

The highest value of overall acceptance is of biscuit made from 50% pahelo kaguno flour (7.292) and 
lowest of 30% pahelo kaguno biscuit (6.125). the p value of overall acceptance of biscuit.s are given 
in table 7. There is significant different made from different samples. The biscuit made from 20% 
chino hade flour has significantly higher value than biscuit made from 30% pahelo kaguno flour. The 
biscuit made from 30% chino hade flour has significantly lower values than 20% and 50% pahelo 
kaguno biscuits. Similarly 40%  and 50% chino hade biscuits has significantly lower value than 40% 
kalo kaguno and 50% pahelo kaguno biscuits. The  biscuit made from 20% and 30% chino dudhe 
biscuits have significantly higher values than 30% pahelo kaguno biscuit. The biscuit made from 40% 
chino dudhe has significantly lower value than 40% kalo kaguno, 20 and 50% pahelo kaguno biscuits. 
The biscuit made from 20% kalo kaguno flour has significantly higher value than biscuit made from 
30% pahelo kaguno biscuit. The 30% kalo kaguno biscuit has significantly lower value than 50% 
pahelo kaguno biscuit. The 40% and 50% kalo kaguno biscuits have significantly higher value than 
30% pahelo kaguno biscuit.
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Color

The highest value of color is of biscuit made from 50% pahelo kaguno flour and lowest is of biscuit 
made from 30% pahelo kaguno flour (see Table 3). The p value of color of biscuits made from chino 
and kaguno flour is given in Table 5. Color of biscuit of 20 % chino hade is significantly higher than 
30% pahelo kaguno flour and significantly lower than 50% pahelo kaguno flour. The color of 30% 
chino hade flour is significantly lower than 20% chino dudhe, 40% kalo kaguno,  20% pahelo kaguno 
and 50% pahelo kaguno flours. Similarly, the color of  40% chiino hade flour  is significantly lower 
than 50% paheo kaguno flour and significantly higher than 30% pahelo kaguno flour. The p value of 
color of biscuit made from 50% chino hade flour is significantly higher than biscuit from 30% pahelo 
kaguno flour and significantly lower than biscuits made from 20% and 50% pahelo kaguno flours. The 
color of 20% chino dudhe flour is significantly lower than 50% pahelo kaguo flour and significantly 
higher than 30% pahelo kaguno flour. The color of 30%, 40% and 50% chino dudhe flour are sig-
nificantly higher than 30% pahelo kaguno flour and is significantly lower than 20% and 50% pahelo 
kaguno flours. Similarly the color of  biscuit made from the color  of 20, and 30% kalo kaguno flour 
are significantly higher than 30% pahelo kaguno flour and is significantly lower than 20% and 50% 
pahelo kaguno flours. The color of biscuit made from 40% kalo kaguno flour is significantly higher  
than  30% pahelo kaguno flour and insignificant difference with other biscuits. The biscuits made 
from 50% kalo kaguno is significanty higher values than 30% pahelo kaguno biscuits and significant-
ly lower than 20% and 50% pahelo kaguno flours. Similarly the color of 20%  pahelo kaguno flour is 
significantly higher values than  biscuits made from 30% and 40% pahelo kaguno flours. The biscuits 
made from 30% pahelo kaguno flour is significnalty lower values than all samples. The biscuit made 
from 40% pahelo kaguno flour is significantly lower values than bisuit made from 50% pahelo kagu-
no flour.

Taste

The highest value of taste is of biscuit made from 20% chino hade and 40% kalo kaguno flour (6.958) 
and lowest value is of biscuit made from 30% chino dudhe flour (6.167) (see Table 3). There is no 
significant difference between the biscuit made from above mentioned proportions.

Smell

The biscuit made from 20%  and 30% chino hade have significantly lower value than 50% pahelo 
kaguno biscuit (see Table 6). Similarly, the biscuit made from 40% chino hade has significantly low-
er values than biscuits made from 50% chino hade, 20% and 40% kalo kaguno and 20%, 40% and 
50% pahelo kaguno flours. The biscuit made from 40% chino dudhe biscuit has significantly lower 
values than 20% and 50% pahelo kaguno biscuits. The biscuits made from 50% chino dudhe biscuits 
has significantly higher values than biscuit made from 30% pahelo kaguno biscuit. The biscuit made 
from 20% pahelo kaguno biscuit has significantly higer values than 30% pahelo kaguno biscuit. The 
biscuit made from 30% pahelo kaguno has significantly higher than 40% pahelo kaguno biscuit and 
significantly lower value than 40% pahelo kaguno biscuit.

Overall acceptance

The highest value of overall acceptance is of biscuit made from 50% pahelo kaguno flour (7.292) and 
lowest of 30% pahelo kaguno biscuit (6.125). the p value of overall acceptance of biscuit.s are given 
in table 7. There is significant different made from different samples. The biscuit made from 20% 
chino hade flour has significantly higher value than biscuit made from 30% pahelo kaguno flour. The 
biscuit made from 30% chino hade flour has significantly lower values than 20% and 50% pahelo 
kaguno biscuits. Similarly 40%  and 50% chino hade biscuits has significantly lower value than 40% 
kalo kaguno and 50% pahelo kaguno biscuits. The  biscuit made from 20% and 30% chino dudhe 
biscuits have significantly higher values than 30% pahelo kaguno biscuit. The biscuit made from 40% 
chino dudhe has significantly lower value than 40% kalo kaguno, 20 and 50% pahelo kaguno biscuits. 
The biscuit made from 20% kalo kaguno flour has significantly higher value than biscuit made from 
30% pahelo kaguno biscuit. The 30% kalo kaguno biscuit has significantly lower value than 50% 
pahelo kaguno biscuit. The 40% and 50% kalo kaguno biscuits have significantly higher value than 
30% pahelo kaguno biscuit.
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Cake

The sensory evaluation data of cake made from chino and kaguno is given in Table 8. The mean value 
of texture, color, taste, smell and overall acceptance were found to be 6.654±1.258, 6.864±1.447, 
6.938±1.239, 6.580±1.298, 6.821±1.165, respectively. There is significant difference (p≤0.05) in tex-
ture, color, taste, smell and overall acceptance.

Table 8:Sensory evaluation of cake made from chino and kaguno

Sn Cake Texture Color Taste Smell Overall acceptance
1 Chino hade 40% 5.833 5.167 6.444 5.833 5.941
2 Chino hade 50% 6.333 6.722 6.389 6.389 6.389
3 Chino dudhe 40% 7.000 7.611 6.667 6.611 7.222
4 Chino dudhe 50% 6.333 7.111 6.833 6.556 6.722
5 Pahelo kaguno 40% 6.444 6.944 7.222 6.500 6.778
6 Pahelo kaguno 50% 6.889 7.111 6.667 6.667 6.722
7 Kalo kaguno 40% 6.667 6.278 7.000 6.389 6.611
8 Kalo kaguno 50% 6.778 6.833 7.222 6.722 7.000
9 Control 7.611 8.000 8.000 7.556 8.000

Mean 6.654 6.864 6.938 6.580 6.821
Standard deviation 1.25763 1.44680 1.23957 1.29849 1.16482
Standard error mean 0.39799 0.42008 0.39186 0.41951 0.35113
F value 3.203 7.399 3.251 2.298 5.482

LSD (p≤0.05) 0.002 0.000 0.002 0.024 0.000

Texture

The highest value of texture among the cakes were found to be of control (7.611) and lowest is of 
cake made from 40% chino hade flour (5.833) (see Table 8). p value of texture of cake is given in 
the table 9. The texture of cake made from 40% chino hade flour is significantly lower than cakes 
made from 40% chino dudhe, 50% pahelo kaguno, 40% kalo kaguno , 50% kalo kaguno and control. 
The cake made from 50% chino hade flour has significantly different only to control sample. There 
is no significant difference (p≤0.05) between 40% chino dudhe cake and other samples. Whereas 
cake made from 50% chino dudhe flour and 40% pahelo kaguno flour are significantly lower to only 
control samples. The cakes made from 40% and 50% kalo kaguno flour are significantly lower values 
than control sample.

Color

The p value of color of cakes from chino and kaguno are given in Table 10. The highest value for 
color of cake is of sample made from control sample (8.000) and lowest of 40% chino hade flour. The 
color of cake from 40% chino hade flour is significantly lower than rest of the samples at p≤0.05. The 
cake made from 50% chino hade flour is significantly lower than cakes made from 40% chino dudhe 
flour and control. The cake made 40% chino dudhe flour is insignificant to other samples. The cake 
made from 50% chino dudhe flour is significantly higher than cake made from 40% kalo kaguno flour 
and significantly lower than control. The color of cake made from 40% pahelo kaguno is significantly 
lower than control sample. Similarly the cake  made from 50% pahelo kaguno flour is significantly Ta

bl
e 
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Cake

The sensory evaluation data of cake made from chino and kaguno is given in Table 8. The mean value 
of texture, color, taste, smell and overall acceptance were found to be 6.654±1.258, 6.864±1.447, 
6.938±1.239, 6.580±1.298, 6.821±1.165, respectively. There is significant difference (p≤0.05) in tex-
ture, color, taste, smell and overall acceptance.

Table 8:Sensory evaluation of cake made from chino and kaguno

Sn Cake Texture Color Taste Smell Overall acceptance
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3 Chino dudhe 40% 7.000 7.611 6.667 6.611 7.222
4 Chino dudhe 50% 6.333 7.111 6.833 6.556 6.722
5 Pahelo kaguno 40% 6.444 6.944 7.222 6.500 6.778
6 Pahelo kaguno 50% 6.889 7.111 6.667 6.667 6.722
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The highest value of texture among the cakes were found to be of control (7.611) and lowest is of 
cake made from 40% chino hade flour (5.833) (see Table 8). p value of texture of cake is given in 
the table 9. The texture of cake made from 40% chino hade flour is significantly lower than cakes 
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The cake made from 50% chino hade flour has significantly different only to control sample. There 
is no significant difference (p≤0.05) between 40% chino dudhe cake and other samples. Whereas 
cake made from 50% chino dudhe flour and 40% pahelo kaguno flour are significantly lower to only 
control samples. The cakes made from 40% and 50% kalo kaguno flour are significantly lower values 
than control sample.
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The p value of color of cakes from chino and kaguno are given in Table 10. The highest value for 
color of cake is of sample made from control sample (8.000) and lowest of 40% chino hade flour. The 
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Table 10: p value of color of cake made from chino and kaguno

S.N CH 50 CD 40 CD 50 PK 40 PK 50  KK 40 KK 50 Control
1 Chino hade 40%  (CH 40) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
2 Chino hade 50% (CH 50) 0.036 0.356 0.598 0.356 0.292 0.792 0.003
3 Chino dudhe 40% (CD 40) 0.236 0.115 0.236 0.002 0.066 0.356
4 Chino dudhe 50% (CD 50) 0.692 1.000 0.049 0.509 0.036
5 Pahelo kaguno 40% (PK 40) 0.692 0.115 0.792 0.013
6 Pahelo kaguno 50%  (PK 50) 0.049 0.509 0.036

7 Kalo kaguno 40% (KK 40) 0.188 0.000

8 Kalo kaguno 50% (KK 50) 0.006

9 Control
Note: the mean difference is significant at 0.05 level

Table 11: p value of taste of cake made from  chino  and kaguno

S.N CH 50 CD 40 CD 50 PK 40 PK 50  KK 40 KK 50 Control

1 Chino hade 40%(CH 40) 0.887 0.571 0.323 0.049 0.571 0.158 0.049 0.000

2 Chino hade 50% (CH 50) 0.479 0.258 0.035 0.479 0.121 0.035 0.000

3 Chino dudhe 40% (CD 40) 0.671 0.158 1.000 0.396 0.158 0.001

4 Chino dudhe 50% (CD 50) 0.323 0.671 0.671 0.323 0.003
5 Pahelo kaguno 40% (PK 40) 0.158 0.571 1.000 0.049

6 Pahelo kaguno 50% (PK 50) 0.396 0.158 0.001
7 Kalo kaguno 40% (KK 40) 0.571 0.012

8 Kalo kaguno 50% (KK 50) 0.049

9 Control

Note: the mean difference is significant at 0.05 level

Table 12: p value of smell of cake made from chino and kaguno

S.N CH 50 CD 40 CD 50 PK 40 PK 50  KK 40 KK 50 Control

1 Chino hade 40%(CH 40) 0.187 0.066 0.087 0.114 0.049 0.187 0.036 0.000

2 Chino hade 50% (CH 50) 0.597 0.692 0.791 0.509 1.000 0.428 0.006

3 Chino dudhe 40% (CD 40) 0.895 0.791 0.895 0.597 0.791 0.026

4 Chino dudhe 50% (CD 50) 0.895 0.791 0.692 692.000 0.018

5 Pahelo kaguno 40% (PK 40) 0.692 0.791 0.597 0.013

6 Pahelo kaguno 50% (PK 50) 0.509 0.895 0.036

7 Kalo kaguno 40% (KK 40) 0.428 0.006

8 Kalo kaguno 50% (KK 50) 0.049

9 Control

Note: the mean difference is significant at 0.05 level

higher than 40% kalo kaguno cake and significantly lower than control sample. The color of cakes 
made from 40% and 50% kalo kaguno flour are significantly lower than control sample.

Taste

The highest value of taste is of control (8.000) and lowest is of 40% chino hade flour (6.444) (see table 
8). The p value of taste of cake samples is given in table 11. The taste of cake made from 40% and 
50 % chino hade flours is significantly lower than 40% pahelo kaguno , 50% kalo kaguno flours and 
control  sample. The taste of rests of the samples is significantly lower than     cake made from 100% 
wheat flour (control sample).

Smell

The highest value of smell of cake is made from 100% wheat flour (7.556) and lowest is of sample 
made from 40% chino hade flour ( 5.833). There is significant difference in smell among samples (see 
table 12). The smell of 40% chino hade cake is significantly lower than 50% pahelo kaguno flour and 
control. The rest of the sample has significantly lower value than control sample.

Overall acceptance 

The highest value of overall acceptance of cake is for cake made from control sample (8.000) and 
lowest is of sample made from 40% chino hade flour ( 5.9041).the overall acceptance of the 40% chi-
no hade flour is significantly lower than rest of the samples except cake made from 50% chino hade 
flour (see Table 13).  There is no significant difference between other samples except control which is 
significantly higher values than rest of the samples .

Table 9: p value of texture of cake made from chino and kaguno

S.N CH 50 CD 40 CD 50 PK 40 PK 50  KK 40 KK 50 Control

1 Chino hade 40%(CH 40) 0.211 0.004 0.211 0.127 0.009 0.038 0.019 0.000

2 Chino hade 50% (CH 50) 0.096 1.000 0.780 0.165 0.404 0.266 0.002

3 Chino dudhe 40% (CD 40) 0.096 0.165 0.780 0.404 0.577 0.127

4 Chino dudhe 50% (CD 50) 0.780 0.165 0.404 0.266 0.002

5 Pahelo kaguno 40% (PK 40) 0.266 0.577 0.404 0.004

6 Pahelo kaguno 50%  (PK 50) 0.577 0.780 0.072

7 Kalo kaguno 40% (KK 40) 0.780 0.019

8 Kalo kaguno 50% (KK 50) 0.038

9 Control

Note: the mean difference is significant at 0.05 level
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Swertia Chirayita (Chiraito) comprises 100 species of which 27 species are prized herb in Nepal. It 
occupies major position in the use of medicinal and aromatic plants. Around 9 species of them are in 
trade in trading centers of Nepal. It has sharp bitter taste and is used as an astringent tonic. The main 
active prin ciple is “Chiratin” included in Secoirodoid glucoside group and has been supposed to be 
anticarsinogenic (Ayurvedic drug) for cancer. It is a rich source of bio logically active phytochemicals 
(xanthones,  flavonoids, iridoid, secoiridoid glycosides and terpenoids).  Many herba ceous species 
are traded as adulterants of Swertia Chirayita, such as Swertia bimaculata, S. ciliate, S. nervosa, S. 
minor, S. elegans, S. multiflora, S. lawii, S. densiflora and Andrographis paniculata. Some of these 
species are also locally used as substitutes in the absence of Swertia Chirayita. Due to its medicinal 
and trade value, this plant is already criti cally endangered and vulnerable and is being harvested 
indiscriminately from its habitat. The present situation calls for immediate efforts to conservation. 
Cultivation and sustainable harvesting can be suitable options. Value addition with aid of novel 
technology to this herb seems very urgent. 

Keywords: Chiraito, phytochemicals, en dangered plant, novel technology

INTRODUCTION

Due to its geographic and climatic diversity, the relatively small country of Nepal, has significantly 
diverse ecosystems (Chaudhary, 1998; Subedi, 2000, 2004), producing a wide range of unique and 
valuable medicinal plant resources. Representing only 0.01% of earth’s land area, Nepal is gifted by 
nature with 2.6% of all flowering plants, 9.3% birds, and 4.5% of mammals of the world. Out of an 
estimated 9,000 species found in the eastern Himalaya as a whole, 39% are endemic to this mountain 
range (Myers 1988; Myers 1990; Bajracharya et al. 1998; IUCN 2000). Nearly 7,000 species of 
higher plants are found in Nepal, of which 5% are endemic to Nepal and 10% are medicinal and 
aromatic plants. With 75 vegetation types ranging from dense tropical forests to alpine vegetation that 
covers over 50% of the total geographical area of the country forms the land resource base for the 
provision of medicinal and aromatic plants.
As such, Nepal is very rich in biological resources, including native medicinal plants. The use of 
plants as medicine is widespread throughout the world. In many areas of rural Nepal, medicinal 
knowledge and practice are passed down entirely through the oral tradition and personal experience 
(Bhattrai, 1998). These plants are an integral part of the traditional eastern medicine. The Ayurvedic 
(homeopathic) health care system depends solely on the use of these highly valued native medicinal 
plants.
Bitter herbs such as chiraito (Swertia chiraita) have been used, for generations by the Himalayan 
villagers of Nepal, to reduce fever, improve appetite and eliminate poisons from the body. The whole 
plant is used in Ayurveda and Yunani medicinal practices with some food bases but root is said to be 
the most powerful part. The plant is used to treat fever, typhoid, malaria, eye disease, jaundice, as 
well as appetizer, taste enhancer, tonic, cooling and digestive agents. It has been used in dyspepsia, as 
anti-helmintic, antipyretic, laxative, leucodermal inflammations, burning sensations, pain in the body, 
urinary discharges, ulcers, asthma, bronchitis, leucorrhoea, piles and bad taste in mouth (Personal 
communication, 2006). Chiraito can reach the height of one to one and half meter. It can be found 
growing in broadleaf forests and on open slopes along the Himalayan Mountains, from 1200 to 3000 
meters (Jadibuti Parichiya Mala 1, 2, & 3, 2003). Several different species of chiraito (about 16 
different species are recorded) are found in Nepal. Chiraito belongs to the family Gentianaceae and 
can be propagated in the nursery by seed. Many farmers in Nepal have cultivated chiraito on their 
private land because of good market price and high demand. The Department of Plant Resources 
(DoPR), Ministry of Forest, Nepal Government, has prioritized chiraito as herbs and also has chosen 
it for agricultural research technology development (Annual Report, DoPR, 2005). 
The main chemical constituents of this herb are ophelic acid and chiratin. The plant also contains 

Table 13: p value of overall acceptance of cake made from chino and kaguno

S.N CH 50 CD 40 CD 50 PK 40 PK 50  KK 40 KK 50 Control

1 Chino hade 40%(CH 40) 0.156 0.000 0.019 0.012 0.019 0.041 0.002 0.000

2 Chino hade 50% (CH 50) 0.019 0.344 0.270 0.344 0.528 0.084 0.000

3 Chino dudhe 40% (CD 40) 0.156 0.208 0.156 0.084 0.528 0.028

4 Chino dudhe 50% (CD 50) 0.874 1.000 0.752 0.430 0.000

5 Pahelo kaguno 40% (PK 40) 0.874 0.636 0.528 0.001

6 Pahelo kaguno 50% (PK 50) 0.752 0.430 0.000

7 Kalo kaguno 40% (KK 40) 0.270 0.000

8 Kalo kaguno 50% (KK 50) 0.005

9 Control

Note: the mean difference is significant at 0.05 level

CONCLUSIONS

The biscuits made from different proportion of chino and kaguno flour shows variability. The texture 
of most of the biscuits shows insignificant difference in terms of texture, color, taste, smell and over-
all acceptance to control; some of them even shows significantly higher values. To conclude that it 
is possible to make biscuits from chino and kaguno which is comparable to biscuit made from wheat 
flour. Similarly in case of cakes there is significant difference between control samples and cake made 
from chino and kaguno flour. Eventhough we can make the cake from chino and kaguno comparable 
to wheat flour.
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diverse ecosystems (Chaudhary, 1998; Subedi, 2000, 2004), producing a wide range of unique and 
valuable medicinal plant resources. Representing only 0.01% of earth’s land area, Nepal is gifted by 
nature with 2.6% of all flowering plants, 9.3% birds, and 4.5% of mammals of the world. Out of an 
estimated 9,000 species found in the eastern Himalaya as a whole, 39% are endemic to this mountain 
range (Myers 1988; Myers 1990; Bajracharya et al. 1998; IUCN 2000). Nearly 7,000 species of 
higher plants are found in Nepal, of which 5% are endemic to Nepal and 10% are medicinal and 
aromatic plants. With 75 vegetation types ranging from dense tropical forests to alpine vegetation that 
covers over 50% of the total geographical area of the country forms the land resource base for the 
provision of medicinal and aromatic plants.
As such, Nepal is very rich in biological resources, including native medicinal plants. The use of 
plants as medicine is widespread throughout the world. In many areas of rural Nepal, medicinal 
knowledge and practice are passed down entirely through the oral tradition and personal experience 
(Bhattrai, 1998). These plants are an integral part of the traditional eastern medicine. The Ayurvedic 
(homeopathic) health care system depends solely on the use of these highly valued native medicinal 
plants.
Bitter herbs such as chiraito (Swertia chiraita) have been used, for generations by the Himalayan 
villagers of Nepal, to reduce fever, improve appetite and eliminate poisons from the body. The whole 
plant is used in Ayurveda and Yunani medicinal practices with some food bases but root is said to be 
the most powerful part. The plant is used to treat fever, typhoid, malaria, eye disease, jaundice, as 
well as appetizer, taste enhancer, tonic, cooling and digestive agents. It has been used in dyspepsia, as 
anti-helmintic, antipyretic, laxative, leucodermal inflammations, burning sensations, pain in the body, 
urinary discharges, ulcers, asthma, bronchitis, leucorrhoea, piles and bad taste in mouth (Personal 
communication, 2006). Chiraito can reach the height of one to one and half meter. It can be found 
growing in broadleaf forests and on open slopes along the Himalayan Mountains, from 1200 to 3000 
meters (Jadibuti Parichiya Mala 1, 2, & 3, 2003). Several different species of chiraito (about 16 
different species are recorded) are found in Nepal. Chiraito belongs to the family Gentianaceae and 
can be propagated in the nursery by seed. Many farmers in Nepal have cultivated chiraito on their 
private land because of good market price and high demand. The Department of Plant Resources 
(DoPR), Ministry of Forest, Nepal Government, has prioritized chiraito as herbs and also has chosen 
it for agricultural research technology development (Annual Report, DoPR, 2005). 
The main chemical constituents of this herb are ophelic acid and chiratin. The plant also contains 

Table 13: p value of overall acceptance of cake made from chino and kaguno

S.N CH 50 CD 40 CD 50 PK 40 PK 50  KK 40 KK 50 Control

1 Chino hade 40%(CH 40) 0.156 0.000 0.019 0.012 0.019 0.041 0.002 0.000

2 Chino hade 50% (CH 50) 0.019 0.344 0.270 0.344 0.528 0.084 0.000

3 Chino dudhe 40% (CD 40) 0.156 0.208 0.156 0.084 0.528 0.028

4 Chino dudhe 50% (CD 50) 0.874 1.000 0.752 0.430 0.000

5 Pahelo kaguno 40% (PK 40) 0.874 0.636 0.528 0.001

6 Pahelo kaguno 50% (PK 50) 0.752 0.430 0.000

7 Kalo kaguno 40% (KK 40) 0.270 0.000

8 Kalo kaguno 50% (KK 50) 0.005

9 Control

Note: the mean difference is significant at 0.05 level

CONCLUSIONS

The biscuits made from different proportion of chino and kaguno flour shows variability. The texture 
of most of the biscuits shows insignificant difference in terms of texture, color, taste, smell and over-
all acceptance to control; some of them even shows significantly higher values. To conclude that it 
is possible to make biscuits from chino and kaguno which is comparable to biscuit made from wheat 
flour. Similarly in case of cakes there is significant difference between control samples and cake made 
from chino and kaguno flour. Eventhough we can make the cake from chino and kaguno comparable 
to wheat flour.
REFERENCES

Aburai N., Esumi Y., Koshino H. (2007). Inhibitory activity of linoleic acid isolated from proso and 
Japanese millet toward histone deacetylase. Bioscience Biotechnology and Biochemistry, 
71(8): 2061-2064.

Alvarez-Jubete L., Auty M., Arendt EK. (2010). Baking properties and microstructure of pseudocereal 
flours in gluten-free bread formulations. European Food Research and Technology, 230 (3): 
437-445.

Alvarez-Jubete L., Holse M., Hansen A. (2009). Impact of baking on vitamin E content of 
pseudocereals amaranth, quinoa, and buckwheat. Cereal Chemistry, 86(5), 511-515.

Asharani V.T., Jayadeep A., Malleshi N.G. (2010). Natural antioxidants in edible flours of selected 
small millets. International Journal of Food Properties, 13(1): 41-50. 

Chandrasekara A. & Shahidi F.  (2011). Inhibitory activities of soluble and bound millet seed phenolics 
on free radicals and reactive oxygen species. Journal of Agricultural and Food Chemistry, 
59(1): 428 -436.  

Cho S.H., Ha T.Y. (2003). In vitro and in vivo effects of prosomillet and sorghum on cholesterol 
metabolism. Food Science and Biotechnology, 12(5): 485-490.

Choi Y., Jeong H.S., Lee J. (2007). Antioxidant activity of methanolic extracts from some grains 
consumed in Korea. Food Chemistry, 103(1): 130-138.

Coda R., Rizzello C.G., Gobbetti M. (2010). Use of sourdough fermentation and pseudo-cereals and 
leguminous flours for the making of a functional bread enriched of γ-aminobutyric acid 
(GABA). International Journal of Food Microbiology, 137, 236–245.

https://ive.sssup.it/,DanaInfo=apps.isiknowledge.com+DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=V2ec7eGfHp2jINo2cAd&name=Cho%20SH&ut=000187390700006&pos=1
https://ive.sssup.it/,DanaInfo=apps.isiknowledge.com+DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=V2ec7eGfHp2jINo2cAd&name=Ha%20TY&ut=000187390700006&pos=2


190

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

191

Table1. Secondary metabolites of Swertia chirayita

Compound         Chemical nature

1, 3, 5, 8-tetrahydroxyxanthone       Xanthone  
1, 3, 7, 8-tetrahydroxyxanthone       Xanthone  
1, 3, 8-trihydroxy-5-methoxyxanthone      Xanthone   
1, 5, 8-trihydroxy-3-methoxyxanthone      Xanthone   
1, 8-dihydroxy-3, 5-dimethoxyxanthone/swerchirin     Xanthone  
1, 8-dihydroxy-3, 7-dimethoxyxanthone/7-O-methylswertanin  Xanthone  
1-hydroxy-3, 5, 8-trimethoxyxanthone      Xanthone   
1-hydroxy-3, 7, 8-trimethoxyxanthone      Xanthone  
2, 5-dihydroxyterephthalic acid      Aromatic carboxylic acid 
21-a-H-hop-22(29)-en-3-b-ol      Triterpenoid Amarogentin   
Seco-iridoid glycoside       Amaroswerin    
Seco-iridoid glycoside       Chiratanin    
Dimeric xanthone       Chiratenol   
Hopane triterpenoid  

Chiratol/1,5 dihydroxy 3,8-dimethoxyxanthone    Xanthone   
Decussatin        Xanthone   
Enicoflavine        Triterpenoid alkaloid 4 

Episwertenol        Triterpenoid   
Erythrodiol        Hexane extract  
Gammacer-16-en-b-ol       Triterpenoid   
Gentianine        Triterpenoid alkaloid  
Gentiocrucine        Triterpenoid alkaloid  
Kairatenol        Hexane extract  Lupeol   
Triterpene alcoholMangiferin      Xanthone   
Mangostin        Xanthone 

Oleanolic acid        Triterpenoid

Pichierenol       Swertane terpenoid 
Sweroside        Seco-iridoid glycoside  

Sweroside-2¢-O-3²,5²-trihydroxy biphenyl-2² carboxylic acid ester Seco-iridoid glycoside 

Swerta-7,9(11)-dien-3-b-ol      Swertane terpenoid

Swertanone        Triterpenoid Swertenol  

Triterpenoid  Swertianin/1,7,8-trihydroxy-3-methoxyxanthone  Xanthone   
Syingaresinol        Lignan  

Taraxerol        Triterpene alcohol

Ursoilic acid        Triterpenoid  

b-Amyrin        Triterpenoid alcohol 

B-Sitosterol-3-b-D-glucoside      Sterol    

Ø-Taraxasterol or heterolupeol      Hexane extracts  

Source: WHO media centers (2013)

resins, tannin, gum, carbonates, phosphates, and 4-6% ash, the iridoid glycosides including aucubin, 
catalpol, swertimarin and gardenoside. A number of workers have shown that the plant contains 
bitter glucosidal components, chiratin and amarogentin (that may protect the liver against carbon 
tetrachloride poisoning), swerchirin, phytosterol, also a number of acids and phenolic compounds 
(Harding, 1989; Chakravarty et al, 1991). It also contains xanthones, which are reputedly effective 
against malaria and tuberculosis. It has been fount that Swertia extracts inhibit the growth of number 
of disease-causing bacteria, particularly those that are responsible for stomach complaints (diarrhea, 
etc). Extracts taken using polar solvents (alcohol and hot water) are most effective. Plants collected 
under controlled conditions (at high altitude, where the right species is picked and where the plant is 
grown under controlled conditions) appear to be more effective than at least one currently available 
in commercial sample.
Various species of Swertia has been prove scientifically for various uses and also has opened new insight 
into the further possibility of functionality and health benefits. The whole plant of S. purpurascens 
Wall. has been shown to contain five tetraoxygenated and three pentaoxygenated xanthones. 
1-Hydroxy-3,4,7,8-tetramethoxyxanthone was previously known only as synthetic compound. 
The total xanthones of S. purpurascens produce significant CNS stimulant actions consistent with 
some therapeutic uses of the plant extract in the Indian system on medicine. The chemotaxonomic 
significance of the co-occurrence of various biogenetically related chemical characters in a single 
plant species is appraised. Two novel triterpenes belonging to swertane skeleton, besides γ-16-en-
3-β-ol and 21-α H hop-22(29)-en-3-β-ol, of rare occurrence have been isolated from S. chiraita (an 
Indian indigenous sps.), along with some common triterpenoids. The structure of new xanthone from 
S. chiraita has been established as 1,5-dihydroxy-3,5-dimethoxy xanthone (chiratol) on the basis of 
spectral and chemical evidence. Two other xanthones i.e. swerchirin (1,8-dihydroxy-3,5-dimethoxy 
xanthone) and 7-O-methyl swertianin (1,8-dihydroxy-3,7-dimethoxy xanthone) have been isolated. 
Swerchirin was identified as the hypoglycemic principle of the herb (Asthana et.al., 1991).
The bitter principle and water extract of chiraito collected from various ecological regions of the 
country ranges from 1.21% to 9%, and 8% to 12.4% (Annual Report, DoPR, 2005). The greatest 
amount of bitter principle has been found in wild variety of Terathum district of eastern Nepal. At least 
five different medicines are being made in the Singadurbar Baidhya Khana, including Rohitkayadi 
Churna (powder, for the treatment of jaundice) and Pitdhan vati (tablet, for the treatment of headache 
and fever) (Personal Communication, 2007).
INDIGENOUS PROCESSING

Solar drying or smoking and cleaning are the basic indigenous unit operations of chiraito prior to 
transportation. Bundles of chiraito are made using bamboo choya or other packaging materials such 
as jute sac or rope to tie up manually and then transported to Terai for marketing. Chiraito is generally 
collected into big bundles and sold to the local traders. Nowadays it is being exported to India in the 
cruse form. Its distillation has not been done commercially in Nepal.

RISK FACTOR

Mixing of wild grass and other low quality species of S. Chiraito seems to be very common in the trade 
of this medicinal plant that is supposed to be adverse health risk.  Frequent up and down of market 
price creates risky market environment, as a result there can be intentional chance of adulteration 
which is undesirable for quality.  The market price of Chiraito was NPR 350 per Kg to 500 per Kg 
(DOF, 2013) depending on the availability. Lack of good harvesting practice and knowledge has 
increased maximum post harvest loss in the field. During storage weight loss is reported by 10-12% 
as the dry herb losses it moisture.
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CHIRAITO AS TRADITIONAL MEDICINES

Traditional medicine is the sum total of knowledge, skills and practices based on the theories, 
beliefs and experiences indigenous to different cultures that are used to maintain health, as well as to 
prevent, diagnose, improve or treat physical and mental illnesses. Chirayito as traditional medicine 
has been adopted by other populations (outside its indigenous culture) is often termed alternative or 
complementary medicine. This herbal medicine includes herbs, herbal materials, herbal preparations, 
and finished herbal products that contain parts of plants or other plant materials as active ingredients 
(WHO media centre, 2013). Locally this plant is given for malarial fever. The plant is dipped in water 
overnight and the bitter juice is taken the next morning. It is also used in common ailments like cough, 
cold, and fever. This plant is bitter with sharp taste; it is used as an astringent tonic and stomachic. It 
relives inflammation and improves eye sight. It is given as a sedative during pregnancy. Chirayito is 
considered good for pain of joints, scabies, leucoderma, skin disease, asthma and chronic fever.

SOCIO- ECONOMIC AND POLICY ISSUES

Chiraito is one of the most important sources of income for rural people. Mostly poor people and 
farmers with low land holding are involved in collection and trade of Chirayito.  Mostly children, 
women, and shepherds collect it in their leisure time. In general, each household collects up to 40 Kg/
season. The cash generated by selling it is diverted to maintain their livelihood. Before collection, 
permit is required from the District Forest Office (DFO) but it does not exist in practice. Only the 
traders take collection permission before transporting to Terai markets. To release Chirayito from the 
district of origin to Terai, traders must pay royalty of NRS 3.0/Kg and get permission form DFO. If 
illegal Chiraito is found, District Forest Officer is empowered to arrest, conduct research and initiate 
file case (Bhattarai K. R. 1991). However, indigenous species of Nepal S. chiraito is not studied for 
the functional phyto-chemicals and its potential benefits in detail. A recent work in 21 medicinal 
plants of Nepal shows some anti-diabetic property (The Himalayan Times, 2007) but there is need of 
further explorations in the subjects.

ROLE OF BIOTECHNOLOGY IN CONSERVATION

Young science such as Biotechnology can play an indispensable role in the protection and 
conservation of Chiraito spp. It can engross different modes of conservation. Farming of chiraito 
at low altitudes isn’t suitable and prohibited because of several extrinsic environmental factors like 
fertility and textures of soils, pH, humidity etc. Tissue culture techniques has found to be very useful 
for conservancy of intimidate S. Chirayita as little plant materials can produce a big number of 
disease free propagules which can be revive in their innate environment. Systematized cultivation of 
the plant is important to guarantee continous supplementation and affirmation of drugs. Exercise in 
quality control of raw materials of Chiraito is   labeling of DNA markers that associates DNA finger 
printing data with quanitity of selected markers (Joshi and Chavan P., 2004). Research is still going 
on molecular investigation of chiraito for protection of this wild endangered species, establishing 
methods for breeding in vitro and making efforts for assuring continuous supply of its raw materials 
(Tabbasum S., Mahmood S., 2012).

CONCLUSIONS

Among the different species of Swertia reported in Nepal, Swertia chirayita is considered the most 
important for its medicinal properties. The bitterness, antihelmintic, hypoglycemic and antipyretic 
properties are attributed to amarogentin, Chiratin (most bitter compound isolated till date) swerchirin, 
swertiamarin and other active principles of the herb. Most of the herbal medicines contain chiraito 
extract in different amounts for its antipyretic, hypoglycemic, antifungal and antibacterial properties. 
Despite a descent hold in the herbal industry, the plant is still collected from the wild; it is sparsely 
cultivated and negligible efforts have gone into developing proper agro-techniques of the plant. Little 
research has been done to identify the existing diversity among different populations of S. Chirayita. 
The lacunae in the related research field raise concerns regarding the vulnerability of the species, 
emphasizing the need for research.  
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CHIRAITO AS TRADITIONAL MEDICINES

Traditional medicine is the sum total of knowledge, skills and practices based on the theories, 
beliefs and experiences indigenous to different cultures that are used to maintain health, as well as to 
prevent, diagnose, improve or treat physical and mental illnesses. Chirayito as traditional medicine 
has been adopted by other populations (outside its indigenous culture) is often termed alternative or 
complementary medicine. This herbal medicine includes herbs, herbal materials, herbal preparations, 
and finished herbal products that contain parts of plants or other plant materials as active ingredients 
(WHO media centre, 2013). Locally this plant is given for malarial fever. The plant is dipped in water 
overnight and the bitter juice is taken the next morning. It is also used in common ailments like cough, 
cold, and fever. This plant is bitter with sharp taste; it is used as an astringent tonic and stomachic. It 
relives inflammation and improves eye sight. It is given as a sedative during pregnancy. Chirayito is 
considered good for pain of joints, scabies, leucoderma, skin disease, asthma and chronic fever.

SOCIO- ECONOMIC AND POLICY ISSUES

Chiraito is one of the most important sources of income for rural people. Mostly poor people and 
farmers with low land holding are involved in collection and trade of Chirayito.  Mostly children, 
women, and shepherds collect it in their leisure time. In general, each household collects up to 40 Kg/
season. The cash generated by selling it is diverted to maintain their livelihood. Before collection, 
permit is required from the District Forest Office (DFO) but it does not exist in practice. Only the 
traders take collection permission before transporting to Terai markets. To release Chirayito from the 
district of origin to Terai, traders must pay royalty of NRS 3.0/Kg and get permission form DFO. If 
illegal Chiraito is found, District Forest Officer is empowered to arrest, conduct research and initiate 
file case (Bhattarai K. R. 1991). However, indigenous species of Nepal S. chiraito is not studied for 
the functional phyto-chemicals and its potential benefits in detail. A recent work in 21 medicinal 
plants of Nepal shows some anti-diabetic property (The Himalayan Times, 2007) but there is need of 
further explorations in the subjects.

ROLE OF BIOTECHNOLOGY IN CONSERVATION

Young science such as Biotechnology can play an indispensable role in the protection and 
conservation of Chiraito spp. It can engross different modes of conservation. Farming of chiraito 
at low altitudes isn’t suitable and prohibited because of several extrinsic environmental factors like 
fertility and textures of soils, pH, humidity etc. Tissue culture techniques has found to be very useful 
for conservancy of intimidate S. Chirayita as little plant materials can produce a big number of 
disease free propagules which can be revive in their innate environment. Systematized cultivation of 
the plant is important to guarantee continous supplementation and affirmation of drugs. Exercise in 
quality control of raw materials of Chiraito is   labeling of DNA markers that associates DNA finger 
printing data with quanitity of selected markers (Joshi and Chavan P., 2004). Research is still going 
on molecular investigation of chiraito for protection of this wild endangered species, establishing 
methods for breeding in vitro and making efforts for assuring continuous supply of its raw materials 
(Tabbasum S., Mahmood S., 2012).

CONCLUSIONS

Among the different species of Swertia reported in Nepal, Swertia chirayita is considered the most 
important for its medicinal properties. The bitterness, antihelmintic, hypoglycemic and antipyretic 
properties are attributed to amarogentin, Chiratin (most bitter compound isolated till date) swerchirin, 
swertiamarin and other active principles of the herb. Most of the herbal medicines contain chiraito 
extract in different amounts for its antipyretic, hypoglycemic, antifungal and antibacterial properties. 
Despite a descent hold in the herbal industry, the plant is still collected from the wild; it is sparsely 
cultivated and negligible efforts have gone into developing proper agro-techniques of the plant. Little 
research has been done to identify the existing diversity among different populations of S. Chirayita. 
The lacunae in the related research field raise concerns regarding the vulnerability of the species, 
emphasizing the need for research.  
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Stinging nettle is an important traditional food item along with an important medicinal plant in Nepal. 
It was reported that from small scale industries of a small hamlet in Nepal, around 13 quintals of net-
tle powder was produced in a single year. The workers of those industries do not follow the scientific 
procedures during processing. So, the nutrient is such available powder is highly degraded. People 
are compelled to pay for such powder at any price in any form they get. Also, the powder alone has 
a bland flavor with an unacceptable mouth feel and taste along with poor dispersability with water.
Stinging nettle (Urtica plaviflora) locally called sisnu, of 30-35 days tender shoots four leaves along 
with bud collected from Sunsari, Nepal was blanched (90oC for 2.5 min.), dried (70o±3) to 7.95% 
moisture followed by grinding (150 µm) to formulate sisnu soup powder with optimized proportion 
of 80:20 parts by weight of sisnu powder: corn flour, with content of salt, citric acid, garlic and chilli 
powder in the parts by weight of 12, 2, 4, and 1 respectively. Formulated soup powder was stored 
in “Laminate” (PS/ Metallic foil/PE) of 0.05mm thickness at 18-20oC, 83- 88 % (RH) for 60 days. 
Changes in content of moisture, vitamin C, chlorophyll and total phenol as well as sensory attributes 
were not found to be significantly different upon storage at 5% level of significance.

Keywords: Sisnu, blanching, chlorophyll, storage, soup powder

INTRODUCTION
Food has an effect on human health and general condition besides its role in subsistence. Today 
consumer demands for convenience along with the new innovations in the food. The trend in con-
sumption of ready to eat food products is increasing due to  lack of time and hectic schedules, easy 
commercial availability, culturally acceptable, nutritive and minimally processed with longer shelf-
life. One of the potential products that can be developed into an instant food is soup. In context of 
Nepal, one of the potential leafy vegetable for soup powder formulation can be stinging nettle (sisnu) 
that is both nutritious and popular among Nepalese community. It has an important medicinal prop-
erties such as anti-inflammatory, anti-rheumatic effect, acute diuretic and hypotensive effect (Tahri et 
al., 2000), cardiovascular effect and stimulation of proliferation of human lymphocytes (Wagner et 
al., 1989). Ethno-medically, it is used in various ailments such as fever, diarrhea, cough, pulmonary 
infection, rheumatoid arthritis, hemorrhoids, asthma, backache (Mandal et al., 2009). Since, sisnu is 
a herby leafy vegetable, it needs to be processed and preserved in the way that it retains maximum 
nutrient. sisnu powder alone has a bland flavor with an unacceptable mouth feel and taste along with 
poor dispersability with water. Processing nettle in a scientific way and formulating it in soup based 
product using the kitchen based ingredient, will be a best way to bring forward this important herb in 
complete new form that is healthier and tastier.

OBJECTIVES OF THE STUDY 
1. Optimization of ingredients required to formulate sisnu soup powder.

2. Study on the effect of storage period on total phenol, chlorophyll, vitamin C and moisture 
content in a specific packaging material.

3. Study on the changes of sensory attributes upon storage of the product.
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Chemical analysis

The moisture content was determined by hot air oven method as per  AOAC (1990). Vitamin C  was 
determined by usual titration method  as per Ranganna (2000). Chlorophyll was extracted in 80% 
acetone and determined as per Sadasivam and Manickam (1992). Total phenol was determined with 
the Folin- ciocalteau reagent and finally obtained sample was taken for measurement of absorbance 
at 650 nm against a reagent blank  using Gallic acid as standard as per Sadasivam and Manickam 
(1992).
Reconstitution
For the preparation of soup mix, 5g soup powder was dissolved in 100ml water and then the whole 
mass was boiled for 3 minutes with stirring to obtain a cup full of prepared soup.

Organoleptic test
 Sensory evaluation of product was carried out using 9 points hedonic rating tests (Ranganna, 2000). 
The sample along with the score card was distributed to the panelist and the quality of product was 
evaluated.

The experimental data were analyzed using one-way ANOVA- with no blocking and with replication 
using Gens-tat discovery edition 3rd. The difference between the data was compared using Least Sig-
nificant Difference (LSD) method at 5% level of significance.

Packaging and storage

The optimized product was packed in “Laminate” (PS/ Metallic foil/PE) sealed and then was stored in 
a chamber having RH of 83-85 % and temperature of 18-20oC for 60 days. Moisture content, vitamin 
C, chlorophyll and total phenol were analyzed for the stored product of 0, 15, 30, 45 and 60 days. 
Also, on every 15 days interval the product was taken away from the storage chamber and was kept in 
deep freeze, so that the sensory analysis can be performed on 60th day to study the effect of different 
storage period on sensory attributes of the product. 

RESULT AND DISCUSSIONS 
Composition of some components in fresh sisnu shoots

Components Values
Moisture content (%) 79.4 (0.09)
Vitamin C (mg/100g, db) 28.6 (0.34)
Chlorophyll (mg/g, db) 16.9 (0.21)
Total phenol (mg GAE/g, db) 2.98 (0.34)

Values are means of triplicate samples, figures in the parentheses are the standard deviation
     Moisture content of the nettle was found to be 76.9% (Wetherilt, 1992). Nettle samples, which 
were used in this study, are fresh samples that could be a reason of the high moisture content. Similar 
results were observed by Thapaliya (2010), for Chlorophyll and Vitamin C content. In this study, total 
phenol of the fresh nettle was determined to be 2.98 mg GAE/g. Whereas,  Hudec et al. (2007) and  
Akis (2010) found total phenol content in the fresh nettle to be 7.62 mg GAE/g and 2.5 mg GAE/g re-
spectively. The variations in the value might be due to the alteration in harvesting season also because 
the plant growing in sun or shade, variety, maturity etc.

MATERIALS

A most common variety of stinging nettle, Urtica plaviflora locally called sisnu, variety Gharaiya, 
of 30- 35 days tender shoots, 4 leaves along with bud was collected from Sunsari district of Nepal. 
Common corn available in the retail shop was brought, cleaned, soaked, drained, dried and then 
milled to obtain corn flour. Common salt, garlic, citric acid and chilli powder was purchased from 
the local market.

METHODS

 Processing of Nettle

Stinging nettle (Urtica plaviflora) locally called sisnu, of 30-35 days tender shoots four leaves along 
with bud collected from Sunsari, Nepal. It was then blanched for 90oC for 2.5 min. and dried at 
70o±3 to 7.95% moisture content. Dried nettle leaves were then grinded to particle size of 150 µm to 
obtain sisnu powder.

Processing of soup powder

Fig. Formulation and storage stability of sisnu soup powder
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Fig. Optimization of amount of salt by sensory evaluation

Optimization of citric acid
Six sample of sisnu soup mix was prepared using different citric acid concentration using parts by 
weight, namely: A (1 parts), B (2 parts), C (3 parts), D (4 parts), E (5 parts) and F (6 parts), keeping all 
other ingredients proportion constant using “80 parts sisnu powder and 20 parts corn flour” as main in-
gredient.  Then ready to eat soup was prepared by adding the mix (5 g) in 100ml water and simmered 
for 3 min. The soup thus prepared was subjected for sensory evaluation for the optimization of citric 
acid concentration. The mean sensory score for optimization of different concentration of citric acid 
is shown in the figure below.

Fig. Optimization of amount of citric acid by sensory evaluation

Upon statistical analysis, the sample were not found significantly different at 5% level of 

Formulation of sisnu soup powder

Optimization of proportion of sisnu powder and corn flour
Six sample of sisnu soup mix was prepared using parts by weight namely A (100 parts sisnu powder 
with 0 part corn flour), B (90 parts sisnu powder with 10 parts corn flour), C (80 parts sisnu powder 
with 20 parts corn flour), D (70 parts sisnu powder with 30 parts corn flour), E (60 parts sisnu powder 
with 40 parts corn flour), F (50 parts sisnu powder with 50 parts corn flour), keeping all other ingre-
dients proportion constant. Then the soup was prepared by adding the mix (5 g) in 100ml water and 
simmered for 3 min. The soup thus prepared was subjected for sensory evaluation for the optimization 
of sisnu powder and corn flour. The mean sensory score for optimization of different proportion of 
sisnu powder and corn flour is shown in the figure below.

 Upon statistical analysis, the sample were not found significantly different at 5% level of sig-
nificance for appearance and flavor whereas, they differed in taste, mouthfeel and overall acceptance. 
From the sensory evaluation and statistical analysis, it showed that the sample C had high mean sen-
sory score. Therefore, sample C was selected for further optimization of proportion of sisnu powder 
and corn flour.

Fig. Optimization of proportion of sisnu powder and corn flour by sensory evaluation.

Optimization of salt 
Six sample of sisnu soup mix was prepared using different salt concentration using parts by weight, 
namely: A (6 parts), B (8 parts), C (10 parts), D (12 parts), E (14 parts) and F (16 parts), keeping all 
other ingredients proportion constant using “80 parts sisnu powder and 20 parts corn flour” as main 
ingredient.  Then ready to eat soup was prepared by adding the mix (5 g) in 100ml water and sim-
mered for 3 min. The soup thus prepared was subjected for sensory evaluation for the optimization 
of salt concentration. The mean sensory score for optimization of different concentration of salt is 
shown in the figure below. Upon statistical analysis, the sample were not found significantly different 
at 5% level of significance for color and flavor whereas, they differed in taste and overall acceptance. 
From the sensory evaluation and statistical analysis, it showed that the sample D (12 parts) had high 
mean sensory score. Therefore, the proportion of sample D was selected for further optimization of 
salt concentration.
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at 5% level of significance for color and flavor whereas, they differed in taste and overall acceptance. 
From the sensory evaluation and statistical analysis, it showed that the sample D (12 parts) had high 
mean sensory score. Therefore, the proportion of sample D was selected for further optimization of 
salt concentration.
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Storage stability of formulated product
The optimized product (sisnu soup powder) was kept in “Laminate” (PS/ Metallic foil/PE) of thick-
ness 0.05 mm and sealed. These sealed packed were kept in chamber where RH and temperature were 
recorded in the range of 83-85% and 18-20°C respectively. Moisture content, vitamin C, chlorophyll 
and total phenol were analyzed as storage parameter and sensory evaluation was performed among the 
stored product that is: 0, 15, 30, 45 and 60 days stored product. Thus, change in value of parameters 
upon storage is summarized in the table below.

Table   Change in moisture, vitamin C, chlorophyll and total phenol upon storage

Components
  Values   

0 days 15 days 30 days 45 days 60 days
Moisture (%) 8.02a (0.75) 8.31a (0.33) 8.59a (0.39) 8.84a (0.52) 8.95a (0.89)

Vitamin C 
(mg/100g, db) 10.42a(0.34) 10.27a(0.39) 9.94a (0.41) 9.61a(0.2) 9.52a (0.29)
Chlorophyll 
(mg/g, db) 11.00a(0.27) 10.8a(0.39) 10.65a(0.31) 10.59a(0.41) 10.47a(0.35)
Total Phenol (mg 
GAE/g, db) 3.82a(0.25) 3.797a(0.31) 3.74 a(0.44) 3.71a(0.62) 3.69a(0.47)

Values are means of triplicate samples, figures in the parentheses are the standard deviation

Effect of storage period on different parameters

The change in values of components of sisnu soup powder upon storage is given in the figure below

significance for color whereas, they differed in flavor, taste and overall acceptance. From the sensory 
evaluation and statistical analysis, it showed that the sample B (2 parts) had high mean sensory score. 
Therefore, the proportion of sample B was selected for further optimization of citric acid concentra-
tion.

Optimization of garlic powder
Five sample of sisnu soup mix was prepared using different garlic powder concentration using con-
centration. The mean sensory score for optimization of different concentration of garlic is parts by 
weight, namely: A (1 part), B (2 parts), C (3 parts), D (4 parts) and E (5 parts) keeping all other in-
gredients proportion constant using “80 part sisnu powder and 20 part Corn flour” as main ingredient.  
Then ready to eat soup was prepared by adding the mix (5 g) in 100ml water and simmered for 3 min. 
The soup thus prepared was subjected for sensory evaluation for the optimization of garlic shown in 
the figure below.

 Upon statistical analysis, the sample  were found significantly different at 5% level of signif-
icance for flavor, taste and overall acceptance. From the sensory evaluation and statistical analysis, it 
showed that the sample D (4 parts) had high mean sensory score. Therefore, the proportion of sample 
D was selected for further optimization of garlic proportion.

Fig. Optimization of amount of garlic powder by sensory evaluation
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powder is shown in the figure below.

Upon statistical analysis, the sample were not found significantly different at 5% level of sig-
nificance for color whereas, they differed in taste and overall acceptance. From the sensory evaluation 
and statistical analysis, it showed that the sample B (1part) had high mean sensory score. Therefore, 
the proportion of sample B was selected for further optimization of chilli powder concentration.
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the proportion of sample B was selected for further optimization of chilli powder concentration.



202

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

203

Fig. Mean sensory score for stored product

CONCLUSIONS
Preservation of stinging nettle (Urtica plaviflora) commonly called sisnu can play a major role in food 
security of Nepalese community because it is not only an important traditional food items but also im-
portant medicinal plants among various ethnic groups. It is used as Ayurvedic medicinal herbs which 
can be used to treat various diseases. In this study, 80 parts by weight of sisnu powder with 20 parts 
by weight of corn flour was optimized as best proportion for soup powder formulation and other ingre-
dients like salt, citric acid, garlic powder and chilli amount were optimized to be 12, 2, 4 and 1 parts 
by weight respectively. Moisture content, vitamin C, chlorophyll and total phenol of the product thus 
formulated were determined to be 8.02 %, 10.42 mg/100 g, 11 mg/g and 3.82 mg GAE/g respectively. 
Statistical analysis showed that moisture content, vitamin C, chlorophyll and total phenol content of 
the stored products were not significantly different at 5 % level of significance upon 60 days of stor-
age. Likewise, statistical analysis of scored data obtained from sensory analysis of 0, 15, 30, 45 and 
60 days stored product, no significant difference in sensory attributes of color, flavor, taste and overall 
acceptance of the formulated product kept in metalized wrapper of 0.05 mm thickness was observed.

     Further, study on the effect of various processing parameters on nutrient profile of sisnu soup pow-
der and physicochemical properties of the product can also be studied.
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Here, upon 60 days of storage, moisture content of the product was found to be 8.02%, 8.31%, 8.59%, 
8.84% and 8.95%. Vitamin C was found to be 10.42, 10.27, 9.94, 9.61 and 9.52 mg/100 g. Chloro-
phyll content of the product was found to be 11mg/g, 10.8 mg/g, 10.65 mg/g, 10.59 mg/g and 10.47 
mg/g. Total phenol content of the product was found to be 3.82 mg GAE/g , 3.79 mg GAE/g,  3.74 
mg GAE/g, 3.71 mg GAE/g and 3.69 mg GAE/g on 0, 15, 30, 45 and 60 days of storage respectively. 
Statistically, no significant difference between the moisture content, vitamin C, chlorophyll and total 
phenol content of the product, upon storage for 60 days was found at 5% level of significance. Deg-
radation of vitamin C is induced by air, light, heat and alkali and also the nature of the packaging ma-
terial can significantly affect the stability of ascorbic acid in foods. The effectiveness of the material 
as a barrier to moisture and oxygen as well as the chemical nature of the surface exposed to the food 
are important factors for determining the stability of ascorbic acid (FAO, 2012). Hence, this might be 
the reason for stability of the vitamin C in soup powder stored in “Laminate” (PS/ Metallic foil/PE). 
Chlorophyll (green pigment) of the plant is degraded due to the action of acid,  heat and chlorophyl-
lase enzyme (Shafiur Rahman and Perera, 2007). Blanching inactivates naturally occurring enzyme of 
plant tissues like chlorophyllase, poly phenol oxidase and other deteriorating enzyme during blanch-
ing (Shafiur Rahman and Perera, 2007). Unavailability of any enzyme responsible for deteriorating 
the pigment and use of “Laminate” (PS/ Metallic foil/PE) as a packaging material  might be the reason 
for observation of stable chlorophyll and total phenol content upon storage.

Sensory evaluation of stored sisnu soup powder
The optimized product (soup powder) was kept in “Laminate” (PS/ Metallic foil/PE) of thickness 0.05 
mm and sealed. Those sealed pack were kept in chamber of 83-85% RH and temperature 18-20°C. 
On every 15 days interval the product was taken away from the storage chamber and was kept in deep 
freeze, so that the sensory analysis can be performed on 60th day to study the effect of different storage 
period on sensory attributes of the product. Upon statistical analysis of sensory score, sensory attri-
butes (color, flavor, taste, overall acceptance) were not found to be significantly different at 5% level 
of significance. Rokhsana et al. (2007)  also found legume based soup powder  to be organoleptically 
acceptable up to 180 days when stored in polypack of thickness 0.01 mm.
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A study was conducted to formulate Falki Makai soup powder mixing soybean and chickpea. Falki 
Makai, soybean and chickpea bulgur were prepared. The bulgur flour yield obtained for corn, soy-
bean and chickpea were 62.84%, 60.8%, and 56% respectively. Bulgurated corn, soy, and chickpea 
flour were mixed in 40:5:15, 40:8:12, 38:10:12, 35:10:15 for sample A, B, C, and D respectively. 
The formulations were investigated for composition, bulk density, water absorption capacity, oil ab-
sorption capacity, solubility, viscosity, wettability and sensory evaluation. The formulation C was 
chosen the best by the panelist. The product contains 18±0.05% protein, 6.70±0.13% fat, 3.48±0.22% 
ash, 1.60±0.13% crude fiber and 70.05±0.45% carbohydrate along with 4.19±0.03 mg/g iron and 
46.74±0.14 mg/g calcium. The product had bulk density 0.62±0 g/ml, solubility 8.66%, wettability 
4.3±0.57 sec, WAC 2.59±0.12 g/g, OAC 0.68±0 g/g , and viscosity 1.01±0.01 cp.

Keywords : Falki Makai, soup powder, functional properties

INTRODUCTION

Falki Makai is a semi ready to eat cracked product prepared by parboiling, drying, and grinding. Gen-
erally it is produced from the immature maize. Falki Makai is a traditional food product resembling 
like a corn bulgur which has been produced and consumed in most hilly part of our country. It has 
been prepared in various community like Gurung, Tamang and Sherpa who used to settle on mostly 
hilly part of Nepal. The preparation of falki makai serves as a means of  preservation as well as to 
minimize the post harvest losses. Mostly the preparation and consumption pattern of falki makai is 
seen in eastern part of Nepal like Ramechhap, Sindhuli, Dolkha etc. It is consumed along with some 
legumes or meat as a soup. It was thought to provide warmth during winter season, hence it is main-
ly consumed during winter season. It has a good storability and can resist against mold and insects 
(Gurung, 2013). 

    Soup is the very fast form of cookery. Soup is probably one of man’s oldest foods. Since it must 
have developed about the time that boiling was found to be the way of cooking food. Soup as a food 
that is made by combining ingredients such as meat, vegetables in stock or hot/boiling water until the 
flavor is extracted, forming a broth. Dry soup mixes are now an established food item in the world 
food markets (Rahman et al., 2012).

    Bulgur is produced mainly from durum wheat (Triticum durum) that is cleaned, cooked, dehulled, 
dried and sorted. Low in calories, bulgur has become popular due its fiber, mineral and potassium con-
tent as well. Also, the ease of storage and its resistant against rodents and molds has increased its pop-
ularity. It is a rich source of valuable carbohydrates and proteins, which do not dissolve upon cooking, 
it has a high reputation among consumers following a vegetarian and healthy diet (Babadogan, 2010). 
The bulgur flours of all the corn maturation stages were very rich in ash, protein and fat contents with 
the milky stage flour being more nutritious. These parboiled and nutrient rich bulgur flours might be 
considered valuable for soup and baby foods (Elgun et al.,1990). Generally  bulgur  is  produced  from  
different  cereals  by  parboiling,  drying  and grinding. Durum wheat is preferred for bulgur produc-
tion, but sometimes, oats, corn, triticale, barley,  rye,  soybean,  common  bean  and  chickpea  are  
also  used  instead  of  durum  wheat. Bulgur  has  long  shelf  life.  During bulgur process, enzymes 
and microorganisms are inactivated and bulgur gains resistance to mold contamination and insect at-
tacks. Bulgur and bulgur like products (as frig) have high nutritional value with high protein, vitamin, 
mineral and dietary fiber and low glycemic index. Bulgur is classified as coarse, pilav, fine and bulgur 
flour according to particle size. Especially  bulgur  flour  had  higher  nutritional  content compared  
to  other  bulgur  fractions. In recent year, the researches on legume based bulgur from soy, chickpea 
and common bean have made in Turkey. These semi ready to eat legume based products are very 
important especially for protein consumption due to easy preparation of bulgur pilav (Selman, 2011).
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Table 1 Formulation table for preparation of soup powder.

Formulation Corn part Soybean part Chickpea part
Product A 40 5 15
Product B 40 8 12
Product C 38 10 12
Product D 35 10 15

RESULTS AND DISCUSSIONS

Table 2.Yield of bulgur flour

Ingredients Initial amount 
(g)

Bulgur amount 
(g)

Bulgur flour 
amount (g)

Bulgur yield% Bulgur flour 
yield %

Corn 800 297 200 93.3 62.84
Soybean 500 394 300 79.9 60.8
Chickpea 500 400 280 80.6 56

The total bulgur yield of corn, soybean, and chickpea were 93.9%, 79.9% and 80% respectively. The 
decrease in yield may be due to the nutrients lost during processing, which are leached by water at 
some stage of processing (Fubara et al., 2011). Soaking and cooking process caused considerable 
losses in soluble solids, especially vitamins and minerals (Bilgici, 2008). The corn bulgur yield was 
similar to that reported by (Yogancilar and Bilgicli, 2010) for lupin seed bulgur sweet and bitter lupin 
seeds. The bulgur yield for chickpea flour was also similar to that stated by (Bilgicli, 2008). The lower 
yield of soy bulgur compared to other may be due to dehulling during processing.Similarly the yield 
of corn, soy and chickpea bulgur flour were 62.84%, 60.8% and 56% respectively through 40 mesh 
size sieve. Highest yield was obtained for corn bulgur flour while the lowest yield for chickpea bulgur 
flour.

 Chemical analysis of bulgurated flour

The moisture content is high in corn bulgur among the other bulgurated flour. Soybean bulgur con-
tains highest protein content (38.10±0.517) followed by chickpea bulgur (22.3±0.1), and falki makai/
corn bulgur (11.62±0.19).While, carbohydrate contents were higher in soybean bulgur than in other 
bulgur. However fat, ash, fiber, and calcium content was higher in soybean bulgur than in other bulgur. 
Iron content of chickpea is superior amongst the ingredients followed by soybean bulgur and falki 
makai/ corn bulgur. The results on proximate analysis of the corn bulgur and chickpea bulgur showed 
similarities with the findings presented by (Elgun, et al., 1990, and Bilgicli, 2008). 

Table 3. Chemical composition of bulgurated flour.

  Bulgur Parameter Corn bulgur flour                      Soybean bulgur flour                                Chickpea bulgur flour
Moisture %  9.53±0.05                             9.1±0.13                                          9.18±0.145
Crude protein (% db)     11.62±0.19                           38.10±0.51                                        22.3±0.1
Crude fat (% db) 3.88±0.04                            19.13±0.11                                         5.7±0.11
Crude ash(% db)           3.7±0.03                              5.27±0.11                                          2.58±0.20
Crude fiber(% db) 1.27±0.07                              4.42±0.22                                         1.07±0.55
Carbohydrate (% db)       81.65±0.31                          33.06±0.85                                       68.31±0.37
Calcium (mg/100g) 22.5±0.03                              123.8±1.77 58.24±0.23
Iron (mg/100g)  1.6±0.05                               6.59±0.09                                          10.15±0.05

MATERIALS AND METHODS

The raw materials like tender maize, soybean and chickpea were purchased from local market of 
Kathmandu valley.

Preparation of falki makai/ corn bulgur

Tender corn along with cob was cooked in an autoclave under a steam pressure of 15 p.s.i., at 121ºC 
for 15 min. After cooling for 10 minutes, it was dried at 60ºc to a moisture content of 10-12%. Before 
crushing, the cooked and dried corn cobs were shelled by hand. The shelled form were conditioned 
with 2% additional water by mixing for  half an hour, milled into coarse grist on the iron disk mill, 
and aspirated to  remove bran material. The cooked corn bulgur were then ground in electric grinder 
into flour. The flour was sieved with laboratory sieve of 40 mesh size and packed into a plastic pouch 
(Elgun, et al., 1990 and Ozbas and Koksel, 2002).

Preparation of soy bulgur flour

The soybean was cleaned and foreign materials were removed. 500g soybean was washed and soaked 
in tap water for 24 hours at room temperature. The seed coat were removed by hand. In pressure cook-
ing, the soaked legume was cooked in an autoclave under steam pressure at 121ºC for 15 min, which 
was sufficient to gelatinize the starch entirely. The cooked soybean was transferred into tray and dried 
into cabinet drier at 60ºC until the moisture content reach to 10%. The dried soy bulgur were then 
grounded in grinder into flour. The flour was sieved with laboratory sieve of 40 mesh size and packed 
into a plastic pouch until used (Bilgicli, 2008).

Preparation of chickpea bulgur flour

The Chickpea (kabuli type) was cleaned  and foreign material were removed.500gm  chickpea was 
soaked in tap water for 24 hrs and drained followed by dehusking and drying in cabinet drier at 60ºC 
until the moisture content reached up to 10%. Then the dried chickpea bulgur was ground in electric 
grinder into flour. The flour was sieved with laboratory sieve of 40 mesh size and packed into plastic 
pouch until used (Bilgicli, 2008).

Analytical method : Moisture, protein, fat, ash, crude fiber, iron, calcium were analyzed as described 
in AOAC (2005). Bulk density was determined as per Kanpairo et al., (2012). Water absorption ca-
pacity, viscosity, and wettability were determined as per Nwosu and Justina (2011). Solubility and oil 
absorption capacity were determined as per Onuegbu et al., (2013). Sensory evaluation was carried 
out using 9- point hedonic rating described by Ranganna (2008), on quality attributes viz., color, con-
sistency, general appearance, and overall acceptance. The composite bulgur flour was prepared into 
soup. 100 g of flour was poured into 750 ml boiling water and boiled for 10 minutes until thickened. 
The soup was served to 15 panelist who assessed its acceptability. Sensory Data were analyzed by 
Analysis of Variance (ANOVA) using Gen stat programming at 5% level of significance was carried 
out. The significance differences between them were studied by using L.S.D at 5% level of signifi-
cance.

Evaluation of bulgur yield

Bulgur yield was calculated as per Bilgicli, (2008)

Bulgur yield = 100×A×B

                                C×D

Where, A: Weight of bulgur (g); B: Dry matter of bulgur (%); 

          C: Weight of legume before soaking (g); and D: Dry matter of legume before soaking (%).
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   The average calcium content ranged from 39.75 to 48.37 mg/100g. It revealed that there was increas-
ing trend for calcium content from product A to product D. It may be due to the increase in soybean 
bulgur amount in formulation.

 Physiochemical properties of soup powder 
Results related to the four physiochemical properties studied are summarized in table 4.4

Table 5 Physiochemical properties of soup powder

        Product Parameter Product A Product B Product C Product D
Bulk density(g/ml)      0.70 ±0 a                        0.70 ±0 a                     0.62 ±0 b                0.64 ±0 c

Solubility(%)               7.75 ±1 a                      8.83 ±1.01 a             8.66 ±0.72 a             6.83 ±1.60 a

Wettability(sec) 3.6 ±0.57 a                    6.6 ±1.52 b               4.3 ±0.57 a             10.6 ±1.1 c

Viscosity (cp)               0.95 ±0.0 a                1.03 ±0b                     1.01 ±0.01c           0.97 ±0d       
Water absorption capacity(g/g)        2.51 ±0.04 a                   2.31 ±0.05 b            2.59 ±0.12a          2.42 ±0.02 a

Oil  absorption capacity (g/g) 1.39 ±0.14 a                 0.88 ±0.09bc               0.68 ±0 b              1.05 ±0.19c

*The data’s are calculated from triplicate readings       

The bulk density values of soup powder ranges from 0.62 to 0.70 g/ml. Product A and B had the 
highest bulk density (0.70 g/ml) and product C had the lowest. This revealed that bulk density of 
foods increases with increase in starch content (Oti and Akobundu, 2007). Formulation A and B had 
same amount of corn bulgur which contain more starch than other bulgur legumes, thus had high bulk 
density. Bulk density is also important in infant feeding where less bulk is desirable. The low bulk 
density of flour would be an advantage in the use of the flour for preparation of complementary foods 
(Akubor, 2013).

    The solubility values ranges from 6.83±1.60 to 8.66±0.72 %. Product B had highest solubility 
among the four formulations. The high solubility of powder indicated potential applications in for-
mulated food systems by providing an attractive appearance and a smooth mouth feel to the product 
(Kanpairo et al., 2012).

    Wettability values of four soup powder ranged from 3.6 ±0.57 to 10.6 ±1.1 sec. The  obtained 
results for four soup powder were lower than the values obtained in  boiled bean flour(45 min) & in 
roasted bean flour(11min)( Mulinda et al., 2008). Product A and C has lowest wetting time, having 
no significant difference, it may be due to increase in protein content of the flour thus suggesting that 
the higher the level of denatured protein in these flours the faster they imbibed water, or were wetted 
(Oti  and Akobundu, 2007).

    The viscosity of the four soup powder ranges from 0.95 to 1.03cp. Product A,B,C and D were sig-
nificantly different .The difference  in viscosity might be due to the weakness of intermolecular net 
work which may cause the flour granules to fall apart when gelatinized in hot water forming a paste 
of relativity low viscosity. It might also be due to changes in flour protein interaction (Ohr, 2004). The 
difference in viscosity may also be due to reduction in protein as a result of carbohydrate and protein 
interaction (Cherry and Waters, 1981). Product B has highest viscosity 1.03±0 and the product A has 
lowest viscosity 0.95±0.01. Higher viscosity in flour has great potential for incorporation into soup 
that needs high thickening (Nwosu and Justina, 2011).
    The water absorption capacities ranged between 2.31±0.05 to 2.59±0.12 g/g of water absorbed per 
gram of sample. The lowest WAC was in formulation B and highest was in formulation C. Increase 
in water absorption capacity implies high digestibility of the starch (Odedeji and Oyeleke, 2011). 
The ability of flours to absorb water and swell is an important factor in the choice of soup thickeners 
(Onuegbu et al., 2013).

    The oil absorption capacities of soup powder ranged between 0.68±0 to 1.39±0.14 g/g. Fat  acts  a 

* Values are means± standard deviation of triplicate determination

Chemical composition of soup powder 

The chemical composition of prepared soup powder formulations were close to the specification for 
corn soy chickpea blend for Ethopia (Anynomous, 2013).  The moisture content ranges from 10.50 to 
10.83%. Product C the lowest moisture content while Product A had the highest. Product B, C, and D 
are not significantly different at 5% level of significance. The moisture content of the prepared soup 
powder were comparatively in the range of commercial soup powder. High moisture content may 
affect the storage quality of the soup powder because of high moisture in food have been shown to 
encourage microbial growth. The soup powder can be stored for longer period due to low moisture 
content (Usai et al., 2012).

    According to the technical specification for the manufacture of super cereal, protein content should 
be minimum 14% (N×6.25)/ dry basis. From the result, protein content of the soup powder formula-
tion ranged between 16.40 to 18.72%.  The fat content ranged from 5.32 to 6.86 %. Product D had the 
highest fat content and these values met the technical specification for manufacture of super cereal. 
The fat content of the formulation are higher than the values for fat reported in (Tilakaranthe, 2012), 
and (Usai et al., 2012), nutritionally superior and low cost cereal based soup mix powder using sprout-
ed green gram and soya as major source of protein and development of a soup thickener powder from 
pumpkin seed and cowpea respectively.

Table 4 Chemical composition of soup powder  

            Product

Parameter

Product A Product B Product C Product D

Moisture%                10.83 ±0.07a 10.15 ±0.0 a             10.50 ±0.05 b            10.57 ±0.06 b

Crude Protein (%db) 16.40 ±0.22 a          17.29 ±0.01 b              18.16 ±0.45 c            18.72 ±0.02 d

Crude Fat(%db) 5.32±0.26 a             6.22 ±0.06 b                6.70 ±0.13 c               6.863 ±0.05 c

Crude Ash(%db) 3.32 ±0.19 a              3.64 ±0.05 b                3.48 ±0.22ab            3.59 ±0.07ab

Crude fiber(%db) 1.44 ±0.04 a               1.61 ±0.08 b                1.60 ±0.13 b             1.77 ±0.03 c

Carbohydrate(%db) 73.51 ±0.66a           71.23 ±0.19 b              70.05 ±0.45 c            69.02 ±0.16 d

Calcium(mg/100g) 39.75 ±0.18 a             43.14 ±0.16 b              46.74 ±0.14 c        48.37 ±0.20 d

Iron(mg/100g)         4.15 ±0.0 a               3.87 ±0.10 b                  4.19 ±0.03 a            4.64 ±0.14 c

* Values are means± standard deviation of triplicate determination

** Values followed by same superscript in the same column for different products are not significantly 
different (p≤0.05).

   According to FAO/WHO (2001) mineral such as iron, zinc, calcium are low in cereals but the addi-
tion of legumes can improve the iron content. The ash content ranged from 3.3 to 3.64%. Product B 
had highest ash content and Product A had lowest. The ash content indicates the mineral composition. 
The higher ash content indicates high level of minerals in diet. The ash content was higher than the 
soup thickener prepared from four seeds in south eastern part of Nigeria (Igwenyi and Akubugwo, 
2010).

    The average crude fiber content ranged between 1.44 to 1.77%. Dehulling during processing may 
be the reason for decrease in crude fiber content in the formulation (Njoku et al., 2007). There is no 
significant difference between product B and C, while they were significantly different from product 
A and D. Product A had the lowest crude fiber content and product D has the highest. 
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flavour retainer and increases the mouth feel of foods (Akubor, 2013). Product A has highest oil ab-
sorption capacity as it contains 5.32% fat than product C which has fat content 6.7%. Product C has 
lowest oil absorption capacity. The mechanism of fat absorption is attributed mainly to the physical 
entrapment of oil and the blinding of fat to the apolar chain of protein (Wan and Kinsella, 1976).  

Sensory evaluation

Sensory evaluation of four soup powder formulations was carried out to find the best formulation 
through sensory evaluation. The products developed were evaluated on the basis of color, general 
appearance, consistency, and overall acceptance.

Fig  1. Results obtained for sensory analysis of different formulation having different proportion of 
ingredients.

    From the above result, it was found that the product C scored highest in terms of color, general 
appearance, consistency and overall acceptance. In general product C was found to be preferred most 
among four products with overall mean sensory score of 7.86 whereas product D was found to be next 
preferred product with overall mean sensory score of 7.06, product A and B was the least preferred 
among four products with overall sensory score of 6.66.

CONCLUSIONS

The yield for falki makai/ corn bulgur, soybean bulgur and chickpea bulgur flour were found to be 
62.84%, 60.8% and 56% respectively. The falki makai soup powder with formulation 63.33% (falki 
makai)corn bulgur, 16.6% soybean bulgur and 20% chickpea bulgur, that is product C scored the best 
in sensory analysis. Calcium content and iron content were increased with increase in soybean and 
chickpea amount with corn. Bulk density, solubility, wettability, viscosity, water absorption capacity 
and oil absorption capacity of the best product were found to be 0.62g/ml, 8.66%, 4.3 sec, 1.01cp, 
2.59g/g, and 0.68g/g respectively. Final best product was found to contain 18% protein, 6.70%fat, 
3.48% ash, 1.6% crude fiber and 70.05% carbohydrate.

    The present work can be extended for the study of amino acid profile, shelf life of the product using 
different packaging material. Also the study of seasoning on falki makai soup powder can be done.
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 This study is marked to progress consuma ble product by utilizing the most abundant but underutilized 
available indigenous herb as functional beverage. Preservation of Net tle leaves can replace food 
insecurity par ticularly in hilly and Himalayan region of Nepalese community because it is not only 
an important traditional food items but also an important medicinal plants among vari ous ethnic 
groups. Nettle soup powder was formulated by varying proportions of nettle powder basically and 
incorporated whole milk powder, refined wheat flour, salt along with the innumerable spices as other 
ingre dients. Different composition specifying Sample A, B & C comprising 10%, 15% & 20 % of nettle 
powder was prepared respec tively. Sample B was acceptable as the best final product by the sensory 
evaluation and its proximate analysis was performed .The percentage of moisture, carbohydrate, pro-
tein, fat, total ash were found to be 16%,48%,20%, 7.7% and 7% respectively. Moreover, the mineral, 
calcium and iron were found to be 0.880 g/100g and 0.0341g/100g while precursor of vitamin A i.e. 
β-carotene was found to be 20 mg/100g. Overall, the product appeared to have high nutritive value.
Keywords: Indigenous herb, formulation, functional beverage, high altitude, nettle soup powder

INTRODUCTION

Nettle, or stinging nettle, Urtica Linn (Urticaceae) is a perennial herb growing in temperate and sub-
tropical wasteland areas around the world. Stinging nettle is commonly found growing in woodlands, 
along stream and riverbanks, in flood plains and any other area with moist soils. It grows 2 to 4 ft 
high and produces pointed leaves and white to yellowish flowers. Young leaves of nettle cooked as 
a potherb are added to soups and can also be dried for winter use (Facciola and cornucopia, 2000). 

 Nettle has a well-known reputation for giving a savage sting when the skin touches the hairs and 
bristles on the leaves and stems. The genus name Urtica comes from the Latin verb urere, meaning ‘to 
burn,’ because of these stinging hairs. The stinging nettle is found to be spread abundantly in Europe  
and larger areas of  Asia, usually in their rural parts. The plant prefers moist soil with trish phosphate 
and nitrogen content. In this case it provides a good quality fiber. The chlorophyll extract from plant 
is used as a commercial coloring agent (E140) (Bown, 2005).

Nettle stinging nature is due to, the hairs are filled with formic acid, histamine, acetycholine, serotonin 
(5-hydroxytramine), plus other compounds, the active principle of which is said to be bicarbonate of 
ammonia. Some of these substances are destroyed by cooking, steeping, or drying, but not by freeze-
drying or juicing.

The tender leaves of young shoots are cooked and eaten as a vegetable in the villages in the Himalayas. 
It has been also consumes in Iran and in certain parts of Europe and Africa. It is consumed as a 
vegetable alone or also missed with cereals esp. millet flour to make porridge. It is is known as a good 
source of protein, vitamins (esp. vitamin A and thiamine) and minerals (esp. potassium, calcium and 
iron) (Watt et al.., 1994). Some nettles, such as U. dioica and U. plaviflora, yield a fiber, which is said 
to rival the best hemp in strength. Some others varities have been credited with diuretic properties 
in folk (Ayurbedic) medicine (Matthews et al., 1990). They are also used as a relish by the South 
African; when properly dried, the plant is cut in to small pieces and used as fodder for cow and poultry. 
Ensilage of the herb is also reported to provide a suitable fodder for cow and pigs (chopraet al., 1960).
it is expected from this research to consume Nettle for various purpose i. e soup making, which can be 
consumed by people with all age group and have benefits such as fight against coughs, tuberculosis, 
asthma, diabetes, skin problems, anemia, arthritis, rheumatism, tendonitis, other disorders of the 
muscles and joints, eczema, hay fever, urinary tract infections etc. The soup can be given to women 
with an excessive menstrual flow. The nettle extract nutrients can stimulate circulation of blood and 
can be used to calm skin irritation like acne and eczema.
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Spices: Garlic, onion, clove, 
cumin, cardamom, chilly

Nettle buds

Cleaning       cleaning/ washing/ drying

Blanching       cutting/ shredding/ grinding

Draining        fine power

Wilting (at room temperature for 5-10 minutes)

Drying 650C for 48 hrs

Powdering       

      

           Weighing 

       Mixing 

   Blending (WMP, Wheat flour, salt & MSG)

          Packing & Sealing   Storage

Figure 1: Process flow-chart for the preparation of Nettle soup powder

Nettle soup preparation process

The soup powder was (10gm) added into warm water (200ml). Then the soup was brought to boil 
with gentle stirring for few minutes until pleasant smell felt. The aromatic Smell indicated ready to 
serve the soup.

Physico-chemical analysis: The moisture was determined by hot air oven method where as fat content 
was determined by using Soxhlet extraction method. Total ash, minerals (iron & calcium), protein, 
carbohydrate and Vitamin A as β-carotene were estimated using DFTQC laboratory manual.

 

Table 1: Chemical composition of nettle

Constituents  % dry basis  Constituents  % dry basis

Protein   26.3   Iron   0.322

Fat   3.4   Magnesium  0.65

Cellulose  10.3   Potassium  3.45

N-free extract  39.6   Manganese  0.0043

Ash   16.3   Sodium   0.14

Calcium   2.97   Sulphur   0.54

Phosphorus  0.68   Silicon   0.68

Chlorine   0.27   B-carotene  20.2 mg/100g fresh 
 

Source: (DoPR, 2013)

MATERIALS AND METHODS

Materials: A common variety of nettle bud was collected with the help of bamboo and iron pinchers 
from Dolakha. Rest of the ingredients whole milk powder, refined wheat flour, monosodium-glutamate 
and other spices were purchased from the local market.

Trial formulations: The three recipes for nettle soup powder named as Sample A, Sample B and 
Sample C were formulated as given in Table 2.

Methodology: The nettle leaves were cleaned, washed, blanched, dried and ground into fine powder. 
Similarly, the spices like clove, chilly, cardamom, cumin, garlic, onion were also ground. These 
ingredients were blended with salt, wheat flour, and whole milk powder and mono-sodium glutamate 
collectively. Three product samples were formulated containing 10%, 15% and 20% nettle powder  
and named as Sample A, B and C respectively. The method of nettle soup powder preparation is given 
in Figure 1.

Table 2: Trial recipes of different formulation of nettle soup powder

Components   Sample A  Sample B  Sample C
Nettle (g)      10     15 20
Chilli powder (g)      1.5     1.5 1.5
Salt (g)      3.8     3.8 3.8
Cumin powder (g)      2.0     2.0  2.0
Cardamom (g)      3.8     3.8  3.8 
Clove powder (g)      5.0     4.0  3.0
Whole Milk Powder (g)      40.5     38.5 35.5
MSG (g)       0.8     0.8 0.8
Garlic Powder (g)       3.8     3.8 3.8
Onion Powder (g)       3.8     3.8 3.8
Wheat flour       25     23 22

*Each formulation is for 100g product
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Spices: Garlic, onion, clove, 
cumin, cardamom, chilly
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Drying 650C for 48 hrs

Powdering       

      

           Weighing 

       Mixing 

   Blending (WMP, Wheat flour, salt & MSG)

          Packing & Sealing   Storage

Figure 1: Process flow-chart for the preparation of Nettle soup powder
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that sample B was significantly different (p<0.05) in terms of flavor from other samples A and C.

Mouth feel

Figure 4: Mean sensory scores for mouth feel of different nettle soup powder samples

Sensory score for mouth feel was highest for sample B (Figure 4 ).One way ANOVA treatment result 
showed that the samples were significantly different (p< 0.05) in terms  of mouth feel. LSD result 
revealed that sample B was significantly different (p<0.05) in terms of mouth feel from other samples 
A and C.

Overall acceptability
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Figure 5: Mean sensory scores for Overall acceptability of different nettle soup powder samples

Sensory score for overall acceptability was highest for sample B (Figure 5 ).One way ANOVA 
treatment result showed that the samples were significantly different (p< 0.05) in terms  of overall 
accceptability.LSD result revealed that sample B was significantly different (p<0.05) in terms  of 
overall acceptability from other samples A and C.

Sensory evaluation analysis: Three formulation of experimental product of nettle soup were subjected 
for sensory evaluation by using 9-point hedonic scale as described by Rangana (2001).  Food Scientists 
of 10 panelists from DFTQC were selected and the scoring for each sample was conducted on major 
sensory attributes viz. color, flavor, mouth feel and overall acceptability.
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Figure 2: Mean sensory scores for color of different nettle soup powder samples

Sensory score for color was the highest for sample A (Figure 2 ).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.

Flavor

Figure 3: Mean sensory scores for flavor of different nettle soup powder samples

Sensory score for flavor was highest for sample B (Figure 3 ).One way ANOVA treatment result 
showed that the samples were significantly different (p< 0.05) in terms  of flavor. LSD result revealed 
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FOOD AND  
NUTRITION  
EDUCATION (FNE)

RESULT AND DISCUSSION
Table 3: Proximate Analysis (Sample B) on wt basis.
Parameter     Amount
Moisture Content     16%
Carbohydrate     48%
Protein      20%
Fat      7.7%
Total Ash     7%     
Calcium      0.880 g/100g
Iron      0.0341g/100g

β- Carotene     20 mg/100g 

Three samples containing nettle powder 10%, 15% and 20% were formulated using different 
seasonings, Whole milk powder and wheat flour as mentioned in the Table 2. Sensory evaluation 
of these finished product reflected that the Sample B was the best among other two samples A & C 
though there was no significantly different in Color. Dry nettle powder more than 20% gave grassy as 
well as course texture where as less than 10% didn’t influence pleasant flavor in overall mouth feel. 
So this experiment resulted that 20% nettle if incorporated in any soup could give good quality food 
product.

CONCLUSION

Nettle Soup specifying Sample A, B & C comprising 10%, 15% & 20 % of nettle powder was prepared 
respectively. Sample B was observed acceptable as the best final product which was determined by 
ANOVA test by the sensory evaluation. Its proximate analysis showed that the product was rich 
in macro as well as micro nutrients. Proximate analysis of sample B concluded that it contained 
moisture, carbohydrate, protein, fat and total ash as16%, 48%,20%,7.7%, and7% respectively where 
as Minerals in terms of Ca and Fe and Vitamin A (β- Carotene) were as 0.880 %, 0.0341% and 20 
mg/100g respectively. Nettle soup is slightly grassy in taste but smoother and more interesting. It 
is quite different from other soups also in color basis. It is green in color while other soups like 
mushroom soups, vegetables soups etc. are creamy i.e. white in color. Nettle soup is more like a strong 
stock of a deep, green plant essence, and it is one of the most nourishing drinks of all. In fact it has 
high level of easily absorbable amino acids. The research is supposed to give feed back to those who 
plans further research to diversify nettle product.
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HISTORY OF FOOD SCIENCE AND TECHNOLOGY EDUCATION IN NEPAL 

Food technology education was introduced in Nepal in 1973 (2030 BS). The program was started 
in Dharan with certificate level course in food technology under Institute of Applied Science and 
Technology of Tribhuvan University. The objective of this course was to produce middle level 
manpower in food technology. This program was terminated after completing four academic years 
in 2036 BS, and in the same year the bachelor degree program B. Sc.  Food Technology (3 academic 
years) started, and later changed to 4 years B. Tech. (Food) under Institute of Science and Technology, 
Tribhuvan University (Katawal, 2012; K.C., 2012). After twenty six years of the establishment of 
college in public sector (Tribhuvan University), a college was opened in private sector to run T.U.’s 
B. Tech. (Food) program in 2006 (Subba et al., 2013). Now there are altogether thirteen colleges in 
the country for food technology program. Postgraduate and doctoral program in food technology was 
launched in 2001 and is being run by Central Department of Food Technology, Tribhuvan University, 
Dharan.  There is one college in private sector, Himalayan College of Agricultural Sciences and 
Technology (HICAST) affiliated to Purwanchal University which is running courses of M.Sc. Dairy 
Technology and M.Sc. Meat Technology since 2003. There are two colleges affiliated to CTEVT 
offering vocational training courses (Diploma level) in food technology. They produce middle level 
technical manpower for food industries and organizations having quality control functions. Realizing 
the need of manpower in human nutrition, a bachelor degree program in nutrition and dietetics (B.Sc. 
Nutrition and Dietetics) was started in 2009 by Central Campus of Technology, Dharan. College of 
Applied Food and Dairy Technology (CAFODAT), Kathmandu has started M.Sc degree program in 
nutrition in 2012 (K.C., 2012; Subba et al., 2014). The list of institutions that run courses on food 
technology are:Central Campus of Technology, Dharan 

a) Lalitpur Valley College, Lalitpur 
b) National College of Food Science and Technology (NIST), Kathmandu 
c) Padmashree International College, Kathmandu 
d) GoldenGate International College, Kathmandu 
e) Sunsari Technical College, Dharan 
f) Dharan Multiple Campus, Dharan 
g) Pokhara Bigyan tatha Prabidhi Campus, Pokhara 
h) Birat Multiple College, Biratnagar 
i) Nilgiri College, Itahari 
j) Nagarik College, Chitwan 
k) Himalayan College of Agriculture Science and Technology, Kathmandu 
l) College of Applied Food and Dairy Technology, Kathmandu. 

As of 2012, the numbers of persons who received different degrees in the country are: PhD- two, M. 
Tech. - fifty-one, M.Sc. - eighteen, B. Tech. - five hundred forty-four, Diploma - forty-eight, and PCL 
- eighty. About 20 students have been already awarded PhD degree and 10 students are doing their 
PhD in different universities abroad. Ten PhD students are either doing job or post-doc in different 
universities (Subba et al., 2014). Till date, almost all graduates are job-holders in good positions. 

SIGNIFICANCE OF FOOD SCIENCE AND TECHNOLOGY 
Food science and technology can help us advance the food system, minimize risks, maximize benefits, 
and deliver a safe, nutritious, and abundant food supply to all people around the world. With science 
and technology solutions available to address specific issues throughout the food system, our ability 
to feed a growing population in a sustainable way, while safeguarding both human and planet health, 
looks not only possible, but also promising. We must, however, remain steadfast and rational about 
our approach, to help both humanity and nature. 

Through food science and technology, the knowledge of many disciplines is applied to transform 
raw food materials and ingredients into consumable and safe foods available year round. Advances 
in agriculture and food science and technology have provided reduction in nutrient deficiency-related 
diseases; enhanced food safety and consistent quality; decreased home food-preparation time; a large 
variety of delicious food choices; reduced food waste; lower household food costs than ever before; 
food and meal convenience options; products specifically formulated to meet the nutritional needs 
of specific subpopulations; and efficient global food distribution, which can be exploited in times of 
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This paper focuses on past, present and future perspectives of Food Science and Technology education 
in Nepal. Decades passed by and there is a very slow growth rate of the education. Job opportunities 
and higher studies have always been threatened by problems encountered during the graduation 
phase. The need of development of skills such as observation, practical approach and research need 
to be emphasized.
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INTRODUCTION
Food science is the study of the physical, biological, and chemical makeup of food; the causes of food 
deterioration; and the concepts underlying food processing. Food scientists and technologists apply 
scientific disciplines including chemistry, engineering, microbiology, and nutrition to the study of 
food to improve the safety, nutrition, wholesomeness and availability of food. Food technology is the 
application of food science to the selection, preservation, processing, packaging, distribution, and use 
of safe food. Related fields include analytical chemistry, biotechnology, engineering, nutrition, quality 
control, and food safety management (IFT, 2014).

In a review paper by Floros et al. (2010), it is mentioned citing Harvard Univ. biological anthropologist 
Richard Wrangham that food processing was launched about 2 million years ago by a distant ancestor 
who discovered cooking, the original form of food processing. Later, still during prehistoric times, 
cooking was augmented by fermenting, drying, preserving with salt, and other primitive forms of food 
processing, which allowed groups and communities to form and survive. Humans thus first learned how 
to cook food, then how to transform, preserve, and store it safely. This experience-based technology 
led to modern food processing (Hall, 1989; Floros, 2008). Much later, the domestication of plants 
and land cultivation became widespread, and at the end of the last Ice Age, humans revolutionized 
eating meat by domesticating animals for food. Thus, plant and animal agriculture also contributed to 
improving the human condition.

Today, our production-to-consumption food system is complex, and our food is largely safe, tasty, 
nutritious, abundant, diverse, convenient, and less costly and more readily accessible than ever before. 
Contemporary food science and technology contributed greatly to the success of this modern food 
system by integrating biology, chemistry, physics, engineering, materials science, microbiology, 
nutrition, toxicology, biotechnology, genomics, computer science, and many other disciplines to 
solve difficult problems, such as resolving nutritional deficiencies and enhancing food safety. Food 
quality can be maintained or even improved, and food safety can be enhanced. Sensitive nutrients can 
be preserved, important vitamins and minerals can be added, toxins and anti-nutrients (substances 
such as phytate that limit bioavailability of nutrients) can be removed, and foods can be designed to 
optimize health and reduce the risk of disease. Waste and product loss can be reduced, and distribution 
around the world can be facilitated to allow seasonal availability of many foods. 

At a time when the whole world is going to celebrate IFT’s 75th anniversary on 21-24 June 2014 at 
New Orleans, US, we are here for the 7th National Conference on Food Science and Technology (Food 
Conference- 2014, 13-14 June 2014). This clearly depicts where we are. However, this should not be 
taken as a discouraging one as our history tell us our seniors have struggled more to bring us to this 
event. Different seminars and conferences were held in the past, namely Rice Milling Conference, 
1969, National Seminar on Food Industries and Food Technology- I (NASOFIFT-I), 1984 (2041 BS), 
NASOFIFT-II, 1988 (2044 BS), National Food Convention, 1991, NASOFIFT-III, 1993 (2050 BS) 
and Food Conference, 2012. The continuation of this conference should be taken as a positive sign in 
the development of food science and technology.
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natural and man-made disasters (Floros et al., 2010).
OPPORTUNITIES 
Consum ers are increasingly demanding healthy foods. Hence, food science boasts better job prospects 
than any other industry niches. Worldwide, the areas of good job prospects are product development, 
quality control, and nutrition and food safety (Katsnelson, 2012). In Nepal, most of the graduates are 
employed in food processing industries. They have joined services of university, colleges, schools, 
food industry, government and semi-government sectors, UN, non-government organizations, project, 
marketing company, consultancy firm, etc. and their services include teaching, research, training, 
production, business management, quality control, nutrition related studies, diet planning, quality 
audit, consultancy, industrial quality standards management, provide technical expertise, marketing, 
and so on. Some are working independently on their own industry and business and some have 
freelance job. Food technology graduates have largely fulfilled the need of different food and nutrition 
related sectors (K.C., 2012; Subba et al., 2013).

During the 2009 World Summit on Food Security, it was recognized that by 2050 food production must 
increase by about 70%—34% higher than it is today—to feed the anticipated 9 billion people (FAO, 
2009). This projected population increase is expected to involve an additional annual consumption of 
nearly 1 billion metric tons of cereals for food and feed and 200 million metric tons of meat. Science-
based improvements in agricultural production, food science and technology, and food distribution 
systems are critically important to decreasing the gap of food security existing in certain places of the 
world (Floros et al., 2010). It is necessary to find a means to sustainably produce about 50% more 
food than is currently produced. 

CHALLENGES 
With great opportunities, challenges come along. The developments in food science and technology 
have always been thwarted by both the insiders and outsiders. To begin with, the need of amendments 
in syllabus has been the greatest challenge. Important changes are necessary in the current curricula 
to meet new challenges for educating the future students in food science. The university has been 
very flexible in distributing license/ affiliation to academic institutions without fulfilling criteria 
about the physical infrastructures and sustainability. The teaching methodologies in many institutions 
are spoon-fed type. Students totally rely on lecture notes. Research culture is lagging in academic 
institutions. There is lack of cooperation among academia and industries which make it difficult to 
conduct in-plant trainings and internships. Lack of uniformity in pay scale motivates the mobility of 
fresh graduates.  Unlike other professions as medicine, engineering, veterinary science, etc., food 
science and technology is devoid of Council which could ease many of the aforementioned challenges.

WHAT NEXT 
Important changes those are necessary in the current curricula should be amended to meet new 
challenges for educating the future students in food science. The curriculum should be at par with 
those of developed nations so that Nepalese graduates could be familiar with the global trends. Timely 
update of the curriculum should be done with rigorous discussions with industries, government 
authorities and academics. There should be regular monitoring of academic institutions to check if the 
operation of pilot plants, laboratories and faculties are in place. 

The use of student journals, writing-to-learn assignments, cooperative and collaborative learning 
techniques, accommodation of varying learning styles, and methods to enhance problem-solving 
abilities and critical-thinking skills should be encouraged. Students should develop the habit of 
consulting different reliable sources to deepen their knowledge. Fresh graduates should keep in mind 
that experience, rather than money, counts. They should develop other skills such as communication, 
teamwork, honesty, sincerity and flexibility, to name a few. 

Professional organizations to the likes of NEFOSTA should work together to build bridges between 
food scientists around the world. Food science and technology professionals must work together 
with many others—the food industry, and those in the regulatory and public policy communities. 
They must unite for a council of their own. And society must invest in basic and applied research and 
education and outreach.

http://www.ift.org/knowledge-center/learn-about-food-science/food-facts/About-FS-%09and-T.aspx
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Subtle qualities of food

 For most of us, food is meant to be only for satisfying hunger and nourishing the body. 
However, as per Vedic scriptures, what we eat and drink significantly, though subliminally affect our 
subtle and astral bodies as well. The following Verse from the ‘Chhandogya Upanishad’ elucidates the 
hidden effects of what we eat and further illustrates the majestic insights of the rishis of Vedic times.

“Annamasitam Tredha Vidhiyate Tasya yah sthavis the Dhatustat
 purisam Bhavati yo madhyamastanmansam yo nisthastanmanah”

Meaning: Food has three parts. Whatever is eaten has three simultaneous effects accordingly. First, 
is called sthul (physical) part, which is not consumed by the body (by metabolism) and is excreted as 
waste. Second, is called sukshma (subtle) part, which is used in manufacturing the seven dhatus (tis-
sues) of the physical body (according to Ayurveda), Known as: Rasa – plasma , Rakta– blood, Mamsa 
– muscle tissue, Meda – Adipose tissue (Fats), Asthi – Cartilage and osseous tissue (bones),  Majja 
– Red bone marrow and Sukra – Reproductive elements. Third, is called karana (subtlest, invisible) 
part, which contributes to nourishing the mind and constructs our attitude and personality.

 With this Vedic concept of food, it can be said that ‘You Are What You Eat’. What You Eat 
Affects Mind. As the most subtle form of matter, the mind receives nourishment from the food that we 
eat. 

Wrong Eating Habits

The effect of food on the body is comprehensive. Be it physical health or mental wellbeing, 
both are intrinsically linked with food, and keeps taking up and down swings depending on changes 
in it. It is a matter of common experience. Bad and irregular dietary habits make the body sick and the 
mind restless4. Wrong eating habits are :

•	 Overeating
•	 Eating hurriedly
•	 Emotional eating
•	 Eating food one cannot digest
•	 Eating soon after a meal
•	 Eating when constipated
•	 Eating at the wrong time of day
•	 Eating incompatible food combinations
•	 Eating when not hungry
•	 Too much water  during a meal
•	 Eating too much heavy food
•	 Preserved and stale foods

Adequate emphasis has been laid in the classics of Ayurveda regarding the right way to 
eating food. Food consumed in the righteous manner serves as nectar to rejuvenate the body and 
maintaining health.

ENHANCING POSITIVE FOOD HABITS

We are now going to explain the concept of Enhancing Positive food habits for perfect health 
from the ‘Vedic Perspective’. The Vedas suggest three facets of positive Food Habits Which are Mi-
tahar, Hitahar and Ritahar.

ENHANCING POSITIVE FOOD HABIT
Raju Adhikari* and Nabin Hemraj 

1Human Excellence Nepal, Bansbari, Kathmandu, Nepal
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Any type of food we intake eventually breakdown into three parts. First is called Sthul (physical) part, 
which is excreted by our body as waste. Second is called Suksma (subtle) part, which builds the body 
mechanism. Similarly, the third part is Karan (astral) part, which constructs our attitude, personality 
and mindset. With this east based notion, it can be said that you are what you eat. Eminent scripture 
Upanisad says that ‘Ahar Sudhau Satwa Suddhi’ that means if you enhance your food habit in positive 
pattern you will have chaste body, mind and soul that helps perfect health and mindfulness. According 
to modern concept of diet, positive food habit refers to healthy and natural foods consumed in amount, 
timing and combination. In enhancing positive food habit, eastern concept suggests three facets which 
are Ritahar, Hitahar & Mitahar. Ritahar refers food selection should be according to season and 
earned with honesty. Hitahar refers to lively, natural, wholesome, vegetarian, raw, non-processed, 
chemical-free, non-junk and personality-type food with perfect combination that promotes your ho-
listic health. The meaning of Mitahar is to take right amount of food to prevent overeating. This also 
refers one should be happy while taking food. Thus, these are the perfect solution to current modern 
health hazards eating habit and to enhance positive food habit.

Keywords: Nepal, Nutrition, food habit, Right food

INTRODUCTION

 Food sustains the Life of living beings. All living beings in the universe require food. What-
ever goes inside the body via the food pipe (Gastrointestinal tract) falls in the category of food. This, 
upon being processed by the metabolic system, becomes a source of energy for the different organs 
and parts of the body. The healthy body as well as the diseases is nothing but the outcome of Ahara1. 
We all eat (or keep eating) every day because it sustains life. But, how many of us pay attention to 
enhancing positive food habits?

Ayurveda lays immense emphasis on the type of food.  Aahara (food/diet), Nidra (sleep/ rest) 
and Brahmcharya (ethical and controlled indulgence into sexual activities with your partner   referred 
to as ‘three upastambhas’ which form the three pillars for the healthy sustenance of human body. 
Ayurveda offers some basic dietary guidelines that include choosing appropriate food, combinations 
of food, cooking methods, storage, eating atmosphere, hygiene and etiquettes2. In the ancient texts of 
Ayurveda, there is a recommendation to adopt the three important policies related to food. They are 
Ritbhuk, Hitbhuk and Mitbhuk3.

Enhancing Positive Food Habits blesses us with
•	 Strength, longevity and Perfect Health on the bodily level.
•	 Purity and peace on the level of the mind.

•	  This in turn paves the way for a prosperous, successful and happy life and also for salvation 
of the soul.
This concept is described in ‘Chhandogya Upanishad’ in the following verse:

“Aharasuddou sattvasuddhih sattvasuddhau Dhruva Smratih, 
Smnatilambhe Sarvagranthinam Vipramoksah “

Meaning: Purity of food and enhancing positive food habits help in purifying the Inner self. Purifi-
cation of the inner self and hence of the mind and intellect, accelerates elimination of illusions and 
ignorance. This in turn, paves the way for salvation of the soul.
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Hitahar refers to the best food for human. It means to eat that which is nourishing for your 
health and not to eat merely for taste. The natural food of man is fruits, succulent vegetables and nuts. 
What world famous naturalists say?

 Charles Darwin (1800-1882)- “The grading of forms and organic functions showed in an evi-
dent way that the normal food of man is vegetable and fruit like the Anthropoids and Apes. Our canine 
teeth are less developed than the carnivores thus, we are not destined to compete with wild beasts on 
carnivorous animals.”

Sir Arthur Keith (1866-1955), famous English Anatomist and Anthropologist-            “Chim-
panzees and gorillas have the same digestive mechanisms as man does. That is the proof of compared 
anatomy in favour of a diet of crude vegetables and fruits for man.”

John Ray (1628-1704)- Father of English Natural History. In his honor a society was founded 
which carries his name: The Ray Society. According to John Ray “There is no doubt that man is not 
built to be a carnivorous animal. Everything we need to feed ourselves and to restore and please us is 
abundantly provided in the inexhaustible store of Nature. What a sweet, pleasing and innocent sight 
is a table frugally provided and a difference from a meal composed of slaughtered animal meat. In 
short, our orchards offer all the delights imaginable while the slaughter house and butcher are full of 
congealed blood and abominable stench.” 

Humans are vegetarian by birth: There is enough evidence to show that the human digestive 
system is better suited for vegetarian food. Moreover, vegetarian eating is said to reduce world food 
problems. And even in global warming, livestock co2 emission is rapidly adding to the global warm-
ing phenomenon. Cooked foods are dead foods, raw foods are lively foods: Devitalized food (cooked 
food) devitalizes our bodies and minds. Our body is designed to partake of raw foods only. Foods that 
have been cooked, frozen, canned or processed are dead foods or actually not foods at all. Cooked 
foods are poisons to us. Depending on the type of lifestyle and results desired, raw food diets may 
include a selection of raw fruits, vegetables, nuts, seeds and non-pasteurized, non-homogenized dairy 
products (such as raw milk, raw milk cheese, and raw milk yogurt13.

                  The true definition of foods is “a substance that nourishes or fuels the body with life-giv-
ing force (that is enzymes, vitamins etc.) thereby strengthening, energizing and building it, without 
depleting or causing any hindrance to its functions. Food is not simply something one puts in the 
mouth, chews and swallows. Food should not deplete or rob the body of its needed essence or harm it 
in any way. Dead foods take an enormous toll in the body. Consider these facts about cooked, frozen, 
canned and processed foods.

Eventually, it is advocated that cooked food is poison to every animal on earth and humans 
are not excluded.” Notice that God never issues stoves when He creates people.

Thus, Hitbhuk suggests us to eat food that is good for the health and not according to the taste 
of the tongue. Don’t live for the taste of the tongue. When you live for the taste of tongue, you spoil 
your stomach and you fall ill.

MITAHAR

 Mitahar means eating food with all your senses and with a peaceful mind which will ensure 
that you eat the right quantity.

One should take food in proper quantity which is not contradictory in potency and that too, 
after the digestion of the previous meal. Food should be taken in proper place equipped with all 
the accessories, without talking and laughing, with concentration of mind and paying due regard 
to oneself14. The quantity of food to be taken again depends upon the power of digestion including 
metabolism. The amount of food which without disturbing the equilibrium gets digested as well as 
metabolized in proper time is to be regarded as the proper quantity15. 

RITAHAR

Ritahar refers to those foods which are earned and prepared by righteous means and also 
what is suitable in a particular season. The type of food and mode of eating should take into account 
the seasonal effects. The Biological Humors (Tridoshas) i.e. Vata, Pitta & Kapha which constitutes 
the body is also made up of Panchamahabhootas. As it is mentioned that; Vata is made up of Vayu and 
Akasha mahabhoota, Pitta is made up of Agni mahabhoota and Kapha is made up of Jala and Prithvi 
mahabhoota5. Each food article either has Dosha aggravating or pacifying or balancing action on 
human body. To keep the balance of Doshas (health) disturbed due to various factors like season, age 
etc., the Ayurveda prescribes specific diet6.

The knowledge of ritu charya (seasonal regimen) is another unique contribution of Ayurve-
da. Evaluating the effect of each seasonal variation and their effect on the human system leading to 
alteration in the balance of the doshas and other factors /principles in the body which, if neglected 
may become the etiology for the diseases. Hence the adaptation of ritucharya becomes inevitable in 
order to be healthy.

According to Ayurveda the constitution or dosha of the body and the seasons are intimately 
related. Our health is affected by the qualities of the climate we live in; our outer environment influ-
ences our inner world. For example, when the air is damp, cold and wet it increases these qualities in 
the body. Hence there is an increase in mucous, catarrh and colds in winter. Ritucharya is the obser-
vance of diet and regimen according to the seasonal changes5.

Seasonal- dietetics 

The Ayurveda prescribes specific diet for different seasons. 

Spring season – Bitter, hot and astringent diet is advised while salty, sour and sweet food should be 
avoided. Wheat, barley, honey syrup, fruits like mango, jack fruit-etc. are advised7. 

Summer season – Due to hot climate aggravation of pitta occurs. Hence pitta pacifying- cold, liquid, 
sweet and oily diet is advised. Excessive hot, spicy, sour salty diet should be avoided. Intake of rice,  
milk, ghee, sugar, grapes and coconut water are advised8.

Rainy season – In this season aggravation of vata occurs due to cold climate, hence vatashamaka- 
sweet, sour and salty food and drinks are preferred. The food should be hot, dry, fatty and easily 
digestible. Preserved rice, wheat and barley are advised9.

Winter season – Increase of Vata dosha occurs due to cold, dry, chilly atmosphere in this season 
hence vataghna, pittavardhaka diet is recommended. Hot, sweet, sour and salty food, milk, sugarcane, 
rice, oils and fats are advised10.

Autumn season – In this season aggravation of Pitta dosha occurs. Therefore, it is ideal to take ghee 
processed with bitter drugs; purgation, bloodletting, coolant, and light diet are advised. Bitter, sweet, 
pungent dominant diets are advised11.

In Ayurveda fruits picked at the wrong time (too soon, as in factory farm fruit growing,) 
and fruits eaten in the wrong season, (imported from faraway lands in another hemisphere) create 
digestive toxins, called Aama12. Try to eat fruits in season and that are ripened on the tree to maximize 
digestion of nutrients and experience. Match fruits and how you eat them to your body-mind type/
Dosha, for Vata-sweet, sour and salty,if possible heated, and with sweet warming spices in cold weath-
er, for Pitta-sweet, bitter and astringent, avoiding heat producing fruits, for Kapha-astringent, bitter, 
pungent, less fruit altogether, with added hot spices.
           Ritahar, also refers to acquiring food with Reet, meaning without hurting anyone in the process 
of acquiring food and through honest means as well as food that is prepared with goodwill. 

HITAHAR
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Hitahar refers to the best food for human. It means to eat that which is nourishing for your 
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anatomy in favour of a diet of crude vegetables and fruits for man.”

John Ray (1628-1704)- Father of English Natural History. In his honor a society was founded 
which carries his name: The Ray Society. According to John Ray “There is no doubt that man is not 
built to be a carnivorous animal. Everything we need to feed ourselves and to restore and please us is 
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We should eat to live and not live to eat. Shushruta advocates intake of food which is easily digestible, 
energetic, soft, and warm to be taken in proper quantity only when one is hungry17.

a) Eat only up to half stomach full

•	 Never fill up your stomach to its full capacity.

•	 Half portion of the empty stomach is needed for the gastric juices and enzymes to mix up 
with the food for digestion.

•	 Another half portion of the empty stomach is needed for air which plays an important role 
during the digestion process.

•	 Half of the stomach- filled with food
•	 One quarter of stomach- filled with gastric juices and enzymes

•	 One quarter of stomach- filled with air 

b) What is your yardstick to measure the level of food inside the stomach while eating?

While you are eating, the level of food inside your stomach is indicated by the act of belching 
(burping).

	 The first belch (burp) indicates- stomach is half full. 
	 The second belch (burp) indicates - stomach is three quarter full.
	 The third belch (burp) indicates - stomach is brim full.

Thus, stop eating after the first belch (burp).

c) The importance of proper digestion.

 The concept of Mitahar gives great importance to proper digestion. The food we eat cannot 
be used by our body directly as it is put in the mouth. The body has a digestive system which breaks 
down the food we eat into simple forms called nutrients. The body uses these nutrients from the food 
we eat to regulate the different functions of the body so as to maintain Perfect Health. 

 Thus, how effectively your body digest the foods you eat is crucial to your health and 
well-being. The golden positive food habit is: To eat only when there is genuine hunger. The golden 
rule for Best Digestion to take place for Perfect Health is to eat only when we are really hungry. What 
does genuine hunger means? Genuine hunger is our body’s language signaling us that our stomach is 
empty and our digestive power is fully prepared to receive and perfectly digest our next meal. More-
over, a strong digestive fire also helps you get rid of the toxins from the food.

What happens if we eat food in the absence of genuine hunger? Absence of genuine hunger 
means that the stomach and digestive power is in the process of digesting previous meal. If we eat 
something without genuine hunger, the digestive power (stomach) has no provision to release all the 
digestive juices and enzymes necessary for digestion to take place. Hence, eating without true hunger 
leads to indigestion, constipation and other digestive disorders. 

Thus, eat frugally/moderately. Do not fill your stomach totally with food; fill it up 50 per cent 
with food and keep 50 per cent empty. Chew your food well. Eat at regular time. 

CONCLUSION

This research paper brings to light those Ayurvedic Principles which reveal the timeless 
truth about the science of food and the Art of Eating. We should sincerely believe that following these 
principles correctly will bless the suffering humanity with the three-fold supreme God of life which is 
perfect health, peace of mind and enlightenment (higher states of consciousness).

 According to Ayurveda overeating is the cause of all diseases. Overeating can be defined as 
eating more than the body’s ability to digest at that point of time. It doesn’t simply mean eating too 
much. If the stomach lacks the power to digest at a particular time, then even a slice of an apple will 
amount to overeating. So, overeating doesn’t just mean eating a large quantity of food, it means eating 
that food at the wrong time. Our Shastras say that the wise man knows when to stop eating and the 
fool always overeats. Maharshi Charak discourses that if the food article is heavy, only three fourth or 
half of the stomach capacity is to be filled up16.

•	 Now, how do you know if you have overeaten?

 You know it when you experience discomfort or pain later. This discomfort becomes a partof 
our life. But, instead of learning from our pain; do we learn to eat till a point where we feel calm, easy, 
and light? No, we learn to “deal” with the pain of routinely overeating. There is a saying, if you don’t 
learn from history, history will repeat itself. So, if you don’t learn from overeating, overeating will 
repeat itself. Eventually, you will lose confidence in yourself, in your ability to decide what to eat, 
how much to eat, when to eat (and stop) etc.

 See it’s basically like this: overeat and it leads to discomfort and pain. With that comes fear. 
So, you stay away from food or starve after an episode of overeating. Now, here’s the flipside: The 
other side of the fear coin is ‘GREED’, so at the next meal you overeat again. And yes, depression, 
loss of confidence, and the host of obesity related disease just come with it, package deal. When you 
run from one end of the bridge to the other, FEAR to GREED, GREED to FEAR. You feel out of 
breath, out of shape, and out of your mind! Not surprising? So, then What? SIMPLE! The missing 
piece here is 

•	 Making Time to Eat in PEACE- When you eat in peace (not in pieces, with your attention 
also on work, remote control, phone, God knows millions of other things), then you will hear 
your stomach talk to you. It speaks in a language that we can understand. When there is still 
some space left in your stomach (about half of it), it says “No”. 

If you are alert enough to hear that, you put a full stop to your game of eating. If you didn’t 
hear your stomach say “No” or you heard and chose to ignore it (or you were just ‘busy’), then you 
pick up another morsel and lose at the game of eating ‘right’, looking thin, staying fit, healthy, happy 
and calm. Overeating disturbs not just our feelings of well-being, sense of calm and pride (yes, there 
is a sense of dignified pride on stopping at ‘No’) but also the hormonal balance, especially that of se-
rotonin (now emerging as a strong link to appetite control) and insulin (obvious isn’t it) and of course 
our blood circulation (that’s why we feel so numbed, all we want to do is sleep).

 And believe me, as counterintuitive as it may sound, it’s really difficult to overeat. Yes, it’s 
DIFFICULT to overeat and EFFORTLESS to eat right. The only reason that we manage to overeat all 
the time is because, as ‘modern’ men, we are fast losing our ability to rely on our intuition, much less 
nurture or value it. Aim to feel light and energetic post a meal, not stuffed and dull.

•	 Always eat in a calm state of mind- When your state of mind is calm and composed you se-
crete the right amount of digestive juices. This means that you are now ready to take in your 
food, break it down, digest and assimilate it. This is when your food reaches deep inside you, 
to all the tissues and cells which need energy.

•	 Eating when the mind is stressed or agitated turns the best food into toxin- When the mind 
is stressed, agitated, worked up, sad, angry and distracted you don’t secrete any digestive 
juices. You sure eat, but nothing gets digested or absorbed. Because you are feeling dis-
turbed or stressed in your mind (which the body perceives as a threat to its survival), most 
of the food gets converted into toxin or fat (the natural reaction of the body when it thinks 
it’s under threat).

How much to eat?
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Amla, a rich source of vitamin C, was heat treated for the study of thermal degradation pattern of 
ascorbic acid. The fully matured large fruits having uniform maturity were taken for the study. Total 
of 4 samples, 2 from juice (pasteurized juice, blanched juice), 2 from the extract of dried amla (dried 
amla extract and blanch-dried amla extract) and a standard ascorbic acid solution samples were 
prepared. The thermal degradation of ascorbic acid of the samples was carried out at 60 and 90˚C 
at different concentrations (10, 20 and 50 mg/100 ml). From the D-values obtained pasteurized juice 
showed maximum stability among all samples. It was much stable especially at higher concentrations. 
The D-value ranged from 57.12-20412.45 minutes. The D-value increased as the concentration of the 
sample was increased and decreased as the temperature was increased. Concentrations variation had 
more pronounced effect than temperature variation.
Keywords: Amala, Ascorbic acid, Thermal Degradation, Stability

INTRODUCTION
Amla (Phyllanthus emblica L.) is indigenous to tropical and subtropical areas of Nepal and Southeast 
Asia. It has been traditionally used in the ‘Ayurvedic’ and ‘Unani’ systems of medicine since time 
immemorial (Shah, 1978; Gopalan et al., 1993). It is highly nutritious and one of the richest source of 
ascorbic acid. The ascorbic acid contents of Amla ranges between 400 and 900 mg per 100 g edible 
portion, (Amal and Raghvan, 1958). This fruit is extensively used in the preparation of Ayurvedic 
medicines. (Ranote and Singh, 2006). It is sometimes used for making pickles and dry-candy (salt 
and spiced titaura) in homes. Amla preserve (mada or morabba) is a delicious product which is liked 
by many people in India and Nepal (Shah, 1978). Dehydrated form of Amla (normally powder) is 
generally used in different ayurvedic preparations. Dehydrated products have longer shelf life and can 
be used in the off season of the particular fruit crop (Ranote and Singh, 2006).

Ascorbic acid is the least stable of all vitamins and is easily destroyed during processing and 
storage. The fruits pass through the heat treatment process during processing of product. The study 
of effect of heat on ascorbic acid can explore its characteristics towards heat. In some fruits ascorbic 
acid is reported to be stabilized by its chemical constituents. The fruit is rich in tannins, polyphenols, 
leucoanthocyanins and acids which protect ascorbic acid from destruction by heat, light, oxygen, 
enzymes and other inhibitors such as metal ions (Priestly, 1979). Anaerobic destruction of ascorbic 
acid has also the significant effect (Lehninger, 1983).
Fruits and vegetables that are harvested a long time before they are consumed undergo heavy losses 
of ascorbic acid through enzymatic decomposition. For example, the ascorbic acid content of apples 
stored under domestic conditions falls to about 1/3 of the original value after only 2–3 months. Newly 
harvested potatoes have ascorbic acid content of about 30 mg/100 g; this figure falls rapidly to about 
8 mg/100 g after 8–9 months storage and virtually nil after another 2 months (Marks, 1975).

Loss of ascorbic acid due to blanching is between 13–60%. Short exposure to high temperatures 
is less harmful than longer heating at lower temperatures. The ascorbic acid losses during blanching 
are caused either by oxidation or by leaching; and small pieces of vegetable lose more ascorbic acid 
than do large pieces (Marks, 1975). Factors affecting losses of ascorbic acid are presented as follows:
•	 Pre harvest factor: Raw foods may vary widely in vitamin content because of climate and soil 

condition, genetic variation and maturity at the time of harvest (Ritter, 1982).
•	 Oxidation of ascorbic acid: Ascorbic acid may be oxidized both by air and by enzyme (Fisher and 

Bander, 1975). The loss mainly occurs due to enzymatic reactions of which peroxidase, ascorbic 
acid oxidases, cytochrome oxidase and phenolase are the most significant (Henshall, 1974). 
When the fruit is damaged and cellular fragmentation takes place, reductases are more liable and 
therefore oxidases are free to react with ascorbic acid. The rate of oxidation is influenced by pH, 
trace metals, enzymes, O-R potential, presence of O2 as well as time and temperature (Priestly, 
1979).

•	 Leaching of ascorbic acid: When fruits and vegetables are cooked, a large part of the ascorbic acid 
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Amla, a rich source of vitamin C, was heat treated for the study of thermal degradation pattern of 
ascorbic acid. The fully matured large fruits having uniform maturity were taken for the study. Total 
of 4 samples, 2 from juice (pasteurized juice, blanched juice), 2 from the extract of dried amla (dried 
amla extract and blanch-dried amla extract) and a standard ascorbic acid solution samples were 
prepared. The thermal degradation of ascorbic acid of the samples was carried out at 60 and 90˚C 
at different concentrations (10, 20 and 50 mg/100 ml). From the D-values obtained pasteurized juice 
showed maximum stability among all samples. It was much stable especially at higher concentrations. 
The D-value ranged from 57.12-20412.45 minutes. The D-value increased as the concentration of the 
sample was increased and decreased as the temperature was increased. Concentrations variation had 
more pronounced effect than temperature variation.
Keywords: Amala, Ascorbic acid, Thermal Degradation, Stability

INTRODUCTION
Amla (Phyllanthus emblica L.) is indigenous to tropical and subtropical areas of Nepal and Southeast 
Asia. It has been traditionally used in the ‘Ayurvedic’ and ‘Unani’ systems of medicine since time 
immemorial (Shah, 1978; Gopalan et al., 1993). It is highly nutritious and one of the richest source of 
ascorbic acid. The ascorbic acid contents of Amla ranges between 400 and 900 mg per 100 g edible 
portion, (Amal and Raghvan, 1958). This fruit is extensively used in the preparation of Ayurvedic 
medicines. (Ranote and Singh, 2006). It is sometimes used for making pickles and dry-candy (salt 
and spiced titaura) in homes. Amla preserve (mada or morabba) is a delicious product which is liked 
by many people in India and Nepal (Shah, 1978). Dehydrated form of Amla (normally powder) is 
generally used in different ayurvedic preparations. Dehydrated products have longer shelf life and can 
be used in the off season of the particular fruit crop (Ranote and Singh, 2006).

Ascorbic acid is the least stable of all vitamins and is easily destroyed during processing and 
storage. The fruits pass through the heat treatment process during processing of product. The study 
of effect of heat on ascorbic acid can explore its characteristics towards heat. In some fruits ascorbic 
acid is reported to be stabilized by its chemical constituents. The fruit is rich in tannins, polyphenols, 
leucoanthocyanins and acids which protect ascorbic acid from destruction by heat, light, oxygen, 
enzymes and other inhibitors such as metal ions (Priestly, 1979). Anaerobic destruction of ascorbic 
acid has also the significant effect (Lehninger, 1983).
Fruits and vegetables that are harvested a long time before they are consumed undergo heavy losses 
of ascorbic acid through enzymatic decomposition. For example, the ascorbic acid content of apples 
stored under domestic conditions falls to about 1/3 of the original value after only 2–3 months. Newly 
harvested potatoes have ascorbic acid content of about 30 mg/100 g; this figure falls rapidly to about 
8 mg/100 g after 8–9 months storage and virtually nil after another 2 months (Marks, 1975).

Loss of ascorbic acid due to blanching is between 13–60%. Short exposure to high temperatures 
is less harmful than longer heating at lower temperatures. The ascorbic acid losses during blanching 
are caused either by oxidation or by leaching; and small pieces of vegetable lose more ascorbic acid 
than do large pieces (Marks, 1975). Factors affecting losses of ascorbic acid are presented as follows:
•	 Pre harvest factor: Raw foods may vary widely in vitamin content because of climate and soil 

condition, genetic variation and maturity at the time of harvest (Ritter, 1982).
•	 Oxidation of ascorbic acid: Ascorbic acid may be oxidized both by air and by enzyme (Fisher and 

Bander, 1975). The loss mainly occurs due to enzymatic reactions of which peroxidase, ascorbic 
acid oxidases, cytochrome oxidase and phenolase are the most significant (Henshall, 1974). 
When the fruit is damaged and cellular fragmentation takes place, reductases are more liable and 
therefore oxidases are free to react with ascorbic acid. The rate of oxidation is influenced by pH, 
trace metals, enzymes, O-R potential, presence of O2 as well as time and temperature (Priestly, 
1979).

•	 Leaching of ascorbic acid: When fruits and vegetables are cooked, a large part of the ascorbic acid 
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zero time was assumed to be the time when the content in the tube attended the specified temperature 
and in equal intervals the other reading were taken. The test-tube taken out at each interval were put 
in ice-cool water containing fresh ice cubes for rapid cooling before the ascorbic acid content was 
determined. Ascorbic acid content was determined by 2, 6-dichlorophenolindophenol visual titration 
method following AOAC (2005) procedure 45.1.14.

The experiments were conducted in a completely randomized design and all the determinations 
were done in duplicates for kinetic degradation of ascorbic acid. The experiments were analyzed by 
two ways no blocking ANOVA and LSD at 5% level of significance level using the software GenStat 
Discovery Edition 3 GenStat Release  7.22 DE  (PC/Windows XP) GenStat Procedure Library Release 
PL15.2, 2008. The kinetic degradation of ascorbic acid was fitted to linear regression equation with 
Microsoft Excel 2007 and linear regression coefficient (R2) of the fitted line was obtained by the same 
software.
RESULTS AND DISCUSSION
Fully matured large sized fruits which contained highest amount of ascorbic acid (635.47±5.33 
mg/100 g edible portion) from samples of different maturity was taken for the treatment. The ascorbic 
acid retained after drying of blanched fruits were 72.10% which was quite closer to that reported by 
Uprety (1987) which was 70% for blanched fruits; but Dhital (1999) reported 84.9% retention. The 
variations in the variety, maturity, processing conditions etc. have marked effect on loss of ascorbic 
acid which may have affected the result. The juice yield was found to be 45% of the edible portion of 
amla. This value was in agreement with the result obtained by Dhital (1999). 
Thermal stability of ascorbic acid in Amla
For the determination of thermal stability of Amla, the samples (A, B, C, D and S) were diluted to 
proper concentration with distilled water, placed in test-tube and treated in waterbath at specified 
temperature. For the preparation of standard ascorbic acid solution (S), 1% ascorbic acid was prepared 
in 3% meta-phosphoric acid and this was diluted to required concentration with distilled water when 
needed. And for the preparation of extract, the dried sample was soaked in 3% meta-phosphoric acid 
before blending. 
Kinetic thermal degradation of ascorbic acid 
The retention of ascorbic acid was found to change with time, temperature, and initial concentration 
of ascorbic acid. The degradation kinetics of ascorbic acid was found to be of first order kinetics. 
For each study of degradation kinetics, a specific temperature-concentration combination of different 
samples were taken and heated with frequent examination of retained ascorbic acid. 
The graph of percentage retention of ascorbic acid and log of % retention of ascorbic acid with 
respect to time was plotted for each temperature-concentration combination of each sample. From 
these graphs, k-value and D-value were calculated. The logarithm of concentrations were linearly 
related with respect to time. The overall regression coefficient (R2) fell in the range of 0.69 to 0.99.
Thermal degradation pattern of ascorbic acid at 60 °C
At 60 °C, all the samples showed maximum retention of ascorbic acid. The graphs of % retention of 
original data are described in brief as follows.

1.85

1.9

1.95

2

0 10 20 30 40 50 60
Time (min.)

lo
g 

of
 %

 re
ten

tio
n

S A B C D

(b)
70

80

90

100

0 10 20 30 40 50 60
Time (min.)

R
et

en
tio

n 
(%

)

S A B C D

(a)

 
Fig. 1  Kinetics of ascorbic acid degradation of samples of 10 mg % concentration at 60°C. (a) % 
retention against time. (b) Log of % retention against time.
The ascorbic acid loss is found to be 19.92, 22.36, 24.79, 25.16 and 28.30 % of A, B, C, D and S 
respectively after 50 minutes of thermal treatment as shown in Fig. 1 (a). From Fig. 1 (b), the D-values 
obtained are 511.60, 476.81, 425.33, 410.92 and 349.31 respectively for A, B, C, D and S. Compared 

can be washed out into the cooking water (Fisher and Bander, 1975). Leaching is the prime cause 
of ascorbic acid loss when undamaged peas are blanched at 97°C (Birch et al., 1974).

•	 Drying or dehydration: Ascorbic acid is the most difficult of the vitamins to preserve during the 
dehydration of food. It is generally considered that the presence of ascorbic acid in processed food 
is highly correlated with overall quality of food products (Birch et al., 1974; Lee, 1975).

•	 Anaerobic destruction: Anaerobic destruction of ascorbic acid following oxidative changes is 
also significant. The accelerator of these reactions is fructose, fructose-6-phosphate, fructose-1, 
6-diphosphate sucrose and caramelized fructose (Henshall, 1974). 

•	 Non enzymatic changes: some metals have catalytic effects of Cu, which are enhanced by iron, 
resulting in the formation of dehydro ascorbic acid and hydrogen peroxide. The H2O2 produced in 
this reaction further changes and gives O2 and water (Henshall, 1974).

•	 Loss during storage: The destruction rate of ascorbic acid during storage is affected by moisture 
content, metal ions, presence of O2, enzyme, temperature and time (Henshall, 1974).

Different authors have given their view on the heat stability of ascorbic acid in Amla. Heating or 
drying of fresh fruits and vegetables usually lead to the destruction of most of the ascorbic acid 
originally present. However, Amla is an exception among fruits, not only because of its high initial 
ascorbic acid content, but also it contains polypnenols, leucoanthocyanins, tannins and antioxidants 
which protect the ascorbic acid destruction. Further, acidity also has protective action on ascorbic 
acid (Dewan, 1994; Gopalan et al., 1993). Ascorbic acid is very stable in some fruit juices containing 
flavones and flavonones with a 3-hydroxyl-4-carbonyl group in the pyrone ring or a 3’4’-dihydroxy 
group in the B-ring (Spanyar et al., 1964; Clegg and Morton, 1968). The gallic acid present in Amla 
has a marked antioxidant property whereas tannins and polyphenols in Amla retard the oxidation of 
ascorbic acid. Amla contains as many as 13 separate tannins and 3-4 colloidal complexes in its tissues 
(Barthakur and Arnold, 1990). 

MATERIALS AND METHODS
Amla was purchased from Krishi Bazaar, Amarhat, Dharan in a single lot for same variety and 
maturity stage of fruits. Damaged and bruished fruits were sorted out from undamaged sound fruits. 
It was then graded by size and large matured fruits (diameter >25 mm) was taken for further analysis. 
The graded amla samples were thoroughly washed with tap water and the water remaining was wiped 
out using clean muslin cloth.  Amla was cut through ridges and seed was removed using stainless 
steel knives. These destoned samples were used for further processing. For blanching, sound washed 
Amla was blanched at boiling temperature for 3 minutes. Water was immediately drained off and 
washed with tap water for cooling. The blanched fruits were then cut through ridges and seeds were 
removed. These were used further for juice extraction and drying just after the blanching. Amla juice 
was extracted in mechanical juice extractor after destoning of amla. Juice was strained and used for 
thermal treatment. Blanched Amla juice was extracted using 1:1 water. These strained juices were 
stored in deep freeze during laboratory work. Pasteurization of raw amla juice was carried out at 85˚C 
for 2 minutes for inactivation of enzymes as reported by Lal et al. (1998). Both raw and blanched amla 
was dried in electric cabinet drier at 60˚C for about 20 hours till the moisture content went below 6%. 
Raw amla was dried as a whole without destoning, for blanched Amla it was cut through ridges, seeds 
removed and then dried. Raw amla (sorted, graded and washed) was packed in LDPE and stored in 
freeze at 4˚C. Dried amla samples were vacuum packed in LDPE and stored in freeze at 4˚C. The amla 
juices were kept in stainless steel containers and stored at -24˚C in deep freeze.

For the preparation of extract, about 35 gram of the dried sample was soaked in 100 ml of 3% 
metaphosphoric acid solution for about 4 hours and blended in mixer for homogenous mixture and 
then filtered to get the extract. Total of five samples were prepared, 2 samples from juice (both 
blanched and unblanched), 2 samples from extract of the dried amla (both blanched and unblanched) 
and the one being standard solution. The samples prepared were coded as follows:

 A: Pasteurized Amla juice.
 B: Blanched Amla juice.
 C: Dried Amla extract.
 D: Blanched-dried Amla extract.
  S: Standard ascorbic acid solution prepared using pure ascorbic acid.
Kinetic degradation of ascorbic acid was found for all samples, each of different concentrations (10, 

20 and 50 mg %) at each of different temperature (60°C and 90°C). For this each prepared samples (10 
ml) was put in glass test-tube (Borosil; 20 ml capacity), covered with the aluminium foil and then put 
in the heated water bath (Clifton unstirred bath; precision ±1°C at each specified temperatures. The 
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zero time was assumed to be the time when the content in the tube attended the specified temperature 
and in equal intervals the other reading were taken. The test-tube taken out at each interval were put 
in ice-cool water containing fresh ice cubes for rapid cooling before the ascorbic acid content was 
determined. Ascorbic acid content was determined by 2, 6-dichlorophenolindophenol visual titration 
method following AOAC (2005) procedure 45.1.14.

The experiments were conducted in a completely randomized design and all the determinations 
were done in duplicates for kinetic degradation of ascorbic acid. The experiments were analyzed by 
two ways no blocking ANOVA and LSD at 5% level of significance level using the software GenStat 
Discovery Edition 3 GenStat Release  7.22 DE  (PC/Windows XP) GenStat Procedure Library Release 
PL15.2, 2008. The kinetic degradation of ascorbic acid was fitted to linear regression equation with 
Microsoft Excel 2007 and linear regression coefficient (R2) of the fitted line was obtained by the same 
software.
RESULTS AND DISCUSSION
Fully matured large sized fruits which contained highest amount of ascorbic acid (635.47±5.33 
mg/100 g edible portion) from samples of different maturity was taken for the treatment. The ascorbic 
acid retained after drying of blanched fruits were 72.10% which was quite closer to that reported by 
Uprety (1987) which was 70% for blanched fruits; but Dhital (1999) reported 84.9% retention. The 
variations in the variety, maturity, processing conditions etc. have marked effect on loss of ascorbic 
acid which may have affected the result. The juice yield was found to be 45% of the edible portion of 
amla. This value was in agreement with the result obtained by Dhital (1999). 
Thermal stability of ascorbic acid in Amla
For the determination of thermal stability of Amla, the samples (A, B, C, D and S) were diluted to 
proper concentration with distilled water, placed in test-tube and treated in waterbath at specified 
temperature. For the preparation of standard ascorbic acid solution (S), 1% ascorbic acid was prepared 
in 3% meta-phosphoric acid and this was diluted to required concentration with distilled water when 
needed. And for the preparation of extract, the dried sample was soaked in 3% meta-phosphoric acid 
before blending. 
Kinetic thermal degradation of ascorbic acid 
The retention of ascorbic acid was found to change with time, temperature, and initial concentration 
of ascorbic acid. The degradation kinetics of ascorbic acid was found to be of first order kinetics. 
For each study of degradation kinetics, a specific temperature-concentration combination of different 
samples were taken and heated with frequent examination of retained ascorbic acid. 
The graph of percentage retention of ascorbic acid and log of % retention of ascorbic acid with 
respect to time was plotted for each temperature-concentration combination of each sample. From 
these graphs, k-value and D-value were calculated. The logarithm of concentrations were linearly 
related with respect to time. The overall regression coefficient (R2) fell in the range of 0.69 to 0.99.
Thermal degradation pattern of ascorbic acid at 60 °C
At 60 °C, all the samples showed maximum retention of ascorbic acid. The graphs of % retention of 
original data are described in brief as follows.
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Fig. 1  Kinetics of ascorbic acid degradation of samples of 10 mg % concentration at 60°C. (a) % 
retention against time. (b) Log of % retention against time.
The ascorbic acid loss is found to be 19.92, 22.36, 24.79, 25.16 and 28.30 % of A, B, C, D and S 
respectively after 50 minutes of thermal treatment as shown in Fig. 1 (a). From Fig. 1 (b), the D-values 
obtained are 511.60, 476.81, 425.33, 410.92 and 349.31 respectively for A, B, C, D and S. Compared 

can be washed out into the cooking water (Fisher and Bander, 1975). Leaching is the prime cause 
of ascorbic acid loss when undamaged peas are blanched at 97°C (Birch et al., 1974).

•	 Drying or dehydration: Ascorbic acid is the most difficult of the vitamins to preserve during the 
dehydration of food. It is generally considered that the presence of ascorbic acid in processed food 
is highly correlated with overall quality of food products (Birch et al., 1974; Lee, 1975).

•	 Anaerobic destruction: Anaerobic destruction of ascorbic acid following oxidative changes is 
also significant. The accelerator of these reactions is fructose, fructose-6-phosphate, fructose-1, 
6-diphosphate sucrose and caramelized fructose (Henshall, 1974). 

•	 Non enzymatic changes: some metals have catalytic effects of Cu, which are enhanced by iron, 
resulting in the formation of dehydro ascorbic acid and hydrogen peroxide. The H2O2 produced in 
this reaction further changes and gives O2 and water (Henshall, 1974).

•	 Loss during storage: The destruction rate of ascorbic acid during storage is affected by moisture 
content, metal ions, presence of O2, enzyme, temperature and time (Henshall, 1974).

Different authors have given their view on the heat stability of ascorbic acid in Amla. Heating or 
drying of fresh fruits and vegetables usually lead to the destruction of most of the ascorbic acid 
originally present. However, Amla is an exception among fruits, not only because of its high initial 
ascorbic acid content, but also it contains polypnenols, leucoanthocyanins, tannins and antioxidants 
which protect the ascorbic acid destruction. Further, acidity also has protective action on ascorbic 
acid (Dewan, 1994; Gopalan et al., 1993). Ascorbic acid is very stable in some fruit juices containing 
flavones and flavonones with a 3-hydroxyl-4-carbonyl group in the pyrone ring or a 3’4’-dihydroxy 
group in the B-ring (Spanyar et al., 1964; Clegg and Morton, 1968). The gallic acid present in Amla 
has a marked antioxidant property whereas tannins and polyphenols in Amla retard the oxidation of 
ascorbic acid. Amla contains as many as 13 separate tannins and 3-4 colloidal complexes in its tissues 
(Barthakur and Arnold, 1990). 

MATERIALS AND METHODS
Amla was purchased from Krishi Bazaar, Amarhat, Dharan in a single lot for same variety and 
maturity stage of fruits. Damaged and bruished fruits were sorted out from undamaged sound fruits. 
It was then graded by size and large matured fruits (diameter >25 mm) was taken for further analysis. 
The graded amla samples were thoroughly washed with tap water and the water remaining was wiped 
out using clean muslin cloth.  Amla was cut through ridges and seed was removed using stainless 
steel knives. These destoned samples were used for further processing. For blanching, sound washed 
Amla was blanched at boiling temperature for 3 minutes. Water was immediately drained off and 
washed with tap water for cooling. The blanched fruits were then cut through ridges and seeds were 
removed. These were used further for juice extraction and drying just after the blanching. Amla juice 
was extracted in mechanical juice extractor after destoning of amla. Juice was strained and used for 
thermal treatment. Blanched Amla juice was extracted using 1:1 water. These strained juices were 
stored in deep freeze during laboratory work. Pasteurization of raw amla juice was carried out at 85˚C 
for 2 minutes for inactivation of enzymes as reported by Lal et al. (1998). Both raw and blanched amla 
was dried in electric cabinet drier at 60˚C for about 20 hours till the moisture content went below 6%. 
Raw amla was dried as a whole without destoning, for blanched Amla it was cut through ridges, seeds 
removed and then dried. Raw amla (sorted, graded and washed) was packed in LDPE and stored in 
freeze at 4˚C. Dried amla samples were vacuum packed in LDPE and stored in freeze at 4˚C. The amla 
juices were kept in stainless steel containers and stored at -24˚C in deep freeze.

For the preparation of extract, about 35 gram of the dried sample was soaked in 100 ml of 3% 
metaphosphoric acid solution for about 4 hours and blended in mixer for homogenous mixture and 
then filtered to get the extract. Total of five samples were prepared, 2 samples from juice (both 
blanched and unblanched), 2 samples from extract of the dried amla (both blanched and unblanched) 
and the one being standard solution. The samples prepared were coded as follows:

 A: Pasteurized Amla juice.
 B: Blanched Amla juice.
 C: Dried Amla extract.
 D: Blanched-dried Amla extract.
  S: Standard ascorbic acid solution prepared using pure ascorbic acid.
Kinetic degradation of ascorbic acid was found for all samples, each of different concentrations (10, 

20 and 50 mg %) at each of different temperature (60°C and 90°C). For this each prepared samples (10 
ml) was put in glass test-tube (Borosil; 20 ml capacity), covered with the aluminium foil and then put 
in the heated water bath (Clifton unstirred bath; precision ±1°C at each specified temperatures. The 
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Comparing D-value obtained at 20 mg/dl (Fig. 5), the D-values of A, B, C and D were 6.19, 5.00, 2.54 
and 2.19 times higher than S.
At the concentration of 50 mg/dl (Fig. 6), samples A, B, C and D were found to be 4.04, 3.67, 2.94 and 
2.84 times more stable compared to S.

More than 90 % of the regression coefficient varied from 0.90-0.99 showing linear relation. The 
trend did not show perfect linear regression, as regression coefficient (R2) varied from 0.78 to 0.99. 
This may be due to the fact that the loss of ascorbic acid was not only affected by temperature and 
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more stable obtained by comparing the D-values of respective samples.
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Fig. 2  Kinetics of ascorbic acid degradation of samples of 20 mg % concentration at 60°C. (a) % 
retention against time. (b) Log of % retention against time.
In Fig. 2 the samples showed same trend as at 10 mg/100 ml; the loss of ascorbic acid in increasing 
trend was found to be A, B, C, D and S; and the D-values of the respective samples are 1140.64, 
1083.14, 833.88, 833.88 and 613.34. A, B, C and D samples are found to be 1.86, 1.77,  1.36 and 1.36 
times more stable compared to S.
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Fig. 3  Kinetics of ascorbic acid degradation of samples of 50 mg % concentration at 60°C. (a) % 
retention against time. (b) Log of % retention against time.
At this temperature-concentration combination, the trend of destruction of ascorbic acid is different 
from the previous trends. As we can see in the Fig. 3 (a), the sample A did not show any change in 
concentration till 200 minutes, B showed slight change at 200 minutes and C and D showed some 
constant values. This can be explained by the fact that at 50mg/ 100ml ascorbic acid concentration, 
60°C is not sufficient enough to bring significant change at the prescribed time interval for sample 
removal. The D-value obtained for B, C, D and S are 20412.45, 6281.55, 5060.09 and 4105.21 and 
the stability of B, C and D are found to be 4.97, 1.53 and 1.23 times higher than S. D-value of sample 
A could not be determined due to no change in ascorbic acid.
Thermal degradation pattern of ascorbic acid at 90 °C
At 90°C, the loss of ascorbic acid was found to be increased significantly. The loss % of ascorbic acid 
at 90 °C 30-60%. At 10 mg % concentration (Fig. 4), the samples A, B, C and D are 2.76, 2.44, 1.90 
and 1.73 times higher than S.
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Comparing D-value obtained at 20 mg/dl (Fig. 5), the D-values of A, B, C and D were 6.19, 5.00, 2.54 
and 2.19 times higher than S.
At the concentration of 50 mg/dl (Fig. 6), samples A, B, C and D were found to be 4.04, 3.67, 2.94 and 
2.84 times more stable compared to S.

More than 90 % of the regression coefficient varied from 0.90-0.99 showing linear relation. The 
trend did not show perfect linear regression, as regression coefficient (R2) varied from 0.78 to 0.99. 
This may be due to the fact that the loss of ascorbic acid was not only affected by temperature and 
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In Fig. 2 the samples showed same trend as at 10 mg/100 ml; the loss of ascorbic acid in increasing 
trend was found to be A, B, C, D and S; and the D-values of the respective samples are 1140.64, 
1083.14, 833.88, 833.88 and 613.34. A, B, C and D samples are found to be 1.86, 1.77,  1.36 and 1.36 
times more stable compared to S.
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Fig. 3  Kinetics of ascorbic acid degradation of samples of 50 mg % concentration at 60°C. (a) % 
retention against time. (b) Log of % retention against time.
At this temperature-concentration combination, the trend of destruction of ascorbic acid is different 
from the previous trends. As we can see in the Fig. 3 (a), the sample A did not show any change in 
concentration till 200 minutes, B showed slight change at 200 minutes and C and D showed some 
constant values. This can be explained by the fact that at 50mg/ 100ml ascorbic acid concentration, 
60°C is not sufficient enough to bring significant change at the prescribed time interval for sample 
removal. The D-value obtained for B, C, D and S are 20412.45, 6281.55, 5060.09 and 4105.21 and 
the stability of B, C and D are found to be 4.97, 1.53 and 1.23 times higher than S. D-value of sample 
A could not be determined due to no change in ascorbic acid.
Thermal degradation pattern of ascorbic acid at 90 °C
At 90°C, the loss of ascorbic acid was found to be increased significantly. The loss % of ascorbic acid 
at 90 °C 30-60%. At 10 mg % concentration (Fig. 4), the samples A, B, C and D are 2.76, 2.44, 1.90 
and 1.73 times higher than S.
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concentrations prepared at all heating temperatures applied and also between the different treatments 
applied. The effect of different concentration was more pronounced effect than different temperatures 
applied.
Effect of treatments on D-value  ascorbic acid
When comparing among the samples, D-values increased in order of standard solution (S), blanch-
dried extract (D), dried extract (C), blanched juice (B) and pasteurized juice (A). Thus sample A was 
found to be most stable among all the samples prepared. Further these different treatments also had 
significant effect (p≤0.05) on D-values at all concentration levels; but the treatments had no effect on 
D-values at any temperature applied. All the samples (A, B, C and D) showed significant difference 
from the standard solution of ascorbic acid showing that all the 4 forms were different and more stable 
than standard solution.
CONCLUSIONS
On overall results, the D-values of samples were found to be significantly different from one another. 
The D-values obtained were found to be significantly different (p≤0.05) when comparing between the 
temperatures at all concentration; when comparing between the concentrations at all temperature; when 
comparing between the samples at all concentration; and when comparing between the concentrations 
in all treatments. But there were no significant difference (p>0.05) when comparing between the 
samples at all temperature and when comparing between the temperatures in all treatments. 

The D-value obtained by Adekunle and Nkpa, (1996) for degradation of ascorbic acid in fluted 
pumpkin (Telfairia occidentalis) has ranged from 324.7-91.03 (whole), 264.71-74.53 (chopped) 
and 223.59-106.13 (pureed) at temperature range 60°C-100°C. Karhan et al., (2004) has found the 
D-value ranging from 302-175 in anaerobic degradation of ascorbic acid in rose hip pulp at 70°C 
– 95°C temperature range. The minimium D-value obtained of different samples are found to be 
much higher than the reported values. The D-value obtained are higher than the reported by these 
researchers showing that ascorbic acid in Amla is more stable than in any other sources. Though 
stability of ascorbic acid in Amla is not studied by many but several authors (Dewan, 1994; Gopalan 
et al., 1993; Barthakur and Arnold, 1990) have reported that the chemical constituents of Amla (e. g. 
polypnenols, tannins, leucoanthocyanins and other antioxidants) protect ascorbic acid of Amla from 
destruction. Also the high initial ascorbic acid content of Amla protects it from the destruction. High 
acidity also has protective effect on the retention of ascorbic acid (Gopalan et al., 1978).
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initial concentration of ascorbic acid but other parameters like pH, acidity, trace metal, oxidation-
reduction potential, ratio of ascorbic acid to dehydro-ascorbic acid etc. also has marked effect on loss 
of ascorbic acid (Priesty, 1976; Cleg and Morton, 1965; Huelin, 1971; Deman, 1976). 
Effect of temperature on loss of ascorbic acid 
Temperature had marked effect on the loss of ascorbic acid.  As the temperature is increased from 60 
to 90°C, the loss of ascorbic acid increased from 0-6% to 9-35% at the concentration of 50 mg/100 
ml after 100 minutes; and 13-15% to 31-61% as at concentration of 10 mg/100ml after 25 minutes 
heating.
Effect of concentration on loss of ascorbic acid 
Concentration also has marked effect on loss of ascorbic acid but opposite as that of temperature as 
with increasing concentration, the loss of ascorbic acid decreased. As the concentration of ascorbic 
acid was increased from 10 to 50 mg/100ml, the loss of ascorbic acid decreased from 13-61% after 25 
minutes to 0-35% after 100 minutes respectively among all the samples.
Effect of treatments on loss of ascorbic acid 
Among all the samples and standard ascorbic acid, at all temperature-concentration combination, 
degradation of ascorbic acid was found to be decreased in order of standard (S), D, C, B and A. So 
sample A showed maximum retention of ascorbic acid at all temperature-concentration combination. 
Thus the treatment of pasteurization immediately after the juice extraction was found to retain 
maximum of ascorbic acid among all the samples prepared.
D-value of the samples
Decimal reduction time shows the time for 90% destruction. The decimal reduction time (D) of 
ascorbic acid was calculated using the expression: D= 2.303/ k. The D-value obtained at different 
temperatures and concentrations are presented in Table 1. The D-value obtained was low at higher 
temperature and vice versa. 
The D-value among all samples ranged from 57.16 to 20412.45 with 1 sample’s D-values not 
determined as no change of ascorbic acid was observed within the specified time used for other samples. 
Table 4.1 shows clearly that D-value increase with increasing concentration at same temperature and 
also D-value decreases with increasing temperature at the same concentration. Thus temperature and 
concentration have marked effect on the stability of ascorbic acid. Comparing the stability of the 
samples in terms of D-value, the stability trend is as follows- S<D<C<B<A. The relative stability of 
A, B, C and D with respect to S ranged from 1.46-6.19, 1.37-5.00, 1.22-2.94 and 1.18-2.84 times at 
different temperature-concentration combinations respectively.
Table 1  D-value (minutes) of ascorbic acid at various temperatures and concentrations.

Temperature Concentration S A B C D

60 10 349.31 511.60 476.81 425.33 410.92
60 20 645.58 1681.26 1494.07 1045.08 1002.18
60 50 4105.20        - 20412.45 6281.55 5060.09
90 10 57.16 157.91 139.19 108.71 98.79
90 20 257.33 1592.28 1288.52 653.10 564.53
90 50 599.48 2422.50 2197.36 1761.45 1705.41

 Among all the samples prepared A, i.e., pasteurized juice without blanching and drying was 
found to be most stable. The D-values of A ranged from 157.91 and 2422.50 with the corresponding 
D-values for S being 57.16 and 599.48. As we can clearly see that at constant temperature with 
increasing concentration, the retention or stability of ascorbic acid increased and also at constant 
concentration with increasing temperature, the retention was decreased.
Effect of temperature on D-value  ascorbic acid
Temperature had marked effect on the D-values of samples; on increasing the temperature, D-value 
was found to be decrease gradually. Statistically, the D-values were found to be significantly different 
when heated at different temperatures in all concentrations (p≤0.05); but the D-values did not show 
significant difference (p>0.05) between the different treatments applied.
Effect of concentration on D-value  ascorbic acid
The initial concentration of ascorbic acid also had marked effect on the D-values of the samples 
obtained. The samples showed significant difference (p≤0.05) when comparing between the different 
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concentrations prepared at all heating temperatures applied and also between the different treatments 
applied. The effect of different concentration was more pronounced effect than different temperatures 
applied.
Effect of treatments on D-value  ascorbic acid
When comparing among the samples, D-values increased in order of standard solution (S), blanch-
dried extract (D), dried extract (C), blanched juice (B) and pasteurized juice (A). Thus sample A was 
found to be most stable among all the samples prepared. Further these different treatments also had 
significant effect (p≤0.05) on D-values at all concentration levels; but the treatments had no effect on 
D-values at any temperature applied. All the samples (A, B, C and D) showed significant difference 
from the standard solution of ascorbic acid showing that all the 4 forms were different and more stable 
than standard solution.
CONCLUSIONS
On overall results, the D-values of samples were found to be significantly different from one another. 
The D-values obtained were found to be significantly different (p≤0.05) when comparing between the 
temperatures at all concentration; when comparing between the concentrations at all temperature; when 
comparing between the samples at all concentration; and when comparing between the concentrations 
in all treatments. But there were no significant difference (p>0.05) when comparing between the 
samples at all temperature and when comparing between the temperatures in all treatments. 

The D-value obtained by Adekunle and Nkpa, (1996) for degradation of ascorbic acid in fluted 
pumpkin (Telfairia occidentalis) has ranged from 324.7-91.03 (whole), 264.71-74.53 (chopped) 
and 223.59-106.13 (pureed) at temperature range 60°C-100°C. Karhan et al., (2004) has found the 
D-value ranging from 302-175 in anaerobic degradation of ascorbic acid in rose hip pulp at 70°C 
– 95°C temperature range. The minimium D-value obtained of different samples are found to be 
much higher than the reported values. The D-value obtained are higher than the reported by these 
researchers showing that ascorbic acid in Amla is more stable than in any other sources. Though 
stability of ascorbic acid in Amla is not studied by many but several authors (Dewan, 1994; Gopalan 
et al., 1993; Barthakur and Arnold, 1990) have reported that the chemical constituents of Amla (e. g. 
polypnenols, tannins, leucoanthocyanins and other antioxidants) protect ascorbic acid of Amla from 
destruction. Also the high initial ascorbic acid content of Amla protects it from the destruction. High 
acidity also has protective effect on the retention of ascorbic acid (Gopalan et al., 1978).
REFERENCES
Adams, J. B. (1978). The inactivation and regeneration of peroxidase in relation to the high temperature 

- short time processing of vegetables. J. Food Tech., 13, 281-297.
Adekunle, D. E. and Nkpa N. N. I. (1996). Kinetics of heat and enzymatic degradation of ascorbic acid 

in fluted pumpkin leaves. Department of Food Science and Technology, University of Agriculture, 
Makurdi, Nigeria, Publication.

Amal and Raghvan (1958). [(cited in Scientia Horticulturie (N.N. Barthakur and N.P. Arnold ed), 47, 
99-105. Elsevier Science Publishers. D.V. Amsterdam.)]. 

AOAC (2005). “Official Methods of Analysis” (18th ed.). Association of Official Analytical Chemists, 
Arlington, VA, USA.

Barthakur N. N. and Arnold, N. P. (1990). Chemical Analysis of Emblic (Phyllanthus emblica L.) and 
its Potential as a Food Source. Scintia Horticulturae. 47: 98-105. 

Birch, G. G., B. M. Rolfe and Selmon J. D. (1974). Quality changes related to vitamin C in the fruit 
juice and vegetable processing in vitamin C. (G.G Birch and K.J. Parker ed.). Applied Science 
Publishers Ltd., London.

Canjura, F. L., Schwartz, S. J. and Nunes, R. (1991). Degradation Kinetics of Chlorophylls and 
Chlorophyllides. J. Food Sci. 56 (6): 1639-1643

Clegg, K.M and Morton, A.D. (1965). Vitamins and Minerals. In “Principal of Food Science”. (O.R 
Fennema ed.), pp. 361 Marcel Dekker Inc., New York.

Clegg, K. M. and Morton, A. D. (1968). The phenolic compounds of black currant juice and their 
protective effect on ascorbic acid II. J. Food Technol. 3: 277-284.

Cohen, E., Birk, Y., Mannheim, C. M. and Saguy, I. S. (1994). Kinetic parameter estimation for 
quality change during continuous thermal processing of grapefruit juice. J. Food Sci.59: 155–158.

Dewan, A. D. (1994). “Food for Health”, pp. 47-52. M/S A.C Specialist Publishers Pvt. Ltd. New 
Delhi. 

Dhital, S. (1999). Study on the Thermal Stability of Ascorbic Acid in Amla. A dissertation submitted 
to CCT, TU. 

Fisher, P. and Bander, A. E (1975). “The Value of Food” (2nd edition), p. 44. Oxford University Press. 
Gopalan, C. I., Ramasastri, B. V. and Bal Subramanian, S. C. (1993). “Nutritive values of Indian 

initial concentration of ascorbic acid but other parameters like pH, acidity, trace metal, oxidation-
reduction potential, ratio of ascorbic acid to dehydro-ascorbic acid etc. also has marked effect on loss 
of ascorbic acid (Priesty, 1976; Cleg and Morton, 1965; Huelin, 1971; Deman, 1976). 
Effect of temperature on loss of ascorbic acid 
Temperature had marked effect on the loss of ascorbic acid.  As the temperature is increased from 60 
to 90°C, the loss of ascorbic acid increased from 0-6% to 9-35% at the concentration of 50 mg/100 
ml after 100 minutes; and 13-15% to 31-61% as at concentration of 10 mg/100ml after 25 minutes 
heating.
Effect of concentration on loss of ascorbic acid 
Concentration also has marked effect on loss of ascorbic acid but opposite as that of temperature as 
with increasing concentration, the loss of ascorbic acid decreased. As the concentration of ascorbic 
acid was increased from 10 to 50 mg/100ml, the loss of ascorbic acid decreased from 13-61% after 25 
minutes to 0-35% after 100 minutes respectively among all the samples.
Effect of treatments on loss of ascorbic acid 
Among all the samples and standard ascorbic acid, at all temperature-concentration combination, 
degradation of ascorbic acid was found to be decreased in order of standard (S), D, C, B and A. So 
sample A showed maximum retention of ascorbic acid at all temperature-concentration combination. 
Thus the treatment of pasteurization immediately after the juice extraction was found to retain 
maximum of ascorbic acid among all the samples prepared.
D-value of the samples
Decimal reduction time shows the time for 90% destruction. The decimal reduction time (D) of 
ascorbic acid was calculated using the expression: D= 2.303/ k. The D-value obtained at different 
temperatures and concentrations are presented in Table 1. The D-value obtained was low at higher 
temperature and vice versa. 
The D-value among all samples ranged from 57.16 to 20412.45 with 1 sample’s D-values not 
determined as no change of ascorbic acid was observed within the specified time used for other samples. 
Table 4.1 shows clearly that D-value increase with increasing concentration at same temperature and 
also D-value decreases with increasing temperature at the same concentration. Thus temperature and 
concentration have marked effect on the stability of ascorbic acid. Comparing the stability of the 
samples in terms of D-value, the stability trend is as follows- S<D<C<B<A. The relative stability of 
A, B, C and D with respect to S ranged from 1.46-6.19, 1.37-5.00, 1.22-2.94 and 1.18-2.84 times at 
different temperature-concentration combinations respectively.
Table 1  D-value (minutes) of ascorbic acid at various temperatures and concentrations.

Temperature Concentration S A B C D

60 10 349.31 511.60 476.81 425.33 410.92
60 20 645.58 1681.26 1494.07 1045.08 1002.18
60 50 4105.20        - 20412.45 6281.55 5060.09
90 10 57.16 157.91 139.19 108.71 98.79
90 20 257.33 1592.28 1288.52 653.10 564.53
90 50 599.48 2422.50 2197.36 1761.45 1705.41

 Among all the samples prepared A, i.e., pasteurized juice without blanching and drying was 
found to be most stable. The D-values of A ranged from 157.91 and 2422.50 with the corresponding 
D-values for S being 57.16 and 599.48. As we can clearly see that at constant temperature with 
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This study was carried out to prepare and evaluate the quality of the taro chips using dudhe pidalu 
and kalo pidalu in three different frying mediums viz; mustard oil, sunflower oil and soybean oil. The 
best product was obtained by sensory analysis (9-point hedonic test) by a group of semi trained pan-
elist on different parameters like color, texture, taste and overall-acceptance. The product so obtained 
was then studied for shelf-life using two types of packaging materials (PE and laminated package) 
based on three different parameters i.e. moisture content, acid value and peroxide value. The study 
showed that the chips prepared from dudhe variety taro were perceived to be the best by semi trained 
panelist when using soybean oil as frying medium. Similarly, the laminated package was found to be 
the best for storage stability. On the 60th day of storage in the laminated package the moisture content 
of the chips, acid value and the peroxide value of the extracted oil from chips were determined as 
3.01%, 1.52mg KOH/g  of oil and 8.8 milliequivalent oxygen/kg of oils respectively which were at the 
safe level.

Keywords: Colocasia esculenta, pidalu, sensory analysis, shelf life, laminated   package 

INTRODUCTION

Taro is a herbaceous plant growing up to a height of 1-2meters, consisting of corm lying below the soil 
from which leaves grow upwards, roots growing downwards. Maximum elevation for taro cultivation 
is 2,700m with an average daily temperature of above 21oC for normal production and rainfall or irri-
gation of 1,500-2,000mm .Taro does best in soil of pH 5.5-6.5. The highest yields for taro are obtained 
under full intensity sunlight. However, they appear to be more shade-tolerant than most other crops. 
This means that reasonable yields can be obtained even in shade conditions where other crops might 
fail completely. This is a particularly important characteristic which enables taro to fit into unique 
intercropping systems with tree crops and other crops (Onwueme, 1999). 

There are at least two botanical varieties of taro. They are Colocasia esculenta (L.) Scott var.esculenta  
and Colocasia esculenta (L.) Schott var. antiquorum. C. esculenta var. esculenta is characterized by 
the possession of a large cylindrical central corm, and very few cormels. It is referred agronomically 
as the dasheen type of taro. C. esculenta var. antiquorum, on the other hand, has a small globular 
central corm, with several relatively large cormels arising from the corm. This variety is referred to 
agronomically as the eddoe type of taro (Purseglove, 1972).

Taro is one of the target crops identified by the global project of “Strengthening scientific basis of in 
situ conservation of agricultural biodiversity” in Nepal and Vietnam. Various types of taro are cultivat-
ed and many landraces are identified in farmers’ fields, including wild types. The aerial leafy part of 
taro is called karkalo and the underground part is known as pidalu. No official statistics are available 
for area and production of taro in Nepal but in aggregate it plays an important role in household food 
security as every household maintains and grows at least a few varieties of taro (Pandey et. al, 1998). 

Acridity is caused by a protease (protein-degrading enzyme) that is attached to raphides, thus form-
ing a functional complex described as ‘Nature’s poisoned spear’. The raphides are sharp, arrow-like 
crystals of calcium oxalate, and are abundant in taro (Bradbury and Nixon, 1998). Mucilage from the 
corm often produces a slimy feeling in the mouth. Although this may be tolerated or enjoyed by some 
people, most ways of preparing taro reduce the sliminess (Nip, 1997). 

 Taro leaves contain higher level of potassium, calcium, phosphorous, iron, riboflavin, thiamin, vita-
min C, vitamin A and dietary fibers (Onwueme 1978; Hanson and Immamudin 1983; Bradbury and 
Holloway, 1988).

Since the taro has just been utilized for the domestic purpose, the objective of this research is basically 
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ed up to 185oC. The chips were removed from the oil using a perforated spatula when bubbling on the 
chips stopped and rested on clean paper to soak up the excess adhered oil and cool the chips before 
packing. The appropriate composition of the salt and different spices as seasoning was sprinkled over 
the chips when it was still warm and properly mixed. Finally the chips were packed in the polyeth-
ylene pouches and sealed with a hot surface.

Analysis of Product

The analysis was done in the laboratory of College of Applied Food and Dairy Technology. First sen-
sory evaluation of the product was done and further analysis was done for the product which obtained 
highest sensory score. The samples were analyzed in triplicate for carbohydrate, protein, total ash, 
moisture, reducing sugar and oxalate content.

Sensory Evaluation

Sensory evaluation was done using nine point hedonic rating test from like extremely to ‘dislike ex-
tremely’ by a panel of 10 semi trained panelist based on four sensory parameters viz. color, texture, 
taste and overall acceptance (Rangana, 2007).

Chemical Analysis

All the chemical analysis (carbohydrate, protein, fat, crude fiber, total ash, reducing sugar and mois-
ture) was done by AOAC method (2005). The oxalate content was determined as described in Oke 
(1969).

Oxalate content determination

Oxalate was determined by the method of Oke (1969). 1 g of the sample was placed in 200ml vol-
umetric flask, 150ml of distilled water and 10ml of 6M HCl were added. The mixture was warmed 
on a water bath at 70°C for 4 hours. The supernatant was then diluted to 200ml. Three 50ml aliquots 
of the supernatants was evaporated to 25ml, the brown precipitate was filtered off and washed. The 
combined solution and washings was titrated with Conc. Ammonia solution in drops until salmon 
pink color of methyl orange changed to faint yellow. The solution was heated on water to 90°C and 
the oxalate was precipitated with 10ml of 5% Calcium chloride solution. The solution was allowed to 
stand overnight and then centrifuged. The precipitate was washed into a beaker with hot 25% H2SO4 
dilute to 125ml with distilled water and after warming to 90°C, it was titrated against 0.05m KMnO4 
solution to the point when a faint pink color appeared that persisted for at least 30 s. The concentration 
of oxalate in each sample was obtained from the calculation:

 1 ml of 0.05m KMnO4 = 2.2mg oxalate.

Shelf Life Study of Product

The shelf-life of the product was studied for two month (as 0 day, 15thday, 30th day, 45th day and 60th 

day) in which three parameters viz. moisture content; acid value and the peroxide value were studied 
according to AOAC, 2005. The assessment for the physical and chemical stability of the product was 
done.

Data Analysis

The data were subjected to the analysis of variance (ANOVA). The means were separated by using 
the least significant difference (LSD) test. Significant differences were determined at 5% level of 
significance.

focused on expanding the value of taro in the commercial market. The work was carried out to prepare 
the chips from the taro, to study some of its physico-chemical properties and the shelf-life. 

MATERIALS AND METHODS

Collection of raw materials: Two landraces of taros (dudhe and kalo pidalu) were purchased from 
the local vegetable market, Baneshwor and the required frying oils and spices for seasonings were 
purchased from the Bhaktapur minimarket. The apparatus (taro peeler, slicer, weighing machine, fry-
ing pan, perforated spatula and gas oven), packaging materials i.e. polyethylene (PE) and laminate 
(surlyn O/BOPP/LDPE/BOPP) and all the required chemicals were used as available in the laboratory 
of College of Applied Food and Dairy Technology. 

Experimental design

Two local varieties of taro (dudhe pidalu and kalo pidalu) were taken to prepare chips. Each taro 
variety slices were fried in three different refined vegetable oils i.e. mustard oil, sunflower oil and 
soybean oil. Therefore 6 sample chips were prepared. The sensory evaluation of the chips were car-
ried out  among 10 panelist to find the best one for the various attributes such as color, texture, taste 
and overall acceptance. The best sample was used for the proximate analysis and also packed in two 
different packaging to study the shelf-life.

Sample code 

Six sample codes were used for the sensory evaluation and the best was carried out for chemical anal-
ysis and further shelf life was studied.

Table1. Sample code and its description (for sensory evaluation)

Sample code     Description

A      dudhe pidalu chips fried in sunflower oil

B      dudhe pidalu chips fried in mustard oil

C      dudhe pidalu chips fried in soybean oil

D      kalo pidalu chips fried in sunflower oil

E              kalo pidalu chips fried in mustard oil

F      kalo pidalu chips fried in soybean oil

Preparation of taro chips:

Taro corms free of mud, infestation, injuries, blemishes and sprouts were chosen.  Dirty corms were 
washed to remove soil, insects, sprouts and other foreign matter. Washing was done using clean tap 
water. Peeling of the corms was carried out by the hand peeler. The peeled corms were immersed in 
the water to prevent the undesirable browning. Appropriate slices of corm (1.2mm) were prepared 
by using the mechanical peeler available in the food laboratory. The slices were soaked in water 
overnight to reduce the oxalate level, to prevent browning and sticking of slices together. Washing of 
slices was performed several times to remove the surface starch and mucilage as much as possible. 
The slices were collected in a clean muslin cloth and immersed in hot EDTA solution (0.5g/500ml) 
for 3-4 minutes to complete the blanching process. Blanch solution was re-used in order to minimize 
excessive leaching out of important flavor compounds from the slices. The blanched slices were kept 
in solar drier for 30 minutes for surface drying. Then the dried slices were fried in vegetable oils heat-
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Texture

The ANOVA analysis at 5% level of significance for texture shows F-value < 0.001 which is less than 
0.05. This indicates that there was significant difference between various samples. Thus LSD was 
calculated and the obtained value was 0.891.The result of the test gives samples (A, B and C), (A and 
D), (D, E and F), and (D and B), are not significantly different whereas the samples (A and E), (A and 
F), (D and C), (D and F), (E and B), (E and C), (B and F) and (C and F) are significantly different.

Figure2.Panelist scores for texture of different samples

Taste

The ANOVA analysis at 5% level of significance for taste shows F-value < 0.001 which is less than 
0.05. This indicates that there was significant difference between various samples. Thus LSD was cal-
culated and the obtained value was 0.935. The result of the test gives samples (A, B and C), (D and F), 
and (E and F) are not significantly different whereas, the samples (A and D), (A and E), (A and F), (D 
and E), (D and B), (D and C), (E and B), (E and C), (B and F) and (C and F) are significantly different

Figure3.Panelist scores for taste of different samples

RESULTS AND DISCUSSION
Proximate composition of the raw materials
The chemical composition of the raw taros are given in the following table.

Table2. Chemical composition of the dudhe pidalu and kalo Pidalu

Parameters dudhe pidalu kalo pidalu
Moisture 73 (0.23) 76 (0.25)
Protein 10.12 (0.19) 9.78 (0.32)
Fat 0.41(0.33) 0.49 (0.17)
Crude fiber 5.59 (0.37) 4.11 (0.38)
Total ash 3.81 (0.11) 3.16 (0.21)
Carbohydrate 79.87 (0.41) 82.46 (0.41)
Reducing sugar 0.92 (0.25)  3.12 (0.24)
Oxalate content 235mg/100g (0.16) 421mg/100g (0.23)

(The values are the means of triplicate and the figures in parentheses are the standard deviations.)

Sensory evaluation

The two- way ANOVA analysis of the sensory evaluation by using GENSTAT shows the following 
results:

Color

The ANOVA analysis at 5% level of significance for color shows F-value < 0.001 which is less than 
0.05. This indicates that there was significant difference between various samples. Thus LSD was cal-
culated and the obtained value was 1.060. The result of the test gives sample (A, Band C), (D and E) 
are not different significantly but there is significant difference between sample (A and D), (A and E), 
(A and F), (D and B), (D and C), (D and F), (E and B), (E and C), (E and F), (B and F), and (C and F).

The color of sample C was light golden, appreciated by the majority of the panelist. Dudhe pidalu 
contains less reducing sugar so the color was yellowish color after frying. Whereas, kalo pidalu with 
more reducing sugars was dark brown in color. The browning effect was due to maillard browning 
and caramellization.

Figure1.Panelist scores for color of different samples
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Texture
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Figure2.Panelist scores for texture of different samples
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absorb less oil as oil mainly ‘sits’ at the surface of the crisps (with less surface area) resulting in less 
oil on the crisps(Lemaga, 2003).

 Similarly, the crude fibre, ash and carbohydrate were found to be 2.05%, 3.78%, 48.65% 
respectively. The oxalate content was found to reduce greatly. The final oxalate content was only 
27mg/100 g of the sample. 

Shelf life study

To study the shelf-life, the chips were packed in two different packaging materials. The study was 
based on the study of three parameters, i.e., moisture content, acid value and the peroxide value for 
two month on each interval of 15 days. The result of the shelf-life study is given in the following 
graphs:

Moisture

The moisture content in both the packaging materials showed gradual increment. The readings in PE 
were slightly greater than the standard value i.e. less than 2% (Indian standard 12575, 2010). The 
increase in moisture content may be due to less resistant to water-vapor of the packaging material, 
normal packaging of the chips rather than gas packaging or may be due to poor sealing.

In the laminated package the final moisture content was determined to be 3.01%, however 
the texture of the chips were crispy enough. There was no remarkable increase in the moisture content 
in the laminated package. Laminates are the most suitable packaging material for the chips packaging.

The following graph shows the moisture content in the chips packed in PE package and 
laminated package.

Figure5. Moisture content of the chips on increasing days

 Acid value

 According to Indian Standard 12575, 2010 the maximum acid value of the extracted oils from chips 
is 2. During the study of shelf-life of prepared chips, the acid value increased from 0.83, 1.23, 1.72, 
2.51 and 2.93 mg KOH/g of oil within 0day, 15thday, 30thday, 45thday and 60thday respectively in PE 
package. Within 45 day, the AV exceeded the standard. The increase in the AV may be due to the nor-
mal packaging, high permeability of the material to water vapor and gas. Oxidation process reduced 
the amount of unsaturated fatty acids which led to an increase in the acid value. It is observed that 
increase in the moisture content increased the acid value by the hydrolysis of oils. Since the packaging 
material was transparent, light entered the oils and caused photo oxidation increasing the level of free 
fatty acid and consequently the acid value.

Whereas the acid value of the oil extracted from the chips sealed in laminated package in 

 Overall-acceptance

The ANOVA analysis at 5% level of significance for overall-acceptance shows F-value < 0.001 which 
is less than 0.05. This indicates that there was significant difference between various samples. Thus 
LSD was calculated and the obtained value was 0.890. The result of the test gives samples (A, B and 
C), (D and E), and (E and F) are not significantly different whereas, the samples (A and D), (A and 
E), (A and F), (D and B), (D and C), (D and F), (E and B), (E and C), (B and F) and (C and F) are 
significantly different. Although the samples A, B and C are not significantly different, sample C was 
claimed the best because the chips was fried in soybean which is cheaper than sunflower. The chips 
stability will be greater in mustard oil however the presence of allyl iso-thiocyanide in mustard made 
the chips  smell pungent.

Figure 4.Panelist score for overall acceptance of different samples\

Proximate analysis of the best product (dudhe pidalu chips fried in soybean oil)

The chemical analysis of the product was carried out and the result of the analysis is expressed in the 
following table:

Table 3. Result of chemical analysis of the product 

Parameter Percentage
Moisture 2.8 (0.22)
Protein 12.87 (0.31)
Fat 32.65 (0.15)
Crude fiber 2.05 (0.21)
Total ash 3.78 (0.27)
Carbohydrate 48.65 (0.35)
oxalate 27mg/100g

(The values are the means of triplicate and the figure in parentheses are the standard deviation.)

The moisture content of the chips was found to be 2.8 %. The moisture content in case of potato chips 
should be less than 2% (Indian standard 12575, 2010). Protein content (12.87%) was found to increase 
than the raw itself because of the addition of seasonings. The oil content was (32.65%).Thicker slices 
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CONCLUSIONS

I. Amongst the chips prepared from dudhe and kalo pidalu, chips prepared from dudhe 
variety were considered best when fried in soybean oil rather than in mustard and sun-
flower oil. The evaluation was based on the sensory analysis of parameters; color, taste, 
texture and overall-acceptance.

II. The chemical analysis of the raw taro and prepared chips showed that there was in-
crease in the protein, fat, fiber and total ash whereas there were reduction in the mois-
ture, carbohydrate and oxalate content in the final product.

III. The study claimed that the chips can be preserved by packing in the laminated packag-
ing material for more than 2 months. During the shelf-life analysis, the parameter viz., 
moisture, acid value and the peroxide value were studied.
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tively mg KOH/g of oil. The values are within the standard value. 

The following graph shows the acid value in the chips packed in PE package and laminated 
package.

Figure 6. Acid value of the oils in chips on increasing days

Peroxide value

 Peroxide value (PV) is a very sensitive indicator of the early stages of oxidative deterioration of fats 
and oils. PV therefore provides a means of predicting the risk of the development of flavor rancidity, 
(Rai, 2006). The study showed that the PV of the oil extracted from the chips of PE package increased 
from initial value 8.56, followed by 8.77, 8.93, 9.21, and 9.56 milliequivalent oxygen/kg of oils within 
0day, 15thday, 30thday, 45thday, and 60thday.

The PV of the extracted oil from chips packed in laminated package was found to be 8.56, 8.61, 8.67, 
8.73 and 8.8 milliequivalent oxygen/kg of oils within 15thday, 30thday, 45thday, and 60thday. Both the 
results were within the value of 10 as described in Indian Standard 12575, 2010.

The following graph shows the peroxide value in the chips packed in PE package and lam-
inated package.

Figure 7.Peroxide value of the oil in chips on increasing days
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Soaking: Fenugreek seeds soaked in tap water for 12 h at 37 °C; seed to water ratio of 1:5 (w/v) was 
used. The soaked seeds were rinsed twice in distilled water and then dried at 55-60 ° C for 30 mins 
(Hussein et al., 2011). 

Boiling: Whole raw fenugreek seeds were mixed with water at a ratio of about 1:3 seed to water and 
then boiled for about 3-5min. The mixture was then dried at 55-60 ° C for 30 mins to remove most of 
the water (Losso et al., 2010). 

Germination: Soaked seeds were germinated in sterile petri dishes lined with wet filter paper for 48 h 
at 37 °C with frequent watering. The sprouts were rinsed in distilled water and dried at 55-60 °C for 
30 mins (Hussein et al., 2011). The dried samples of raw, soaked, boiled and germinated seeds were 
ground to obtain fine powder (60 meshes) and then stored in plastic containers for further use. 

Preparation of the bread: Straight dough AACC method (2010) numbered 10-10B was followed. 
Products were prepared according to the formulations shown in Table 1 and Table 2. 

Table  1 Formulation of bread from 2:98 ratio of FSF and WF

Product code                           Formu-
lation 
FSF WF

M1 2%RF                                                98%
M2 2%SF                                                 98%
M3 2%BF                                                98%
M4 2%GF                                                98%
M5 ___                                                    100%

FSF: Fenugreek Seed Flour           RF: Raw Fenugreek Flour      SF: Soaked Fenugreek flour     BF: 
Boiled Fenugreek Flour             GF: Germinated Fenugreek Flour    WF:  Wheat Flour

From the sensory evaluation of the bread prepared from the above formulation, the secondary step of 
formulation was carried out i.e. formulation with germinated fenugreek flour.  Different formulations 
of composite flour for the preparation of bread are shown in Table 2.

Table 2 Formulation of bread from composite flour of GF and WF

Product Code 

              Formulation
GF (%) WF (%)

MG1 2                                        98
MG2 4                                        96
MG3 6                                        94
MG5 8                                        92

                    

QUALITY EVALUATION OF FUNCTIONAL BREAD SUPPLEMENTED 
WITH FENUGREEK (TRIGONELLA FOENUM GRAECUM L.) FLOUR

Smriti Shrestha*1, Harihar Guragain2 and Tika B. Karki2 
1National College of Food Science and Technology, Kathmandu, Nepal

2Department of Biotechnology, Kathmandu University, Dhulikhel

*Corresponding author: memostha13@gmail.com

Fenugreek seeds (Trigonella foenum graecum L.) were used as a supplement for bread making. Raw 
fenugreek flour (RF), soaked fenugreek flour (SF), boiled fenugreek flour (BF) and germinated fenu-
greek flour (GF) replaced wheat flour (WF) in ratio of 2%. Incorporation of GF can be done to pre-
pare good baking quality bread. GF was incorporated in 2, 4, 6 and 8% with wheat flour. The product 
with 4% GF was found to be the best product. Loaf volume was found to be 224.63 cm3 and carbohy-
drate, moisture, protein, fat, total ash and crude fiber were 76.083±0.99%, 31.16±0.43, 19.10±1.83%, 
2.94±0.02%, 1.56±0.01% and 0.37±0.01% respectively. Iron content and calcium content was found 
to be 7.43±0.42 and 48±1.56 mg/100g respectively. Total polyphenol content (TP) and tannin content 
(TC) were found to be 12.23±0.49 mg of GAE/100g and 0.49±0.02 mg of GA/100g respectively and 
free radical scavenging activities of 24.68%.

Keywords: Fenugreek Seed, bread, antioxidant activity, total polyphenol content

INTRODUCTION

Bread is a staple foodstuff, which is made and eaten in the most countries around the world, usually 
made from the flour of wheat species (including durum, spelt and emmer), rye, barely, maize and 
oats, in combination with wheat flour that is cultured with yeast, allowed to rise and finally baked in 
oven (Kent and Evers, 2004). Bakery products are sometimes used as a vehicle for incorporation of 
different nutritionally rich ingredients. Fortification of wheat flour with high protein legume flours 
(e.g. fenugreek) improve the protein quality by improving its amino acid profile (Hussein et al., 2011).

Fenugreek (Trigonella foenum graecum L.) is one such plant whose seeds are used as a condiment and 
as a supplement to wheat and maize flour for bread making. Fenugreek are good supplement to cereals 
because of its high protein (25%), lysine (5.7g/16g N), soluble (20%) and insoluble (28%) dietary fi-
ber, besides being rich in calcium, iron and beta carotene (Hussein et al., 2011). The presence of bitter 
saponins in fenugreek seeds limits their acceptability in foods. However, it has been possible to reduce 
the bitterness of fenugreek seeds to a certain extent by using various domestic processing methods 
such as overnight soaking, germination, washing of fenugreek seeds in running water, roasting, etc. 
and make possible its incorporation in various recipes (Pandey and Awasthi, 2013).   

Soaking induces the leaching out of water soluble antinutritonal factors. Glycosides, alakloids, phy-
tates, oligosaccharides and tannins are all significantly reduced (Kadam and Salunkhe, 1985). Boiling 
helps in producing fenugreek flour seeds that has a less bitter flavor but without the use of an organic 
solvent (Losso et al., 2010). Germination improves the nutritive value of cereals and legumes. During 
germination metabolic enzymes are activated and utilization or synthesis of wide range of chemical 
compounds occurs in seeds and results in the enhancement of nutritional quality (Taraseviiciene et 
al., 2009). Germination of legumes has been shown to cause increase in amino acid lysine, thiamine, 
riboflavin, niacin, folic acid, ascorbic acid, iron, amylase and diastase activity, protease activity, di-
gestibility, protein efficiency ratio and biological value (Desikachar, 1982) and also germinated edible 
seeds are an excellent source of dietary phenolic antioxidants (Dixit et al., 2005).

MATERIALS AND METHODS

Fenugreek seed was purchased from Bhatbhetni Superstore, Pulchowk Nepal packed by Maitidevi 
Gharelu Udyog, Gyaneshwor, Kathmandu Nepal. Wheat flour was bought from the local market of 
Kathmandu which was produced by Vikash Flour Mill Pvt. Ltd., Nepalgung, Nepal. Sugar, butter and 
salt were collected from the local market of Kathmandu. 

mailto:memostha13@gmail.com
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at 37 °C with frequent watering. The sprouts were rinsed in distilled water and dried at 55-60 °C for 
30 mins (Hussein et al., 2011). The dried samples of raw, soaked, boiled and germinated seeds were 
ground to obtain fine powder (60 meshes) and then stored in plastic containers for further use. 

Preparation of the bread: Straight dough AACC method (2010) numbered 10-10B was followed. 
Products were prepared according to the formulations shown in Table 1 and Table 2. 

Table  1 Formulation of bread from 2:98 ratio of FSF and WF

Product code                           Formu-
lation 
FSF WF

M1 2%RF                                                98%
M2 2%SF                                                 98%
M3 2%BF                                                98%
M4 2%GF                                                98%
M5 ___                                                    100%

FSF: Fenugreek Seed Flour           RF: Raw Fenugreek Flour      SF: Soaked Fenugreek flour     BF: 
Boiled Fenugreek Flour             GF: Germinated Fenugreek Flour    WF:  Wheat Flour

From the sensory evaluation of the bread prepared from the above formulation, the secondary step of 
formulation was carried out i.e. formulation with germinated fenugreek flour.  Different formulations 
of composite flour for the preparation of bread are shown in Table 2.

Table 2 Formulation of bread from composite flour of GF and WF

Product Code 

              Formulation
GF (%) WF (%)

MG1 2                                        98
MG2 4                                        96
MG3 6                                        94
MG5 8                                        92
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Fenugreek seeds (Trigonella foenum graecum L.) were used as a supplement for bread making. Raw 
fenugreek flour (RF), soaked fenugreek flour (SF), boiled fenugreek flour (BF) and germinated fenu-
greek flour (GF) replaced wheat flour (WF) in ratio of 2%. Incorporation of GF can be done to pre-
pare good baking quality bread. GF was incorporated in 2, 4, 6 and 8% with wheat flour. The product 
with 4% GF was found to be the best product. Loaf volume was found to be 224.63 cm3 and carbohy-
drate, moisture, protein, fat, total ash and crude fiber were 76.083±0.99%, 31.16±0.43, 19.10±1.83%, 
2.94±0.02%, 1.56±0.01% and 0.37±0.01% respectively. Iron content and calcium content was found 
to be 7.43±0.42 and 48±1.56 mg/100g respectively. Total polyphenol content (TP) and tannin content 
(TC) were found to be 12.23±0.49 mg of GAE/100g and 0.49±0.02 mg of GA/100g respectively and 
free radical scavenging activities of 24.68%.

Keywords: Fenugreek Seed, bread, antioxidant activity, total polyphenol content

INTRODUCTION

Bread is a staple foodstuff, which is made and eaten in the most countries around the world, usually 
made from the flour of wheat species (including durum, spelt and emmer), rye, barely, maize and 
oats, in combination with wheat flour that is cultured with yeast, allowed to rise and finally baked in 
oven (Kent and Evers, 2004). Bakery products are sometimes used as a vehicle for incorporation of 
different nutritionally rich ingredients. Fortification of wheat flour with high protein legume flours 
(e.g. fenugreek) improve the protein quality by improving its amino acid profile (Hussein et al., 2011).

Fenugreek (Trigonella foenum graecum L.) is one such plant whose seeds are used as a condiment and 
as a supplement to wheat and maize flour for bread making. Fenugreek are good supplement to cereals 
because of its high protein (25%), lysine (5.7g/16g N), soluble (20%) and insoluble (28%) dietary fi-
ber, besides being rich in calcium, iron and beta carotene (Hussein et al., 2011). The presence of bitter 
saponins in fenugreek seeds limits their acceptability in foods. However, it has been possible to reduce 
the bitterness of fenugreek seeds to a certain extent by using various domestic processing methods 
such as overnight soaking, germination, washing of fenugreek seeds in running water, roasting, etc. 
and make possible its incorporation in various recipes (Pandey and Awasthi, 2013).   

Soaking induces the leaching out of water soluble antinutritonal factors. Glycosides, alakloids, phy-
tates, oligosaccharides and tannins are all significantly reduced (Kadam and Salunkhe, 1985). Boiling 
helps in producing fenugreek flour seeds that has a less bitter flavor but without the use of an organic 
solvent (Losso et al., 2010). Germination improves the nutritive value of cereals and legumes. During 
germination metabolic enzymes are activated and utilization or synthesis of wide range of chemical 
compounds occurs in seeds and results in the enhancement of nutritional quality (Taraseviiciene et 
al., 2009). Germination of legumes has been shown to cause increase in amino acid lysine, thiamine, 
riboflavin, niacin, folic acid, ascorbic acid, iron, amylase and diastase activity, protease activity, di-
gestibility, protein efficiency ratio and biological value (Desikachar, 1982) and also germinated edible 
seeds are an excellent source of dietary phenolic antioxidants (Dixit et al., 2005).

MATERIALS AND METHODS

Fenugreek seed was purchased from Bhatbhetni Superstore, Pulchowk Nepal packed by Maitidevi 
Gharelu Udyog, Gyaneshwor, Kathmandu Nepal. Wheat flour was bought from the local market of 
Kathmandu which was produced by Vikash Flour Mill Pvt. Ltd., Nepalgung, Nepal. Sugar, butter and 
salt were collected from the local market of Kathmandu. 
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dividing the loaf volume by its corresponding loaf weight (cm3/g). 

Statistical analysis: Data of chemical and sensory analysis were tabulated for comparison using Mic-
rosoft Excel-2007 and were statistically processed by GenStat Discovery Edition4, GenStat for Anal-
ysis of Variance (ANOVA). The significance differences between them were studied by using L.S.D 
(least square difference) at 5% level of significance. Final and control product were compared by 
using t-Test method.

RESULTS AND DISCUSSION

Chemical analysis of Fenugreek Seed Flour (FSF)

Results for chemical analysis of raw, soaked, germinated and boiled fenugreek seed flour are as shown 
in Table 3. Carbohydrate, fat and tannin content decreased significantly (p<0.05) whereas protein, 
crude fiber, total ash and total polyphenol content were found to increase significantly (p<0.05) on 
germination of fenugreek seed. During germination increase in amylase and maltase activity results in 
a gradual decrease in starch with a concomitant increase in reducing and non reducing sugars, which 
is available to the developing embryo (Chavan and Kadam, 1989).  Increased activity of the lipolytic 
enzymes during germination resulted in decrease in the fat content of the germinated seeds. Increase 
in protein content during germination could be attributed to a net synthesis of enzymic protein (e.g. 
proteases) by germinating seeds (Nzeribe et al., 1995). The increase in crude fiber during germination 
may be due to the synthesis of structural carbohydrates such as cellulose and hemicelluloses, a major 
constituent of cell walls (Chung et al., 1989). The observed reduction in tannin content on germina-
tion may be due to result of formation of hydrophobic association of tannins with seed protein and 
enzymes in addition to the leaching of tannins into the water (Shimelis and Rakshit, 2007).  

Table 3 Chemical analysis of FSF

Parameters      RF      SF     GF      BF
Carbohydrate(%db) 56.66±3.06a 53.93±0.43a 50.84±0.83b 60.57±0.35c

Protein(%db) 24.3±2.81a 26.26±0.43ab 29.55±1.17d 21.80±60.7ac

Crude fiber(%db) 8.16±0.23a 8.59±0.31b 9.01±0.09c 7.76±0.19d

Moisture(%) 7.27±0.31a 7.63±0.45ab 7.64±0.15ab 6.80±0.06ac

Fat(%db) 6.89±0.27a 6.36±0.24ab 5.76±0.29b 6.62±0.29c

Total Ash(%db) 3.69±0.22a 4.33±0.05b 4.86±0.16c 3.18±0.18d

TP (mg of GAE/100g) 257.0±0.44a 307.0±0.44b 377.3±1.66c 233.0±1.00d

TC (g of GA/100g) 0.55±32.04a 0.40±3.65b 0.20±4.04c 0.30±3.6d

db expressed on a dry weight basis. Values are means±SD of three determinations. Different super-
script means in the same row are significantly different (P<0.05).

Chemical analysis of Wheat Flour (WF)

The chemical analysis of WF is as shown in Table 4. Carbohydrate was found to be the most dominant 
component in the wheat flour. Protein was found to be with the range as per Kent and Evers (2004). 
Protein content is an important determinant of bread quality, there being a positive correlation be-
tween loaf specific volume and the percentage of protein.  Moisture, gluten and ash content of wheat 
flour are found to be within the standard range as per DFTQC, 2010. Total polyphenol content of 
wheat flour is similar to that reported by Dhillon and Kaur, 2013 who reported total phenol content of 
3.78 mg GAE/100g DW in wheat flour.

 Wheat Flour                Fenugreek Flour     Other ingredients (salt, sugar, butter)

                                               

                                               Mixing                        Yeast activation 280C for 1/2h

                                   

                                                     Kneading (for about half an hour)

                                                       First proofing (one and half hour at 360C)

      Punching back (kneading the dough for 10 min.)

Second proofing (one and half hour at 360C)

                                                                      Molding

                                                Baking (at 180 0C for 20 min.)

                                                               Cooling, slicing                           

                                                                    Packaging

                                         Fig. 1 Flow chart for the preparation of bread

Source: Straight dough AACC method (2010)

Analytical Procedure

Chemical analysi: Proximate composition, iron content, calcium content, tannin content as Galtotan-
nic acid were determined as per Ranganna (2007). Gluten content: AACC method (2010) was used 
for gluten estimation. Total polyphenol content: Total Polyphenol Content was estimated by Folin- 
Ciocalteau Colorimetry as per Makkar et al., 1993. Total antioxidant activity: Free radical scavenging 
activity of the fenugreek extract was measured using stable radical DPPH according to the method 
described by Brand-Williams et al., 1995. 

Sensory evaluation: Sensory evaluation was carried out using 9-point hedonic rating described by 
Ranganna, 2007. Altogether 15 semi-trained panelists selected for the sensory evaluation were pro-
vided with a sheet of sensory evaluation card to score for the quality attributes of general appearance, 
crust color, crumb color, texture, taste and odor and overall acceptability. 

Evaluation of bread characteristics: Bread characteristics were evaluated by measuring the loaf 
weight, loaf volume and specific loaf volume. Loaf volume was measured using the rapeseed dis-
placement method as modified by Giami et al., 2004. The specific loaf volume was determined by 
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dividing the loaf volume by its corresponding loaf weight (cm3/g). 

Statistical analysis: Data of chemical and sensory analysis were tabulated for comparison using Mic-
rosoft Excel-2007 and were statistically processed by GenStat Discovery Edition4, GenStat for Anal-
ysis of Variance (ANOVA). The significance differences between them were studied by using L.S.D 
(least square difference) at 5% level of significance. Final and control product were compared by 
using t-Test method.

RESULTS AND DISCUSSION

Chemical analysis of Fenugreek Seed Flour (FSF)

Results for chemical analysis of raw, soaked, germinated and boiled fenugreek seed flour are as shown 
in Table 3. Carbohydrate, fat and tannin content decreased significantly (p<0.05) whereas protein, 
crude fiber, total ash and total polyphenol content were found to increase significantly (p<0.05) on 
germination of fenugreek seed. During germination increase in amylase and maltase activity results in 
a gradual decrease in starch with a concomitant increase in reducing and non reducing sugars, which 
is available to the developing embryo (Chavan and Kadam, 1989).  Increased activity of the lipolytic 
enzymes during germination resulted in decrease in the fat content of the germinated seeds. Increase 
in protein content during germination could be attributed to a net synthesis of enzymic protein (e.g. 
proteases) by germinating seeds (Nzeribe et al., 1995). The increase in crude fiber during germination 
may be due to the synthesis of structural carbohydrates such as cellulose and hemicelluloses, a major 
constituent of cell walls (Chung et al., 1989). The observed reduction in tannin content on germina-
tion may be due to result of formation of hydrophobic association of tannins with seed protein and 
enzymes in addition to the leaching of tannins into the water (Shimelis and Rakshit, 2007).  

Table 3 Chemical analysis of FSF

Parameters      RF      SF     GF      BF
Carbohydrate(%db) 56.66±3.06a 53.93±0.43a 50.84±0.83b 60.57±0.35c

Protein(%db) 24.3±2.81a 26.26±0.43ab 29.55±1.17d 21.80±60.7ac

Crude fiber(%db) 8.16±0.23a 8.59±0.31b 9.01±0.09c 7.76±0.19d

Moisture(%) 7.27±0.31a 7.63±0.45ab 7.64±0.15ab 6.80±0.06ac

Fat(%db) 6.89±0.27a 6.36±0.24ab 5.76±0.29b 6.62±0.29c

Total Ash(%db) 3.69±0.22a 4.33±0.05b 4.86±0.16c 3.18±0.18d

TP (mg of GAE/100g) 257.0±0.44a 307.0±0.44b 377.3±1.66c 233.0±1.00d

TC (g of GA/100g) 0.55±32.04a 0.40±3.65b 0.20±4.04c 0.30±3.6d

db expressed on a dry weight basis. Values are means±SD of three determinations. Different super-
script means in the same row are significantly different (P<0.05).

Chemical analysis of Wheat Flour (WF)

The chemical analysis of WF is as shown in Table 4. Carbohydrate was found to be the most dominant 
component in the wheat flour. Protein was found to be with the range as per Kent and Evers (2004). 
Protein content is an important determinant of bread quality, there being a positive correlation be-
tween loaf specific volume and the percentage of protein.  Moisture, gluten and ash content of wheat 
flour are found to be within the standard range as per DFTQC, 2010. Total polyphenol content of 
wheat flour is similar to that reported by Dhillon and Kaur, 2013 who reported total phenol content of 
3.78 mg GAE/100g DW in wheat flour.

 Wheat Flour                Fenugreek Flour     Other ingredients (salt, sugar, butter)

                                               

                                               Mixing                        Yeast activation 280C for 1/2h

                                   

                                                     Kneading (for about half an hour)

                                                       First proofing (one and half hour at 360C)

      Punching back (kneading the dough for 10 min.)

Second proofing (one and half hour at 360C)

                                                                      Molding

                                                Baking (at 180 0C for 20 min.)

                                                               Cooling, slicing                           

                                                                    Packaging

                                         Fig. 1 Flow chart for the preparation of bread

Source: Straight dough AACC method (2010)

Analytical Procedure

Chemical analysi: Proximate composition, iron content, calcium content, tannin content as Galtotan-
nic acid were determined as per Ranganna (2007). Gluten content: AACC method (2010) was used 
for gluten estimation. Total polyphenol content: Total Polyphenol Content was estimated by Folin- 
Ciocalteau Colorimetry as per Makkar et al., 1993. Total antioxidant activity: Free radical scavenging 
activity of the fenugreek extract was measured using stable radical DPPH according to the method 
described by Brand-Williams et al., 1995. 

Sensory evaluation: Sensory evaluation was carried out using 9-point hedonic rating described by 
Ranganna, 2007. Altogether 15 semi-trained panelists selected for the sensory evaluation were pro-
vided with a sheet of sensory evaluation card to score for the quality attributes of general appearance, 
crust color, crumb color, texture, taste and odor and overall acceptability. 

Evaluation of bread characteristics: Bread characteristics were evaluated by measuring the loaf 
weight, loaf volume and specific loaf volume. Loaf volume was measured using the rapeseed dis-
placement method as modified by Giami et al., 2004. The specific loaf volume was determined by 
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cific loaf volume of bread and result is shown in Table 5. Loaf volume of bread made from control 
(M5) was 217.53±1.16 cm3 and that product from germinated flour (M4) has the highest loaf volume 
i.e. 220.98±1.11 cm3 while the product made from RF (M1) gave the lowest loaf volume 191.11±0.28 
cm3.  Loaf volume of bread made from SF (M2) and BF (M3) was found to be 207.51±2.48 and 
211.16±1.39 cm3. Loaf volume of bread is due to dry gluten content in wheat flour which is respon-
sible for better gas production and retention capacity forms cellular network of crumb which imparts 
desirable characteristics of bread. Raw fenugreek flour was found to inhibit leavening and resulted in 
grainy bread product with low loaf volume. The loaf weight of the products M1, M2, M3, M4 and M5 
was found to be 78.14±0.59, 76.09±0.55, 75.59±1.11, 79.26±0.55 and 76.06±0.97 respectively. The 
specific loaf volume of the products M1, M2, M3, M4 and M5 was found to be 2.44±0.02, 2.73±0.02, 
2.79±0.052, 2.78±0.01 and 2.86±0.04 respectively.

Table 5 Physical characteristics of bread prepared from 2:98 ratio of FSF and WF

P r o d u c t 
Code

  Formulation Loaf volume (cm3) Loaf weight (g) Specific vol. of loaf 
(cm3/g)FSF (2%) WF (%)

M1 RF               98 191.11±0.28 78.14±0.59 2.44±0.02
M2 SF                98 207.51±2.48 76.09±0.55 2.73±0.02
M3 BF              98 211.16±1.39 75.59±1.11 2.79±0.052
M4 GF              98 220.98±1.11 79.26±0.55 2.78±0.01
M5 -                 100 217.53±1.16 76.06±0.97 2.86±0.04

Values are mean of triplicate determination ± SD

Sensory analysis

The results of sensory evaluation of bread samples on the basic of hedonic rating are shown in Fig. 
3. The mean sensory scores for general appearance, crumb color, texture, odor and taste and overall 
acceptance were found to be 6.4, 6.6, 6.53, 6.53 and 6.4 respectively for bread with 2% raw fenugreek 
flour (M1), 6.8, 6.6, 6.73, 6.73 and 6.73 respectively for bread with 2% soaked fenugreek flour (M2), 
6.53, 7.33, 6.53, 6.87 and  6.73 respectively for bread with 2% boiled fenugreek flour (M3), 7.53, 
7.33, 7.4, 7.2 and 7.4 respectively for bread with 2% germinated fenugreek flour (M4) and 6.73, 6.67, 
6.67, 7.03, 7.07 and 7.17 respectively for control bread (M5). 
The order of superiority can be summarized as;
General appearance: Sample M4> Sample M2> Sample M5> Sample M3> Sample M1
 Crumb color: Sample M4> Sample M5> Sample M3> Sample M2> Sample M1
Texture: Sample M4> Sample M5> Sample M2> Sample M3≥ Sample M1
Odor and taste: SampleM4> Sample M5> Sample M3> Sample M2> Sample M1
Overall acceptance: Sample M4>Sample M5 > Sample M3≥ Sample M2> Sample M1  

The above result showed that the bread prepared from the blend of GF and WF scored the highest in 
terms of all sensory parameters and also its loaf volume was the greatest among all other formulation. 
Thus, considering the obtained results, it was estimated that GF has less bitter taste compared to RF, 
SF and BF and it also contribute to increase the loaf volume. Thus, GF was selected for further formu-
lation and bread with different proportion of wheat flour and germinated fenugreek flour was prepared 
and bread characteristics were analyzed. 

Table 4 Chemical analysis of WF

Parameters      WF
Carbohydrate(%db) 85.83±0.25
Protein(%db) 12.73±0.23
Crude fiber(%db) 0.02±0.01
Moisture (%) 13.13±0.15
Fat(%db) 0.70±0.01
Total Ash(%db) 0.76±0.11
Dry gluten(%db) 9.51±0.23
TP(mg of GAE/100g ) 3.82±0.05
TC (g of GA/100g) 0.28±0.14

Values are mean of triplicate determination ± SD. where WF stands for wheat flour. 

Free radical scavenging activity of FSF and WF

The extracts of raw, soaked, boiled and germinated sprouts of fenugreek and wheat flour exhibited 
free radical scavenging activities of 15.5%, 55.45%, 41.8%, 78.53% and 11.35% respectively in com-
parison with the Gallic acid (control) which exhibited free radical scavenging activity of 89.83%. The 
ability to scavenge DPPH radical by fenugreek seed was in the order of germinated sprouts soaked 
seed boiled seed raw seed.

Fig 2 %scavenging activity of RF, SF, BF, GF and gallic acid

Preparation of bread from 2:98 ratio of FSF and WF 

Differently treated fenugreek seed flour was blended separately with wheat flour at 2% level of sub-
stitution. Breads from control and supplemented flours were baked first at preliminary stage and bread 
characteristics were evaluated by measuring the physical characteristics.

Physical characteristics of bread from 2:98 ratio of FSF and WF  

Physical characteristic of the prepared bread was determined by measuring the loaf volume and spe-
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cific loaf volume of bread and result is shown in Table 5. Loaf volume of bread made from control 
(M5) was 217.53±1.16 cm3 and that product from germinated flour (M4) has the highest loaf volume 
i.e. 220.98±1.11 cm3 while the product made from RF (M1) gave the lowest loaf volume 191.11±0.28 
cm3.  Loaf volume of bread made from SF (M2) and BF (M3) was found to be 207.51±2.48 and 
211.16±1.39 cm3. Loaf volume of bread is due to dry gluten content in wheat flour which is respon-
sible for better gas production and retention capacity forms cellular network of crumb which imparts 
desirable characteristics of bread. Raw fenugreek flour was found to inhibit leavening and resulted in 
grainy bread product with low loaf volume. The loaf weight of the products M1, M2, M3, M4 and M5 
was found to be 78.14±0.59, 76.09±0.55, 75.59±1.11, 79.26±0.55 and 76.06±0.97 respectively. The 
specific loaf volume of the products M1, M2, M3, M4 and M5 was found to be 2.44±0.02, 2.73±0.02, 
2.79±0.052, 2.78±0.01 and 2.86±0.04 respectively.

Table 5 Physical characteristics of bread prepared from 2:98 ratio of FSF and WF

P r o d u c t 
Code

  Formulation Loaf volume (cm3) Loaf weight (g) Specific vol. of loaf 
(cm3/g)FSF (2%) WF (%)

M1 RF               98 191.11±0.28 78.14±0.59 2.44±0.02
M2 SF                98 207.51±2.48 76.09±0.55 2.73±0.02
M3 BF              98 211.16±1.39 75.59±1.11 2.79±0.052
M4 GF              98 220.98±1.11 79.26±0.55 2.78±0.01
M5 -                 100 217.53±1.16 76.06±0.97 2.86±0.04

Values are mean of triplicate determination ± SD

Sensory analysis

The results of sensory evaluation of bread samples on the basic of hedonic rating are shown in Fig. 
3. The mean sensory scores for general appearance, crumb color, texture, odor and taste and overall 
acceptance were found to be 6.4, 6.6, 6.53, 6.53 and 6.4 respectively for bread with 2% raw fenugreek 
flour (M1), 6.8, 6.6, 6.73, 6.73 and 6.73 respectively for bread with 2% soaked fenugreek flour (M2), 
6.53, 7.33, 6.53, 6.87 and  6.73 respectively for bread with 2% boiled fenugreek flour (M3), 7.53, 
7.33, 7.4, 7.2 and 7.4 respectively for bread with 2% germinated fenugreek flour (M4) and 6.73, 6.67, 
6.67, 7.03, 7.07 and 7.17 respectively for control bread (M5). 
The order of superiority can be summarized as;
General appearance: Sample M4> Sample M2> Sample M5> Sample M3> Sample M1
 Crumb color: Sample M4> Sample M5> Sample M3> Sample M2> Sample M1
Texture: Sample M4> Sample M5> Sample M2> Sample M3≥ Sample M1
Odor and taste: SampleM4> Sample M5> Sample M3> Sample M2> Sample M1
Overall acceptance: Sample M4>Sample M5 > Sample M3≥ Sample M2> Sample M1  

The above result showed that the bread prepared from the blend of GF and WF scored the highest in 
terms of all sensory parameters and also its loaf volume was the greatest among all other formulation. 
Thus, considering the obtained results, it was estimated that GF has less bitter taste compared to RF, 
SF and BF and it also contribute to increase the loaf volume. Thus, GF was selected for further formu-
lation and bread with different proportion of wheat flour and germinated fenugreek flour was prepared 
and bread characteristics were analyzed. 

Table 4 Chemical analysis of WF

Parameters      WF
Carbohydrate(%db) 85.83±0.25
Protein(%db) 12.73±0.23
Crude fiber(%db) 0.02±0.01
Moisture (%) 13.13±0.15
Fat(%db) 0.70±0.01
Total Ash(%db) 0.76±0.11
Dry gluten(%db) 9.51±0.23
TP(mg of GAE/100g ) 3.82±0.05
TC (g of GA/100g) 0.28±0.14

Values are mean of triplicate determination ± SD. where WF stands for wheat flour. 

Free radical scavenging activity of FSF and WF

The extracts of raw, soaked, boiled and germinated sprouts of fenugreek and wheat flour exhibited 
free radical scavenging activities of 15.5%, 55.45%, 41.8%, 78.53% and 11.35% respectively in com-
parison with the Gallic acid (control) which exhibited free radical scavenging activity of 89.83%. The 
ability to scavenge DPPH radical by fenugreek seed was in the order of germinated sprouts soaked 
seed boiled seed raw seed.

Fig 2 %scavenging activity of RF, SF, BF, GF and gallic acid

Preparation of bread from 2:98 ratio of FSF and WF 

Differently treated fenugreek seed flour was blended separately with wheat flour at 2% level of sub-
stitution. Breads from control and supplemented flours were baked first at preliminary stage and bread 
characteristics were evaluated by measuring the physical characteristics.

Physical characteristics of bread from 2:98 ratio of FSF and WF  

Physical characteristic of the prepared bread was determined by measuring the loaf volume and spe-
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Breads were prepared according to formulation Table 2. and the results of sensory evaluation of bread 
samples on the basic of hedonic rating are shown in Fig. 3. The mean sensory scores for general 
appearance, crumb color, texture, odor and taste and overall acceptance were found to be 7.33, 7.13, 
7.20,  6.8 and 7.20respectively for bread with 2%  GF (MG1), 7.60, 7.93, 8.07, 7.47 and 7.87 respec-
tively for bread with 4% GF (MG2), 5.80, 5.67, 4.87, 5.27 and 5.07 respectively for bread with 6% GF 
(MG3) and 5.53, 5.20, 3.93, 4.87 and 4.20 respectively for bread with 8% GF (M4). 
The order of superiority can be summarized as;
General appearance: Sample MG2> Sample MG1> Sample MG3> Sample MG4
 Crumb color: Sample MG2>Sample MG1> Sample MG3> Sample MG4
Texture: Sample MG2> Sample MG1> Sample MG3> Sample MG4
Odor and taste: SampleMG2> Sample MG1> Sample MG3> Sample MG4
Overall acceptance: Sample MG2>Sample MG1 > Sample MG3 > Sample MG4

From the above result it was found that the sample MG2 scored the highest in terms of all sensory 
attribute and was selected as the best product and its further physicochemical and functional analysis 
was done.

Fig 4 Mean scores of sensory attributes of bread from composite flour of GF and WF

MG1, MG2, MG3 and MG4 denote formulation with 2, 4, 6 and 8% germinated fenugreek flour re-
spectively. Vertical error bars represent ± standard deviation of scores given by 15 panelists.

Comparison of the final selected product and control bread

Comparison of the chemical properties 

On the basis of all above analysis, thus selected final product i.e. MG2 and control bread were sub-
jected to chemical analysis and compared by t-test. The result is as shown in the Table 7. A significant 
difference was found in carbohydrate, protein, fat, crude fiber, iron, calcium and total polyphenol 
contents between final selected product and control bread. Final selected product was found to be rich 
in protein, fat, ash, crude fiber, iron, calcium and total polyphenol contents compared to control bread.  

  Fig 3: Mean score of sensory attributes of bread prepared from 2:98 ratio of FSF and WF 

M1, M2, M3, M4 and M5 denote formulation with raw, soaked, boiled and germinated fenugreek 
flour at 2% level of substitution. Vertical error bars represent ± standard deviation of scores given by 
15 panelists.     

Physical characteristics of bread from composite flour of GF and WF

Physical characteristic of the prepared bread was determined by measuring the loaf volume and spe-
cific loaf volume of bread and the result is shown in Table 6. Loaf volume of product MG1, MG2, 
MG3 and MG4 was found to be 220.98±1.11, 224.63±2.32, 191.25±3.62 and 174.71±4.24 cm3 re-
spectively. Loaf volume of bread was found to increase up to 4% level of substitution of wheat flour 
with germinated fenugreek flour. It seemed that GF up to 4% level in wheat flour acted as additive and 
did not exhibit any adverse effect on loaf volume. However, reduction in loaf volume was observed 
at substitution levels of 6% and above. Dilution effect on gluten content with the addition of non-
wheat flours to wheat flours has been reported to be associated with loaf volume depression effect of 
composite flours. Loaf weight of product MG1, MG2, MG3 and MG4 was found to be 79.26±0.55, 
84.03±1.06, 93.85±4.17 and 104.95±6.4 respectively. Loaf weight increased with the increase in the 
level of GF in wheat flour, indicating that an extra amount of water was retained in breads after bak-
ing.   Specific loaf volumes was found to decreased from 2.78 to 1.66 cm3/g for the bread made with 
substitution level of GF from 2% to 8%  in WF. 

 Table 6 Physical characteristics of bread from composite flour of GF and WF

Product code Formu-
lation

FF Loaf volume  
(cm3)

   Loaf weight(g) Specific loaf        
volume (cm3/g)

GF% WF%

MG1 2                      98 220.98±1.11 79.26±0.55 2.78±0.01
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MG4 8                     92 174.71±4.24 104.95±6.4 1.66±0.07

Values are mean of triplicate determination ± SD

Sensory analysis
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CONCLUSIONS 

From the result of the present work it was concluded that on germination of fenugreek seed there 
was increase in crude protein (24.3% to 29.55%), crude fiber (8.16% to 9.01%), total ash (3.69% to 
4.86%), total polyphenol (257 to 377 mg of GAE/100g) and antioxidant activity (15.5% to 78.53%) 
and decrease in carbohydrate (55.66% to 50. 84%), fat (6. 89% to 6.62%) and tannin content (0.55 
to 0.22 g of GA/100g). Bread can be made by using germinated fenugreek flour up to at 4% level of 
substitution in wheat flour. Loaf volume of final selected bread with 4% germinated fenugreek flour 
was found to be 224.63±1.11 cm3 and that of control bread was found to be 217.53±1.16 cm3. A sig-
nificant difference was found in carbohydrate, protein, fat, ash and crude fiber content between the 
final selected product and control bread and result was found to be 76.08%, 19.1%, 2.94%, 1.56% and 
0.37% respectively for final product and 80.47%, 15.33%, 2.67%, 1.47% and 0.056% respectively 
for control bread. For the final product and control bread iron content was found to be 7.43 and 4.18 
mg/100g respectively and calcium content was found to be 48 and 34.6 mg/100g respectively, total 
polyphenol content was found to be 12.23 mg of GAE/100g of sample and 0.14mg of GAE/100g re-
spectively, tannin content was found to be 0.49 mg of GA/100g and 0.40 mg of GA/100g respectively 
and antioxidant activity was found to be 24.68% and 4.78% respectively.

RECOMMENDATIONS

It is recommended that the bread from germinated fenugreek flour can be commercialized after pilot 
scale production trial. Fenugreek sprout flour might be used as a source of natural antioxidants in 
functional foods, supplements and some medicinal formulation. Biological effect of consumption of 
the product can be studied.

REFERENCES

AACC (2010). Approved Methods of Analysis of American Association of Cereal Chemists. 10th ed. 
The Association St Paul, MN.

Brand-Williams, W., Cuvelier, M.E., and Berset, C. (1995). Use of free radical method to evaluate 
antioxidant activity. Lebensmittel-Wessenshaft und-Technologie, 28, 25-30. 

Cauvain, S.P., Campden and Chorleywood Food Research Association. (2003). Breadmaking an over-
view. In “Bread making improving quality” (S.P. Cauvian eds). Woodhead Publishing Lim-
ited, Cambridge England.

Chavan J.K. and Kadam, S.S. (1989). Nutritional improvement of cereals by sprouting. Critical Re-
views in Food Sci. Nutri., 28(5), 401-437.

Chung, T., Nwokolo, E.N., Sim, J.S. (1989). Compositional and digestibility changes in sprouted 
barley and canola seeds. Plant Foods Hum. Nutri. 39, 267-278.

Desikachar, H.S.R (1982). Technology option for formulating weaning food for the economically 
weaker segments of population in developing countries. J. F. N. B, 4:57-59

DFTQC (2012). Khadya tatha dana vastuharuma nirdharit nyunatam aniwarya gunastar (in Nepali). 
Nepal Government Ministry of Agriculture Development. Department of Food Tecchnology 
and Quality Control, Babarmahal, Kathmandu, Nepal. 

Dhillon, G.K. and Kaur, A. (2013). Quality evaluation of bread incorporated with different levels of 
cinnamon powder. Int. J. of Food Sci., Nut. and Dietetics. 2:702.

Dixit, P., Ghaskadbi, S., Mohan, H. and Devasagayam, T.P. (2005). Antioxidant properties of germi-
nated fenugreek seeds. Phytotherapy Research. 19(11), 977-983.

Giami, S.Y., Amasis, T. and Ekiyor, G. (2004). Comparison of bread making properties of composite 
flour from kernels of roasted and boiled African bread fruit (Treculia Africana dece) seeds. 
Journal of Raw Material Research; 1:16-25. 

Table 7 Comparison of proximate composition of final product and white bread 

Parameters MG2 Control bread
Carbohydrate(%db) 76.08±0.99a 80.47±0.04b
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Protein(%db) 19.10±1.83a 15.33±0.14b

Fat(%db) 2.941±0.02a 2.67±0.03b

Ash(%db 1.56±0.01a 1.47±0.03a

Crude fiber(%db) 0.37±0.01a 0.056±0.06b
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db expressed on a dry weight basis. Values are means±SD of three determinations.  means in the same 
row with different superscript are significantly different.

   Comparison of antioxidant activity

  

Fig 5 % scavenging activity of final selected bread and control bread

Fig 5 shows the free radical scavenging activity of the extract of MG2 and control bread. The final 
selected product and control product exhibited free radical scavenging activities of 24.68% and 4.78% 
respectively. t-Test showed that there is significant difference in antioxidant activity of MG2 and con-
trol bread. The final selected bread with 4% germinated fenugreek flour exhibited more free radical 
scavenging activity compared to the control product. Fenugreek powder had a significant contribution 
in increasing the antioxidant activity of bread as compared to control.  According to Dhillon and 
Kaur, (2013) bread with 2% cinnamon had 16.12% antioxidant activity whereas control bread had 
only 4.27%. 
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Effects of temperature, fruit :water ratio and application of different clarifying agents on physiochem-
ical parameters (pH, acidity, TSS, viscosity and yield) and sensory quality attributes (color, taste, 
mouthfeel and overall acceptance) were determined by using stage 6 bananas. Extraction and optimi-
sation was done with four different temperatures i.e., 8530C, 7030C, 5530C and 200C, three different 
fruit : water  ratios i.e., 1:2, 1:3 and 1:4 and three different treatments i.e, application of 0.85% pecti-
nase enzyme, bentonite (0.25mg/L) and freezing (24h). From the sensory analysis, product with 1:2 
fruit: water ratio extracted with hot water at 70±30C for 60 minutes and treated with 0.85% pectinase 
enzyme was found to be best. Chemical analysis of product had reducing sugar 9.33±0.76%, total 
sugar 29.67±0.76%, vitamin C was 0.016±0.008%, tannic acid (% gallatonic acid) 1.06±0.25%, ca-
rotenoids (µg/100g) was found to be 0.0016 µg/100g. Microbiological analysis of the product showed 
10cfu/mL. 

Keywords: temperature, fruit: water ratio, pectinase, bentonite, freezing

INTRODUCTION

Juice is extractable fruit contents of cells or tissues obtained by mechanical process from sound, ripe 
fruits. Raw banana juice is turbid, viscous and gray in colour (Kyamuhangire et al., 2002; Lee et al., 
2006). According to Mohapatta et al., 2010 banana is climacteric fruit which is regulator of consti-
pation as well as diarrhoea. 97.3 million meric tonnes of banana was grown in 4.9 million hectares 
worldwide in 2009 while Nepal produced 88,849 tonnes of banana on 5714 hectares of land in 2008. 
India is largest banana producer worldwide while kailali is largest producer district in Nepal (FAO, 
2009; MOAD, 2008).

    Transformation of colour from green to yellow indicates ripening of bananas that contains 1-2% 
starch which increases to 15-20% containing sucrose, glucose, fructose as soluble sugars (Seymour, 
1993). Insoluble protopectin is increasingly transformed into soluble form. Volatile compounds that 
increases during ripening is 200 in number of which amyl ester contribute to banana like flavor and 
distinctive flavor is due to butyl esters (Jordan et al., 2001). Mallic acid is the major acid present in 
banana (Butler, 1998). The solubility of a given solute in a given solvent typically depends on tem-
perature. For many solids dissolved in liquid water, the solubility increases with temperature upto 
1000C (John and Ralph, 1999). Carotenoids are stable to heat only in absence of oxygen (Armstrong 
and hearst, 1996). Vitamin C is unstable to heat (Moline et al., 1999). According to USDA nutrient 
database (2013),i.e., TPC for juice should be less than 20000 cfu/ml.

     Viscosity is due to friction between neighbouring parcels of the fluid that are moving at different 
velocities (Holman, 2002). Pectinases which are composed entirely of polygalacturonases, pectinylas-
es and pectin esterases, play a role in breaking down pectin chains (Enzyme India, 2008). Bentonite 
adsorbs protein molecules from aqueous solution and hence clarifies juice by decoloriging various 
minerals, vegetable oils etc (Hosterman and patterson, 1992). During freezing denser particles settles 
first and hence become easy for separation (Akesowan and Choonhahirun, 2013). Lee et al., 1997 
characterized stage 6 banana by peel with full yellow colour that is suitable for juice extraction and 
stage 7 bananas are prone to high microbial load so is not suitable for juice extraction.

     Juice can be extracted traditionally with spear grass by the help of hands and feet, mechanically in 
aluminium chamber through gear system and hot water extraction (Kyamuhangire, 1998; Kasozi and 
Kasisira, 1996). Juice can be extracted enzymatically through pectinase that aids in juice extraction 
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     Lee et al., (1997) have described 7 stages of banana of which stage 7 bananas are fully ripe bananas 
characterised by yellow peel with brown spots. Stage 6 bananas are characterised by peel with full 
yellow colour. Since stage 7 bananas are prone to presence of toxin and high microbial load, stage 6 
bananas were taken for juice extraction (Nachene and Uma, 2003). The selected bananas were peeled 
and sliced for easy extraction of juice. SO2 in the form of potassium metabisulphite (KMS) at 30ppm 
was added to arrest the growth of yeast, bacteria and moulds. KMS is the stable form hence used in 
foods. SO2 in high concentration can induce asthma when ingested by sensitive persons even in high 
dilution (Hogan, 2010).

Hot water extraction of banana was done at different temperatures i.e., 8530C,  7030C,  5530C and 
room temperature i.e., 200C as according to John and Ralph (1999), solubility increases with increase 
in temperature upto 1000C. Extraction was done for 60 minutes with 1:2 fruit: water ratio. Optimised 
RTS derived from sensory analysis was then subjected to optimisation of fruit: water ratio. Juice was 
optimised with 1:2, 1:3 and 1:4 fruit: water ratio.  Optimised RTS derived from sensory analysis was 
then subjected to different treatments i.e., enzyme, bentonite and freezing. Pectinase enzyme at 0.85% 
concentration was subjected for 2 hours at 500C, bentonite at 0.25 mg/ltr for 2 hour and freezing for 
overnight (Lee et al., 2007;  Akesowan and  Choonhahirun, 2013). Juice composition was formulated 
to make RTS in accordance with Nepal Standard i.e., 150Bx TSS, 25%fruit content and 0.3% acidity. 
Pasteurisation was done for 3minutes at 950C to inactivate enzymes (Montville and Matthwes, 2005). 
Prepared RTS was bottled in glass bottles and sealed.

RESULTS AND DISCUSSION

Effect of temperature on juice extraction

For the optimisation of temperature for juice extraction, juice was extracted from stage 6 (Appendix 
D) bananas by hot water extraction at 8530C, 7030C, 5530C and room temperature i.e., 200C(control)  
at 1:2 fruit:water ratio for 60 minutes. 

     Statistical analysis showed significant difference between juices A, B, C and D in terms of yield, 
TSS, acidity, pH and viscosity. Acidity of the formulations were found to be in the range 0.06±0.003% 
to 40±0.008% while pH was found to be from 4.58±0.07 to 5.047±0.09. Acidity was found increasing 
with increasing temperature while pH was found decreasing with increasing temperature that might be 
because acidity increases with increase in temperature and acidity and pH has inverse relation. Mallic 
acid is the major acid present in banana (Butler, 1998). TSS was found 6 to 12.50±0.710Bx and was 
increasing with increasing temperature. This might be due to higher solubility of solutes in a solvent 
in a higher temperature (John and Ralph, 1999).  Similarly, the viscosity of the formulations ranged 
from 1.30±0.05cP to 2.23±0.05cP and yield was found from 33.23±1.16 % to 65.77±1.16% . Viscosity 
and yield was found increasing with increasing temperature. This might be because of increase in TSS 
with increasing temperature due to higher solubility of solutes (John and Ralph, 1999).  

 Data obtained from physicochemical characteristics of juice extracted in different temperatures are 
presented in Table 1:

through pectin break down. Enzymatic extraction of juice gives acceptable result in terms of physical, 
chemical, microbiological and sensory evaluation (Oslen, 2000).

 MATERIALS AND METHODS

Experimental Design

Raw material collection and selection

Peeling and slicing of banana

Addition of SO2 at 30 ppm

Analysis of banana (stage 6 -banana with full yellow peel, Appendix D)

Hot water extraction of banana juice (1:2 fruit: water ratio for 60 mins)

Optimisation of juice extraction temperature

                          (850C 30C, 700C30C, 550C30C   and room temperature i.e., 200C)

Optimisation of juice:water ratio

(1:2, 1:3 and 1:4)

Application of different clarifying agents

                    Enzyme (0.85 % pectinase)      Bentonite (0.25 mg/ltr)            Freezing(24 h)

Formulation of juice composition according to Nepal Standard (Appendix B) 

Pasteurisation at 950C for 3 mins 

Bottling of juice in glass bottles

Sealing

Fig 1 Schematic diagram of banana juice production

The experimental work was design to identify the optimum combination of time, fruit: water ratio, 
temperature and different treatments like enzyme, bentonite and freezing condition for juice extraction 
from banana and preparation of RTS from the extracted juice on the basis of chemical composition. 
Four different temperatures (8530C, 7030C, 5530C and room temperature i.e., 200C) were selected 
with constant fruit: water ratio i.e., 1:2 and constant time to extract juice from banana as according to 
John and Ralph (1999), solubility increases with increase in temperature upto 1000C and according 
to Lee et al., (2007) maximum juice yield was obtained in 60mins with 1:2 fruit: water ratio through 
hot water extraction method. After optimizing time for extraction and performing sensory analysis of 
the RTS made from different temperature, sensory analysis was performed. Best juice was selected on 
the basis of sensory analysis.  Optimisation of water was performed by applying different fruit: water 
ratio i.e., 1:2, 1:3 and 1:4. Different treatments i.e., application of enzyme, bentonite and freezing was 
done. Best juice was selected on the basis of yield from different treatments and sensory analysis. The 
total experimental design for the works is presented in diagram 1:
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    From the Figure 2 above it showed that product C (RTS prepared at 70±30C with 1:2 fruit: water ra-
tio for 60minutes) got highest score on three sensory attributes so was selected for further formulation.

Optimisation of fruit: water ratio for juice extraction Juice extracted 70±30C with 1:2 fruit: water 
ratio for 1 h was taken for optimisation of fruit: water ratio taking different fruit: water ratio i.e., 1:2, 
1:3 and 1:4 and their physicochemical characteristics are presented in Table 2.

Table 2 Physicochemical characteristics of juice having different fruit: water ratio
Fruit: water ratio

Formulations Parameters
A(1:4) B(1:3) C(1:2) LSD

Yield (%)
Acidity (%)
TSS(0Bx)
Viscosity(cP)
PH

57.76±0.88a

0.07±0.00a

5±0.00a

1.04±0.01a

4.86±0.03a

57.47±0.75a

0.07±0.00a

6±0.00b

1.4±0.01b

4.72±0.02b

58.17±0.34a

0.27±0.00b

9.67±0.76c

1.86±0.06c

4.67±0.04b

1.01
0.001
0.66
0.07
0.05

Note: Values are average of triplicate determinations ± standard deviation

Values with same subscripts in the same row are not significantly different (p>0.05) statistically.

     Yield of formulations were found to be from 57.47±0.75% to 58.17±0.34%. Statistical analysis 
showed that there was no significant difference (p≤0.05) between the juices A, B and C in terms 
of yield. This revealed that amount of water had least effect on the yield (Holman, 2002). Acidity 
of juices was found ranging from 0.07% to 0.27%. Acidity was found to be significantly different 
(p>0.05) statistically. Similarly, pH was found in the range 4.67±0.04 to 4.86±0.02 in which juice B 
and C are not different statistically.  Acidity decreases with increasing water content. This might be 
due to dilution of fruit with water. As acidity decreases with increasing water content, pH increases. 
TSS of formulations ranged from 50Bx to 9.67±0.760Bx while viscosity of formulations ranged from 
1.04±0.01cP to 1.86±0.06cP. Viscosity decreased with water content. LSD testing showed that there 
was not significant difference (p≤0.05) between the samples A and B in terms of viscosity. This might 
be because of least effect of water content on juice extraction.

Effect of different fruit: water ratio on sensory quality of RTS 
Sensory evaluation of different formulations were carried out to optimise fruit: water ratio for juice 
through sensory evaluation. The results obtained by sensory evaluation are presented in the Figure 3:

   From the Figure 3 above in effect of varying fruit: water ratio, it was found that product C (70± 30C 
with 1:2 fruit:water ratio for 60 minutes) scored highest in terms of taste, mouthfeel and overall so 
used for further product development.

Table 1. Physicochemical characteristics of juice extracted in different temperatures 
Temperatures (0C)

Formulations Parameters A (20±30C)    B(55 ±30C)         C(70±30C)    D(85±30C)             LSD
Yield (%)

Acidity (%)

TSS (0Bx)

Viscosity(cP)

pH

33.23±0.30a        49.06±1.06b      57.9±0.8c      65.76±0.03d           1.16

0.06±0.00a          0.12±0.00b       0.25±0.02c        0.40±0.01d            0.02

6.00  ±0.00a         7.00±0.00b      9.67±0.7c          12.5±0.28d             0.71

1.24±0.05a           1.30±0.00b         1.87±0.06c      2.32±0.01d          0.05    

5.04±0.08a            4.71±0.00b          4.68±0.0b      4.58±0.07c              0.09    

Note: Values are averages of triplicate determinations ± standard deviation

Values with same subscripts in the same row are not significantly different (p>0.05) statistically.

A= Juice extracted at 20±30C, B=Juice extracted at 55 ±30C, C=Juice extracted at 70±30C and D =              Juice extracted at 850C±30C 

Effect of different temperature treatments on sensory quality of RTS

Sensory evaluation of different formulations were carried out to optimise temperature for juice ex-
traction through sensory evaluation. The RTS prepared through juice extracted at different tempera-
tures were evaluated on the basis of colour, taste, mouthfeel and overall. The results obtained by 
sensory evaluation are given in the Figure 2:

 

Fig. 2 Average sensory score for different sensory attributes of RTS having varying temperatures.
Same alphabet at the top of the bars indicates not significantly different (p>0.05) statistically. Vertical 
error bars represent ± standard deviation of scores given by 10 panelists Note: A= RTS prepared at 
20±30C, B=RTS prepared at 55 ±30C, C=RTS prepared at 70±30C and D = RTS prepared at 95±30C
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highest in sample A. High TSS and viscosity might be due to higher yield in sample A. Yield increased 
due to higher extraction of juice due to rupture of cell wall by the action of enzyme. As the higher 
amount of juice is extracted, total soluble solids also becomes higher. Higher total soluble solids leads 
to increased viscosity. In the study of Byarugaba-Bazirake (2008), TSS varied from 120Bx to 150Bx 
while study of present juice treated with enzyme showed 13.160Bx ±0.380Bx TSS which was in ac-
cordance with result of Byarugaba-Bazirake (2008).

     Data obtained from physiochemical analysis of juice treated with different clarifying agents are 
tabulated in Table 3.

Table 3 Physicochemical characteristics of juice treated with different clarifying agents

Clarifying agents

F o r m u l a t i o n s  
Parameters

A(0.85% enzyme 
pectinase)

B(0.25mg/L benton-
ite)

C(freezing for 24 
hours)

LSD

Yield (%)

Acidity (%)

TSS(0Bx)

Viscosity(cP)

PH

82.53±0.52a

0.41±0.00a

13.16±0.38a

1.4±0.01a

4.69±0.02a

60.4±0.4b

0.06±0.00b

6±0.00b

1.31±0.01b

4.74±0.00b

57.4±0.57c

0.06±0.00b

6±0.00b

0.84±0.00c

4.86±0.02c

0.79

0.01

0.33

0.01

0.03
 
Note: Values are average triplicate determinations ± standard deviation 

Values with same subscripts in the same row are not significantly different (p≤0.05) statistically.

A=Juice extracted by 0.85% enzyme pectinase, B=Juice extracted by 0.25mg/L bentonite and  C=-
Juice extracted by freezing for 24 hours.

Effect of different clarifying agents on sensory quality of RTS

Sensory evaluation of different formulations were carried out to select suitable clarifying agent to 
extract. The product developed were different in treatments. The products developed were evaluated 
on the basis of colour, taste, mouthfeel and overall. The results obtained by sensory evaluation are 
given in the Figure 4:

Fig 3 Average sensory score for different sensory attributes of RTS having varying fruit: water ratio.

Same alphabet at the top of the bars indicates not significantly different (p≤0.05) statistically. Vertical 
error bars represent ± standard deviation of scores given by 10 panelists

 Note: A=RTS prepared from 1:4 fruit: water ratio, B= RTS prepared from 1:3 fruit: water ratio, and 
C=RTS prepared from 1:2 fruit: water ratio.

  Selection of suitable clarifying agents  

Juice extracted at 70± 30C with 1:2 fruit: water ratio for 60 minutes was taken for optimisation of 
suitable clarifying agents. Further product was developed with 0.85% enzyme pectinase, 0.25mg/L 
bentonite and freezing for 24 hours and their effect on physicochemical characteristics are tabulated 
in Table 3.

     Yield of formulations were found to be from 57.4±0.57% to 82.5±0.52%. Statistical analysis 
showed that there was significant difference (p<0.05) between the juices A, B and C. Yield was found 
to be highest in sample A. This result resembles the result obtained by Byarugaba-Bazirake (2008) as 
the author reported an yield of 77.9% of banana juice from the application of enzyme pectinase. This 
might be because juice A was treated with enzyme pectinase. Pectinase  breaks down pectin that pro-
vides rigidity to cell wall by the process de-polymerisation and de-esterification and helps extracting 
juice from the pulp (Enzyme India, 2008). After juice A, juice B was found to have highest yield. Juice 
B was treated with 0.25mg/L bentonite. Bentonites help clarifying juices by adsorbing protein mole-
cules from aqueous solution (Hosterman and Patterson, 1992). Juice C was found to have least yield 
among the 3 juices. Juice C was subjected to freezing for 24 hours. Freezing helps clarifying juices by 
settling down denser particles at the bottom (Akesowan and Choonhahirun, 2013).    

     Acidity ranging from 0.067% to 0.41% decreased from sample A to C while pH ranging from  4.69 
±0.02 to 4.86±0.02  increased from sample A to C . This might be because acidity and pH has inverse 
relationship. TSS ranging from 60Bx to 13.16±0.380Bx from and viscosity ranging from was found 
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C(freezing for 24 
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LSD
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TSS(0Bx)
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0.41±0.00a

13.16±0.38a
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4.69±0.02a

60.4±0.4b

0.06±0.00b

6±0.00b

1.31±0.01b

4.74±0.00b

57.4±0.57c

0.06±0.00b

6±0.00b
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Sensory evaluation of different formulations were carried out to select suitable clarifying agent to 
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given in the Figure 4:

Fig 3 Average sensory score for different sensory attributes of RTS having varying fruit: water ratio.

Same alphabet at the top of the bars indicates not significantly different (p≤0.05) statistically. Vertical 
error bars represent ± standard deviation of scores given by 10 panelists
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±0.02 to 4.86±0.02  increased from sample A to C . This might be because acidity and pH has inverse 
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Table 4 Physicochemical characteristics of optimised RTS

               Parameters                                                                           Amount 

 Reducing sugar (% dextrose)                                           9.33±0.76

 Total sugar (%dextrose)                                                   29.67±0.76

 Vitamin C (% ascorbic acid)                                            0.016±0.008

  Tannic acid (%gallatonic acid)                                        1.06±0.25

  Carotenoids (µg/100g)                                                     0.0016±0

  Viscosity (cP)                                                                   1.03±0.01

                pH                                                                                    3.70±0.26 

Reducing sugar of RTS was found to be 9.33±0.76%. In banana reducing sugar is in the range of 
3.6%-24.6% dextrose according to USDA nutrient database (2013). Total sugar (%dextrose) was 
found to be 29.67±0.76. In ripe banana total sugar is 22.8% according to USDA nutrient database 
(2013). In the final product total sugar was increased than in banana. This might be because of addi-
tion of sucrose. Sucrose contributes to the total sugar content. Total Sugar provides the concentration 
of reducing sugars after “inversion” of the sample (Seymour, 1993). Vitamin C that is unstable to heat 
(% ascorbic acid) was found to be 0.016±0.008 and according to USDA nutrient database ripe banana 
contains 0.05-0.17% ascorbic acid. The decrease in ascorbic acid might be due to heat treatment 
applied during juice extraction (Moline et al., 1999). Tannic acid (%gallatonic acid) was found to be 
1.06±0.2. In banana tannins are found in the range 12.2- 24.1% according to USDA nutrient database 
(2013). Tannic acid was found to decrease in the final product. It might be because tannins might 
not have been extracted sufficiently during juice extraction. Carotenoids (µg/100g) was found to be 
0.0016. In banana, carotenoids are 0.3µg/100g in amount. Carotenoids was found less in banana RTS. 
This might be because carotenoids are stable to heat only in absence of oxygen (Armstrong and hearst, 
1996). Viscosity was found to be 1.03±0.01 and pH was found to be 3.70±0.26.

Microbiological analysis of the product For total plate count, plates were incubated at 370C for 48 
hrs. For coliform count, plates were incubated at 370C for 48 hrs. In total plate count 10 cfu/ml was 
found which was in accordance to the standard given by USDA nutrient database (2013) i.e., TPC for 
juice should be less than 20000 cfu/ml. Coliform was found nil.

CONCLUSIONS  Temperature had significant effect on the physicochemical properties of the juice. 
Based on sensory evaluation of the RTS, juice extracted with temperature 70±300C was found to be 
best. Similarly, Fruit: water ratio had not found to be significant effect on yield but found to have 
significant effect on other properties of the juice. Based on sensory evaluation RTS C with 1:2 fruit: 
water ratio at 700C±300C was found to be best. Different treatments i.e., 0.85% enzyme pectinase, 
0.25mg/100L bentonite and freezing for 24 hours found to have significant effect on physicochem-
ical properties of banana juice. Based on sensory evaluation RTS with 0.85% enzyme pectinase at 
700C±300C with 1:2 fruit: water ratio was found to be optimised.

REFERENCES
Akesowan and Choonhahirun, 2013Alanko, J., Riutta, A., Vapaatalo, H. (1992).  Effects of Cat-

   Fig 4 Average sensory score for different sensory attributes of products having varying treatments.

Same alphabet at the top of the bars indicates not significantly different (p≤0.05) statistically.

Vertical error bars represent ± standard deviation of scores given by 10 panelists

Note: A= RTS prepared from 0.85% enzyme pectinase, B=RTS prepared from 0.25mg/L bentonite 
and C=RTS prepared from freezing for 24 hours.

From the Figure 4 above in effect of varying treatments, it was found that product A (70± 30C with 
1:2 fruit:water ratio for 60 minutes and 0.85% pectinase) scored highest in terms of colour, taste, 
mouthfeel and overall.

Physicochemical properties of optimised RTS

From the analysis of different physical and chemical treatment, RTS A (70±30C with 1:2 fruit: water 
ratio for 60 minutes and 0.85% pectinase) was found to be the optimised  product. Physicochemical 
analysis of the RTS A was done.

The data obtained from physicochemical analysis of optimised product are tabulated in Table 4.



266

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

267

Table 4 Physicochemical characteristics of optimised RTS

               Parameters                                                                           Amount 

 Reducing sugar (% dextrose)                                           9.33±0.76

 Total sugar (%dextrose)                                                   29.67±0.76

 Vitamin C (% ascorbic acid)                                            0.016±0.008

  Tannic acid (%gallatonic acid)                                        1.06±0.25

  Carotenoids (µg/100g)                                                     0.0016±0

  Viscosity (cP)                                                                   1.03±0.01

                pH                                                                                    3.70±0.26 

Reducing sugar of RTS was found to be 9.33±0.76%. In banana reducing sugar is in the range of 
3.6%-24.6% dextrose according to USDA nutrient database (2013). Total sugar (%dextrose) was 
found to be 29.67±0.76. In ripe banana total sugar is 22.8% according to USDA nutrient database 
(2013). In the final product total sugar was increased than in banana. This might be because of addi-
tion of sucrose. Sucrose contributes to the total sugar content. Total Sugar provides the concentration 
of reducing sugars after “inversion” of the sample (Seymour, 1993). Vitamin C that is unstable to heat 
(% ascorbic acid) was found to be 0.016±0.008 and according to USDA nutrient database ripe banana 
contains 0.05-0.17% ascorbic acid. The decrease in ascorbic acid might be due to heat treatment 
applied during juice extraction (Moline et al., 1999). Tannic acid (%gallatonic acid) was found to be 
1.06±0.2. In banana tannins are found in the range 12.2- 24.1% according to USDA nutrient database 
(2013). Tannic acid was found to decrease in the final product. It might be because tannins might 
not have been extracted sufficiently during juice extraction. Carotenoids (µg/100g) was found to be 
0.0016. In banana, carotenoids are 0.3µg/100g in amount. Carotenoids was found less in banana RTS. 
This might be because carotenoids are stable to heat only in absence of oxygen (Armstrong and hearst, 
1996). Viscosity was found to be 1.03±0.01 and pH was found to be 3.70±0.26.

Microbiological analysis of the product For total plate count, plates were incubated at 370C for 48 
hrs. For coliform count, plates were incubated at 370C for 48 hrs. In total plate count 10 cfu/ml was 
found which was in accordance to the standard given by USDA nutrient database (2013) i.e., TPC for 
juice should be less than 20000 cfu/ml. Coliform was found nil.

CONCLUSIONS  Temperature had significant effect on the physicochemical properties of the juice. 
Based on sensory evaluation of the RTS, juice extracted with temperature 70±300C was found to be 
best. Similarly, Fruit: water ratio had not found to be significant effect on yield but found to have 
significant effect on other properties of the juice. Based on sensory evaluation RTS C with 1:2 fruit: 
water ratio at 700C±300C was found to be best. Different treatments i.e., 0.85% enzyme pectinase, 
0.25mg/100L bentonite and freezing for 24 hours found to have significant effect on physicochem-
ical properties of banana juice. Based on sensory evaluation RTS with 0.85% enzyme pectinase at 
700C±300C with 1:2 fruit: water ratio was found to be optimised.

REFERENCES
Akesowan and Choonhahirun, 2013Alanko, J., Riutta, A., Vapaatalo, H. (1992).  Effects of Cat-

   Fig 4 Average sensory score for different sensory attributes of products having varying treatments.

Same alphabet at the top of the bars indicates not significantly different (p≤0.05) statistically.

Vertical error bars represent ± standard deviation of scores given by 10 panelists

Note: A= RTS prepared from 0.85% enzyme pectinase, B=RTS prepared from 0.25mg/L bentonite 
and C=RTS prepared from freezing for 24 hours.

From the Figure 4 above in effect of varying treatments, it was found that product A (70± 30C with 
1:2 fruit:water ratio for 60 minutes and 0.85% pectinase) scored highest in terms of colour, taste, 
mouthfeel and overall.

Physicochemical properties of optimised RTS

From the analysis of different physical and chemical treatment, RTS A (70±30C with 1:2 fruit: water 
ratio for 60 minutes and 0.85% pectinase) was found to be the optimised  product. Physicochemical 
analysis of the RTS A was done.

The data obtained from physicochemical analysis of optimised product are tabulated in Table 4.



268

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

269

ANTIBACTERIAL ACTIVITY OF LACTOBACILLUS CASEI AND ITS PAR-
TIALLY PURIFIED EXTRACTS AGAINST FOOD PATHOGEN

Susmita Bhattarai1, 2, Rajini Malla2 and Anil Kumar Anal1*

1Food Engineering and Bioprocess Technology, Asian Institute of Technology, PO Box 4, KlongLu
ang, Thailand

2Central Department of Biotechnology, Tribhuvan University, Kathmandu, Nepal

*Corresponding author:anilkmar@ait.ac.th 

Antimicrobial substances have inhibitory activity and/or bactericidal properties against the test or-
ganisms. Other than synthetically produced antibacterial compounds, microorganism against other 
organisms produces many of these substances. In the present study, antimicrobial activity of Lacto-
bacillus casei (L. casei) was studied against one of the most common food pathogen, Staphylococcus 
aureus (S. aureus). It was observed that L. casei was able to inhibit the growth of S. aureus when 
co-cultured in milk. The log number of S. aureus was decreased from 6 logcfu/ml to 3.6 log cfu/ml 
when cultured and incubated for 48 hours at 37◦C. The pH of the co-culture was decreased from 6.34 
to 5.47, which shows the active growth of L. casei. The lactose content was found decreased with the 
increased incubation period. It decreased from 77.9 mg/ml to 60.3 mg/ml after 48 h of incubation. 
Furthermore, the bacteriocin was extracted and partially purified from L. casei to study its antibacte-
rial activity. The total amount of protein after dialysis was estimated to be 12.5% (w/w). The molecu-
lar weight of the partially purified bacteriocin by SDS-PAGE was found to be 36 kDa. The MIC of the 
bacteriocin against S. aureus was found to 75 mg/ml and MBC to be 150mg/ml.  The Antimicrobial 
activity of extracted bacteriocin from L. casei against S. aureus was observed and found inhibitory 
activity against test organism S. aureus.

Keywords: L. casei, antimicrobial activity, bacteriocin, lactose, SDS-PAGE

INTRODUCTION

Safe foods are these days’ people’s priority as well as the food industries. But every year food de-
terioration due to the microbial contamination is higher. The processed food products as well as the 
non-processed food products are on high risk of microbial interaction. Hence the thoughts on prepar-
ing safe and qualitative food stuffs are widely rising. One way to get healthy food is by using probiotic 
organisms in the foods. Though probiotics are mostly found in dairy products rather than other food 
products until now. Probiotics are those microorganisms which when ingested should show some 
considerable health benefits. Probiotic bacteria interact with the intestinal micro biota and intestinal 
epithelial cells by producing different bioactive metabolites.

Lactobacilli are among the most used genera as the probiotics. They act as natural preservatives 
because of different antimicrobial properties they have against other harmful microbes. Bacteriocins 
are among the antimicrobial substances produced by probiotic bacteria. Bacteria release the bacte-
riocins as their defenses which are proteinous in nature. Strains of Lactobacillus casei, Lactobacillus 
johnsonii, Lactobacillus rhamnosus and Lactobacillus plantarum, which are all of human origin and 
are known under defined brand names. By contrast, the Bifidobacterium strain BB12, which is used 
in most studies under the name B. lactis BB12, is marketed under a variety of labels. (Saxelin et al., 
2005). In vitro studies show that the lactobacilli are able to induce immune responses and also the 
epithelial cells are activated so that immune system is improved.  (Macro et al., 2006).  

L. casei are mesophilic gram positive, rod shaped non-motile, non-sporing bacteria. They are found 
in various environments such as fermented dairy products, reproductive system and intestinal tracts 
of humans and animals. The application of L. casei in biotechnology is various due to their beneficial 
effects which are increase in immune system, decrease risk of bladder cancer and reduced cholesterol 
level. In the present study as well L. casei is used as they have the optimum growth at pH 5.5 so that 
the foods used will not have much acidity as compared to other Lactobacilli. Also the L. casei has 
cold shock protein (csp-A) which allows bacteria to adapt to low temperature hence it would be active 
when used in cold storage food products.
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 Where D is the dilution factor.

Estimation of the Protein content by Bradford Assay method:

Bardford assay method was used for protein estimation taking BSA standard curve. Coomassie Bril-
lant Blue G-250 dye binds selectively to arginine and aromatic residues in the protein or peptides. So, 
the concentration of dye that reacts gives the protein concentration.

Determination of MIC/MBC:

The MIC/MBC was carried out by using the two fold serial tube dilution method. 10⁶ /ml number of 
S. aureus were inoculated in the tubes with bacteriocin and the media. The tubes were incubated for 
24 hours and observed for visible growth. The lowest concentration with no visible growth was MIC. 
Then the MBC was determined by plating 200µl from tubes with no growth to MRS plates. The low-
est concentration with no colonies was taken as the MBC.

Estimation of the molecular weight of bacteriocin by SDS-PAGE:

Tris-glycine SDS polyacrylamide gel electrophoresis was carried out to find the weight of unknown 
bacteriocin. It was carried out in 12% resolving and 5% stacking gel. The gel was stained with 
coomassie blue and then, destained and visualized. Then the gel was visualized. The molecular weight 
was determined by comparing the bands with the marker bands.

RESULT AND DISCUSSION

Co-culture of L. casei and S. aureus in milk:

There was smooth growth of S. aureus when individually cultured in milk. But in co-culture medium 
the log cfu/ml of the S. aureus was decreasing as the hours of incubation was increasing. The log cfu/
ml was decreased sharply after 28 hours of incubation. As a whole there was decrease of log cfu/ml 
from 6 to 3.8 after 48 hours of incubation.

          

 Figure 1: Growth curve of L. casei and S. aureus in milk.

Bacteriocin family is diverse group of bacterial defenses. LAB produced bacteriocins are well charac-
terized as they have been used in fermentation and milk and meat preservation. There are four classes 
of LAB bacteriocins. Class I  are the bacteriocins that are modified known as lantibiotics which are 
ribosomally synthesized and can act against a broad range of Gram-positive bacteria. Mersacidin can 
be taken as example. They have low molecular weight in between 2-5 kDa. Class II bacteriocins are 
minimally modified and heat-stable of less than 10 kDa. They are divided into two sub groups. Class 
IIa consists of Listeria-active peptides which have conserved N- terminal sequence of YGNGVXaaC. 
Class IIb are lacticin F and lactococcin G composed of two different proteins and act by forming pores 
in the target bacteria. Class III are heat labile large proteins, such as helveticins J and lactacin B. Class 
IV bacteriocins are those who needs lipid or carbohydrate moieties for their action, so are complex 
as compared to other bacteriocins. They are the least studied one whereas the Class I bacteriocins are 
the mostly studied one in probiotic research (Riley, 2009). Nisin has been used as food preservative 
for over 50 years and it has been reported that there is no significant bacterial resistance against it 
(Nagalakshmi, 2013).

Staphylococcus aureus are gram positive facultative anaerobic cocci bacteria which is capable of 
secreting several exotoxins. They are normal inhabitant of skin and mucous membrane. Staphylococ-
cal food poisoning is now a day’s one of the upcoming issues in medical field as well as food safety 
concerns. Mostly the food intoxication by S. aureus is due to bad hygiene practices either in house or 
in industries. Meat products and dairy products are mostly contaminated by S. aureus.  In the present 
study milk is taken as the substrate for co-culture as there are many cases reported for the comtam-
ination of S. aureus in milk. Milk is easily contaminated by S. aureus because of the low hygiene 
during handling, processing and transportation. In a research carried out by Oliveira et al, 2011, it was 
observed that the pasteurized milk also had as much counts of S. aureus as compared to the raw milk. 
Also the emergence of antibiotic resistant forms of pathogenic S. aureus is a worldwide problem in 
clinical medicine.

 MATERIALS AND METHODS

Antibacterial activity of L. casei against S. aurues:

The antibacterial activity was carried out by Agar well diffusion method in MHA agar. 100ul of the L. 
casei culture supernatant is used and after 24 hours of incubation inhibition zone is observed.

Co-culture of L. casei and S. aureus in milk:

Co-culture of L. casei and S. aureus was carried out in sterilized plain milk by inoculating 10⁶cfu/ml 
of L. casei and S. aureus. Also the individual culture of the organisms was carried out. The cultures 
were then incubated at 37◦c up to 48hours. But in every four hour interval the samples were with-
drawn to determine cfu/ml, pH, and the lactose content. The Lactose content was determined by DNS 
method.

Isolation and the purification of bacteriocin from L. casei:

L. casei was cultured in 500ml of MRS broth with 1% inoculum and incubated for 120hr at 37◦c 
with constant shaking. 100ml of culture was taken and centrifuged for 15 minutes at 10,000 rpm. The 
supernatant was then precipitated with40% to 90% concentration of ammonium sulphate with con-
stant stirring at 0◦c. The precipitate was centrifuged and dissolved in 7 pH 0.1 mM phosphate buffer. 
Then it was dialysed through 1,000 MWCO dialysis bag. The solution obtained was filtered through 
0.22µm filter paper. Then it was freeze dried and used for further characterization.

Determination of inhibitory activity:

The inhibitory activity was determined and expressed in AU/ml (Arbitrary unit) tested by two fold se-
rial dilutions. AU is defined as the reciprocal of the highest dilution producing a clear zone of growth 
inhibition of the indicator strain. It is calculated as 

AU/ml = (1000/10) D
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Protein estimation:

The protein content was estimated in the cell free supernatant of the culture of L. casei and 
the bacteriocin solution obtained after dialysis. 30% recovery of the protein was made with 70% of 
ammonium sulphate which contains mostly bacteriocins. In others studies as well it was found that 
the total protein after dialysis was less as all the proteins from the supernatant are not precipitated. 

Table 1: Protein estimation in different solution

S/N sample Volume (ml) Dilution factor Protein(mg/ml) Total protein
1 Culture supernatant 100 1 0.41 41
2 After ammonium sul-

phate precipitation and 
dialysis

5 10 2.49 12.45

Bactoriocin activity:

The inhibitory activity of the bacteriocin was measured by serial two fold dilution method. Agar well 
diffusion was carried out after dilution. The inhibitory activity of the crude culture cell free superna-
tant was found to be 1600 AU/ml. The result shows that there is the inhibitory activity of the bacte-
riocin against S. aureus. The inhibitory activity of the culture supernatant is higher as there are other 
antimicrobials as well in the crude supernatant.  

Table 2: Inhibitory activity of different samples

S/N Sample Inhibitory activity (AU/ml)
1 Sample culture

supernatant
1600

2 After dialysis 800

MIC/MBC:

The MIC value was 75 mg/ml of the partially purified bacteriocin as there was no visible growth in the 
tube with the concentration. The MBC value was found to be 150 mg/ml. The MIC/MBC value will 
be decreased as the bacteriocin solution will be further purified.

Estimation of the molecular weight of bacteriocin:

The molecular weight of the partially purified bacteriocin was estimated by Tris-glycine SDS-PAGE 
using laemmli sample buffer. The molecular weight of the peptide was estimated as compared to the 
molecular ladder which was also run along with the sample. The molecular weight of the partially 
purified bacteriocin was found to be 36 kDa as there was the effective band in the region as when 
compared with the marker. The molecular weight of the bacteriocin was higher than the class I and 
class II bacteriocin so the bacteriocin can be of class III bacteriocin.

CONCLUSIONS

The present study shows that L. casei and its bacteriocin can be inhibitory to S. aureus. L. casei can 
be used as antimicrobial in milk as well as the milk products as the co-culture shows the decrease in 
number of S. aureus when milk was used as the substrate. The bacteriocin from L. casei can act as 
natural preservative. The bacteriocin isolated was found to be antibacterial as it inhibited the growth 
of S. aureus. If the bacteriocin will be further purified then it can be used more precisely, so that there 
will be less risk of alteration of taste and texture when used in food products.   

Figure 2: Growth of L. casei and S. aureus when co-cultured in milk.

The decrease in cfu/ml of the S. aureus when co- culture shows that there is Antimicrobial activity 
of L. casei also when cultured in milk. As the zone of inhibition was also observed when agar well 
diffusion method was carried out. The inhibition zones were on average of 15mm. The co-cultured 
media was also used for the measuring the pH in every 4 hours interval and it showed that the pH of 
the media was decreasing with increasing incubation. In 48 hours the pH was decreased from 6.34 to 
5.47. This shows the increasing concentration of lactic acid. As measured by DNS method the lactose 
content was also decreased with increased incubation. It’s because the lactose was degraded by the 
L. casei. The initial concentration of lactose was found to be 77.9mg/ml and it was decreased to 60.3 
mg/ml after 48 hours of incubation.

Isolation and the purification of bacteriocin from L. casei:

The culture supernatant was used for the precipitation with 40%- 90% of concentration of Ammonium 
sulphate. The pellet after centrifugation and dialysis was used for agar well diffusion against S. aureus 
and it was observed that distinct zone of inhibition was given by 70% concentration of Ammonium 
sulphate. The average zone of inhibition was found to be 9mm. Also 80% and 60% concentration of 
ammonium sulphate gave zone of inhibition but was negligible but in case of others there was no zone 
of inhibition.

        

 Figure 3: zone of inhibition after precipitation
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Intramuscular Fat: The Intramuscular fat was determined by soxhlet method, pH by digital meter, 
cooking loss and water holding capacity (WHC) were measured as described by Subba, 2010.

Oxidative Stability: The oxidative stability was measured using the 2-thiobarbituric acid reactive 
substance (TBARS) values. In brief, 10g of homogenized mixture ( with 47.5ml distilled water) was 
mixed with 2.5ml of hydrochloric acid (1:2 solution v/v) and distilled to collect 15ml of distillate. The 
distillate (5ml) was mixed with 5ml of TBA (0.02M) and boiled for 35 minutes, cooled for ten minutes 
till color development. The absorbance readings for duplicate samples and blank (5ml of HCl mixed 
with 5ml TBA) was measured at 538nm using spectrophotometer. The absorbance values were multi-
plied by a factor of 7.8 to obtain the Thiobarbituric Acid Reactive Substance (TBARS) values in mil-
ligram malondialdehyde per kilogram of sample (mgMDA/kg) (Adeyemi and Olorunsanya, 2012).
Emulsion Stability: Modified procedures described by Townsend et al. (1968) was used to determine 
the emulsion stability. In brief, 70g sample was mixed with 30g fat, 15 ml cold water and 2g salt in an 
Omni mixture. Then emulsion was weighed, transferred into a plastic bottle and placed in a shaking 
water bath at heating 48.80C to 68.80C in 1 hour. Cooking recovery was calculated with the help of 
cooked and drained weight. 
Shelf life study

The shelf life of meat was studied by determining the Total Plate Count (TPC), yeast and mold count. 
The procedures for these measurements are shown below:

Microbial counts: Total plate count was determined by pour plate method using plate count agar and 
buffered peptone water as diluents. Yeast and mold count was determined by using potato dextrose 
agar (FAO, 1996).

Data Analysis and Interpretation: The obtained from different analysis were statistically analyzed 
using the Genstat program. The analysis of variance (ANOVA) at 5% level of significance was used 
and interpretations were observed as F.Pr. value, LSD, standard error of means , CV (%) and mean 
values.

RESULT AND DISCUSSION

Physicochemical Analysis: The physicochemical analysis of rabbit meat such as pH, water holding 
capacity (WHC), cooking loss, oxidative stability, emulsion stability and intramuscular fat of refrig-
erated storage and frozen meat using vacuum and normal packaging conditions were performed and 
results are shown in the table 1 and 2. The triplicate samples were analyzed for each parameter and 
data were tested statistically using one way ANOVA.
Table 1a: Result of physicochemical analysis of fresh rabbit meat on refrigeration storage with Vac-
uum packaging

Treat-
ments

pH WHC Cooking

Loss (%)

Oxidative stabil-
ity(mgMDA/Kg)

Emulsion stability as 
cooking recovery(%)

I M F      
(%)

1 5.7233a 0.5530a 34.56a 0.156ab 79.49a 10.277a

2 5.6767b 0.5400a 39.33b 0.208a 80.77b 9.877ab

3 5.9233c 0.5650ab 39.92b 0.416c 74.34c 9.703ab 
4 6.1033d 0.6217b 26.31c 0.104b 80.89d 9.030b

5 5.6433b 0.5583a 31.90d 0.208a 80.78b 9.357bc

6 6.1167d 0.5200a 38.01b 0.370c 73.98c 9.560ab

GM 5.8644 0.5597 35.00 0.244 78.37 9.301
F. Pr <0.001 >0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.04297 0.06002 2.075 0.0980 1.270 0.7271
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The primary objective of this study was to study the changes in physicochemical properties and shelf 
life of fresh rabbit meat on low temperature storage. In physicochemical analysis of rabbit meat, pH, 
IMF, WHC, Cooking loss, oxidative stability and emulsion stability were studied in the laboratory. 
For the shelf life study, TPC, yeast and mold count were analyzed. For this rabbits were brought and 
slaughtered, dressed, deboned and allowed for rigor mortis for 12 hours at 16–180C. On the first day, 
the physicochemical and microbial analysis were carried out and the meat was then vacuum pack and 
normally pack in 25µ PE pouch and stored under frozen condition and refrigerated condition. The 
pH, cooking loss, oxidative stability and emulsion stability as cooking recovery were found highly sig-
nificant difference (<0.001) with the time intervals under both refrigeration and frozen storage with 
vacuum and normal packaging. The WHC was found significantly different (<0.05) for frozen storage 
but not (>0.05) for refrigeration storage. The IMF content of rabbit meat was highly significant dif-
ference (<0.001) with the storage time for refrigeration storage and not significantly different (>0.05) 
for frozen storage.  The range of average values obtained for different physicochemical properties 
such as pH, WHC, cooking loss, oxidative stability as TBARS value, emulsion stability as cooking 
recovery and IMF were 5.1467 – 6.3463, 0.2314 – 0.6353, 26.31% - 58.64%, 0.104- 1.170 mg MDA/
Kg, 62.17% - 80.89% and 8.03% - 10.69% respectively. The shelf life of rabbit meat was detected 4 
days for refrigeration storage and 3 months for the frozen storage.

Keywords: Rabbit meat, Physicochemical properties, Shelf life, Cold storage

INTRODUCTION

The rabbit (Oryctolagus cuniculus) belongs to the family Leporida and class Mammalia. In Nepal, 
rabbits have been raised by the people as household pets, and rearing them for a meat or fur in a new 
innovation. There was lack of study on modern production, processing and marketing technology 
of rabbit meat and skin in Nepal. Rabbit meat is highly digestible, tasty, low calorie and often rec-
ommended by nutritionist over other meats ((Yadav, 2013). In the EU, rabbit meat is considered an 
attractive alternate to poultry, pork and beef although it is much more expensive (Iwona et.al. 2013). 
Recently, the nutritional value of rabbit meat has been reviewed by several authors (Combes, 2004; 
Dalle Zotte, 2004; Hernández and Gondret, 2006), showing that rabbit meat has a high nutritional 
value compared with other meats. The main components of meat, excluding water, are proteins and 
lipids. Rabbit meat is a lean meat rich in proteins of a high biological value and it is characterized by 
high levels of essential amino acids (Dalle Zotte, 2004).

Low temperature preservation of meat is very common. The shelf life of meat depends on the type of 
meat, temperature of storage and packaging. Low temperature finds use in chilling and cold storage 
of meat, cutting and processing room, packaging and storage room and meat transportation. In all of 
these operations temperature should be kept as low as possible to maintain the hygienic quality and 
freshness of meat (Subba, 2010). The refrigeration and the frozen storage has the effect on the quality 
aspect of meat such as color, texture, flavor, water content, etc. (Mead, 2004).
MATERIALS AND METHODS
A total of two varieties of rabbit namely Newzealand white and Chinchilla were purchased for this ex-
periment. Stunning, bleeding, evisceration was carried out in the CAFODAT college laboratory. The 
carcass was deboned manually after being chilled for about 12h at 150C to complete the rigor mortis. 
Boneless meat was mixed thoroughly and it was vacuum and normally packaged and stored under 
frozen and refrigeration condition which was analyzed on different time intervals.
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Intramuscular Fat: The Intramuscular fat was determined by soxhlet method, pH by digital meter, 
cooking loss and water holding capacity (WHC) were measured as described by Subba, 2010.

Oxidative Stability: The oxidative stability was measured using the 2-thiobarbituric acid reactive 
substance (TBARS) values. In brief, 10g of homogenized mixture ( with 47.5ml distilled water) was 
mixed with 2.5ml of hydrochloric acid (1:2 solution v/v) and distilled to collect 15ml of distillate. The 
distillate (5ml) was mixed with 5ml of TBA (0.02M) and boiled for 35 minutes, cooled for ten minutes 
till color development. The absorbance readings for duplicate samples and blank (5ml of HCl mixed 
with 5ml TBA) was measured at 538nm using spectrophotometer. The absorbance values were multi-
plied by a factor of 7.8 to obtain the Thiobarbituric Acid Reactive Substance (TBARS) values in mil-
ligram malondialdehyde per kilogram of sample (mgMDA/kg) (Adeyemi and Olorunsanya, 2012).
Emulsion Stability: Modified procedures described by Townsend et al. (1968) was used to determine 
the emulsion stability. In brief, 70g sample was mixed with 30g fat, 15 ml cold water and 2g salt in an 
Omni mixture. Then emulsion was weighed, transferred into a plastic bottle and placed in a shaking 
water bath at heating 48.80C to 68.80C in 1 hour. Cooking recovery was calculated with the help of 
cooked and drained weight. 
Shelf life study

The shelf life of meat was studied by determining the Total Plate Count (TPC), yeast and mold count. 
The procedures for these measurements are shown below:

Microbial counts: Total plate count was determined by pour plate method using plate count agar and 
buffered peptone water as diluents. Yeast and mold count was determined by using potato dextrose 
agar (FAO, 1996).

Data Analysis and Interpretation: The obtained from different analysis were statistically analyzed 
using the Genstat program. The analysis of variance (ANOVA) at 5% level of significance was used 
and interpretations were observed as F.Pr. value, LSD, standard error of means , CV (%) and mean 
values.

RESULT AND DISCUSSION

Physicochemical Analysis: The physicochemical analysis of rabbit meat such as pH, water holding 
capacity (WHC), cooking loss, oxidative stability, emulsion stability and intramuscular fat of refrig-
erated storage and frozen meat using vacuum and normal packaging conditions were performed and 
results are shown in the table 1 and 2. The triplicate samples were analyzed for each parameter and 
data were tested statistically using one way ANOVA.
Table 1a: Result of physicochemical analysis of fresh rabbit meat on refrigeration storage with Vac-
uum packaging

Treat-
ments

pH WHC Cooking

Loss (%)

Oxidative stabil-
ity(mgMDA/Kg)

Emulsion stability as 
cooking recovery(%)

I M F      
(%)

1 5.7233a 0.5530a 34.56a 0.156ab 79.49a 10.277a

2 5.6767b 0.5400a 39.33b 0.208a 80.77b 9.877ab

3 5.9233c 0.5650ab 39.92b 0.416c 74.34c 9.703ab 
4 6.1033d 0.6217b 26.31c 0.104b 80.89d 9.030b

5 5.6433b 0.5583a 31.90d 0.208a 80.78b 9.357bc

6 6.1167d 0.5200a 38.01b 0.370c 73.98c 9.560ab

GM 5.8644 0.5597 35.00 0.244 78.37 9.301
F. Pr <0.001 >0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.04297 0.06002 2.075 0.0980 1.270 0.7271
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The primary objective of this study was to study the changes in physicochemical properties and shelf 
life of fresh rabbit meat on low temperature storage. In physicochemical analysis of rabbit meat, pH, 
IMF, WHC, Cooking loss, oxidative stability and emulsion stability were studied in the laboratory. 
For the shelf life study, TPC, yeast and mold count were analyzed. For this rabbits were brought and 
slaughtered, dressed, deboned and allowed for rigor mortis for 12 hours at 16–180C. On the first day, 
the physicochemical and microbial analysis were carried out and the meat was then vacuum pack and 
normally pack in 25µ PE pouch and stored under frozen condition and refrigerated condition. The 
pH, cooking loss, oxidative stability and emulsion stability as cooking recovery were found highly sig-
nificant difference (<0.001) with the time intervals under both refrigeration and frozen storage with 
vacuum and normal packaging. The WHC was found significantly different (<0.05) for frozen storage 
but not (>0.05) for refrigeration storage. The IMF content of rabbit meat was highly significant dif-
ference (<0.001) with the storage time for refrigeration storage and not significantly different (>0.05) 
for frozen storage.  The range of average values obtained for different physicochemical properties 
such as pH, WHC, cooking loss, oxidative stability as TBARS value, emulsion stability as cooking 
recovery and IMF were 5.1467 – 6.3463, 0.2314 – 0.6353, 26.31% - 58.64%, 0.104- 1.170 mg MDA/
Kg, 62.17% - 80.89% and 8.03% - 10.69% respectively. The shelf life of rabbit meat was detected 4 
days for refrigeration storage and 3 months for the frozen storage.

Keywords: Rabbit meat, Physicochemical properties, Shelf life, Cold storage

INTRODUCTION

The rabbit (Oryctolagus cuniculus) belongs to the family Leporida and class Mammalia. In Nepal, 
rabbits have been raised by the people as household pets, and rearing them for a meat or fur in a new 
innovation. There was lack of study on modern production, processing and marketing technology 
of rabbit meat and skin in Nepal. Rabbit meat is highly digestible, tasty, low calorie and often rec-
ommended by nutritionist over other meats ((Yadav, 2013). In the EU, rabbit meat is considered an 
attractive alternate to poultry, pork and beef although it is much more expensive (Iwona et.al. 2013). 
Recently, the nutritional value of rabbit meat has been reviewed by several authors (Combes, 2004; 
Dalle Zotte, 2004; Hernández and Gondret, 2006), showing that rabbit meat has a high nutritional 
value compared with other meats. The main components of meat, excluding water, are proteins and 
lipids. Rabbit meat is a lean meat rich in proteins of a high biological value and it is characterized by 
high levels of essential amino acids (Dalle Zotte, 2004).

Low temperature preservation of meat is very common. The shelf life of meat depends on the type of 
meat, temperature of storage and packaging. Low temperature finds use in chilling and cold storage 
of meat, cutting and processing room, packaging and storage room and meat transportation. In all of 
these operations temperature should be kept as low as possible to maintain the hygienic quality and 
freshness of meat (Subba, 2010). The refrigeration and the frozen storage has the effect on the quality 
aspect of meat such as color, texture, flavor, water content, etc. (Mead, 2004).
MATERIALS AND METHODS
A total of two varieties of rabbit namely Newzealand white and Chinchilla were purchased for this ex-
periment. Stunning, bleeding, evisceration was carried out in the CAFODAT college laboratory. The 
carcass was deboned manually after being chilled for about 12h at 150C to complete the rigor mortis. 
Boneless meat was mixed thoroughly and it was vacuum and normally packaged and stored under 
frozen and refrigeration condition which was analyzed on different time intervals.
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Table 2b: Result of physicochemical analysis of rabbit meat on frozen storage with Normal packaging

Tr e a t -
ments

pH WHC Cooking

Loss (%)

Oxidative stability 
(mgMDA/Kg)

Emulsion stability as 
cooking recovery (%)

I M F 
(%)

1 5.7233a 0.5547a 34.34a 0.182a 79.41a 10.24a

2 5.2400b 0.2807b 42.32b 0.598b 72.63b 9.92ab

3 5.5900c 0.2553bc 56.35c 0.754c 65.91c 10.31a

4 6.1500de 0.2423c 58.64d 1.170d 60.43d 9.85ab

5 6.1133d 0.6353d 27.63e 0.104a 80.37a 9.03ab

6 5.1467f 0.2720bc 44.47bf 0.598b 73.07b 10.22a

7 5.7233a 0.2653bc 45.64f 0.624b 66.69c 8.94b

8 6.1700e 0.2687bc 49.85g 0.858c 62.17e 9.74ab

GM 5.7321 0.3468 44.91 0.611 70.08 9.69
F. Pr <0.001 <0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.05059 0.02830 2.237 0.1232 1.522 1.325

1= V1T1, 2= V1T2, 3= V1T3, 4= V1T4, 5= V2T1, 6= V2T2, 7= V2T3 and 8= V2T4 where V1= Variey1 i.e. 
Newzealand white, V2= Variety2 i.e. Chinchilla, T1= 0 month analysis, T2= 1st month analysis, T3= 2nd 
month analysis and T4= 3rd month analysis.

P= Values are the mean of values of three replications. The different superscripts on the each mean 
value in same column indicates significantly different.

The pH, cooking loss, oxidative stability and emulsion stability as cooking recovery were found high-
ly significant difference (<0.001) with the time intervals under both refrigeration and frozen storage 
with vacuum and normal packaging. The WHC was found significantly different (<0.05) for frozen 
storage but not (>0.05) for refrigeration storage. The IMF content of rabbit meat was not significantly 
different (>0.05) for both refrigeration and frozen storage under both normal and vacuum packaging. 
The pH values lie between 5.1467– 6.3463. The pH of rabbit meat slightly increases on the storage 
which might be due to enzymatic actions and release of amino (- NH2) group from the meat tissue. 
The water holding capacity is measured as a ratio where a ratio of ≥ 0.5 is regarded as good and ≤0.4 
as poor (Subba, 2010). The water holding capacity was in the range of 0.2314 – 0.6353. The WHC in 
case of refrigeration storage is greater than 0.5 which shows the refrigerated rabbit meat is good for 
product diversification where as the rabbit meat stored under frozen condition is <0.4 after 1 month of 
storage so is not suitable for the product diversification. The WHC of rabbit meat is in decreasing with 
storage. The cooking loss was in the range of 26.31 – 58.64%. The cooking loss increases with the 
time in both the refrigeration and frozen storage. As the cooking loss increases with time, the quality 
of meat goes on decreasing. The TBARS value was found in the range of 0.104 – 1.170 mgMDA/
Kg. The TBARS value increases sharply with normal packaging than with vacuum packaging. This 
may be due to the fact that the TBARS value is the function of oxidation. The emulsion stability was 
studied in terms of cooking recovery of emulsion. The cooking recovery was in the range of 62.17% 
- 80.89%. The increase in cooking recovery of emulsion shows that the emulsion stability of rabbit 
meat decreases with time. The result was comparable with Arsalan, 2006 who have found that the 
emulsion stability of frozen meat is significantly lower than that of the fresh meats. The IMF found 
was in the range of 8.94% - 10.69%. The IMF was not affected on the storage time the difference 
might be only the experimental error.

Microbiological Analysis

The microbiological analysis of rabbit meat such as total plate count and yeast and mold count of 
refrigerated storage and frozen meat using vacuum and normal packaging conditions were performed 

Table 1b: Result of physicochemical analysis of fresh rabbit meat on refrigeration storage with nor-
mal packaging

Treat-
ments

pH WHC

(%)  

Cooking

Loss (%)

Oxidative stability 
(mg MDA/kg)

Emulsion stability as 
cooking recovery (%)

I M F 
(%)         

1 5.7233a 0.5547a 34.34a 0.182ab 79.41a 10.037a

2 5.6667b 0.4923b 38.71b 0.208ac 77.53b 9.457a

3 5.9033c 0.5590a 36.94b 0.754d 68.95c 9.853a

4 6.1133d 0.6353c 27.63c 0.104b 80.37a 9.303a

5 5.5500e 0.5157b 32.54a 0.286c 77.68b 9.703a

6 6.1733f 0.5987d 36.96b 0.806d 69.87c 9.310a

GM 5.8550 0.5593 34.52 0.390 75.64 9.477
F. Pr <0.001 >0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.0517 0.02933 2.377 0.0981 1.044 0.8144

1= V1T1, 2= V1T2, 3= V1T3, 4= V2T1, 5= V2T2 and 6= V2T3 where V1= Variey1 i.e. Newzealand white, 
V2= Variety2 i.e. Chinchilla, T1= 1st day analysis, T2= 4th day analysis and T3= 7th day analysis.

P= Values are the mean of values of three replications. The different superscripts on the each mean 
value in same column indicates significantly different.

Table 2a: Result of physicochemical analysis of rabbit meat on frozen storage with vacuum packaging

Treat-
ments

pH

(%)  

WHC C o o k i n g 
Loss (%)

Oxidative stabili-
ty(mgMDA/Kg)

Emulsion stability as 
cooking recovery (%)

I M F 
(%)

1 5.7233a 0.5530a 34.56a 0.156ab 79.52a 10.277a

2 5.6900a 0.3080b 46.74b 0.208ac 74.31b 10.690a

3 5.6300b 0.2947bc 47.91b 0.292ce 63.47c 9.883a

4 6.2600c 0.2730d 52.00c 0.754d 62.73c 9.987a

5 6.1033d 0.6330e 26.31d 0.104b 80.89a 9.030b

6 5.5700e 0.3033bc 46.84b 0.182ab 74.81b 9.793a

7 6.1000d 0.2910c 48.06b 0.367e 66.80d 10.550a

8 6.3467f 0.2313f 50.52c 0.832d 62.49c 10.323a

GM 5.9279 0.36.9 44.12 0.362 70.63 9.942
F. Pr <0.001 <0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.03672 0.01342 2.105 0.0873 1.438 0.8334
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Table 2b: Result of physicochemical analysis of rabbit meat on frozen storage with Normal packaging

Tr e a t -
ments

pH WHC Cooking

Loss (%)

Oxidative stability 
(mgMDA/Kg)

Emulsion stability as 
cooking recovery (%)

I M F 
(%)

1 5.7233a 0.5547a 34.34a 0.182a 79.41a 10.24a

2 5.2400b 0.2807b 42.32b 0.598b 72.63b 9.92ab

3 5.5900c 0.2553bc 56.35c 0.754c 65.91c 10.31a

4 6.1500de 0.2423c 58.64d 1.170d 60.43d 9.85ab

5 6.1133d 0.6353d 27.63e 0.104a 80.37a 9.03ab

6 5.1467f 0.2720bc 44.47bf 0.598b 73.07b 10.22a

7 5.7233a 0.2653bc 45.64f 0.624b 66.69c 8.94b

8 6.1700e 0.2687bc 49.85g 0.858c 62.17e 9.74ab

GM 5.7321 0.3468 44.91 0.611 70.08 9.69
F. Pr <0.001 <0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.05059 0.02830 2.237 0.1232 1.522 1.325

1= V1T1, 2= V1T2, 3= V1T3, 4= V1T4, 5= V2T1, 6= V2T2, 7= V2T3 and 8= V2T4 where V1= Variey1 i.e. 
Newzealand white, V2= Variety2 i.e. Chinchilla, T1= 0 month analysis, T2= 1st month analysis, T3= 2nd 
month analysis and T4= 3rd month analysis.

P= Values are the mean of values of three replications. The different superscripts on the each mean 
value in same column indicates significantly different.

The pH, cooking loss, oxidative stability and emulsion stability as cooking recovery were found high-
ly significant difference (<0.001) with the time intervals under both refrigeration and frozen storage 
with vacuum and normal packaging. The WHC was found significantly different (<0.05) for frozen 
storage but not (>0.05) for refrigeration storage. The IMF content of rabbit meat was not significantly 
different (>0.05) for both refrigeration and frozen storage under both normal and vacuum packaging. 
The pH values lie between 5.1467– 6.3463. The pH of rabbit meat slightly increases on the storage 
which might be due to enzymatic actions and release of amino (- NH2) group from the meat tissue. 
The water holding capacity is measured as a ratio where a ratio of ≥ 0.5 is regarded as good and ≤0.4 
as poor (Subba, 2010). The water holding capacity was in the range of 0.2314 – 0.6353. The WHC in 
case of refrigeration storage is greater than 0.5 which shows the refrigerated rabbit meat is good for 
product diversification where as the rabbit meat stored under frozen condition is <0.4 after 1 month of 
storage so is not suitable for the product diversification. The WHC of rabbit meat is in decreasing with 
storage. The cooking loss was in the range of 26.31 – 58.64%. The cooking loss increases with the 
time in both the refrigeration and frozen storage. As the cooking loss increases with time, the quality 
of meat goes on decreasing. The TBARS value was found in the range of 0.104 – 1.170 mgMDA/
Kg. The TBARS value increases sharply with normal packaging than with vacuum packaging. This 
may be due to the fact that the TBARS value is the function of oxidation. The emulsion stability was 
studied in terms of cooking recovery of emulsion. The cooking recovery was in the range of 62.17% 
- 80.89%. The increase in cooking recovery of emulsion shows that the emulsion stability of rabbit 
meat decreases with time. The result was comparable with Arsalan, 2006 who have found that the 
emulsion stability of frozen meat is significantly lower than that of the fresh meats. The IMF found 
was in the range of 8.94% - 10.69%. The IMF was not affected on the storage time the difference 
might be only the experimental error.

Microbiological Analysis

The microbiological analysis of rabbit meat such as total plate count and yeast and mold count of 
refrigerated storage and frozen meat using vacuum and normal packaging conditions were performed 

Table 1b: Result of physicochemical analysis of fresh rabbit meat on refrigeration storage with nor-
mal packaging

Treat-
ments

pH WHC

(%)  

Cooking

Loss (%)

Oxidative stability 
(mg MDA/kg)

Emulsion stability as 
cooking recovery (%)

I M F 
(%)         

1 5.7233a 0.5547a 34.34a 0.182ab 79.41a 10.037a

2 5.6667b 0.4923b 38.71b 0.208ac 77.53b 9.457a

3 5.9033c 0.5590a 36.94b 0.754d 68.95c 9.853a

4 6.1133d 0.6353c 27.63c 0.104b 80.37a 9.303a

5 5.5500e 0.5157b 32.54a 0.286c 77.68b 9.703a

6 6.1733f 0.5987d 36.96b 0.806d 69.87c 9.310a

GM 5.8550 0.5593 34.52 0.390 75.64 9.477
F. Pr <0.001 >0.05 <0.001 <0.001 <0.001 >0.05
LSD 0.0517 0.02933 2.377 0.0981 1.044 0.8144

1= V1T1, 2= V1T2, 3= V1T3, 4= V2T1, 5= V2T2 and 6= V2T3 where V1= Variey1 i.e. Newzealand white, 
V2= Variety2 i.e. Chinchilla, T1= 1st day analysis, T2= 4th day analysis and T3= 7th day analysis.

P= Values are the mean of values of three replications. The different superscripts on the each mean 
value in same column indicates significantly different.

Table 2a: Result of physicochemical analysis of rabbit meat on frozen storage with vacuum packaging

Treat-
ments

pH

(%)  

WHC C o o k i n g 
Loss (%)

Oxidative stabili-
ty(mgMDA/Kg)

Emulsion stability as 
cooking recovery (%)

I M F 
(%)

1 5.7233a 0.5530a 34.56a 0.156ab 79.52a 10.277a

2 5.6900a 0.3080b 46.74b 0.208ac 74.31b 10.690a

3 5.6300b 0.2947bc 47.91b 0.292ce 63.47c 9.883a

4 6.2600c 0.2730d 52.00c 0.754d 62.73c 9.987a

5 6.1033d 0.6330e 26.31d 0.104b 80.89a 9.030b

6 5.5700e 0.3033bc 46.84b 0.182ab 74.81b 9.793a

7 6.1000d 0.2910c 48.06b 0.367e 66.80d 10.550a

8 6.3467f 0.2313f 50.52c 0.832d 62.49c 10.323a

GM 5.9279 0.36.9 44.12 0.362 70.63 9.942
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The shelf life study of rabbit meat showed that the shelf life is 4 days for refrigerated storage and 3 
months for the frozen storage. The shelf life was studied by TPC and yeast and mold count. According 
to Food Safety and Standards Regulation; 2011 the total plate count of >105 and the yeast and mold 
count of >1000 cfu/g is considered to be unfit for consumption. The analysis showed that the TPC and 
yeast and mold count on 7th day analysis under refrigeration storage was above the standard i.e. 105 
cfu/g for TPC and 1000 cfu/g for yeast and mold. So, the shelf life of rabbit meat is only 4 days for 
refrigeration storage. For the frozen storage all the analysis data are within the standard level so, the 
shelf life of rabbit meat is 3 months for frozen storage.

CONCLUSIONS

The physicochemical properties of fresh rabbit meat was found to be changed (except IMF) with the 
storage time. The WHC, oxidative stability and emulsion stability decreases with time and cooking 
loss and pH increases with time. This shows that the overall quality of meat decreases with time but 
not to the unacceptable level. The maximum shelf life of fresh rabbit meat was found 4 days in case of 
refrigeration storage and 3 months for the frozen storage whether it is vacuum pack or normally packs.
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Table 3: Result of microbiological analysis of fresh rabbit meat on refrigeration storage.                

T r e a t -
ments

Vacuum packaging Normal packaging
TPC (Cfu/g) Y&M count (Cfu/g) TPC (Cfu/g) Y&M count (Cfu/g)   

1 38667a 347a 32000a 153a

2 63333a 426a 61333a 860a

3 23000a 4733b 320000b 2913b

4 37333a 303a 42333a 200a

5 13666a 427a 58667a 467a

6 285333a 4133ab 693333c 8067c

GM 559889 2028 1721278 6480
F. Pr >0.05 >0.05 <0.001 >0.05
LSD 239980.3 3978.2 44105.4 720

 

1= V1T1, 2= V1T2, 3= V1T3, 4= V2T1, 5= V2T2 and 6= V2T3 where V1= Variey1 i.e. Newzealand white, 
V2= Variety2 i.e. Chinchilla, T1= 1st day analysis, T2= 4th day analysis and T3= 7th day analysis.

P= Values are the mean of values of three replications. The different superscripts on the each mean 
value in same column indicates significantly different

Table 4: Result of microbiological analysis of rabbit meat on frozen storage.

T r e a t -
ments

Vacuum packaging Normal packaging
TPC (Cfu/g) Y&M count (Cfu/g) TPC(Cfu/g) Y&M count(Cfu/g)   

1 38667a 347a 32000a 153a

2 29333a 330a 26000a 240a

3 26000a 620a  66000b 507ab

4 71333a 627a  57333ab 460ab

5 37333a 303a 63333ab 200a

6 49000a 207a 18000a 260a

7 52000a 520a 48000ab 567b

8 53333a 487a 100667b 773b

GM 44625 430 51417 395
F. Pr >0.05 >0.05 >0.05 <0.05
LSD 35142.2 483.4 65485.9 382.8

1= V1T1, 2= V1T2, 3= V1T3, 4= V1T4, 5= V2T1, 6= V2T2, 7= V2T3 and 8= V2T4 where V1= Variey1 i.e. 
Newzealand white, V2= Variety2 i.e. Chinchilla, T1= 0 month analysis, T2= 1st month analysis, T3= 2nd 
month analysis and T4= 3rd month analysis.

P= Values are the mean of values of three replications. The different superscripts on the each mean 
value in same column indicates significantly different.
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The main objective of this research project is to produce a good quality wine using a novel substrate 
i.e. the tubers of the Nephrolepis cordifolia (Pani Amala). The tubers of Pani Amala have been found 
to contain high amount of carbohydrate (13.42%) as stated in “NUTRIENT ANALYSIS OF NEPHRO-
LEPIS CORDIFOLIA (L.) C. PRESL” (Gauchan D.P et al, 2008). Hence, using the indigenous wine 
yeasts as starters isolated from different fruits like grapes, apple, maida, wheat flour, Pani Amala 
and indigenous alcohol, the tuber juice of the Pani Amala, has been fermented to produce a good 
quality of wine. Altogether 30 yeast strains were isolated using the Yeast Malt Peptone Dextrose agar. 
Screenings of the fermentative yeast were initially performed based on the fermentative characteristic 
CO2 evolution in the Phenol red broth solution with 1%. Eight yeast strains having high fermentative 
activity were further examined for their fermentative behavior like decrease in pH, TSS, increase in 
acidity, the alcohol content of the wine in two conditions of fermentation i.e. the ideal incubator con-
dition and the normal laboratory condition. Eventually, based on the characteristics suitable for the 
wine production , the best wine yeast isolated from the indigenous alcohol were used as the starter 
cultures for the Pani Amala tuber juice mixed with the jackfruit juice fermentation. The fermentation 
parameters like change in TSS, pH and acidity were monitored until the brix content was stationary. 
Through this examination, it was found that these yeasts were suitable for the fermentation of the Pani 
Amala tuber juice at 22 O brix, pH 3.3 and 0.5695% total acidity. The alcohol content of the wines 
produced was determined using alcoholmeter and colorimetric methods too. 

Keywords: Nephrolepsis cordifolia, fermentation, Brix, TSS

INTRODUCTION

Wine has probably inspired more research and publication than any other beverage and food. In fact, 
through their passion for wine, great scientists have not only contributed to the development of prac-
tical enology but have also made discoveries in the general field of science. 

Wine is the fermented juice of any kind of fruit. Wine involves a longer fermentation process than beer 
and also a long aging process (months or years), resulting in an alcohol content of 9% – 16%. The 
basic components, which affect the properties of wine, are the sugar and the alcohol content. Mostly 
the typical fruit from the countries with moderate climate conditions are preferred for wine making 
(Golomstock and Sapiro, 1962).

For the fermentation of wine, the yeast species that is most widely used is S. cerevisiae . Since this 
species predominates the fermentation process for wine making and is most preferred by all oenol-
ogists, even for biotransformation, this species is also referred to as “wine yeast” (Pretorius, 2000).
Even then, it is believed by many oenologists that the selection of wine yeasts with good oenological 
properties can improve the quality of wine (Reed and Nagodawithana, 1991; Steger and Lambrechts, 
2000; Zarzoso et al., 2000; Rodriguez et al., 2001).

Nephrolepis cordifolia, commonly called erect sword fern, tuber sword fern, fish-bone fern, ladder 
fern, Boston fern or Pani Amala belongs to the family Dryopetridaceae/wood fern family. It is found 
in tropical and subtropical region and is epiphytic, epilithic (on rock), or terrestrial in habit. Its rhi-
zomes are sub erect, with spreading, orange-brown to pale brown linear scales, these with hair-like 
tips. Wiry, straw colored, scaly stolons are usually present in great numbers, often producing small, 
scaly underground tubers.

Tuber production is apparently limited to plants growing in humus. N. cordifolia is commonly culti-
vated as ornamental fern in Shilong and often the tubers are eaten to quench thirst. Juice of root tubers 

Hypervitaminosis A in Rabbits: I. Dose response. J. Appl. Rabbit Res., 15:955-994.

Iwana C.S., Kondratowicz J., Gugolek A. and Matusevicius P. (2013). Changes in 

Physicochemical Properties of Deep Frozen Rabbit Meat as Dependent on the Thawing 
Method; Veterinarija IR Zootechnika (Vet-Med-Zoot).

Mead G.C. (2004). Poultry Meat Processing and Quality; CRC Press, Washington, 164-181

Subba D. (2010).  A Text Book of Meat and Poultry Technology, Delta Offset Press 

Kathmandu.

Subba D. (2010). Practical Book of Meat, Poultry and Fish Technology, Delta Offset Press 

Kathmandu

The food safety and standards (food products standards and food additives) Regulations, 2011 

Delhi law house published in 2012.

Townsend W.E., Witmover L.P., Riloff J.A., and Swift C.E. (1968). Comminuted Meat 

Emulsion: Differential Thermal Analysis of Fat Transitions. Food Tech. 22:319-323

Yadav T. (2013). Preparation and Quality Evaluation of Rabbit Dry meat. B.Tech. thesis, 

Purwanchal University.



282

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

283

PRODUCTION, CHARACTERIZATION AND OPTIMIZATION OF WINE 
FROM NEPHROLEPSIS CORDIFOLIA

Ramesh Parajuli*, Nayan Shrestha, Priyanka Priyadarshani, Rahil Taujale and Shraddha 
Adhikari

Department of Biotechnology, School of Science, Kathmandu University

*Corresponding author: Ramesh.parajuli23@gmail.com

The main objective of this research project is to produce a good quality wine using a novel substrate 
i.e. the tubers of the Nephrolepis cordifolia (Pani Amala). The tubers of Pani Amala have been found 
to contain high amount of carbohydrate (13.42%) as stated in “NUTRIENT ANALYSIS OF NEPHRO-
LEPIS CORDIFOLIA (L.) C. PRESL” (Gauchan D.P et al, 2008). Hence, using the indigenous wine 
yeasts as starters isolated from different fruits like grapes, apple, maida, wheat flour, Pani Amala 
and indigenous alcohol, the tuber juice of the Pani Amala, has been fermented to produce a good 
quality of wine. Altogether 30 yeast strains were isolated using the Yeast Malt Peptone Dextrose agar. 
Screenings of the fermentative yeast were initially performed based on the fermentative characteristic 
CO2 evolution in the Phenol red broth solution with 1%. Eight yeast strains having high fermentative 
activity were further examined for their fermentative behavior like decrease in pH, TSS, increase in 
acidity, the alcohol content of the wine in two conditions of fermentation i.e. the ideal incubator con-
dition and the normal laboratory condition. Eventually, based on the characteristics suitable for the 
wine production , the best wine yeast isolated from the indigenous alcohol were used as the starter 
cultures for the Pani Amala tuber juice mixed with the jackfruit juice fermentation. The fermentation 
parameters like change in TSS, pH and acidity were monitored until the brix content was stationary. 
Through this examination, it was found that these yeasts were suitable for the fermentation of the Pani 
Amala tuber juice at 22 O brix, pH 3.3 and 0.5695% total acidity. The alcohol content of the wines 
produced was determined using alcoholmeter and colorimetric methods too. 

Keywords: Nephrolepsis cordifolia, fermentation, Brix, TSS

INTRODUCTION

Wine has probably inspired more research and publication than any other beverage and food. In fact, 
through their passion for wine, great scientists have not only contributed to the development of prac-
tical enology but have also made discoveries in the general field of science. 

Wine is the fermented juice of any kind of fruit. Wine involves a longer fermentation process than beer 
and also a long aging process (months or years), resulting in an alcohol content of 9% – 16%. The 
basic components, which affect the properties of wine, are the sugar and the alcohol content. Mostly 
the typical fruit from the countries with moderate climate conditions are preferred for wine making 
(Golomstock and Sapiro, 1962).

For the fermentation of wine, the yeast species that is most widely used is S. cerevisiae . Since this 
species predominates the fermentation process for wine making and is most preferred by all oenol-
ogists, even for biotransformation, this species is also referred to as “wine yeast” (Pretorius, 2000).
Even then, it is believed by many oenologists that the selection of wine yeasts with good oenological 
properties can improve the quality of wine (Reed and Nagodawithana, 1991; Steger and Lambrechts, 
2000; Zarzoso et al., 2000; Rodriguez et al., 2001).

Nephrolepis cordifolia, commonly called erect sword fern, tuber sword fern, fish-bone fern, ladder 
fern, Boston fern or Pani Amala belongs to the family Dryopetridaceae/wood fern family. It is found 
in tropical and subtropical region and is epiphytic, epilithic (on rock), or terrestrial in habit. Its rhi-
zomes are sub erect, with spreading, orange-brown to pale brown linear scales, these with hair-like 
tips. Wiry, straw colored, scaly stolons are usually present in great numbers, often producing small, 
scaly underground tubers.

Tuber production is apparently limited to plants growing in humus. N. cordifolia is commonly culti-
vated as ornamental fern in Shilong and often the tubers are eaten to quench thirst. Juice of root tubers 

Hypervitaminosis A in Rabbits: I. Dose response. J. Appl. Rabbit Res., 15:955-994.

Iwana C.S., Kondratowicz J., Gugolek A. and Matusevicius P. (2013). Changes in 

Physicochemical Properties of Deep Frozen Rabbit Meat as Dependent on the Thawing 
Method; Veterinarija IR Zootechnika (Vet-Med-Zoot).

Mead G.C. (2004). Poultry Meat Processing and Quality; CRC Press, Washington, 164-181

Subba D. (2010).  A Text Book of Meat and Poultry Technology, Delta Offset Press 

Kathmandu.

Subba D. (2010). Practical Book of Meat, Poultry and Fish Technology, Delta Offset Press 

Kathmandu

The food safety and standards (food products standards and food additives) Regulations, 2011 

Delhi law house published in 2012.

Townsend W.E., Witmover L.P., Riloff J.A., and Swift C.E. (1968). Comminuted Meat 

Emulsion: Differential Thermal Analysis of Fat Transitions. Food Tech. 22:319-323

Yadav T. (2013). Preparation and Quality Evaluation of Rabbit Dry meat. B.Tech. thesis, 

Purwanchal University.



284

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

285

Screening of the most suitable fermentative yeast strains:

Out of the 30 strains of yeast isolated from various samples, only 8 of them showed the fermentative 
activity in the Durham’s tube. Further screenings of the eight strains were done to achieve the best 
possible strains via two stages:

A. Fermentation at ideal condition 

Fermentation at the ideal condition was performed to study the behavior of the eight selected fermen-
tative strains during fermentation at small scale and their ideal growth condition. (Brix adjustment: 
20% & 22%, pH 3.5and acidity 0.1167%) 

B. Fermentation at lab condition

Fermentation at lab condition (Brix adjustment: 22%, pH 3.5and acidity 0.1167%) was done to study 
the changes in the behavior of the yeast strains during the upscale processing taking place in the 
non-ideal i.e. laboratory condition.

Prior to the fermentation stages, the substrate for the fermentation was prepared. The steps followed 
are stated below:

i. Substrate: For the fermentation process, fresh undamaged tubers of Pani Amala were 
collected from the nearby forest in Dhulikhel.

ii. Washing: The tubers were washed thoroughly with tap water to remove all the dirt and 
soil. At the end it was washed with clean sterile water.

iii. Grinding: The tubers were grinded in the commercial grinder and the pulp was collected 
on a sterile container.

iv. Clarification: The pulp was immediately heated to 700c for 15-20 sec and then cooled to 
400C. The pulp was then treated with 0.2% pectinase enzyme for 6 hours. 

v. Extraction of the juice: The juice was then extracted from the pectinase treated pulp by 
straining with the help of a muslin cloth. The clear juice freshly stored in refrigerator for 
24 hours for further use.

Chemical analysis of wine during fermentation:

During fermentation phase, the change in pH, brix and acidity was determined at the interval of two 
days until the brix was observed to be constant. For the chemical analysis, 10 ml of the sample was 
drawn from each fermenting bottles each time with the help of sterile pipette. 

Determining the alcohol content of wine:

To determine the alcohol content of wine, both alcoholmeter and colorimetric methods were used. 

RESULTS AND DISCUSSION

Wine produced from Nephrolepis cordifolia can prove to be a landmark along the development of 
wine that has been proceeding for many millennia. Basically, wine has been known to be made from 
many fruit juices, especially grapes. The tubers of Nephrolepis cordifolia now present themselves as 
a potent substrate for the production of wine.

The sources used for the isolation of the yeasts were indigenous wine samples, flours such as maida, 
besan and wheat flour, native fruits such as apples and grapes. Yeast colonies were also isolated from 
the substrate itself. Thirty different yeast colonies that were obtained from the various sources men-
tioned above and the morphological characteristics like shape, texture, color, elevation and margin of 
their colonies were observed.

is taken to treat fever, indigestion, headache, cough, cold and hematuria. Whole plant is used to cure 
renal, liver and skin disorder. The following table describes the chemical composition of the various 
parts of Pani Amala.

Table 1: Percentage chemical composition of different parts of N.cordifolia

Plant parts Leaf Rachis Rhizome Root Tuber
Carbohydrate (%) 11.38 8.09 9.31 6.72 13.42
Protein (%) 1.63 3.84 11.9 16.02 1.34
Starch (%) 2.29 1.81 1.68 2.32 1.25
C h l o -
rophy l l 
(%)

Ch(a) (mg/ltr) 31.72 - - - -
Ch (b) (mg/ltr) 38.85 - - - -
Ch (a + b) (mg/ltr) 61.86 - - - -

Moisture content (%) 78.35 68.5 66.04 69.18 95.27
Dry matter (%) 21.6 31.48 33.85 30.8 4.72
EE (%) 0.71 1.47 1.23 1.44 1.91
Crude Fiber (%) 37.9 62.16 41.33 38.94 14.88
Ash (%) 11 6.26 8 8.69 6.53
Calcium (%) 0.6 0.56 0.4 0.49 0.75
Phosphorus (%) 0.06 0.14 0.17 0.15 0.07

The tubers of Pani Amala have been found to contain high amount of carbohydrate (13.42%). Hence, 
the specific objective of this project is the production of an edible grade of wine from the novel sub-
strate, the tubers of the plant Nephrolepis cordifolia.

MATERIALS AND METHODS

Isolation of yeast:

Yeast strains were isolated from various sources Grapes, Apple, Pani  Amala, Wheat flour, Maida and 
Two indigenous alcohols. Yeast strains were isolated from the above stated samples by pour plate 
technique. In order to purify isolated yeast strains, one loop full of the marked colonies was picked 
off and streaked on the YMPD agar plate. The streaked plates were incubated at 250C for 24-48 hours. 
The streaked strain was then coded. The process of streaking was repeated again and again to get a 
pure culture of the yeast strains. The final culture was then transferred to the YMPD agar slants. After 
incubation, all the vials were stored in the refrigerator at 4OC.

Identification of yeast:

For the identification of yeasts, some basic techniques of detection were analyzed like Gram staining  
and Budding observation 

Screening of the fermentative yeast

The screening of the fermentative yeast was carried out in terms of the CO2 evolution due to the 
oxidation of carbohydrate (i.e. sugar) where ethyl alcohol and carbon dioxide gas are produced. The 
isolates which neither ferment sugar nor produce CO2 were categorized as the non-fermentative yeast.

Phenol red media was used, which change from red to yellow when the medium has a pH < 6.8 (more 
acidic) and from red to fuchsia when the medium has a pH >7.4 (less acidic).
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Screening of the most suitable fermentative yeast strains:

Out of the 30 strains of yeast isolated from various samples, only 8 of them showed the fermentative 
activity in the Durham’s tube. Further screenings of the eight strains were done to achieve the best 
possible strains via two stages:

A. Fermentation at ideal condition 

Fermentation at the ideal condition was performed to study the behavior of the eight selected fermen-
tative strains during fermentation at small scale and their ideal growth condition. (Brix adjustment: 
20% & 22%, pH 3.5and acidity 0.1167%) 

B. Fermentation at lab condition

Fermentation at lab condition (Brix adjustment: 22%, pH 3.5and acidity 0.1167%) was done to study 
the changes in the behavior of the yeast strains during the upscale processing taking place in the 
non-ideal i.e. laboratory condition.

Prior to the fermentation stages, the substrate for the fermentation was prepared. The steps followed 
are stated below:

i. Substrate: For the fermentation process, fresh undamaged tubers of Pani Amala were 
collected from the nearby forest in Dhulikhel.

ii. Washing: The tubers were washed thoroughly with tap water to remove all the dirt and 
soil. At the end it was washed with clean sterile water.

iii. Grinding: The tubers were grinded in the commercial grinder and the pulp was collected 
on a sterile container.

iv. Clarification: The pulp was immediately heated to 700c for 15-20 sec and then cooled to 
400C. The pulp was then treated with 0.2% pectinase enzyme for 6 hours. 

v. Extraction of the juice: The juice was then extracted from the pectinase treated pulp by 
straining with the help of a muslin cloth. The clear juice freshly stored in refrigerator for 
24 hours for further use.

Chemical analysis of wine during fermentation:

During fermentation phase, the change in pH, brix and acidity was determined at the interval of two 
days until the brix was observed to be constant. For the chemical analysis, 10 ml of the sample was 
drawn from each fermenting bottles each time with the help of sterile pipette. 

Determining the alcohol content of wine:

To determine the alcohol content of wine, both alcoholmeter and colorimetric methods were used. 

RESULTS AND DISCUSSION

Wine produced from Nephrolepis cordifolia can prove to be a landmark along the development of 
wine that has been proceeding for many millennia. Basically, wine has been known to be made from 
many fruit juices, especially grapes. The tubers of Nephrolepis cordifolia now present themselves as 
a potent substrate for the production of wine.

The sources used for the isolation of the yeasts were indigenous wine samples, flours such as maida, 
besan and wheat flour, native fruits such as apples and grapes. Yeast colonies were also isolated from 
the substrate itself. Thirty different yeast colonies that were obtained from the various sources men-
tioned above and the morphological characteristics like shape, texture, color, elevation and margin of 
their colonies were observed.

is taken to treat fever, indigestion, headache, cough, cold and hematuria. Whole plant is used to cure 
renal, liver and skin disorder. The following table describes the chemical composition of the various 
parts of Pani Amala.

Table 1: Percentage chemical composition of different parts of N.cordifolia

Plant parts Leaf Rachis Rhizome Root Tuber
Carbohydrate (%) 11.38 8.09 9.31 6.72 13.42
Protein (%) 1.63 3.84 11.9 16.02 1.34
Starch (%) 2.29 1.81 1.68 2.32 1.25
C h l o -
rophy l l 
(%)

Ch(a) (mg/ltr) 31.72 - - - -
Ch (b) (mg/ltr) 38.85 - - - -
Ch (a + b) (mg/ltr) 61.86 - - - -

Moisture content (%) 78.35 68.5 66.04 69.18 95.27
Dry matter (%) 21.6 31.48 33.85 30.8 4.72
EE (%) 0.71 1.47 1.23 1.44 1.91
Crude Fiber (%) 37.9 62.16 41.33 38.94 14.88
Ash (%) 11 6.26 8 8.69 6.53
Calcium (%) 0.6 0.56 0.4 0.49 0.75
Phosphorus (%) 0.06 0.14 0.17 0.15 0.07

The tubers of Pani Amala have been found to contain high amount of carbohydrate (13.42%). Hence, 
the specific objective of this project is the production of an edible grade of wine from the novel sub-
strate, the tubers of the plant Nephrolepis cordifolia.

MATERIALS AND METHODS

Isolation of yeast:

Yeast strains were isolated from various sources Grapes, Apple, Pani  Amala, Wheat flour, Maida and 
Two indigenous alcohols. Yeast strains were isolated from the above stated samples by pour plate 
technique. In order to purify isolated yeast strains, one loop full of the marked colonies was picked 
off and streaked on the YMPD agar plate. The streaked plates were incubated at 250C for 24-48 hours. 
The streaked strain was then coded. The process of streaking was repeated again and again to get a 
pure culture of the yeast strains. The final culture was then transferred to the YMPD agar slants. After 
incubation, all the vials were stored in the refrigerator at 4OC.

Identification of yeast:

For the identification of yeasts, some basic techniques of detection were analyzed like Gram staining  
and Budding observation 

Screening of the fermentative yeast

The screening of the fermentative yeast was carried out in terms of the CO2 evolution due to the 
oxidation of carbohydrate (i.e. sugar) where ethyl alcohol and carbon dioxide gas are produced. The 
isolates which neither ferment sugar nor produce CO2 were categorized as the non-fermentative yeast.

Phenol red media was used, which change from red to yellow when the medium has a pH < 6.8 (more 
acidic) and from red to fuchsia when the medium has a pH >7.4 (less acidic).
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All the obtained colonies were then subjected to Durham’s test for determining their fermentative 
activity for glucose, sucrose, maltose, and lactose. The results obtained are displayed in the following 
tables.

Table 3: Durham’s test for fermentative activity of yeast on Glucose

YEAST STRAIN NAME
24 hrs 48 hrs
color change CO2 (mm) color change CO2 (mm)

WINE 1 10-2 B WY1 A yes no yes 10,13
WINE 1 10-3 A WY1 B yes no yes 15,15 mm
WINE 1 10-2 A WY1 C yes no yes 0.8,0.5 mm
WINE 1 10-2 C WY1 D yes no yes 0.7,11
WINE 1 10-4 A WY1 E yes no yes 0.3,10 mm
WINE 1 10-4 B WY1 F yes no yes no
WINE 2 10-3 C WY2 A pink no yes 0.7,no
WINE 2 10-4 A WY2 B yes no yes 0.4,0.4
WINE 2 10-3 A WY2 C yes no yes no
WINE 2 10-3 B WY2 D pink no yes no
WINE 2 10-4 B WY2 E yes no yes 0.5,0.6
CULTURE A CY A yes yes yes 15,10 mm
CULTURE B CY B yes yes yes 22,13
CULTURE C CY C yes yes yes 26,16
WINE A WY yes yes yes 15,20
WINE C WY C pink no yes no
MAIDA 10-2 A MY A yes no yes no
MAIDA 10-2 B MY B yes no yes no
MAIDA 10-3 MY C pink no yes no
MAIDA 10-4 A MY D yes no yes no
MAIDA 10-4 B MY E yes no yes no
BESAN 10-2 BY A no no yes no
BESAN 10-3 BY B no no no no
WHEAT 10-2 WY A no no pink no
WHEAT 10-3 WY B no no no no
GRAPES 10-3 A GY A yes no yes no
GRAPES 10-4 A GYB no no pink no
GRAPES 10-4 B GY C yes no yes no
APPLE 10-3 AY pink no yes no
PANI AMALA10-2 PY pink no yes no

Each of the colonies was stained and observed through microscope to view the presence or absence of 
budding and also to further characterize the yeast colonies.

Table 2: Morphological properties of the Yeast colonies as viewed through light microscope after 
Gram’s staining

YEAST STRAIN STRAIN NAME COLOR SHAPE CLUSTERING BUDDING

WINE 1 10-2 B WY1 A red oval chain budding
WINE 1 10-3 A WY1 B red oval chain budding
WINE 1 10-2 A WY1 C red round small clusters budding
WINE 1 10-2 C WY1 D red oval chain no budding

WINE 1 10-4 A WY1 E red tapered end small clusters budding

WINE 1 10-4 B WY1 F red round singlet budding

WINE 2 10-3 C WY2 A red round chain budding
WINE 2 10-4 A WY2 B red round chain budding
WINE 2 10-3 A WY2 C red oval singlet no budding
WINE 2 10-3 B WY2 D red elongated duplet chain budding

WINE 2 10-4 B WY2 E red round chain no budding

CULTURE A CY A red elongated singlet budding
CULTURE B CY B red oval chain no budding

CULTURE C CY C red oval cluster budding

WINE A WY red round cluster budding

WINE C WY C red tapered end singlet no budding

MAIDA 10-2 A MY A red round chain budding
MAIDA 10-2 B MY B red round chain budding
MAIDA 10-3 MY C red oval singlet no budding
MAIDA 10-4 A MY D red elongated duplet chain budding

MAIDA 10-4 B MY E red round chain no budding

BESAN 10-2 BY A red round chain budding

BESAN 10-3 BY B red round chain budding

WHEAT 10-2 WY A red round chain budding

WHEAT 10-3 WY B red round small clusters budding

GRAPES 10-3 A GY A red oval chain budding
GRAPES 10-4 A GYB red round small clusters budding

GRAPES 10-4 B GY C red oval chain no budding

APPLE 10-3 AY red round small clusters budding
PANI AMA-
LA10-2 PY red round chain budding
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Each of the colonies was stained and observed through microscope to view the presence or absence of 
budding and also to further characterize the yeast colonies.

Table 2: Morphological properties of the Yeast colonies as viewed through light microscope after 
Gram’s staining

YEAST STRAIN STRAIN NAME COLOR SHAPE CLUSTERING BUDDING

WINE 1 10-2 B WY1 A red oval chain budding
WINE 1 10-3 A WY1 B red oval chain budding
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GRAPES 10-4 B GY C red oval chain no budding

APPLE 10-3 AY red round small clusters budding
PANI AMA-
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Table 5: Durham’s test for fermentative activity of yeast on Lactose

YEAST COL-
ONY NAME

24 hrs 48 hrs
color change CO2 (mm) color change CO2 (mm)

WINE 1 10-2 B WY1 A no no no no
WINE 1 10-3 A WY1 B no no no no
WINE 1 10-2 A WY1 C no no no no
WINE 1 10-2 C WY1 D no no no no
WINE 1 10-4 A WY1 E no no no no
WINE 1 10-4 B WY1 F no no no no
WINE 2 10-3 C WY2 A no no no no
WINE 2 10-4 A WY2 B no no no no
WINE 2 10-3 A WY2 C no no no no
WINE 2 10-3 B WY2 D no no no no
WINE 2 10-4 B WY2 E no no no no
CULTURE A CY A no no no no
CULTURE B CY B yes 13 yes 17
CULTURE C CY C no no no no
WINE A WY no no no no
WINE C WY C no no no no
MAIDA 10-2 A MY A no no no no
MAIDA 10-2 B MY B no no no no
MAIDA 10-3 MY C no no no no
MAIDA 10-4 A MY D no no no no
MAIDA 10-4 B MY E no no no no
BESAN 10-2 BY A no no no no
BESAN 10-3 BY B no no no no
WHEAT 10-2 WY A no no no no
WHEAT 10-3 WY B no no no no
GRAPES 10-3 A GY A no no no no
GRAPES 10-4 A GYB no no no no
GRAPES 10-4 
B GY C no no no no

APPLE 10-3 AY no no no no
PANI AMA-
LA10-2 PY no no no no

 

Table 4: Durham’s test for fermentative activity of yeast on Sucrose

YEAST STRAIN NAME
24 hrs 48 hrs
color change CO2 (mm) color change CO2 (mm)

WINE 1 10-2 B WY1 A yes 20 yes 7
WINE 1 10-3 A WY1 B yes no no no
WINE 1 10-2 A WY1 C yes no yes no
WINE 1 10-2 C WY1 D yes 7 yes no
WINE 1 10-4 A WY1 E yes no yes no
WINE 1 10-4 B WY1 F yes no yes no
WINE 2 10-3 C WY2 A no no yes 10
WINE 2 10-4 A WY2 B yes no yes 5
WINE 2 10-3 A WY2 C yes no no no
WINE 2 10-3 B WY2 D slight no yes no
WINE 2 10-4 B WY2 E yes 0.3 yes no
CULTURE A CY A yes 14 yes 17
CULTURE B CY B yes 27 yes 16
CULTURE C CY C yes 28 yes 25
WINE A WY yes 16 yes 18
WINE C WY C yes no yes 10
MAIDA 10-2 A MY A slight no no no
MAIDA 10-2 B MY B yes no yes no
MAIDA 10-3 MY C yes no yes no
MAIDA 10-4 A MY D yes no yes no
MAIDA 10-4 B MY E yes no yes no
BESAN 10-2 BY A no no yes no
BESAN 10-3 BY B no no no no
WHEAT 10-2 WY A no no pink no
WHEAT 10-3 WY B no no no no
GRAPES 10-3 A GY A yes no yes no
GRAPES 10-4 A GYB no no pink no
GRAPES 10-4 B GY C yes no yes no
APPLE 10-3 AY no no no no

PANI AMALA10-2 PY pink no yes no
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Table 7: Durham’s test for fermentative activity of yeast on Nephrolepis cordifolia

YEAST COLONY COLONY NAME
24 hrs 48 hrs
color change CO2 (mm) color change CO2 (mm)

WINE 1 10-2 B WY1 A yes 2 yes 36
WINE 1 10-3 A WY1 B yes no yes 26
WINE 1 10-2 A WY1 C yes no yes 20
WINE 1 10-2 C WY1 D yes no yes 32
WINE 1 10-4 A WY1 E yes no yes 23
WINE 1 10-4 B WY1 F yes no yes 23
WINE 2 10-3 C WY2 A yes no yes 20
WINE 2 10-4 A WY2 B yes no yes 28
WINE 2 10-3 A WY2 C no no no no
WINE 2 10-3 B WY2 D no no no no
WINE 2 10-4 B WY2 E yes no yes 20
CULTURE A CY A yes no yes no
CULTURE B CY B yes no yes no
CULTURE C CY C pink no no no
WINE A WY yes no yes no
WINE C WY C no no no no
MAIDA 10-2 A MY A yes no yes no
MAIDA 10-2 B MY B pink no no no
MAIDA 10-3 MY C no no no no
MAIDA 10-4 A MY D yes no yes no
MAIDA 10-4 B MY E no no no no
BESAN 10-2 BY A no no no no
BESAN 10-3 BY B no no no no
WHEAT 10-2 WY A no no no no
WHEAT 10-3 WY B no no no no
GRAPES 10-3 A GY A yes no yes no
GRAPES 10-4 A GYB yes no yes no
GRAPES 10-4 B GY C pink no no no
APPLE 10-3 AY no no no no
PANI AMALA10-2 PY no no no no

Fermentation at Ideal Condition

The eight strains were also kept under fermentation at different brix (20 and 22) but maintaining a 
constant temperature in an incubator. This allowed the selection of a more competent set of strains 

Table 6: Durham’s test for fermentative activity of yeast on Maltose

YEAST COLONY COLONY NAME
24 hrs 48 hrs
color change CO2 (mm) color change CO2 (mm)

WINE 1 10-2 B WY1 A no no yes no
WINE 1 10-3 A WY1 B no no yes no
WINE 1 10-2 A WY1 C no no no no
WINE 1 10-2 C WY1 D no no yes no
WINE 1 10-4 A WY1 E no no no no
WINE 1 10-4 B WY1 F no no no no
WINE 2 10-3 C WY2 A no no no no
WINE 2 10-4 A WY2 B no no no no
WINE 2 10-3 A WY2 C no no no no
WINE 2 10-3 B WY2 D no no no no
WINE 2 10-4 B WY2 E no no no no
CULTURE A CY A yes no yes 2
CULTURE B CY B no no no no
CULTURE C CY C yes no yes 1
WINE A WY yes no yes 2
WINE C WY C no no no no
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GRAPES 10-3 A GY A yes no yes no
GRAPES 10-4 A GYB no no yes no
GRAPES 10-4 B GY C yes no yes no
APPLE 10-3 AY no no no no
PANI AMALA10-2 PY no no yes no
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Graph 3: Change in Acidity during incubator selection.

For Brix 22, 

Graph 4: Change in OBrix during incubator selection.

out of the eight.

The results of the change in brix, pH and acidity for the incubator selection are given in the tables 
below.

For Brix 20,

Graph 1: Change in OBrix during incubator selection.

 

Graph 2: Change in pH during incubator selection. 
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Graph 7 : Change in OBrix during fermentation

Fermentation at Lab Condition

From the above tables, eight of the most promising yeast strains were selected. The strains CY A, CY 
B, CY C and WY showed good fermentative activity for glucose and sucrose compared to all the other 
strains. The strains WY1 A, WY1 B, WY2 A and WY2 B displayed a high fermentative activity in 
the substrate itself. Thus these eight strains were selected and inoculated into the substrate with main-
tained pH, brix and allowed to ferment. The change in brix, pH and acidity during the fermentation 
period is shown below.

Graph 8 : Change in pH during fermentation

Graph 6 : Change in Acidity during incubator selection.

Graph 5: Change in pH during incubator selection.
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Graph 12 : Change in Acidity during fermentation.

Alcohol Measurement

The relative alcohol content in the wine produced from the first and the final fermentation processes 
were determined using the alcohol meter. The results obtained are given below:

Graph 11: Change in pH during fermentationGraph 9 : Change in Acidity during fermentation.

Final fermentation

From the results of the incubator selection, the strains WY1 A, WY1 B, WY2 A and WY2 B were 
selected for a final round of fermentation since the four of these strains were observed to be rapid 
fermenters while the rest were observed to be late fermenters. 

Another substrate, jackfruit, was added to the initial substrate of Nephrolepis cordifolia in the ratio of 
50:50 for this final round of fermentation. The results and changes observed in this round of fermen-
tation are shown in the tables that follow.

Graph 10 : Change in OBrix during fermentation.
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Table 9:  Alcohol content measured by alcohol meter.

First Fermentation Alcohol meter reading
WINE 1 10-2 B WY1 A 13%
WINE 1 10-3 A WY1 B 12%
WINE 2 10-3 C WY2 A 13%
WINE 2 10-4 A WY2 B 14%
CULTURE A CY A 13%
CULTURE B CY B 12%
CULTURE C CY C 12%
WINE A WY 10%
Final Fermentation
WINE 1 10-2 B WY1 A 11%
WINE 1 10-3 A WY1 B 12%
WINE 2 10-3 C WY2 A 12%
WINE 2 10-4 A WY2 B 13%

Also, the alcohol content was measured using the spectrophotometer. The readings are given below:

Table 11: Alcohol content measured using the spectrophotometer.

Wine strains Absorbance in 590nm Alcohol%

WY1 A 0.09 7.5

WY1 B 0.096 8

WY2 A 0.0948 7.9

WY2 B 0.0984 8.2

CONCLUSIONS

The main objective of this research project is to produce a good quality wine using a novel substrate 
i.e. the tubers of the Nephrolepsis cordifolia( Pani  Amala) using the indigenous wine yeasts as start-
ers  isolated from different fruits ,flour, Pani Amala and indigenous alcohol. Based upon the above 
findings, the following recommendations are made:

a. The identification and characterization of Saccharomyces cerevisae to be better used by us-
ing molecular lab.

b. Modern techniques like PCR can be used for the identification of the yeast strains.

c. Novel substrates that are native to our country should be utilized for the producing a better 
quality wine in order to assist the economy of the developing countries like Nepal.



298

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

299

REFERENCES

D. P. Gauchan, Dina Manandhar, Nisha Shrestha, Shyam Krishna Suwal. 2008. “Nutrient Analysis Of 
Nephrolepis Cordifolia (L.) C. PRESL”. Kathmandu University Journal Of Science, Engineering And 
Technology.  I(V): 68-72.

Golomstok, M. M. and Sapiro, D. K. 1962. “Vinodelie I vinogradarstvo S.S.S.R.” 22(8): 21.

Reed, G. Nagodawithana, T. W., 1991. “Wine Yeasts In: Reed, G. Nagodawithana, T. W. (Eds.), Yeast 
technology”. Van Nostrand Reinhold, New York. 151 – 224.

Rodriguez, A. M., Carrascosa, A. V., Barcenilla, J. M., Pozo-Bayon, M. A., Polo, M. C. 2001. 

“Autolytic capacity and foam analysis as additional criteria for the selection of yeasts for sparkling 
wine production”. Food Microbiology 18: 183 – 191.

Steger, G. L. C., Lambrechts, M. G. 2000. “The selection of yeasts for the production of premium 
quality South African brandy base products”. Journal of Industrial Microbiology and Biotechnology 
24: 431 – 440.

Zarzoso, B. E., Gostincar, A., Bobet, R., Uruburu, F., Querol, A., 2000. “Selection and molecular 
characterization of wien yeasts isolated from the “El Penedes” area (Spain)”. Food Microbiology 17: 
553 – 562.

Table 9:  Alcohol content measured by alcohol meter.

First Fermentation Alcohol meter reading
WINE 1 10-2 B WY1 A 13%
WINE 1 10-3 A WY1 B 12%
WINE 2 10-3 C WY2 A 13%
WINE 2 10-4 A WY2 B 14%
CULTURE A CY A 13%
CULTURE B CY B 12%
CULTURE C CY C 12%
WINE A WY 10%
Final Fermentation
WINE 1 10-2 B WY1 A 11%
WINE 1 10-3 A WY1 B 12%
WINE 2 10-3 C WY2 A 12%
WINE 2 10-4 A WY2 B 13%

Also, the alcohol content was measured using the spectrophotometer. The readings are given below:

Table 11: Alcohol content measured using the spectrophotometer.

Wine strains Absorbance in 590nm Alcohol%

WY1 A 0.09 7.5

WY1 B 0.096 8

WY2 A 0.0948 7.9

WY2 B 0.0984 8.2

CONCLUSIONS

The main objective of this research project is to produce a good quality wine using a novel substrate 
i.e. the tubers of the Nephrolepsis cordifolia( Pani  Amala) using the indigenous wine yeasts as start-
ers  isolated from different fruits ,flour, Pani Amala and indigenous alcohol. Based upon the above 
findings, the following recommendations are made:

a. The identification and characterization of Saccharomyces cerevisae to be better used by us-
ing molecular lab.

b. Modern techniques like PCR can be used for the identification of the yeast strains.

c. Novel substrates that are native to our country should be utilized for the producing a better 
quality wine in order to assist the economy of the developing countries like Nepal.



300

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

301

WAYS TO PROMOTE FOOD SAFETY IN NEPAL
Tulsi Ram Khanal

Pokhara Bigyan Tatha Prabidhi Campus, Pokhara, Nepal

*Corresponding author: tulsikhanal2002@yahoo.com

Food Safety is a concept that food will not cause harm to consumer when it is prepared and or eaten 
according its intended use. Current situation of food safety as observed by regulatory authorities is 
found very poor, though there is no any system to record the incidents of food borne illness. Promotion 
of food safety is essential to reduce risk of food borne illness which helps growth and development 
of tourism and food industries. Major challenge for the promotion of food safety is the awareness on 
food safety; its importance and system required for food safety at different level; government, orga-
nizations in the food chain and consumers. Awareness of consumers to demand, select and consume 
safe food, policy, programs and allocation of sufficient system to monitor and control by government, 
revision, updating of food law and regulation are the ways to promote food safety in Nepal.

Keywords: Food-borne illness, awareness, organizations in the food chain, consumers, food law 
and regulation

INTRODUCTION

Food is the basic need of our life. Sufficient and safe food is essential for the normal health, growth of 
our body. Food can be the source of hazardous substances (physical, chemical, biological) rendering 
it unsafe causing illness and even death. Thus effort must be made to make food safe. Good practices 
are needed to implement from primary production to consumer (farm to fork) to make food safe (free 
from hazardous substances or at safe level). Thus, food safety is the effort of all people involved in 
the food chain.

There is the huge potential of growth and development of food industries in Nepal by increasing the 
sale/market share of different food products in domestic and international market and the basic re-
quirement is the assurance of food safety by the food industries. Food safety is one of the important 
tools to attract tourists to lengthen their trips, for their repeated visits and encouragement or advertise-
ment by them to their friends for the visit.

Current situation of food safety is not good enough .Thus promotion of food safety is essential to 
reduce the risk of food borne diseases which will help to promote growth and development of tour-
ism and food industries, ultimately economic development of the country. For the promotion of food 
safety, ways needed should be identified and taken and to identify the ways, the current situation, 
problems, challenges must be clearly understood. This paper focuses on all these aspects and suggests 
the possible ways for the promotion of food safety.

CURRENT SITUATION

Though there is no any formal system to record and analyze the impact of food borne illness in the 
country, few incidents highlighted by media are; mushroom  (wild) poisoning, alcohol (methanol) 
poisoning and food poisoning in some ceremonial feasts in rural area. Due to unavailability of data 
of impact of food borne illness, promotion of food safety is getting less priority by government and 
the entrepreneurs.

Due to scarcity of food in remote areas, people, government and all concerned focuses on availability 
and food safety gets less priority. Consumers of even urban areas focus on price of the product and 
take less care on quality and food safety. In case of food service operations due to different reasons, 
hygienic foods are not available at most of the outlets and consumers are not getting much option, so 
compelled to consume from such outlets.

People involved in the primary production are not well aware regarding the good practices (GAP and 
GVP), thus there is the risk of use of banned, hazardous agrochemicals (pesticides and others), use 
of high dosage, harvesting with in the short period of use causing the risk of residues more than the 
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OTHERS

Experts for planning and design of establishment specific to food plant and food service operations 
are not available or costly. Activities in the field of promotion of food safety by non government or-
ganizations seem insufficient. Research, studies on current status of food safety is insufficient. Non 
government organizations of Nepal seem unable to design large projects and get fund and other sup-
port from foreign countries. We are unable to grasp global opportunities.

WAYS

Ways to promote food safety in Nepal is to overcome the challenges and problems described above. 
Those are explained as below:

PROMOTION OF AWARENESS ON FOOD SAFETY

Consumers should be made aware on the risk associated with the consumption of unsafe food, selec-
tion of safe food. Awareness campaigns at schools, colleges, inclusion of food safety in school, col-
lege courses, and announcements from media are the ways to promote awareness level of consumers. 
Demand, selection and consumption of safe food from consumers enforce organizations in the food 
chain to assure food safety.

Awareness on food safety; its importance and implementation of food safety management system to 
entrepreneurs and employees by different ways; trainings, workshops is the most important way for 
promotion of food safety. Awareness of law makers and the government officials by different ways; 
interaction programs will make easy to revise and update current food act and regulation, approve 
programs to promote food safety.

ALLOCATION OF SUFFICIENT SYSTEM FOR MONITORING

Since current infrastructure and human resources to monitor and control food industries and food 
service operation is not sufficient, it is not able to monitor and control many of the food industries and 
food service operations, thus those cannot be forced to improve their current system to assure food 
safety. Infrastructure and human resources needed must be analyzed, identified and demanded from 
government by current department. 

STRICT IMPLEMENTATION OF CURRENT ACTS AND REGULATIONS

Current system to guide, support and monitor primary production by ministry of agriculture seems 
almost sufficient but awareness of primary producer on GAP, GVP seems insufficient and there is the 
risk of food safety hazards from produces. Effort from current system must be made sufficient.

Monitoring from DFTQC seems less strict for the improvement of the systems of food industries and 
food service operations to assure food safety. It is suggested that short period should be provided to 
food industries and food service operations for the improvement and it should be verified.

LICENSING AND LICENSE RENEWAL

There is not the practice of demanding sufficient system (infrastructure, human resources) needed 
to assure food safety by DFTQC with the Entrepreneur before issuing license or renewal of license. 
It can be one of the ways to establish or improve sufficient system to assure food safety by the food 
industries and food service operations.

REVISION AND UPDATING OF CURRENT FOOD ACT AND REGULATION

Since current act and regulation is not clear and sufficient to address food safety as it is not revised 
since it was started, it must be revised and updated to make it clear and sufficient to address food 
safety.

permitted level (though there is not sufficient studies to conform this statement). Similar is the situa-
tion on use of antibiotics on livestock thus creating the risk of residues more than the permitted level.

Regarding food processors, many small scale processors are not in the range of monitoring and con-
trol by government as most of them are not licensed and there is no sufficient system to monitor and 
take action on such firms. Most of the processors are not aware about the good practices; permitted 
level of food additives, there is the practice of use of high dosage of preservatives to increase shelf life 
of their product, less care is taken to maintain hygiene and sanitation up to the level. 

Practices even at medium and large scale food processors are not satisfactory. Hygiene and sanitation 
are found not good enough as monitored by regulatory authorities. Few food products (pasteurized 
milk) are found unsafe according to its intended use as observed by DFTQC. Very few industries have 
implemented and certified ISO 22000:2005 (Dairy, distillery, Instant Noodles, tea) and their (most 
of the organizations) effort is not to implement it genuinely, just to maintain certificate and use it for 
advertisement. 

CHALLENGES

There are many challenges, problems at different level; Consumers, organizations in the food chain 
and the government which must be addressed to promote food safety.

CONSUMERS

Consumers are not aware about the food safety; its importance, hazardous effect of unsafe food. Thus, 
much care is not taken to select and consume safe food, attracted by advertisement, appearance, taste, 
flavor of the product. Hence, food industries, food service operations and other organizations in the 
food chain focuses on consumers preference and less effort is applied on food safety as it will not as-
sure increase of their sale. Another challenge on consumer is their purchasing capacity. As purchasing 
capacity is low, they are attracted by low price products and the manufacturer compromise on food 
safety to lower the price of their products.

ORGANIZATIONS IN THE FOOD CHAIN

Though, most of the organizations in the food chain are aware on food safety; its importance at some 
level, they are not sure on it and stick on traditional practices which they think easier and less costly. 
Most of the organizations do not have volume production, thus improvement of their system may 
increase their cost of production and sales price and cannot compete with their competitor’s product 
(imported products). Most of the entrepreneurs, tend to reduce their investment, do not invest on 
expertise, machines having good designs and materials, do not plan properly before establishment 
and expansion on GMP, GHP, do not recruit suitable human resources and do not invest to train them, 
hence it becomes difficult for them to maintain hygiene and sanitation. Unavailability of safe ingre-
dients at reasonable price, commitment from top management, and level of awareness, attitude and 
motivation of employees to implement system needed to maintain food safety are the other challenges 
at this level.

GOVERNMENT

Government does not have sufficient infrastructure and human resources to monitor and control food 
safety in all over country. Food acts and regulations are not revised and updated since it was started 
Efforts made by the concerned departments to revise and update acts and regulations are not known. 
Due to political instability, it is difficult to revise and update it. Current acts and regulations are not 
much clear on food safety issues. Standard of food products (most of the products) does not cover 
food safety issues.

Most of the law makers and persons from concerned ministries are not aware on importance of food 
safety. Concerned department seems unable to approach and convince them to revise and update acts 
and regulations, set policy for promotion of food safety, initiate programs to encourage the entrepre-
neurs to implement food safety management system. Guidance, support and monitoring on agriculture 
sector by the ministry of agriculture and its system seems insufficient to implement GAP, GVP.
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safety. Concerned department seems unable to approach and convince them to revise and update acts 
and regulations, set policy for promotion of food safety, initiate programs to encourage the entrepre-
neurs to implement food safety management system. Guidance, support and monitoring on agriculture 
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The purpose of the study was to access the microbiological quality of different fresh vegetables, 
irrigated by water of Manohora River in Kathmandu-Nepal collected from commercial farming 
area in Mulpani VDC, and effectiveness of washing with water and chlorine water in reducing Total 
coliform load in the sample. Salad vegetables; lettuce (Lactusa sativa), radish (Raphanus sativus), 
and turnip (Brassica rapa rapa) were taken as test samples for the study. Sample vegetable was 
washed with municipality water and chlorinated water. To verify the effectiveness of chlorine on 
the vegetable sanitation, three different concentration of chlorine solution (50, 100 and 150 ppm) 
were used. Lettuce was used as a test vegetable because its leaves are most popular and widely 
used in salad preparation and also used in hamburgers and other fast foods, which is very popular 
among young generation in Kathmandu valley. Enumerations were done using the Most Probable 
Number (MPN) technique with LST and BGLB media. The microbiological analysis revealed high 
rates of contamination by total coliforms. River water sample contained total coliform of 3.02 log 
CFU/ml, while the total coliform concentrations ranged from 3.02 log CFU/ml to 2.04 log CFU/
ml

 
in all untreated salad vegetables. The total coliform concentrations was  0.90 log cfu/ml in the 

salad vegetables, washed with KUKL (Kathmandu Upatyaka Khanepani Limited) tap water , while 
it was  0.11 log cfu/ml to 0.48 log CFU/ml in chlorine treated fresh salad vegetables. Washing alone 
was able to obtain log reduction of 1.14 cycles. Disinfection by chlorination was found to be more 
effective than water rinsing in reducing total coliform. The treatment with chlorine solution at 150 
ppm resulted in the highest reductions showing reduction in total coliform 1.93 log cycle. However, no 
significant difference (p>0.05) was seen in chlorination (treated with 100 ppm and 150 ppm chlorine). 
Log reduction of 1.74 cycles was obtained with treatment of chlorine solution at 100 ppm. Therefore 
optimum chlorine disinfection was determined to be at 100 ppm. This finding can suggest that the 
disinfection of fresh vegetables by chlorine solution in salad vegetables can be applied in any food 
processing or catering services.  
Keywords: Microbiological quality, green vegetables, coliform, chlorine disinfection

INTRODUCTION
Wastewater irrigated vegetable production threatens public health from the perspective of 
microbiological contamination ( Amoah, 2008). Foodborne bacterial pathogens commonly detected 
in fresh vegetables are coliform bacteria, E.Coli, Staphylococcus aureus and Salmonella Spp.( 
Tambekar and Mundhada, 2006). Among the group of bacteria commonly found on plant vegetation 
are those that test positive for coliforms or fecal coliforms such as klebsiella and Enterobacter ( Zhao 
et al., 1997). Washing of vegetables with antimicrobial agents like H202, ethanol, Benzoate, citrate, 
Cacl2 reduces the load of microorganisms to some extent (Sapers et al. 2001). The World Health 
Organization (WHO, 1975) has recommended that crops to be eaten raw should be irrigated only 
with biologically treated effluent that has been disinfected to achieve a coliform level of not more 
than 100 coliform per 100 ml in 80% of the samples. The use of untreated wastewater and water 
supplies contaminated with sewage for irrigation has been implicated as one of the important sources 
of pathogenic micro-organisms contaminating vegetables (Islam et al., 1990; Doyle, 1990; Wei et al., 
1995). Consumption of such vegetables has resulted in outbreaks of diseases (WHO, 1975). Death 
tolls continue to rise in the far west- Nepal, reaching 150 in Jajarkot alone and more than 200 in the 
neighboring regions (Nagarik, 21 July, 2012). Likewise, nine people have died in a severe diarrhea 
outbreak in Doti District (UNMIN, 1 August, 1012). 

Chlorine is the most widely used sanitizing agent for fresh produce (Beuchat, 1998, Brackett, 1999). 
Published data indicate that at permitted concentrations, population reductions on produce surfaces 
will be within the range of 1–2 log units (Zhuang  et al., 1995, Brackett  1987, Wei 1995, Zhang 1996, 
Beuchat  et al., 1998, Sapers et al., 1999, Suslow  et al., 2000). Typical chlorine concentrations in 

POLICY, PROGRAMS FROM GOVERNMENT

Policy, programs to promote food safety must be developed and implemented by the government. It 
may include awareness campaigns at different level, inclusion of food safety in courses of different 
level of studies, guidance, support encouragement, to organizations in the food chain to implement 
food safety management system, development of model organizations, subsidies, lowering tax, prizes 
for the organizations having best system to assure food safety. These programs can be developed with 
the technical and financial support from INGOs and developed countries.

SUPPORT FROM DEVELOPED COUNTRIES

Since developed countries have the experience of promotion of food safety, have strong financial con-
dition, they can support us by technical and financial assistance. Since, food safety is a global issue, 
promotion of food safety in Nepal is essential for them to assure health of their citizens travelling to 
Nepal.

ACTIVITIES FROM RELATED ORGANIZATIONS

Different organizations related to agriculture, food and public health can enhance their effort for the 
promotion of food safety. It will be beneficial if more research, studies are conducted on food safety 
by different related organizations, eg., NAARC. Initiation of recording and analyzing impact of food 
borne illness by concerned organization, eg., Public health can be equally beneficial for the promotion 
of food safety.

EFFORTS/DETERMINATION FROM ORGANIZATION IN THE FOOD CHAIN

Without efforts and determinations of organization in the food chain, it is almost impossible to pro-
mote food safety. So, it is the first requirement for the promotion of food safety.

DEVELOPMENT OF EXPERTISE/CONSULTANCIES

Support from experts and consultants are essential to develop system or improve current system to 
assure food safety. So, expert and consultant must develop their expertise to support all sectors of 
organization in the food chain to establish or improve current system. It will be encouraging if there 
charges are affordable for the organizations in the food chain

FOOD ANALYSIS LABORATORY

Accredited and affordable food analysis laboratories are essential to identify safe food ingredients 
and food products, thus analyze the status of food safety and support organizations in the food chain.

ACTIVITIES FROM NON GOVERNMENT ORGANIZATIONS AND INDIVIDUALS

Activities of non government organizations and the individuals involved in promotion of food safety 
will also help to some extent, mainly on awareness and raising voices for food safety.

CONCLUDING REMARKS

Food security without food safety has no meaning. So, equal emphasis must be given for food safety 
by the government and all concerned. Efforts are needed from all the concerned for the promotion of 
food safety. It is our duty to raise our hands and voices for the promotion of food safety in Nepal. Pro-
motion of food safety will help to decrease risk of food borne illness, thus growth and development of 
food industries and tourism. Ways discussed above can be input for this mission. 
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Sulfate broth (LST) at 37°c for 48 hrs for presumptive test. Again, it is incubated in BGLB medium 
at 45°c for 48 hrs for confirmatory test. Gas positive tubes are calculated for Most Probable Number 
(MPN) of total coliform. Total coliform test was done for samples of vegetables and water, according 
to (FAO, 1997). Production of gas or acidic growth in the tubes or bottles within 48 +/- 3h constituted 
a positive presumptive reaction. Tubes with a positive presumptive reaction were submitted to the 
confirmed phase. The absence of acidic growth or gas formation at the end of 48 +/- 3h of incubation 
constitutes a negative test. An arbitrary 48-h limit for observation doubtless excludes occasional 
members of the coliform group that grow very slowly.

Data Analysis 
The estimated density of coliform bacteria, based on five tubes method, is calculated in terms of 
most probable number (MPN). Total coliform results from irrigated water and vegetable samples are 
reported as cfu/ml = MPN/ml.  MPN index value was obtained from the MPN Table, using the number 
of positive tubes in the three significant dilutions series.

Statistical Analysis
All the samples were analyzed in triplicates. One way analysis of variance (ANOVA) was used for 
F-test to determine whether the treatment significantly effects or not at 95% level of confidence by 
using SPSS software version 16 (2007). In case of significant difference at 95% level of confidence, 
mean comparison test was carried out using LSD by SPSS software version 16, (2007).

RESULTS AND DISCUSSION
From the background study and interviews, Farmers in Mulpani area was found to use waste water for 
irrigation mainly because of two reasons, a) The use of wastewater of Manohora River saves money 
for installation of deep boaring or managing other source of water for irrigation, b) The waste water 
irrigation makes the soil fertile and increases the productivity. However, many of the farmers are 
illiterate and ignorant about the possible health risk posed by the use of untreated river water for crops 
like radish, turnip, lettuce etc. that are supposed to be eaten uncooked. In the study area, irrigation 
pumps were employed for drawing water of Manohora River. Surface irrigation system usually led to 
the effluent coming in direct contact with the crops which becomes continuously contaminated with 
pathogens present in such effluent. It was observed that it was difficult for farmers and municipalities 
to comply with the WHO wastewater irrigation guidelines (WHO, 1989) because of scarcity of water 
for irrigation and lack of waste water treatment plants for reuse of waste water

Figure: 1 evidence of falling sick

industrial processing of produce range from 50 to 350 ppm depending on the vegetables and on the 
treatment type (Suslow, 1997, Suslow, 2001, Varzakas, 2008). Such values are extremely high when 
compared to those recommended by WHO (WHO, 2004) for potable water i.e. 0.1 - 0.3 ppm free 
chlorine, which is used in domestic processing of vegetables.

Comprehensive assessment of water quality would be an essential step not only to address the 
consequences of present and future threats of contamination but also to raise awareness among the 
people and provide a basis for future action at all levels. The study on chlorine water treatment in 
vegetables could reduce the potential health risks posed by pathogens such as coliform at an acceptable 
level after the simple household washing

MATERIALS AND METHODS
The research was carried out in two phases: Phase 1 (a preliminary study) was undertaken to obtain 
the background information on urban and peri-urban vegetable production in and around the city 
Kathmandu. This included the agronomic practices, environmental conditions and understanding 
of the public health implications. Phase II was carried out to assess the total coliform count in the 
vegetables.

Study area
The experimental site was Mulpani VDC, one of Kathmandu’s suburbs with a major vegetable 
production site with a total land area of about 12 hectare cultivated by over 300 farmers (Pradhan, 
1998). This area has been selected also because of; this is a typical land where agriculture has been 
intensively practiced in Kathmandu valley. In terms of, production, this location is the good and 
suitable for the all-seasonal crops. The traditional irrigation system is still preserved and the intensive 
horticulture is the main characteristics of the study area. Crops grown at Mulpani sites are mainly 
lettuce, cabbage, and spring onions, carrots, radish, coriander, tomato etc. and other seasonal and 
off seasonal vegetables. Irrigation of the farm was mainly dependent on water of Manohora River, 
pumped by using Motors.

Sampling 
Samples were collected during September 2012 and October 2012 from commercial farms of Mulpani 
area.  The microbiological analysis and the treatment experiment was carried out in well equipped 
laboratory of VanaspatiBivag- Thapathali.  Judgemental sapling and random sampling method was 
used to determine the sampling points and to collect samples of river water and vegetable samples. 
Total of 9 samples were collected of verities of salad vegetables; Lettuce (3 Nos.), Turnip (3 Nos.) and 
Raddish (3 Nos.) from the commercial farming vegetable garden along the bank of Manohora river 
in Mulpani VDC-Kathmandu. In addition, water of Manohora River (3 Nos.) were also collected for 
assessment of microbiological load. The treatment experiment was done with the lettuce samples. The 
samples were washed with water and chlorinated water separately and assessed for total coliform test. 
Altogether there were 28 samples for total coliform test. 

Sampling of Water
Water samples 200 ml were collected from the river Manahora. The samples were collected in sterile 
(200ml) glass bottles and were labeled as water samples were colleted from different depth at different 
locations of river. Samples were collected from three different points of the river body. Sampling of 
water and vegetables were done as guidelines given by William (William et.al.,2011). The collected 
samples in glass bottles were kept in ice box and were transported to the laboratory for bacteriological 
analysis within 2 hours. 
 
Sampling of Vegetables
For aseptic sampling of vegetables crops, PVC bags, sterilized gloves and alcohol sterilized scissors, 
knives were used. The samples were collected not less than 200g of produce material (leaves in case 
of lettuce and  root in case of radish and turnip). To avoid soil based contamination in lettuce and 
cabbage, material away from soil sample was harvested. Adhered soil was removed from surface of 
turnip and radish sample. The collected sample was kept in an icebox and was immediately transported 
to the laboratory for the further analysis within the same day.

Microbial Analysis 
The three selected dilutions called significant dilutions was made and it is then incubated in lauryl 
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The ANOVA showed that the effect of various concentration of chlorine water on reducing load of 
total coliform was significant (p<0.05). LSD values showed that significant difference was observed 
between two different treatment methods; samples treated with water and the samples treated with 
different concentration of chlorine (50ppm, 100ppm and 150ppm). Similarly, the samples treated 
with 50 ppm chlorine and samples treated with water, 100ppm chlorine water and 150 ppm chlorine 
water were significantly (P<0.05) different. However, no significant difference was found between 
two different treatments of chlorination, 100ppm and 150ppm. The average microbial load in the 
chlorine treated samples were significantly reduced (p<0.05) in the range of   0.48 log cfu/ml to 0.11 
cfu/ml, while 0.90 log cfu/ml in washed samples (Table 2). Regarding the high level of coliform load 
on vegetables, possible treatment methods like washing with tap water and chlorination at different 
concentrations 50, 100 and 150 ppm was experimented to find the best method. Lettuce sample was 
taken for the experiment as the leaves contained low bacterial contamination. Washing the leaves 
with municipal tap water reduced the total coliform to 0.90 log cfu/ml. while total coliform load was 
decreased to 0.48 log cfu/ml (at 50 ppm) 0.30 log cfu/ml (at 100 ppm) and 0.11log cfu/ml (at 150 
ppm) when initial load of colifom was 2.04 log cfu/ml. Highest reduction was achieved at 150 ppm 
however, the best treatment effect was determined to be  100 ppm chlorination as  the free residual 
chlorine was found to be fall under safe limit . Moreover there was shown no significant difference 
between these methods.

Table 2: Treatment effects on lettuce samples and log reduction
S.N Samples Cfu/ ml Log cfu/ ml Log reduction
1 Lettuce 191.3 2.04  
2 Lettuce –w 8 a±1.73 0.90  1.14
3 Lettuce-50 5b ±1.0 0.48  1.53
4 Lettuce- 100 2c ±0.0 0.30  1.74
5 Lettuce – 150 1.33c ±0.57 0.11  1.93

*values are the mean± S.D obtained from the triplicates. , with different superscripts (a, b, c) in the 
same column indicates significant difference (p<0.05) 
The plot of the data value gave the positive slope for log reduction cycle. Maximum log reduction 
cycle was observed at 150 ppm of chlorine treatment.

Figure: 4 log reduction cycles at various treatment methods

Figure: 2 Occurrences of dirt, filths, mud plant diseases in vegetables

The data analyses of consumers’ survey showed that majority of population (75%) have evidence of 
falling sick by consuming vegetables in Kathmandu (Figure 1). However large group of people (75%) 
stated the problem of filths, plant disease, mud etc was occasional (Figure 2). 

All the consumers strongly disagree that green vegetables in Kathmandu vegetable market are safe. 
Consumers prefer fresh vegetables for buying and occasionally consumers find plant diseases, insect, 
pest, filth mud in their vegetables and majority of them have evidence of falling sick after consuming 
such contaminated vegetables. For asking about mitigation of problem, most of them had no any idea 
and few suggested for awareness programs while rest few blamed government bodies and government 
policies.

Concentration of TC was 3.02 log cfu/ml in sample of river water from Manohora River of Mulpani 
VDC-kathmandu, on 1st November 2012.

Table 1: Comparision of microbial load of irrigated water and different vegetables
S.N Samples Cfu/ ml Log cfu/ ml

1 Irrigated water 1046.6 3.02 

2 Radish 1463.3 3.02   
3 Turnip 276.6 2.44 
4 Lettuce 109.3 2.04 

Figure: 3 Total coliform count of various samples
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The ANOVA showed that the effect of various concentration of chlorine water on reducing load of 
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Figure: 4 log reduction cycles at various treatment methods
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have contributed the result. The result is in agreement to the literature that coliform bacteria ranged 
from 3000 to 4000 CFU/ml in the Manahara River showing high amount of bacterial contamination 
(Bajracharya, 2007). Water of Bagmati at Khokana was found to be 4 log cfu/ml (MWSP, 2000).  The 
mean count of Coliform is 1x103/100mL recommended by WHO (2006) for unrestricted irrigation of 
crops likely to be eaten raw. Therefore, the water quality of Bagmati river water was found to be unfit 
for irrigation. The results of the study revealed high total coliform load on  fresh salads vegetables 
irrigated by water of Manohora river , ranging highest in radish  (3.02 log cfu/ml ) and least in lettuce 
(2.04 log cfu/ml) . Similar result have been reported by research carried out on Fresh salad vegetables 
at Southern united states, Total coliform ranged from  1 – 3.4 log cfu/g (Johnston et al., 2005  ). 
Studies indicate that the population of microorganisms on vegetables can vary significantly   (Brackett 
et al., 2001, Riser et al,. 1984). It is noteworthy that the initial microbial load of vegetables is different 
in different countries, due to the different condition of harvest, transport, distribution, and finally 
delivery to the consumer. In Kathmandu, untreated Bagmati river is an important source of enteric 
pathogens to soil and vegetables because it is used in agricultural irrigation. This presents high risk to 
farm workers and to consumers of food products irrigated with wastewater. The problem of microbial 
pollution becomes more serious with vegetables, because many of them are being consumed raw. 
Similar results was found by (Strauss, 1994).

Rinsing vegetables with clean water decreases the microbial load only by 1 log10 CFU/g (Nguyen, 
1994, Adams, 1989). In another study carried out by Frank et al. in 1999, it was found that water 
wash can decrease the microbial load of vegetables by 1 log10 CFU/g (Frank et al., 1999). Results of 
the study of Zhang et al. indicates total coliforms decreased by 2.18 log10 CFU/g on the lettuce and 
cabbage using chlorine (with a concentration 200 mg/l) as the disinfectant (Zhang S et al.1996). The 
study conducted in Brazil indicates that the common method in that country (vegetable disinfection 
by 200 mg/l chlorine for 15 min) can decrease total coliforms by 1.96 log10 CFU/g (Nascimento  et al., 
2003).  Chlorine is commonly added to water at 50 - 200 ppm total chlorine, at a pH of 6.0 - 7.5, for 
post-harvest treatments of fresh produce, with a contact time of 1 - 2 minutes (USFDA, 1998). Hence 
our experiment falls under the safe limit of chlorine dosing with safe level of chlorine residue < 7 ppm 
in wash water. Generally, maintaining 2-7 ppm of free chlorine and a pH of 6.0-7.5 in wash water at 
all times is sufficient to kill bacteria in water. (Canadian Horticultural Council, 2010)
 
No significant difference was found between treatment effects at 100 ppm chlorine and 150 ppm 
chlorine solution from multiple comparison tests. Thus best concentration for chlorine treatment 
method was found to be 100 ppm chlorine solution. The chlorine concentration at 100 ppm used in 
the experiment gave the FRC of 6 ppm in wash water that lies within permissible limit. The maximum 
limit of chlorine in food is up to 7 ppm.  (Canadian Horticuture guidelines)

 CONCLUSION
The samples of irrigated water from Manohora River and the fresh vegetables from Mulpani area were 
found to be highly contaminated by the coliform group of bacteria. The high level of coliform count 
on vegetables was supposed to be contaminated by the waste water of the Manohora River. Washing 
the fresh vegetables with clean potable water could significantly reduce the microbial load and the 
best disinfection could be achieved by washing with 100ppm chlorine water.
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Figure 5: Effects on total coliform reduction by chlorination on Lettuce sample

Both, water rinsing and chlorine treatment, in general resulted in significant (p < 0.05) reduction 
in total coliforms. Moreover, chlorine treatment resulted in a greater reduction. By conventional 
washing, the total coliforms decreased by 1.14 log10 cfu/ml.  As was expected, chlorine treatment was 
more effective in reducing total coliforms from vegetables than water rinsing. The reduction ranged 
from 1.52 to 1.9 log cycle.

Figure: 5 Determination of best Log reductions
   
Chlorination at 100 ppm was found to be the best concentration for disinfection as the FRC does 
not exceed the horticulture guideline limit for FRC in ready to use fruits and vegetables. Also, no 
significant difference was observed between samples treated with 100 ppm and 150 ppm chlorine.

The experiment showed the river water of Bagmati tributary: Manohora river was heavily contaminated 
with total coliform load of 3.02 log cfu/ml. Encroachment of river by human for activities like, bathing, 
washing, cleaning, mixing of drainage and household solid and liquid wastes of residential areas might 
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Food safety aspects of maize consumption have been challenged by mycotoxin contamination, pres-
ence of antinutritional factors, bound niacin and imbalance of micronutrients like iron & calcium. 
The significance of this research was to study the effect of lime treatment on phytic acid, total myco-
toxins, some physico-chemical parameters and sensory attributes of two Nepalese maize varieties. 
The nixtamalisation treatments included boiling under 0.5%, 1% and 1.5% lime for 15 minutes at at-
mospheric condition followed by steeping overnight. The nixtama-lised maize was analyzed and there 
was observed significant decrease (P<0.05) in total mycotoxins at 0.5% and 1% of lime treatment in 
both maize varieties. Similarly, there was significant reduction (P<0.05) in phytic acid at 0.5% of lime 
treatment in both maize varieties and also significant decrease in flour solubility (P<0.05) was ob-
served with the increase in lime concentration. However, significant increase in flour disperse-bility, 
swelling power and iron content was observed at 0.5% lime treatment. Similarly, significant increase 
in calcium and ash content were observed at 0.5% and 1% lime treatment in both maize varieties. Re-
garding sensory attribute, significant increase (P< 0.05) in mean sensory score for flour appearance 
and flavor was observed at 0.5% and 1% lime treatment in both varieties. The mean sensory score at 
0.5% lime treatment was found to be highest in both varieties. Based on these results, nixtamalisation 
of maize in 0.5% lime may be recommended to enhance the safety and sensory aspect of maize based 
food.

Keywords: maize, nixtamalisation, mycotoxins, phytic acid, micro-nutrient

INTRODUCTION

Maize cultivation is a way of life for most farmers in the hills of Nepal. It is a traditional crop culti-
vated as food, feed and fodder on slopping Bari land (rainfed upland) in the hills. It is grown under 
rainfed conditions during the summer (April-August) as a single crop or relayed with millet later in 
the season. In the terai, inner-terai, valleys, and low-lying river basin areas, maize is also grown in 
the winter and spring with irrigation More than two thirds of the maize produced in the midhills and 
high hills is used for direct human consumption at the farm level and the ratio of human consumption 
to total production is higher in less accessible areas. In the terai, less than 50% of the maize is used 
for human consumption and a significant part of the production goes to the market. (Adhikari, 2000).

Although maize is a significant food source in Nepal, its safe availability and utilization is never-
theless free from threats and challenges. Mycotoxins, antinutritonal factors like phytic acid, lack of 
some essential nutrients, limited micronutrients, and pesticide residues all represent the identified 
food safety problem regarding maize consumption in Nepal that has not been well investigated. Thus, 
this study determines the need to evaluate toxic residues like aflatoxin and anti-nutrient constituents 
in the Nepalese maize varieties so that this might help the food safety and nutritional policy makers in 
formulating risk based management in safe maize supply chain.       

Nixtamalisation refers to a process for the preparation of maize or other grain, in which the grain is 
cooked followed by soaking overnight in the same alkaline solution, usually limewater, and hulled. It 
is perhaps the most important process for human consumption of this cereal, since nixtamalised prod-
ucts such as tamales, nachos, pozole and the most important tortillas, are widely consumed in Mexico, 
United States and Guatemala (Bressani et al, 2002).

This thermal-alkaline process produces important changes in morphology and rheological characteris-
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Calcium
It was determined according to AOAC (2005) Using AAS unit at Central Food Laboratory.
Dietary fiber
It was determined according to AOAC (2005)
Anti nutritional factor (Phytic acid)
Phytic acid was determined according to AOAC (2005), using AAS unit at Central Food Laboratory.
Iron
It was determined according to AOAC (2005), using AAS unit at Central Food Laboratory.
Mycotoxin (Total aflatoxins)
It was determined according to AOAC (2005) using ELISA kit and analyzer at Central Food Labo-ratory.
Functional property analysis

Hydration characteristics of maize grains

Hydration characteristics include hydration capacity, hydration index, swelling capacity and swelling 
index of the grains.

Hydration capacity (g/ 10-3 seeds) of maize grain

The hydration capacity per thousand seeds was calculated employing the methods of Williams et al. 
(1998). 

Hydration index

Hydration index was calculated by using the formula given by Kantha et al. (1986).

Swelling capacity (g /10-3 seed)

The swelling capacity of grains was assessed by modifying the methods of Williams et al. (1983). The 
soaked seeds were blot dried, to remove the water and transferred to a measuring cylinder containing 
known volume of water. The change in volume was recorded and swelling capacity was calculated as 
given below.

Swelling capacity (ml 10-3 seed) =V1-V2, 

Where,
         V1 =   Volume of 1000 seeds after soaking (ml)

         V2 =   Volume of 1000 seeds before soaking (ml)

Swelling index

Swelling index of grains was calculated as described by Kantha et al. (1986).

Cooking quality of grains

Soaked grains (50 g) were subjected to pressure cooking (15 lb /psi) for 30 min, in a predetermined 
constant amount of water (3.5 times). The cooking quality was evaluated by expert panel in terms of 
doneness and taste of the cooked grains.

Cooked weight (g) and volume (ml)

The cooked seeds were drained and the superfluous water removed using an absorbent paper. The 

tics of important component of starch found in maize (Montealvo et al, 2007). Alkali treatment helps 
to loosen the outer hull, pericarp of the maize, solution frees up available nutrients and proteins of the 
maize, enrichment of calcium making it accessible to consumers and thereby raising the nutritional 
value of the grain. The process also makes grains easier to grind and handle. Maize subjected to the 
nixtamalisation process has several benefits over unprocessed grain for food preparation: it is more 
easily ground; its nutritional value is increased (Gomez et al., 1992), flavor and aroma are improved 
and phytic acid and mycotoxins are reduced. The most commonly nixtamalised grain is probably 
corn; as a result, some people mistakenly believe that “nixtamalisation” refers to the treatment of corn 
specifically.

MATERIALS AND METHODS
Materials

Maize 

Two different varieties of maize viz. ‘Rampur Composite’ and ‘Arun 2’ were collected from NAARC 
office, Itahari-2. 

Chemical reagents, Equipments and Analysis

All chemical reagents used were of analytical grade. All analysis was performed at the Central Food 
Laboratory and at Central Campus of Technology.

Methodology

Method for Nixtamalisation

The first steps in nixtamalisation, kernels of dried maize (both varieties ‘‘Rampur Composite’’ and 
‘‘Arun 2’’) were cooked in 3 different concentration of calcium oxide (0.5%, 1% and 1.5%) at the 
mixture’s boiling point for 15 minute. After cooking, the maize was steeped in the cooking liquid for 
a period of overnight. .

After overnight steeping, the alkaline liquid (known as nejayote), containing dissolved hull, starch, 
and other corn matter, is decanted and discarded. The kernels were washed thoroughly of remaining 
nejayote, which has an unpleasant flavor. The pericarp is then removed, leaving the endosperm of 
the grain with or without the germ. This hulling was performed by hand.

The prepared grain is called nixtamal. Nixtamal obtained from various treatments and varieties were 
sundried and grinded to obtain nixtamal flour and stored in clean glass containers. The same nixtamals 
were used to study the effect of different concentration of alkali treatment in two maize varieties on 
various parameters.
Physio-chemical analysis

Water absorption index, swelling capacity and water solubility index of raw and Nixtamalised flour

The water absorption index (WAI) and water solubility index (WSI) were determined following the 
methods of Anderson et al (1969). 
Moisture
Moisture content of flour as well baked product was determined according to AOAC (2005).
Crude protein
It was determined according to AOAC (2005).
Crude fat
It was determined according to AOAC (2005).
Ash 
It was determined according to AOAC (2005).
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Table 1. Physical parameter of two maize varieties

Parameters ‘Rampur Composite’ ‘Arun 2’ LSD
l/b ratio 1.18510a ±0.000755 1.13793b±0.000379 0.001174
1000 kernel wt(g) 282.97a±1.827 332.60b±2.533 4.649
Bulk density(g/ml) 1.2633a±0.015 1.1913b±0.006 0.02370
Hydration capacity(g/10-3) 105.25a±1.383 119.28b±1.443 2.489
Hydration index 37.447a±0.293 35.217b±0.555 0.6753
Swelling capacity(ml) 88a±1.732 88.67a±1.527 2.868
Swelling index 39.90a±0.953 32.55b±0.431 3.430
Cooking quality
% gain in wt after cooking 6.28a±0.08 6.48b±0.02 0.1875
% gain in volume after cooking 45.327a±0.130 46.180b±0.216 0.8104

Values presented are mean values ± SD of triplicate determinations on a dry weight basis.

abcd Mean values within a column with different superscripts are significantly different at P <0.05. 

Results from Table 1 showed that there was the significant difference (P < 0.05) in l/b ratio, 1000 ker-
nel weight, density, hydration capacity, hydration index, swelling index and cooking quality between 
two studied varieties. Similar result was obtained by Kantha et al. (1986) in other varieties of maize.

Table 2. Chemical parameter of two maize varieties

Parameters 
                  Maize variety LSD
‘Arun 2’ ‘Rampur Composite’

Moisture (%) 10.73a±0.24 10.30b±0.10 0.34
Protein (%) 8.42a±0.07 7.76b±0.05 0.06
Fat(%) 5.97a±0.01 6.33b±0.02 0.06
Crude fiber (%) 1.62a±0.02 1.68a±0.01 0.09
Ash (%) 1.53a±0.015 1.42b±0.01 0.06
Calcium(mg/100g) 46.48a±2.09 49.88b±2.44 1.10
Iron(mg/100g) 8.08a±0.03 7.06b±0.2 0.33
Phytic acid(mg/100g) 1376a±93.6 1377.7a±100.38 42.47
Starch (%) 63.75a±1.56 61.22a±1.09 3.17

Values presented are mean values ± SD of triplicate determinations on, a dry weight basis.

abcd Mean values within a column with different superscripts are significantly different at P <

0.05. 

change in weight was recorded. The volume of the cooked seeds was measured by water displacement 
method. Increase in weight and volume of the seeds was calculated using the method of Kantha et al. 
(1986).

Functional properties of maize flour

Particle size

To determine the particle size a known quantity of sample was passed through sieves of different mesh 
sizes and the percentage of material retained on the sieve was measured.

Flour Dispersibility

Dispersibility was measured by placing 10 g of the sample in 100 ml stoppered measuring cylinder, 
distilled water added to the volume of 100 ml, stirred vigorously and allowed to settle for three hours. 
The volume of settled particles was subtracted from 100 and the difference was reported as percentage 
dispersibility.
Swelling power and solubility of flours
Swelling power and solubility of flours was assessed following the method given by Schoch (1964). 

Fat absorption

Fat absorption was measured by adding known amount of sample to measured amount of refined oil 
in a 15 ml centrifuge tube. The contents were stirred for 30 seconds every 5 min and after 30 min, the 
tubes were centrifuged at 4000 rpm for 25 min. The free oil was decanted and percentage of absorbed 
oil was determined by difference (Sosulski, 1962).

Sensory evaluation

Hedonic rating

The coded samples of baked product will be evaluated still warm for appearance, flavor, texture, juic-
iness and overall palatability on nine- point hedonic scale. The panelist will be given instruction to 
give ‘9’ point to extremely liked one and ‘1’ point to extremely disliked sample. The coded samples 
will be randomly presented to 10 semi-trained panelists.

Statistical analysis

All the data which will be obtained during experiment will be analyzed by statistical program known 
as Genstat program which was developed by Lawes Agricultural Trust (1995). From this, mean ANO-
VA at 5% significance, LSD and interaction effects of treatment will be obtained.

RESULT AND DISCUSSION

Two varieties of Nepalese maize viz. ‘Rampur Composite’ and ‘Arun 2’ obtained from National ag-
riculture research council (NARC, Itahari-2) were nixtamalised. The various physico-chemical and 
functional parameters of raw maize (Table 1, Table 2 and Table 3) and nixtamalised maize were ana-
lyzed to study the effect of nixtamalisation.

 % Fat absorption = (Wt. of sample after centrifuge – Wt. 
of sample before centrifuge) ×100%                                                                       
Weight of original sample taken
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to be insignificant (p<0.05) with that of 0.5% in both varieties. The mean flour Dispersibility values 
in percent at 0%, 0.5%, 1% and 1.5% of lime treatment were found to be 71.33, 80.33, 81.33 and 
81.50 respectively for ‘Arun 2’. Similarly for ‘Rampur Composite’ it was found to be 73.67, 81.33, 
82.33 and 82.42 respectively. The property of dispersibility determines the tendency of flour to move 
apart from water molecule and shows its hydrophobic interaction (Schoch, 1964). With regard to 
dispersibility of processed flours, the flour samples of nixtamalised grains of all the varieties showed 
significantly higher dispersibility than the native grains, this might be due to the nixtamalisation treat-
ments affecting the dispersability of flour particles in aqueous solution. Similar result was observed 
by Schoch (1964).

Effect of nixtamalisation on swelling power of flour

 

Fig. 2 Effect of nixtamalisation on swelling power

Figure 2 shows the effect of nixtamalisation on the swelling power (g/g) of two maize varieties. There 
was a significant increase in swelling power (p<0.05) with the increase in lime concentration in both 
variety. The mean values of swelling power (g/g) at 0%, 0.5%, 1% and 1.5% of lime treatment were 
found to be 3.2, 3.4, 3.45 and 3.45 respectively for ‘Arun 2’. Similarly for ‘Rampur Composite’ it 
was found to be 3.1, 3.3, 3.38 and 3.39 respectively. This could be due to the reduced fat content of 
the flour. Rooney et al (1990), reported that fats may complex with starch and limit swelling and its 
high water absorption capacity power will translate to more quantity of product from a given quantity 
of the flour and help in the easy digestion. While a disadvantage is relatively higher water activity 
increases the rate of spoilage during storage.

Effect of nixtamalisation on solubility of flour

Figure 3 shows the effect of nixtamalisation on the flour solubility of two maize varieties. There was a 
significant decrease in solubility (p<0.05) with the increase in lime concentration in both variety. The 
mean values of solubility (%) at 0%, 0.5%, 1% and 1.5% of lime treatment were found to be 7.77, 
5.81, 4.55 and 4.40 respectively for ‘Arun 2’. Similarly for ‘Rampur Composite’ it was found to be 
8.41, 5.94, 4.90 and 4.86 respectively. Roney et al  (1990) reported that water absorption of maize 
is influenced by processing methods affecting starch gelatinization and swelling power. The grain 
constituents such as starch, fat and fiber influence solubility and all these constituent decreases on 
nixtamalisation, which might be the reason on the decrease in flour solubility.

Results from Table 2 showed that there was the significant difference (P < 0.05) in moisture, 
protein, fat, ash, iron and starch content between two varieties of maize which is in accordance 
with the finding of Kent (1983) in some other varieties of maize.

Table 3. Functional parameter of two varieties maize flour

Parameters
            Maize variety LSD
‘Arun 2’ ‘Rampur Composite’

Flour Dispersibility (%) 71.33a±0.58 73.67b±0.58 1.43

Swelling power(g/g) 3.1a±0.02 3.2b±0.01 0.03
Solubility (%) 7.77a±0.02 8.41b±0.10 0.19
Fat absorption (%) 79.65a±1.04 87.95b±0.92 1.51

Values presented are mean values ± SD of triplicate determinations on a dry weight basis.
abcd Mean values within a column with different superscripts are significantly different at P <

0.05. 

Results from Table 3 showed that there was the significant difference (P < 0.05) in flour dispersibility, 
swelling power, solubility and fat absorption between two varieties of maize, which is in accordance 
with the finding of Schoch (1964) in some other maize varieties.

Effect on nixtamalisation on functional properties of maize flour

Effect of nixtamalisation on flour Dispersibility

 

Fig. 1 Effect of nixtamalisation on flour Dispersibility

Figure 1 shows the effect of nixtamalisation on the flour dispersibility of two maize varieties. There 
is an significant increase in flour dispersibility (p<0.05) at 0.5% of Ca(OH)2 in both variety. There is 
also an increase flour Dispersibility at 1% and 1.5% of lime treatment but statistically it was found 



318

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

319

to be insignificant (p<0.05) with that of 0.5% in both varieties. The mean flour Dispersibility values 
in percent at 0%, 0.5%, 1% and 1.5% of lime treatment were found to be 71.33, 80.33, 81.33 and 
81.50 respectively for ‘Arun 2’. Similarly for ‘Rampur Composite’ it was found to be 73.67, 81.33, 
82.33 and 82.42 respectively. The property of dispersibility determines the tendency of flour to move 
apart from water molecule and shows its hydrophobic interaction (Schoch, 1964). With regard to 
dispersibility of processed flours, the flour samples of nixtamalised grains of all the varieties showed 
significantly higher dispersibility than the native grains, this might be due to the nixtamalisation treat-
ments affecting the dispersability of flour particles in aqueous solution. Similar result was observed 
by Schoch (1964).

Effect of nixtamalisation on swelling power of flour

 

Fig. 2 Effect of nixtamalisation on swelling power

Figure 2 shows the effect of nixtamalisation on the swelling power (g/g) of two maize varieties. There 
was a significant increase in swelling power (p<0.05) with the increase in lime concentration in both 
variety. The mean values of swelling power (g/g) at 0%, 0.5%, 1% and 1.5% of lime treatment were 
found to be 3.2, 3.4, 3.45 and 3.45 respectively for ‘Arun 2’. Similarly for ‘Rampur Composite’ it 
was found to be 3.1, 3.3, 3.38 and 3.39 respectively. This could be due to the reduced fat content of 
the flour. Rooney et al (1990), reported that fats may complex with starch and limit swelling and its 
high water absorption capacity power will translate to more quantity of product from a given quantity 
of the flour and help in the easy digestion. While a disadvantage is relatively higher water activity 
increases the rate of spoilage during storage.

Effect of nixtamalisation on solubility of flour

Figure 3 shows the effect of nixtamalisation on the flour solubility of two maize varieties. There was a 
significant decrease in solubility (p<0.05) with the increase in lime concentration in both variety. The 
mean values of solubility (%) at 0%, 0.5%, 1% and 1.5% of lime treatment were found to be 7.77, 
5.81, 4.55 and 4.40 respectively for ‘Arun 2’. Similarly for ‘Rampur Composite’ it was found to be 
8.41, 5.94, 4.90 and 4.86 respectively. Roney et al  (1990) reported that water absorption of maize 
is influenced by processing methods affecting starch gelatinization and swelling power. The grain 
constituents such as starch, fat and fiber influence solubility and all these constituent decreases on 
nixtamalisation, which might be the reason on the decrease in flour solubility.

Results from Table 2 showed that there was the significant difference (P < 0.05) in moisture, 
protein, fat, ash, iron and starch content between two varieties of maize which is in accordance 
with the finding of Kent (1983) in some other varieties of maize.

Table 3. Functional parameter of two varieties maize flour

Parameters
            Maize variety LSD
‘Arun 2’ ‘Rampur Composite’

Flour Dispersibility (%) 71.33a±0.58 73.67b±0.58 1.43

Swelling power(g/g) 3.1a±0.02 3.2b±0.01 0.03
Solubility (%) 7.77a±0.02 8.41b±0.10 0.19
Fat absorption (%) 79.65a±1.04 87.95b±0.92 1.51

Values presented are mean values ± SD of triplicate determinations on a dry weight basis.
abcd Mean values within a column with different superscripts are significantly different at P <

0.05. 

Results from Table 3 showed that there was the significant difference (P < 0.05) in flour dispersibility, 
swelling power, solubility and fat absorption between two varieties of maize, which is in accordance 
with the finding of Schoch (1964) in some other maize varieties.

Effect on nixtamalisation on functional properties of maize flour

Effect of nixtamalisation on flour Dispersibility

 

Fig. 1 Effect of nixtamalisation on flour Dispersibility

Figure 1 shows the effect of nixtamalisation on the flour dispersibility of two maize varieties. There 
is an significant increase in flour dispersibility (p<0.05) at 0.5% of Ca(OH)2 in both variety. There is 
also an increase flour Dispersibility at 1% and 1.5% of lime treatment but statistically it was found 



320

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

321

content (%) for ‘Rampur Composite’ were found to be 1.42, 1.73, 1.78 and 1.78 respectively. Most 
findings, however, have shown an increase in total ash content from maize to masa, which may be 
expected because of the lime used for cooking. Along with this increase in ash there is a significant 
increase in calcium content. According to Pflugfelder et al. (1988), calcium content in the dough is 
influenced by lime levels, cooking and steeping temperatures and maize characteristics. The changes 
in other minerals are variable and may depend on the purity of the lime used as well as on the type 
of grinding equipment. In one study (Eckhoff, 1996; Bressani et al., 1990) the magnesium content 
increased from 8 to 35 percent from maize to tortilla; there was no change in sodium and a small 
decrease in potassium. Iron content also increased; however, the increases may have resulted from 
contamination. Phosphorus content also increases from maize to tortilla. One aspect of nutritional in-
terest is that the calcium-to-phosphorus ratio, which is about 1:20 in maize, changes to approximately 
1:1 in the masa. This means consumption of meals derived from lime-cooked maize is advantageous 
with respect to mineral content.

 

Fig. 5 Effect of lime concentration on ash content

Effect of nixtamalisation on iron content

Figure 6 shows the effect of nixtamalisation on iron content (mg/100g) of two maize varieties. There 
was a significant increase in iron content (p<0.05) at 0.5% of lime treatment in both variety. The iron 
content (mg/100g) at 0.5%, 1% and 1.5% of lime treatment were found to be insignificant (p<0.05) in 
both maize varieties. The mean values of iron (mg/100g) at 0%, 0.5%, 1% and 1.5% of lime treatment 
for ‘Arun 2’ were found to be 8.08, 10.28, 10.47 and 10.63 respectively. Similarly the mean values 
of iron (mg/100g) for ‘Rampur Composite’ were found to be 7.06, 8.95, 8.90 and 8.96 respectively. 
However, the increases may have resulted from contamination. Similar result was obtained by Bres-
sani et al., 1990 

 

Fig. 3 Effect of nixtamalisation on solubility

Effect of nixtamalisation on fat absorption

Figure 4 shows the effect of nixtamalisation on the Fat absorption (%) of two maize varieties. There 
was a significant decrease in Fat absorption (p<0.05) with the increase in lime concentration in both 
variety. The fat absorption (%) at 1% and 1.5% of lime treatment were found to be insignificant 
(p<0.05) in both maize variety. The mean value of Fat absorption (%) at 0%, 0.5%, 1% and 1.5% of 
lime treatment was found to be 79.65, 70.21, 67.14 and 67.12 for ‘Arun 2’ respectively. Similarly 
the mean values of fat absorption (%) for ‘Rampur Composite’ were found to be 87.95, 72.74, 68.57 
and 68.31 respectively. Since the nixtamalised grain is properly ground and the proportion of protein 
and starch is less as compared to raw maize may results in the decrease in fat absorption capacity of 
nixtamalised maize. Similar result was obtained by Pflugfelter et al, 1987.

 

Fig. 4 Effect of nixtamalisation on fat absorption (%)

Effect of nixtamalisation on ash content

Figure 5 shows the effect of nixtamalisation on ash content (%) of two maize varieties. There was a 
significant increase in fat content (p<0.05) with the increase in lime concentration in both variety. The 
ash content (%) at 1% and 1.5% of lime treatment were found to be insignificant (p<0.05) in both 
maize varieties. The mean values of ash content (%) at 0%, 0.5%, 1% and 1.5% lime treatment for 
‘Arun 2’ were found to be 1.53, 1.78, 1.83 and 1.83 respectively. Similarly the mean values of ash 
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Effect of nixtamalisation on calcium

Figure 8 shows the effect of nixtamalisation on calcium content (mg/100g) of two maize varieties. 
There was a significant increase in calcium content (p<0.05) at 0.5% and 1% of lime treatment in both 
variety. The calcium content (mg/100g) at 1% and 1.5% of lime treatment were found to be insignif-
icant (p<0.05) in both maize varieties. The mean values of calcium (mg/100g) at 0%, 0.5%, 1% and 
1.5% of lime treatment in ‘Arun 2’ were found to be 46.48, 94.14, 134.24 and 135.11 respectively. 
Similarly the mean values of calcium (mg/100g) in ‘Rampur Composite’ were found to be 49.88, 
98.22, 138.78 and 139.74 respectively. The significant increase in the calcium content in the treated 
maize might be due to the diffusion of Ca++

 ion from the lime solution. The use of calcium hydroxide 
improves the calcium-to-phosphorus ratio in tortillas, which possibly favors the utilization of the 
calcium ion by the animal thus increasing its bioavailability. Poneros and Erdman (1988) Braham and 
Bressani (1966) found the significant increase in Ca++ up to 400%.

 Fig. 8 Effect of nixtamalisation on calcium content

Effect of nixtamalisation on Mycotoxin (Total aflatoxins)

Figure 9 shows the effect of nixtamalisation on total aflatoxins (ppb) in maize. There was a significant 
decrease in Mycotoxin (ppb) (p<0.05) with the increase in lime concentration. The Mycotoxin (ppb) 
at 0%, 0.5%, 1% and 1.5% of lime treatment were found to be 53.8, 45.23, 13.28 and ND. Several 
studies reported a significant reduction in aflatoxin content (90-95%) in corn with this alkaline treat-
ment by opening the lactones ring present in aflatoxin.  Under alkaline conditions, fumonisins (FB1) 
in contaminated corn are converted to the so-called hydrolyzed fumonisins (HFB1). Dombrink-Kurtz-
man et al. (2000) showed that nixtamalisation reduced the FB1 concentration in tortillas by 81.5% 
and that the FB1 and HFB1 were mainly found in the steeping and washing water. Cortez-Rocha et al. 
(2002) observed a 39% reduction of FB1 concentration when raw corn was nixtamalised.

 

Fig. 9 Effect of nixtamalisation on total aflatoxins

 

Fig. 6 Effect of nixtamalisation on iron content

Effect of nixtamalisation on Phytic acid

Figure 7 shows the effect of nixtamalisation on Phytic acid content (mg/100g) of two maize varieties. 
There was a significant decrease in Phytic acid content (p<0.05) at 0.5% of lime treatment in both 
variety. The Phytic acid content (mg/100g) at 0.5%, 1% and 1.5% of lime treatment were found to be 
insignificant (p<0.05) in both maize varieties. The mean values of Phytic acid (mg/100g) at 0%, 0.5%, 
1% and 1.5% of lime treatment in ‘Arun 2’ were found to be 1376, 18.1, 16.90 and 16.80 respectively. 
Similarly the mean values of Phytic acid (mg/100g) in ‘Rampur Composite’ were found to be 1377.6, 
18.87, 18.36 and 18.21respectively, which could be

attributed to the fact that nixtamalisation treatment could soften and destroy the cellular wall to release 
the phytic acid.. The phytic acid in maize was degraded by nixtamalisation in present study, which 
was consistent with the study conducted by Bressani (1997, 2002, 2004). The iron bioavailability 
was observed to be decreased in the presence of dietary phytic acid or exogenous sodium phytate 
(Hallberg et al., 1989). In consistent with study on human conducted by Martoanez et al. (1998), the 
present study found that the nixtamalised maize improved the iron bioavailability due to the phytic 
acid degradation, and the iron absorption was also improved as the decreasing phytic acid. The reduc-
tion in phytic acid as a result of all treatments may be due to degradation of phytic acid by the enzyme 
phytase which is usually activated by soaking as well as the action of applied heat in the process of 
cooking.

 

Fig. 7 Effect of nixtamalisation on Phytic acid content
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from germ during nixtamalisation, removal of peculiar odor from pericarp and partial gelatinization 
of maize starch.

CONCLUSIONS

Although a comprehensive approach was targeted, the present work is still a piecemeal. Because of 
severe time constraint as well as tedious nature of the work, only two maize varieties were taken for 
the study. Therefore conclusions drawn from this study may not be exactly applicable for all variety. 
Based on the observed data, there was significant decrease (P < 0.05) in total aflatoxins, crude fiber, 
crude fat and % fat absorption at 0.5% and 1% of lime treatment in both maize varieties. Similarly 
there was significant reduction (P < 0.05) in phytic acid, iron content, starch and protein at 0.5% of 
lime treatment in both maize varieties and also significant decrease in flour solubility (P < 0.05) was 
observed with the increase in lime concentration. Likewise, significant increase in flour dispersibility, 
swelling power and iron content was observed at 0.5% lime treatment. Similarly, significant increase 
in calcium and ash content were analyzed at 0.5% and 1% lime treatment in both maize varieties. On 
the other side, the mean sensory score for flour appearance and flavor was significantly increased (P < 
0.05) at 0.5% and 1% lime treatment in both varieties. The mean sensory score at 0.5% lime treatment 
was found to be highest in both varieties. Hence, for ensuring safe utilization of maize, especially in 
developing countries, this simple and economic pretreatment method may be followed, so as to en-
hance the physico-chemical, sensory, and nutritional quality of the maize.
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Effect of nixtamalisation on sensory attribute of maize flour

Effect of nixtamalisation on appearance of maize flour

Figure 10 shows the effect of nixtamalisation on appearance of two maize varieties. There was a 
significant increase in mean sensory score (p<0.05) at 0.5% and 1% of lime treatment in both variety. 
The mean sensory score at 0.5% and 1% of lime treatment were found to be insignificant (p<0.05) in 
both maize varieties. Again the mean sensory score decreases significantly at 1.5% of lime treatment 
in both varieties. The mean sensory score at 0%, 0.5%, 1% and 1.5% of lime treatment in ‘Arun 2’ 
were found to be 5.80, 7, 7.20 and 5.60 respectively. Similarly the mean sensory score in ‘Rampur 
Composite’ were found to be 6.20, 7.10, 7.40 and 5.80 respectively. This might be due to the removal 
of pericarp which characterizes the yellowish color of maize flour. The color of nixtamalised flour 
was yellowish white.

 

Fig. 10 Effect of nixtamalisation on appearance

Effect of nixtamalisation on flavor of maize flour

 

 

Fig. 11 Effect of nixtamalisation on flavor of maize flour

Figure 11 shows the effect of nixtamalisation on flavor of two maize varieties. There was a significant 
increase in mean sensory score (p<0.05) at 0.5% and 1% of lime treatment in both variety. The mean 
sensory score at 0.5% and 1% of lime treatment were found to be insignificant (p<0.05) in both maize 
varieties. Again the mean sensory score decreases significantly at 1.5% of lime treatment in both vari-
eties. The mean sensory score at 0%, 0.5%, 1% and 1.5% of lime treatment in ‘Arun 2’ were found to 
be 5.8, 8, 7.60 and 5.70 respectively. Similarly the mean sensory score in ‘Rampur Composite’ were 
found to be 6, 7.8, 7.4 and 5.60 respectively. This might be due to the release of certain chemicals 
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Faba bean is an important legume crop in Asia, Africa, and Europe. Its superior protein quality and 
content, together with the presence of health benefiting compound like L-dihydroxyphenylalanine, 
make it an important source for food products and ingredients development. However, consumption 
of faba bean by individuals lacking in glucose-6-phosphate dehydrogenase (G6PD) in their red 
blood cells may lead to an acute haemolytic condition. This condition is commonly known as favism. 
Pryimidine glucosides vicine and convicine are responsible for triggering haemolysis in such people. 
Given the historical prevalence of G6PD deficiency in South Asia and the Middle East, there are 
interests in these regions to either develop zero vicine and convicine cultivars or to remove vicine 
and convicine from faba bean through processing or bioprocessing means. Consequently, food safety 
authorities rely on accurate and sensitive methods to detect and determine these glucosides in faba 
bean and its products. This paper reviews the state of knowledge in removal of vicine and convicine 
from faba. Further, analytical methods for determination of vicine and convicine in faba bean are 
also discussed.
Keywords : Faba bean, vicine, covicine, glucosides, favism, food safety

INTRODUCTION
Faba bean is an important legume crop with potential applications in food and feed. Besides, it is 
also believed to reduce the dependence of the countries that rely on imported soybean for protein 
(Lizarazo et al. 2010). However, consumption of faba bean by people lacking in glucose-6-phosphate 
dehydrogenase (G6PD) in their red blood cells (RBCs) is known to trigger an acute haemolysis in 
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Faba bean is an important legume crop in Asia, Africa, and Europe. Its superior protein quality and 
content, together with the presence of health benefiting compound like L-dihydroxyphenylalanine, 
make it an important source for food products and ingredients development. However, consumption 
of faba bean by individuals lacking in glucose-6-phosphate dehydrogenase (G6PD) in their red 
blood cells may lead to an acute haemolytic condition. This condition is commonly known as favism. 
Pryimidine glucosides vicine and convicine are responsible for triggering haemolysis in such people. 
Given the historical prevalence of G6PD deficiency in South Asia and the Middle East, there are 
interests in these regions to either develop zero vicine and convicine cultivars or to remove vicine 
and convicine from faba bean through processing or bioprocessing means. Consequently, food safety 
authorities rely on accurate and sensitive methods to detect and determine these glucosides in faba 
bean and its products. This paper reviews the state of knowledge in removal of vicine and convicine 
from faba. Further, analytical methods for determination of vicine and convicine in faba bean are 
also discussed.
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appealing aesthetic properties. Abd Allah et al. (1988) also reported that alkaline soaking was less 
effective than acid soaking for vicine and convicine removal from faba bean. 

Thermal treatments have also been attempted for destruction of vicine and convicine from faba bean. 
Moist or dry heat was shown suitable for reduction of levels of vicine and convicine from faba bean 
(Khalil and Mansour 1995; Jamalian and Ghorbani 2005; Cardador-Martínez et al. 2012). Boiling or 
autoclaving could reduce about 30-40% vicine and 40-60% convicine. However, roasting could only 
reduce 12% vicine and 40% convicine. Moist heat may be more effective in reduction of vicine and 
convicine because of the solubility of these compounds in water, thus making them susceptible to the 
damaging effects of heat (Cardador-martinez et al. 2012). 

Germination or fermentation is also known to have reduced vicine or convicine either partially or 
completely. Khalil and Mansour (1995) noted that about 30% vicine or convicine could be reduced 
during germination of faba bean. Interestingly, McKay (1992) observed complete reduction in vicine 
content and 75% reduction in convicine content after the enzymatic hydrolysis of faba bean suspension 
using Lactobacillus plantarum ATCC 14917. Finally, as currently applied processing or bioprocessing 
means have been shown to be impractical for complete elimination of vicine and convicine from faba 
bean, genetic means to achieve zero vicine or convicine cultivars of faba bean have been attempted. 
Consequently, Duc et al. (1989) reported the gene vc- that expressed zero vicine and convicine content 
in faba bean.

CONCLUSIONS

The toxicological studies done with vicine and convicine have established that the aglycones of vicine 
and convicine, divicine and isouramil, respectively, are responsible for trigerring favism in individuals 
lacking in glucose-6-phosphate dehydrogenase in their red blood cells. The glucosides have been 
found to affect reproductive and haematological health of human or animals. Consequently, food 
technological processes have attempted to reduce the levels of vicine and convicine from faba bean. 
However, none of the methods have been completely successful in elimination of vicine and convicine 
from faba bean. Nonetheless, a genetic approach towards this direction seems to be promising. Finally, 
very important to note here is the fact that the fate of divicine and isouramil, the causative agents of 
favism in G6PD deficient individuals, in faba bean in such processes is still unknown. Thus, it is of 
utmost importance, from the perspective of food safety, to be able to trace the fate of divicine and 
isouramil in faba bean during processing or bioprocessing treatments. 
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Figure 1. Pentose phosphate pathway (Cappellini and Fiorelli 2008).
The Figure 1 represents pentose phosphate pathway in RBCs. G6PD is responsible for the catalysis 
of the first reaction of the hexose monophosphate. During the process, NADP is reduced to NADPH. 
NADPH is in turn responsible for stability of catalase and preservation and regeneration of reduced 
glutathione (GSH). Further, catalase and GSH are responsible for reduction of hydrogen peroxide 
(H2O2) and other oxidants. As G6PD is the only enzyme in RBCs that is capable of catalysis of NADPH 
production, lack of G6PD in RBCs makes the cells vulnerable to oxidative damages including those 
generated due to consumption of faba beans. Other implications of G6PD deficiency are manifested as 
drug-induced haemolytic anaemia, infection-induced haemolytic anaemia, favism, neonatal jaundice, 
and congenital non-spherocytic haemolytic anaemia (Cappellini and Fiorelli 2008).

TOXICITY OF VICINE AND CONVICINE
The aglycones of vicine and convcine, divicine and isouramil, respectively, were reported to be 
the causative agents of favism (Mager et al. 1965). According to them, the aglycones could either 
originate in faba bean or in human gut due to the action of gut mirobioata. 
Various kinds of toxicities of vicine and convicine, or of their aglycones have been demonstrated. The 
studies of Hegazy and Marquardt (1984) have established that vicine and convicien are absorbed by 
animal bodies in minute amount and excreted rapidly via urine. The reproductive toxicity of vicine 
was shown by Naber et al. 1988. They found that presence of vicine in chicken diet reduced egg 
weight, decreased shell thickness, and reduced the hatchability of eggs from laying hens. Further, the 
haemotoxic effects of divicine have also been demonstrated (McMillan and Jollow 1999). 

FABA BEAN DETOXIFICATION
Removal of vicine and convicine from faba bean through genetic or bio/processing means have been 
reported a number of times. Most of the processing methods rely on soaking of beans. However, 
the genetic approaches look out for the developing faba bean varieties with low or zero vicine and 
convicine. 
Soaking of faba bean in acetic, citric and phosphoric acid solutions (10 g/l) for three days could achieve 
almost complete elimination of vicine and convicine (Jamalian and Ghorbani 2005). Similarly, in the 
study of Abd Allan et al. (1988) 60% reduction in vicine from whole beans and 80% reduction from 
dehulled beans were recorded. Additionally, Hussein et al. (1986) also demonstrated that about 8% 
vicine and convicine could be eliminated from whole faba bean upon soaking in acidic solution for 2 
days. However, it is to be noted that acid soaking decreases the nutritive value of the beans with less 
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Energy drinks are non-alcoholic beverages containing caffeine, guarana, taurine, ginseng, inositol, 
carnitine, B-vitamins etc. as main ingredients that act as stimulants. In recent years, a number of 
different energy drinks have been introduced in the Nepalese market. In the present study, 10 dif-
ferent brands samples of energy drinks were collected from different location of Kathmandu valley 
and subjected to microbial and chemical analysis and the legal provision of collected samples were 
studied from expert panel. Survey among 200 respondent of energy drinks consumers were also done. 
Laboratory results indicated that caffeine content of samples ranges from 0 to 180 mg/250ml, the 
total sodium content was 197 to 476 mg/250ml, sucrose content was 6 to 16 %, total energy value was 
found 60 to 180 Kcal per can of 250 ml. Most of the Labeling information does not comply to the food 
act and regulation of Nepal. Price was not mentioned in all brands and varied to Rs. 50- Rs.105 (price 
variation in same kind). Most of the users found to be youngsters and educated. Products containing 
caffeine as ingredient are usually prohibited for child. Pregnant and lactating women are vulnerable 
groups for whom high consumption of caffeine is not advised. High sodium consumption may be det-
rimental to high BP persons. 

Keywords : energy drinks, stimulants, health, safety, regulation

INTRODUCTION

Foods & beverages are any substance consumed to provide nutritional support for the body. Food 
safety is a scientific discipline describing handling, preparation and storage of food in ways that 
prevent food borne illness. Food & beverages can transmit disease as well as serve as a growth me-
dium for bacteria that can cause food poisoning. Some countries are having strict standards of food 
preparation and regulation. There are several organizations concerned with food safety i.e. World 
Health Organization (WHO), The Codex of Alimentarious Commission, World Food Safety Orga-
nization, European union food safety authority, International Food Information Council (IFIC) etc. 
Some countries are regulating food together with medicines (Singh, 2006).  In Nepal, Department of 
Food Technology and Quality Control (DFTQC) is the principal governmental organization to regu-
late the foods safety. 

The term energy drinks refers to a beverage that contain caffeine in combination with other ingre-
dients such as sugar, taurine, guarana, B vitamins, and that claims to provide its consumers with 
extra energy. In 1960A.D.Taisho Pharmaceuticals (Japan) makes the first drink specifically targeted 
at increasing energy. First introduced as a medicinal tonic drink. In 1987, Dietrich Mateschitz, an 
Austrian, adds caffeine and sugar and named this drink Red Bull, after the taurine amino acid.(Reissig 
et. al., 2009). 

Caffeine (1, 3, 7 – trimethylxanthine) is a major ingredient in energy drinks which is naturally found 
in leaves, seeds and fruits of more than 63 plant species worldwide. Caffeine, an adenosine receptor 
antagonist, is a stimulant that can influence the activity of neuronal control pathways in the central 
and peripheral nervous systems. Health experts say caffeine prevents sleepiness and delays the feel-
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different energy drinks have been introduced in the Nepalese market. In the present study, 10 dif-
ferent brands samples of energy drinks were collected from different location of Kathmandu valley 
and subjected to microbial and chemical analysis and the legal provision of collected samples were 
studied from expert panel. Survey among 200 respondent of energy drinks consumers were also done. 
Laboratory results indicated that caffeine content of samples ranges from 0 to 180 mg/250ml, the 
total sodium content was 197 to 476 mg/250ml, sucrose content was 6 to 16 %, total energy value was 
found 60 to 180 Kcal per can of 250 ml. Most of the Labeling information does not comply to the food 
act and regulation of Nepal. Price was not mentioned in all brands and varied to Rs. 50- Rs.105 (price 
variation in same kind). Most of the users found to be youngsters and educated. Products containing 
caffeine as ingredient are usually prohibited for child. Pregnant and lactating women are vulnerable 
groups for whom high consumption of caffeine is not advised. High sodium consumption may be det-
rimental to high BP persons. 
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INTRODUCTION

Foods & beverages are any substance consumed to provide nutritional support for the body. Food 
safety is a scientific discipline describing handling, preparation and storage of food in ways that 
prevent food borne illness. Food & beverages can transmit disease as well as serve as a growth me-
dium for bacteria that can cause food poisoning. Some countries are having strict standards of food 
preparation and regulation. There are several organizations concerned with food safety i.e. World 
Health Organization (WHO), The Codex of Alimentarious Commission, World Food Safety Orga-
nization, European union food safety authority, International Food Information Council (IFIC) etc. 
Some countries are regulating food together with medicines (Singh, 2006).  In Nepal, Department of 
Food Technology and Quality Control (DFTQC) is the principal governmental organization to regu-
late the foods safety. 

The term energy drinks refers to a beverage that contain caffeine in combination with other ingre-
dients such as sugar, taurine, guarana, B vitamins, and that claims to provide its consumers with 
extra energy. In 1960A.D.Taisho Pharmaceuticals (Japan) makes the first drink specifically targeted 
at increasing energy. First introduced as a medicinal tonic drink. In 1987, Dietrich Mateschitz, an 
Austrian, adds caffeine and sugar and named this drink Red Bull, after the taurine amino acid.(Reissig 
et. al., 2009). 

Caffeine (1, 3, 7 – trimethylxanthine) is a major ingredient in energy drinks which is naturally found 
in leaves, seeds and fruits of more than 63 plant species worldwide. Caffeine, an adenosine receptor 
antagonist, is a stimulant that can influence the activity of neuronal control pathways in the central 
and peripheral nervous systems. Health experts say caffeine prevents sleepiness and delays the feel-
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written documents about the safety of energy drinks sold in Nepalese markets. In this context, the 
general objectives of this study is to find the safety of energy beverages and initiate for the formulation 
of policy to regulate the unnecessary use of energy drinks in Nepal, which ultimately will be helpful 
for policy maker and regulatory body to regulate such beverages. 
METHODOLOGY
 The following two major activities were carried out to meet the objectives of the research.

Consumer survey
A randomly selected 174 energy drinks consumers of different locations of Kathman  du valley were interviewed to assess their knowledge and perception towards energy drinks .  Analysis 
Ten different brand of energy drinks were collected from the different locations of Kathmandu valley 
and tested for various food quality parameters by using difference reference methods. 
Analysis of labeling information 
The collected samples were evaluated by a panel of experts to find out the regulatory compliance on 
their labeling. 
Laboratory Analysis 
Following chemical parameters were analysed from a sophisticated laboratory:
pH and titrable acidity- pH and titrable acidity of collected samples were determined as per KC and 
Rai (2012). 
Total soluble solids – TSS of collected samples were determined as per KC and Rai (2012). 
Protein and total sugar : Protein and total sugar was determined as per Ranganna (2001).
Saccharine and aspartame: Saccharine and aspartame was determined by using HPLC as per AOAC 
(2010).
Formaldehyde : Formaldehyde content of collected samples was analysed by using Chromotropic 
acid method as per AOAC (2010).
Sodium :  Sodium content of collected samples was determined as per AOAC (2010).
Caffeine : Caffeine content of collected samples was determined by using Liquid chromatography as 
per AOAC (2001).
Synthetic color and Dimethylamylamine(DMMA) : Synthetic color and Dimethylamylamine(DM
MA) of collected samples was determined by using Gas chromatography and mass spectroscopy as 
per AOAC (2001).
Vitamin B : Vitamin B3 and B12 of collected samples was analysed by using Liquid chromatography 
as per AOAC (2001).
Fat : Total Fat, Saturated Fat and Cholesterol was determined as per AOAC (2001).
Total ash : Total ash of collected samples was determined bu using dry ashing methods as per KC   and Rai (2012).
Inisitol, Benzoic acid and Ethanol: Inisitol, Benzoic acid and Ethanol was determined as per AOAC 
(2001).

Total carbohydrate : Total carbohydrate of collected samples was determined by using Subtraction 
method as per KC and Rai (2012).

ing of drunkenness normally experienced when drinking alcohol. Caffeine is a very mild diuretic in 
comparison with alcohol, but some experts believe that mixing caffeine with alcohol can cause great-
er dehydration than alcohol alone. (Jones, 2008). The B vitamins are water-soluble vitamins required 
as coenzymes for proper cell function, especially mitochondrial function and energy production (De-
peint, et. al. 2006). Energy drinks contain large amounts of sugar, these vitamins are touted as ingre-
dients necessary to convert the added sugar to energy. Hence, the B vitamins are the “key” needed to 
unlock all the energy provided by the simple sugars in EBs, and this is the extra energy that production 
companies claim their product can provide ( Bal, 2008; Lakshmi, 1998 and Depeint, et. al 2006). 

Sugars are the basic currency for energy in the body, with glucose being the key carbohydrate that 
can readily be oxidized by skeletal muscle for energy production. Administration of glucose or other 
carbohydrates before, during, and after prolonged exercise (>1 hour) has been shown to postpone fa-
tigue, conserve muscle glycogen, and improve performance (Sayed et.al.,1997). The amount of sugar 
provided in one can (250ml) of an energy drinks is typically about 54 g. A teaspoon of sugar weighs 
about 4 g, so a typical energy drinks  contains about 13 teaspoons, or just more than a  cup of sugar 
(Jeukendrup, et. al., 2005). 

Guarana is another ingredients of energy drinks. The amounts of guarana found in popular EBs are 
below the amounts expected to deliver therapeutic benefits or cause adverse events. However, some 
young adults have been admitted to emergency departments with overdoses of caffeine after overin-
dulging in guarana-based energy drinks (Smith and Atroch, 2007; Miranda, et. al 2009). Taurine is an 
organic acid widely distributed in animal tissues. Some studies suggest that taurine supplementation 
may improve athletic performance, which may explain why taurine is used in many energy drinks 
(Zeratsky, 2012). Inositol is a type of carbohydrate made from the glucose. Energy Drinks include this 
ingredient because it aides with the nervous system and serotonin modulation. High doses of inositol 
has also been given to patients with certain psychiatric conditions (Babu, et. al., 2008).

Safety of Energy drinks 

Energy drinks are meant to “mobilize energy” by stimulating the nervous system. Energy drinks 
should not be confused with sport drinks which re-hydrate the body and provide sugar and minerals, 
such as sodium and potassium.(Clauson et. al., 2003). In recent years, there have been cases of cardiac 
dysrhythmia, seizures, kidney failure, and fatalities with a possible link to the consumption of energy 
drinks reported in different countries. These incidents usually involved improper intake of energy 
drinks, such as drinking them with alcohol or in greater quantities than recommended. For example, 
in 2011, a teenage girl from the US died after consuming nearly 1.5 Litres of energy drink, “Monster 
Energy” (Singh, 2006). The American Academy of Pediatrics summed it up, concluding that “energy 
drinks have no place in the diet of children and adolescents.”On Nov. 17, 2010, the FDA ruled that 
premixed drinks that include both alcohol and caffeine (alcoholic energy drinks) are unsafe. The caf-
feine in energy drinks can counteract the drowsiness normally caused by alcohol. Drinkers stay awake 
longer and often drink more. This increases the risk of alcohol poisoning (Gunja and Brown, 2013).

      Except for caffeine that may cause adverse effects such as nervousness or anxiety in children or 
people who are sensitive to caffeine, no evidence showed that any other ingredients in energy drinks 
can cause serious health effects. However, the European Union Scientific Committee on Food consid-
ered that the adverse effects caused by energy drinks may be due to the interactions between constit-
uents in energy drinks and with alcohol and exercise (Singh, 2006). Most of the developed countries 
has separate standards and regulate the quality of energy drinks strickly. But in Nepal, there are no 
separate regulation policy and standard for the regulation of such beverages. we could not found any 
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Fig. II: Users of Energy drinks experiencing side effects (n=174)

Regulatory Compliance 

Regulatory requirements of collected samples in label were studied as per Nepalese law. According to 
Neplease food Act 2023 and regulation 2027 labelling should provide information about ingredients, 
composition, nutritional value, should mention if preservative are used, price, date of manufacture 
and expired, name of manufacturing company, location and address of company  either in  english 
langauge or in Nepali langauge but only few energy drinks follow the few provision of Neplease law 
. Price was not mentioned in all brands.

Table I : Regulatory Requirements in Labeling of Energy drinks (n= 10)

Parameters Findings
Labeling language Does not comply to six
Price mentioned Zero out of ten
Date of manufacture Not clear in one
Batch number Not mentioned in one

User instruction Not available in four

Warning message Not available in six

Storage instruction Not available in Nine
Precaution Not mentioned in nine

Manufacturers’ name Not mentioned in two
Laboratory analysis 

Some important chemical parameters were tested by following diferent standard reference methods. 
PH of energy drinks were found ranged from 6.5 to 6.7 but none of the brand mentioned in its label. 
Carbondioxide were also found in some energy drink, but only one brand mentioned about it in la-
belling. The amount of total soluble sugar were ranged from 6 to 16 and acidity varied from 0.313 to 

RESULTS AND DISCUSSION

Consumer survey

Consumer  survey found that, the major age group of energy drinks consumers were  20-30 which 
belongs about 52% of total people which is followed by 31-40, 16.5%. Teenager of 10-20 belongs 
12.5 % and children less than 10 were about 2% of total people. Most of the energy drinks consumers 
were found educated. The major consumers were completed or studying Bachelor level which is about 
36% and followed by Intermediate level about 33.5%. only 10.5% of total people were study below 
SLC. Most  of the consumer used energy drink with alcohol which is about 54.1%. According to FDA 
(2010),  premixed drinks that include both alcohol and caffeine (alcoholic energy drinks) are unsafe.

Fig. I: Pattern of enrgy drinks used .

 Only 121 people were found aware about label information out of 174. Most of consumers were 
found aware about price of energy drinks which is about 33.9%.  85% of respondent were found un-
aware about ingredient of energy drinks. Survey shows that friend are motivating factor to consume 
energy drink which belongs about 36.25%. Media means Advertisement also plays great role and 
31.6% buy energy drink due to motivated through it. 14.9% respondent said that they are motivated 
due to both advertisement and friends and 17.2% doesn’t respond our question. 55.2% repondent were 
found experienced side effect after consumption of energy drinks. Among them 67.7% got mental 
problem, 8.3% feels abdominal problem, 10.4% says both mental and abdominal problem and 13.5% 
says other types of problem beside this. When we asked about advertisement, maximum people says 
advertisements are false and misleading which is about 73%. 
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Table III : Chemical quality of energy drinks (n=5 brands)

Parameters SF SG SH SI SJ
Volume(ml) 250 246 251 246 240
pH 6.7 6.5 6.7 6.7 6.5
Fat (gm) ND ND ND ND ND
Saturated Fat (gm) ND ND ND ND ND
Cholesterol (gm) ND ND ND ND ND
Carbondioxide (v/can) 2.55 ND 2.81 1.32 ND
Total Soluble Solid (%) 12 6 11 16 9
Total Ash(%) 0.072 0.079 0.154 0.13 0.156
Sodium(mg) 180 197 385 325 390
Acidity (%) 0.75 0.313 0.716 0.549 0.491
Carbohydrate (%) 12 6 11 16 9
Sugar( Sucrose %) 10 6 10.6 16 8.6
Glucose (%) 2 ND ND  ND ND 
Saccharine ND ND ND ND ND
Lysine (mg)  ND ND ND ND 10
Caffeine (mg) 22.25 ND 43.03 11.85 13.2

Inositol(%) Detected
Detect-

ed Detected Detected Detected
Formaldehyde ND ND ND ND ND
Dimethylamylamine(D-
MMA) ND ND ND ND ND
Benzoic Acid ND ND ND ND Detected
Ethanol ND ND ND ND ND
Vit. B12(mcg) 34 20 4 11 27.5
Energy Value(cal) 120 60 110 160 90
Total Plate Count (Bac-
teria) ND ND ND ND ND
Synthetic Color(Tartra-
zine) Detected

Detect-
ed Detected Detected Detected

* ND means Not detected

CONCLUSIONS

Based on the results and discussion, following points were concluded: 
•	 Total energy per 250ml can was found to be 60-180kcal per can (Approx. 15 to 45gm of   sucrose)
•	 Most of the beverage was found high sodium and caffeine contains.

0.789% as citric acid. Sodium were found  180 to 476mg per can but six brand out of ten were not 
mentioned in the label. Caffiene were detected in eigth brands of energy drinks, but the amount of it 
was more than the claim in label. Caffeine was not detected in two brands out of ten. The caffeine con-
tent was ranged from 0 to 125mg/100ml. According to world health organization (WHO) an adult can 
consume caffeine less than 150 mg per day. From the microbiological safety point view, all samples 
were found safe i.e.  bacterial growth was not seen in all samples.

Table II: Chemical quality of energy drinks (n=5 brands)

Parameters SA SB SC SD SE
Volume(ml) 254 244 255 250 241
Ph 6.5 6.5 6.7 6.6 6.6
Fat (gm) ND ND ND ND ND
Saturated Fat (gm) ND ND ND ND ND
Cholesterol (gm) ND ND ND ND ND
Carbondioxide(gas vol.\can) ND ND ND ND ND
Total Soluble Solid (%) 16 14 8 16 11
Total Ash(%) 0.108 0.092 0.119 0.085 0.166
Sodium(mg) 270 230 476 340 415
Acidity (%) 0.679 0.764 0.503 0.789 0.49
Carbohydrate (%) 18 14 8 16 11
Sugar( Sucrose %) 16 14 8 16 8
Glucose (%) 1    3
Saccharine ND ND ND ND ND
Lysine (mg) 13 12 8   
Caffeine (mg) 125 120 10 24.213 ND
Inositol (%) Detected Detected Detected Detected Detected
Formaldehyde ND ND ND ND ND
Dimethylamylamine(DMMA) ND ND ND ND ND
Benzoic Acid Detected Detected Detected Detected Detected
Ethanol ND ND ND ND ND
Vit. B12(mcg) 3 2 75 65 16
Energy Value(Kcal) 180 140 80  110
TPC (Bacteria) ND ND ND ND ND
Synthetic Color(Tartrazine) Detected Detected Detected Detected Detected

Ethanol, formaldehyde, dimethylamylamine(DMMA), Fat and saccharine were not detected in all 
samples.  Manufacturer said that Energy drinks gives more energy but from the analysis the total 
energy value were found 60 Kcal to 180 Kcal per can which is equavalent to 15-45 gm sucrose. Most 
of the manufacturer doesn’t mention about added color in their label, but artifical color tratizine were 
detected in all samples of energy drinks. 
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•	 Users of energy drinks were not aware about the usefulness and safety of Energy drinks.
•	 Most of the users were found to be youngsters and educated. 
•	 Labeling information was not comply to the food act and regulation.
•	 Price was varied to Rs. 50 -  Rs.105 (price variation in same kind) but not mentioned in   label.

RECOMMENDATIONS

•	 An immediate regulatory intervention needed from the government to regulate the unneces-
sary use of energy drinks.

•	 The government should speed up the inspection of unsafe foods and beverages. 

•	 The regulatory authority should develop its standards for Energy drinks.

•	 There should be programs for the education of consumers from government sector as well as 
from consumer organizations.

•	 Safety and efficacy of energy drinks should be proved from regulatory body as wel as from  
 producer
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in treatment are the dangerous consequences of antibiotic resistant pathogens. Longer duration of 
illness, increased frequency of bloodstream infections, numerous cases of hospitalization and ulti-
mately increased in mortality are the different breath taking experiences that a patient has to bear also, 
supported by the study done by (Angulo et al., 2004). 

The bottleneck problem of research to address the same matter is a huge lack of data in the use of drug. 
We need more robust range of data right from the beginning that covers types and quantities of anti-
biotics sold for the use in food producing animals to the species where they are administered, purpose 
behind them either it is of treatment, prevention or the growth promotion similar example can be cited 
by the study done by DANMAP,2011 in Denmark that collects data from different pharmaceuticals 
companies, pharmacies, vetenarians and other stake holders and from which they obtain the data 
including from species. Furthermore, those data were very much beneficial in the study of antibiotic 
use and the development of antibiotic resistance bacteria. GAO, 2011 has obtained the fact of using 
antibiotics right from the weaving period of young animals to treat and prevent different illness and 
also to compensate the unhygienic condition of growing on concentrated animal feeding operations 
(CAFOs), antibiotics are used for a longer period at minimum levels. It is obvious that producers can 
translate more returns at lower cost by the application of higher efficient feed where less feed will 
gives rise to increased weight gain.

As we know that a huge populations of cattle, chickens or pigs are concentrated in a confirmed area 
in mass scale animal husbandry. This will help to cut the cost for housing, labor and feed. However, 
unhygienic condition of crowding will give rise to increased condition of stress and finally they are 
more prone to spread the diseases. We can see the practice of administrating antibiotics by animal via 
water or feed where very much difficult to control the individual dosage. The study carried out by 
Dewall and et al, 2013 has quote that the nontherapeutic application of antibiotic has greater role in 
the development of resistance towards antibiotics.

Objectives 

To evaluate the presence and antibiogram pattern of Salmonella and Staphylococcus aureus (S. au-
reus) in retail poultry meat products. 

METHODOLOGY 

A detail study was carried out to reveal the prevalence and antibiogram of Salmonella and S. aureus, 
in raw poultry meat in Bangkok area of Thailand. (Asian Pacific Journal of Tropical Biomedicine, Ali 
Akbar, Anil Kumar Anal)

Sampling

Fresh poultry meat (n=209) was collected randomly from different markets in greater region of Bang-
kok Thailand. Sampling box containing ice pads was used for carrying the samples from market to 
laboratory maintaining low temperature. All the samples were processed in Food Engineering and 
Bioprocess Technology (FEBT), laboratory at the Asian Institute of Technology (AIT) Thailand. The 
entire collected samples were processed within 4 h after collection from the vendors. The samples 
were collected randomly, and each market was chosen according to the convenience and distance to 
the laboratory. Samples were marked with identification code, like (FTT1) with respect to area, date 
and time. Sampling criteria was limited to 250 g of one sample per vender in the open market and one 
packet of packed poultry meat in supermarket. Samples were not limited to any specific part.

Control strain

S. aureus (TISTR 029) and Salmonella Typhimurium (TISTR 292) were used as control strains for 
media and kits validation.

Bacterial culturing and isolation

Meat with hard pieces or bony samples was first trimmed with sterile knife aseptically. Samples (25 g) 
were transferred to 225 mL of buffered peptone water (BPW) and mixed (IKA Labortechnik Germa-

ANTIBIOTIC RESISTANCE IN FOOD PATHOGENS FOUND IN POUL-
TRY MEAT AND THEIR DETECTION METHOD 

Sajal Man Shrestha*, Ali Akbar, Damodar Dhakal , Manisha Anand and Anil Kumar Anal

¹ Food Engineering and Bioprocess Technology, Asian Institute of Technology,  PO Box 4, Koong 
Luang 12120, Thailand

*Corresponding author: sajalmanshrestha@gmail.com

The discovery of antibiotics took place in the late twenties and by the mid-40s we had already de-
veloped a resistance to few antibiotics.  But as time evolved there has been use as well as misuse of 
antibiotics; the minor infections and few vital diseases has been eradicated by the use of antibiotics. 
While in the same era, antibiotics were used as a growth and better feed for animals rather than a 
curing media leading in excess use and as influential chemical compound. It is very important to 
identify the food characteristics to resolve the majority of foodborne infections. Food poisoning is the 
third largest cause of food related illness. In order to understand the presence of potential foodborne 
pathogen, an experiment was conducted. It revealed the prevalence and antibiogram of Salmonella 
and Staphylococcus auresus, in raw poultry meat from Bangkok. Here we used the disk diffusion assay 
following the guideline of clinical and laboratory standard institute. The result showed that about 
72.72% of the Salmonella isolates showed resistance to tetracycline, while S. auresus isolates were 
found highly resistances to tetracycline equal to 44.73% while few isolates showed a multidrug re-
sistance to the variety of antibiotics used in the study. The author concluded that targeting of specific 
antibiotic-resistant foodborne pathogens may not be the most successful or cost effective means to 
reduce overall foodborne illness. Thus, applying interventions to control foodborne pathogens in gen-
eral, rather than focusing on antibiotic-resistant strains specifically, would have the greatest impact 
in reducing overall foodborne illnesses.  

Key words: Antibiotics resistance, Antibiogram, Salmonella, Staphylococcus aureus, Food safety, 
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INTRODUCTION

General Background 

A powerful medicines that fight bacterial infections. It can save lives when used properly because it 
can either stop bacteria from reproducing or kill them. The invention and the development of antibi-
otic drug since 1928 have drastically changed the status of human diseases. The life taking illness has 
become readily treatable (De, Waal, and et.al. 2013). There is no doubt antibiotic has passed a long 
journey in the path to treat various infection that were life threatening but we can’t forget the other 
side of the story that their effectiveness has been decreased and resulting to the emergence of more 
vibrant and multi resistant strains. A horrifying state of identification of food borne pathogenic bacte-
ria resistant to antibiotic as a matter of seriousness. Therefore to address the global threat of antibiotic 
resistance we should develop the mechanism to understand the key factors which govern the emer-
gence and various dynamics of food borne pathogens that are the crucial part of public health concern.

Excessive use of antibiotics is the major reason behind the inevitable consequences of resistance. So 
the scientific study is already going on to better understand the mechanism in a more molecular way 
that helps bacteria to fend off or neutralize antibiotics. The threat of antibiotic is not less than the 
terrorism that is affective to the human in various ways. So, now many of the pharmaceuticals are 
investing their resources in order to develop robust antibiotics which can replace the less effective 
ones (Silbergeld et al., 2008).

Levy et. al, 1976; Smith et. al, 1999 has found that the prevalence of antibiotic resistance strain of 
E.coli and Camplylobacter has increases due to the administration of antibiotics for the treatment of 
animal infections. Also Smith et al., 1999 and Ribot et al., 2002 has confirmed the fact of transmission 
of antibiotic resistance Campylobacter, Salmonella Typhimurium DT 104 from animal origin food 
to human. Another study done by Gupta et al., 2003 has revealed the multiple antibiotics resistance 
capacity of salmonella mainly in children. More tragic conditions of infections and frequent failures 
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response were studied as shown in (Table 3) for S. aureus and in (Table 2) for Salmonella. 

Out of all eleven, 45.45% of the Salmonella isolates showed resistance to streptomycin, whereas 
27.27% of the isolates were found resistance to ciprofloxacin, ampicillin and sulfamethoxazole/ tri-
methoprim. Most of the Salmonella isolates (about 73%) were resistant to tetracycline. While the 
lowest resistance of the isolates 18.18% were against chloramphenicol. Resistance to gentamicin and 
kanamycin were about 36.36%. The resistance against nalidixic acid was found 54.54%. It has been 
observed that all isolate showed resistance to at least one antibiotic, while the majority of the isolates 
showed resistance to three different antibiotics.

Some of the isolates show multidrug resistance to five and six antibiotics used in the study.

Table 2 Result for the Salmonella species

Salmonella species

Percentage Resistance to
45.45% Streptomycin
27.27% Ciprofloxacin, ampicillin and trimethoprim
73% Tetracycline
18.18 Chloramphenicol
36.36% Gentamicin and kanamycin
54.54 % Nalidixic

Table 3 Result for the S. aureus

S. aureus
Percentage Resistance to
7.89% Methicillin
7.89% Ciprofloxacin
13.14% Gentamicin
18.42% Streptomycin
21.05% Chloramphenicol
28.94% Trimethoprim
44.73% Tetracycline
55.26% Ampicillin

The antimicrobial sensitivity and resistance pattern of all S. aureus isolates were studied and showed 
in (Table 3). Out of the total thirty eight isolates, three showed resistance to oxacillin and was termed 
as methicillin resistance S. aureus, makes 7.89% part of the total isolates. The same percentage of S. 
aureus was found resistant to ciprofloxacin, whereas the resistance against gentamicin, streptomycin 
and chloramphenicol were recorded 13.15%, 18.42% and 21.05% respectively. The isolates, about 
28.94% showed resistance to sulfamethoxazole/trimethoprim. The highest 44.73% and 55.26% of the 
isolates were resistant to tetracycline and ampicillin respectively.
CONCLUSION AND RECOMMENDATION

Discussion and Conclusions

 The study confirmed the presence of Salmonella and S. aureus in retail poultry meat. The presence of 
Salmonella and S. aureus was found about 5.25% for Salmonella and 18.18% for S. aureus in retail 
poultry meat with some multi-drug resistance isolates. Pathogenic bacteria like Salmonella and S. 

ny) for 10 min at 120 r/min, the mixture sample were incubated at 37 °C for 18-24 h. Part of inoculat-
ed BPW was transferred to two separate enrichment media for isolation of Salmonella and S. aureus

Isolation of S. aureus

.Pre-incubated samples (0.1 mL) in BPW were spread on the surface of Baird-Parker agar medium 
(Himedia, India) supplemented with Egg Yolk Tellurite Emulsion (Himedia) and Mannitol salt agar 
(MSA) (Himedia) a selective media for S. aureus and incubated further at 37 °C for 24-48 h. Black 
colonies surrounded by opaque halo on Baird- Parker agar and yellow colonies on MSA were consid-
ered presumptive S. aureus, confirmed with the help of Gram’s staining and other biochemical tests. 
Gram’s positive,catalase and coagulase positive S. aureus isolates were confirmed finally with the 
help of Pastorex Staph Plus kit (Bio-Rad, USA). The isolates were stored on nutrient broth containing 
20% (v/v) glycerol at -20 °C for further study. The methicillin susceptible and resistant (MSSA and 
MRSA) isolates were identified with the help of oxacillin disk diffusion test.

Isolation of Salmonella

One milliliter of pre-inoculated BPW were transferred to 10 mL of selective enrichment media Rap-
paport vassiliadis soyabean meal broth (RVSM) (BioMark, India) and tetrathionate broth (TTB) (Bio-
Mark) and incubated further at 37 °C for 24 h. On the following day, two loopful of RVSM and TTB 
were transferred to bismuth sulfite agar BSA) (Himedia) and xylose lysine deoxycholate agar (XLD) 
(Difco, USA) and further incubated at 37 °C for 24-48 h to isolate visible colonies of Salmonella spe-
cies. Pink colonies with black centers on XLD agar and brown, gray or black colonies with metallic 
sheen on BSA were supposed to be Salmonella. Positive colonies were then transferred to triple sugar 
iron agar (Himedia) and lysine iron agar (Himedia) and further confirmed by submitting to API 20E 
kit (Biomerieux, France) along with api web and with the help of polyvalent antisera “O” and “H” 
(Serosystem, Clinag, Thailand).

Antibiogram of Salmonella and S. aureus

Antimicrobial susceptibility pattern of Salmonella and S. aureus isolates were determined by us-
ing disk diffusion assay following the guidelines of Clinical and Laboratory Standard Institute. The 
pre-incubated 24 h cultures of Salmonella and S. aureus were diluted in sterile buffer peptone water 
and matched with the 0.5 MacFarlane turbidity standards to get 1×108 CFU/mL as total count. Bac-
terial suspensions were spread on mueller-hinton agar (Merck, Germany). The antibiotic discs were 
placed over the lawn and incubated at 37 °C for 18-24 h. The clear zone around each antibiotic disc 
was measured in millimeter. The following selected commonly in use antibiotics were used: Oxacillin 
(1 μg), Ciprofloxacin (5 μg), Ampicillin (10 μg), Tetracycline (30 μg), Sulfamethoxazole/Trimetho-
prim (25 μg), Gentamicin (10 μg), Chloramphenicol (30 μg), Nalidixic acid (30 μg), Streptomycin (10 
μg) and Kanamycin (30 μg) (Oxoid, UK).

RESULTS

In the prevalence study, out of total two hundred and nine poultry meat samples, eleven (5.26%) were 
found contaminated with Salmonella species as conformed by biochemical and immunological testing 
kits. The presence of S. aureus in poultry meat was found in 38 out of total 209 samples (18. 8%). 

Table 1 Presences of Salmonella species and S. aureus out of 209 samples

Total 209 Samples
Salmonella species 11 (5.26%)
S. aureus 38 (18.18%)

All the samples were conformed primarily to the help of its growth characteristics on selective media 
and then with the help of biochemical and immunological testing kits. All the conformed isolates were 
then submitted to antibiogram study to evaluate its antibiotic sensitivity and resistance patterns. All 
the Salmonella and S. aureus isolates were exposed to different antibiotics and its antimicrobial drug 
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response were studied as shown in (Table 3) for S. aureus and in (Table 2) for Salmonella. 
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are used and farms where antibiotics are not used.

• Advance understanding of the mechanisms of resistance to food antimicrobial agents and sanitizers.

• Improve the ability of scientists to predict the potential for cross-resistance with antibiotics through 
increased focus on determining and understanding mechanisms of resistance.

• Storage food in a designed storage area with proper container. Also store raw meat, poultry, and fish 
separately from ready to eat food.

• Also the request the government to pass or improve the “Meat Inspection Act”

• Implement further study to confirm that current data indicate that microbial interventions are equally 
effective for antimicrobial susceptible and resistant microorganisms.
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aureus from food sources have been confirmed by different authors all over the world. 

Ellerbroek et al. reported 13% prevalence of Salmonella isolates from imported chicken carcass in 
Bhutan. While Minami et al. reported 25% prevalence in different types of meat including chicken in 
Thailand. Their study shows that Salmonella is more prevalent in the case of chicken or poultry meat. 
S. aureus has a wide range of habitats including human body parts, which may contaminate the food. 
It is considered being one of the most important foodborne illnesses causing pathogenic species. It’s 
present in food indicates poor hygiene and improper storage conditions.

De Boer et al. reported 11.9% MRSA prevalence in meat whereas 16% in chicken meat alone. Gun-
dogan et al. reported 53% of S. aureus contamination of meat and chicken samples. Atanassova et al. 
found 51.1% S. aureus contamination in raw pork meat by PCR detection while he claimed 57.7% 
S. aureus contamination by using classical microbiological procedures. Heo et al. reported 11% S. 
aureus prevalence in meat, while Lee reported 13% S. aureus presence in poultry meat of Korea.

About 72.72% of the Salmonella isolates showed resistance to tetracycline. Few of the Salmonella 
isolates showed multi-drug resistance whereas S. aureus isolates were also found highly resistant to 
tetracycline equal to 44.73%. The data in this article show the details of the pathogenic bacteria’s 
presence in the poultry meat. It is also revealed here that multi-drug resistance (MDR) bacteria are 
present in poultry meat. Cross contamination and infection from foodborne MDR Salmonella and S. 
aureus can lead to prolonging illness and death in some cases.

Presence of drug resistant foodborne pathogen particularly Salmonella is a great public health con-
cern. It is revealed in the study that the presence of Salmonella and S. aureus is a potential threat 
to consumer health. The development of drug resistance by these common pathogens is a matter 
of concern in food safety. It seems that the majority of commonly used antibiotics are not effective 
against Salmonella and S. aureus. Biopreservation and bio-control strategies should be adopted to 
cope with the problems related to the chemical preservatives and antibiotics used in animal farming 
and food processing. Maintenance of good hygiene practices in meat processing industries can reduce 
the chances of contamination. Searching and developing novel antibiotic is necessary for the treat-
ment of multi-drug resistant bacteria.

RECOMMENDATIONS 

The study shows the presence of Salmonella and S. aureus in poultry meat with drug resistance iso-
lates. The use of antibiotic in animal farming is one of the causes of drug resistance development in 
bacterial isolates.

Cross-contamination occurs when raw meat is allowed to touch or dip onto ready to eat food (like 
lettuce) or when food is stored in a container which has not been properly cleaned or washed. How-
ever in a recent study National Antimicrobial Resistance Monitoring System (NARMS) compares 
resistance levels in human samples in 2012 to a baseline period of 2003-2007. Multidrug-resistant 
Salmonella decreased during the past 10 years, and resistance to two cephalosporins and fluoroquino-
lones remained low in 2012 (http://www.foodsafetynews.com). But there are still other bacteria which 
still show resistance to one or both of these antibiotics.

Despite the significant role that many people have in controlling antibiotic resistance and its potential 
impacts, it can be concluded that the following areas warrant attention or investigation.

• Always practice careful use of antimicrobials to limit resistance selection and to maintain maximal 
benefit of antimicrobials in the future.

• Develop, certify, and implement cautious use guidelines for bactericidal food antimicrobial agents 
and sanitizers.

• Conduct more research to identify effective alternatives to antibiotics.

• Determine and evaluate the relationship between use of specific antibiotics in food animal husbandry 
to resistance selection rates among major foodborne bacteria at slaughter on farms where antibiotics 
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Antibiotics are used in food animals to treat clinical disease, to prevent and control common disease 
events and to enhance animal growth. Antibiotics are also used as feed additives for the purpose of 
livestock health maintenance.  Such use of antibiotics that might results in deposition of residues in 
meat, milk and eggs are currently a problem of some magnitude in different parts of the world, par-
ticularly due to associated public health concerns that include hypersensitivity reactions, antibiotic 
resistance, toxicity, teratogenicity and carcinogenicity. There is growing concern over the risk to 
human health from antibiotic resistance developing in micro-organisms partly because of the misuse 
and overuse of antibiotics in livestock rearing. So the only way to prevent the humans from residual 
effect of antibiotics is withholding period until the effect of residues of antibiotics is negligible. A with-
drawal time is the time required for the residue of toxicological concern to reach safe concentration 
as defined by tolerance. Heavy responsibility is placed on the veterinarian and livestock producer to 
observe the period for a with drawal of the drug prior to slaughter to assure that toxic concentration 
of drug residues in meat, milk, and egg do not occur. In Nepal, antibiotic residues in animal-derived 
foods have been exceeded the WHO maximum residue levels in many cases. Great care should be 
taken to monitor antibiotic cessation periods before the release of animal-derived foods for human 
consumption. In addition, strict legislation should be implemented in order to minimize the abuse of 
antibiotics.

Keywords: antibiotic, residue, resistance, animal, toxicity

INTRODUCTION 
Antibiotics are used in food animals to treat clinical disease, to prevent and control common disease 
events and to enhance animal growth. Antibiotics are also used as feed additives for the purpose of 
livestock health maintenance. The purpose of use of antibiotics in the husbandry of livestock, which 
includes not only the treatment or prophylaxis of infection but also the use of sub therapeutic doses in 
animal feed to promote growth and improve feed efficiency in contemporary intensive animal farm-
ing. The supply of food needed to adequately meet human nutritional needs over the next 40 years is 
quantitatively equal to the amount previously produced throughout the entire history of humankind 
(Bauman 1992). Because most of the world’s population resides in developing countries, which are 
experiencing the most rapid growth rates, global demand for meat is projected to increase more than 
60 per cent of current consumption by the year 2020 (CAST 1999). To meet the challenge of world 
food needs, antibiotics are used to increase productive efficiency (ie yield of milk/feed input; yield of 
muscle/feed input etc), produce leaner animals, and provide increased economic return on investment 
to the producer (NRC 1994b). A variety of types of antibiotics are today used in agriculture, industry 
and livestock production. In livestock production, antibiotics are dispensed to animals for a number 
of different reasons: therapeutic treatment, disease prophylaxis and growth promotion. The adminis-
tration of antibiotics to bacterial populations is a significant driving force for the selection of resistant 
forms of bacteria, and such forms of bacteria can spread from one organism to another. There is there-
fore an important question of whether the use of antibiotics in livestock production poses a threat to 
human health. In particular, the worry is that resistant forms of bacteria spread from animals and/or 
the environment (ground-water/surface-water/soil) to humans and cause diseases in humans that are 
either troublesome or impossible to treat because available antibiotic therapies in human medicine are 
either expensive or impotent. 
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Antibiotics are used in food animals to treat clinical disease, to prevent and control common disease 
events and to enhance animal growth. Antibiotics are also used as feed additives for the purpose of 
livestock health maintenance.  Such use of antibiotics that might results in deposition of residues in 
meat, milk and eggs are currently a problem of some magnitude in different parts of the world, par-
ticularly due to associated public health concerns that include hypersensitivity reactions, antibiotic 
resistance, toxicity, teratogenicity and carcinogenicity. There is growing concern over the risk to 
human health from antibiotic resistance developing in micro-organisms partly because of the misuse 
and overuse of antibiotics in livestock rearing. So the only way to prevent the humans from residual 
effect of antibiotics is withholding period until the effect of residues of antibiotics is negligible. A with-
drawal time is the time required for the residue of toxicological concern to reach safe concentration 
as defined by tolerance. Heavy responsibility is placed on the veterinarian and livestock producer to 
observe the period for a with drawal of the drug prior to slaughter to assure that toxic concentration 
of drug residues in meat, milk, and egg do not occur. In Nepal, antibiotic residues in animal-derived 
foods have been exceeded the WHO maximum residue levels in many cases. Great care should be 
taken to monitor antibiotic cessation periods before the release of animal-derived foods for human 
consumption. In addition, strict legislation should be implemented in order to minimize the abuse of 
antibiotics.
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INTRODUCTION 
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events and to enhance animal growth. Antibiotics are also used as feed additives for the purpose of 
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includes not only the treatment or prophylaxis of infection but also the use of sub therapeutic doses in 
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Table. - 1. Maximum Residues Limit (MRL) (ug/kg) for veterinary residues.

Antibiotic MRL
Benzyl penicillin 4
Ampicillin 4
Amoxycillin 4
Oxacillin 30
Cloxacillin 30
Dicloxacillin 30
Tetracycline 100
Oxytetracycline 100
Chlortetracycline 100
Streptomycin 200
Dihydrostreptomycine 200
Gentamycine 200
Neomycin 100
Sulphonamides 100
Trimethoprime 50
Spiramycin 200
Tylosine 50
Erythromycine 40
Quinalones 75
Polymyxine 50
Ceftiofur 100
Cefquinome 20
Nitrofurans 0
Nitromidazoles 0
Other chemotherapeutics (Chlorampheni-
col, Novobiocine)

0

Occurrence of antibiotic residues in foods

The introduction of antibiotics to the veterinary field started soon after the use of antibiotics for the 
treatment of bacterial diseases in humans. The main use of antibiotics in animal rearing was for the 
treatment and prevention of diseases. Indeed, antibiotics have been used for the treatment of masti-
tis, arthritis, respiratory diseases, gastrointestinal infections, and other infectious bacterial diseases 
(Draisci et al.,2001).

More recently antibiotics have been used for improved growth, especially in broilers and fatteners. 
Indeed, antibiotics may improve growth rate by the following means: the thinning of mucous mem-
branes in the gut, which facilitates absorption; alteration of gut motility, which enhances assimilation; 
production of favorable conditions for beneficial gut microbes by destroying harmful bacteria; and 
partitioning of proteins for muscle growth via cytokine suppression. Antibiotics also favor growth 
by decreasing the activity of the immune system, reducing the waste of nutrients, and reducing toxin 
formation. In most cases, however, only young growing animals and poultry are responsive to anti-
biotic-mediated health maintenance (Nisha, 2008)). This approach actually is problematic as these 

Antibiotics as Growth Promoter

The antibiotics nowadays used for improved performance in growth especially in broilers and fatten-
ers. They may produce improved growth rate because of thinning of mucous membrane of the gut, 
facilitating better absorption, altering gut motility to enhance better assimilation, producing favorable 
conditions to beneficial microbes in the gut of animal by destroying harmful bacteria and partitioning 
proteins to muscle accretion by suppressing monokines. Antibiotics also favour growth by decreas-
ing degree of activity of the immune system, reduced waste of nutrients and reduce toxin formation. 
In most of the cases only young growing animals and poultry are responsive to antibiotic mediated 
growth promotion. Antibiotics are also used for growth promotion, which is also sometimes called in-
creased feed efficiency (Aarestrup et al., 2008, WHO 2002-2003, NAS 1999 and Manges et al., 2007). 
Most AGP is used in production of pigs, broiler chickens, turkeys, and feedlot beef cattle. The specific 
physiological basis of the growth promoting effects of antibiotics is unknown, but is hypothesized to 
involve a nutrient sparing effect in the gut and selective suppression of species of bacteria and clin-
ical expression of infection, i.e., disease prophylaxis (Aarestrup et al., 2008 and NAS 1999). AGPs 
are typically administered in sub-therapeutic doses for long periods of time (usually greater than 2 
weeks), and sometimes for the entire duration of the production cycle. At one time, it was thought that 
AGPs improved production by 2-10%. Recent national-level data from Denmark, however, showed 
that AGPs were of negligible benefit in broiler production, and only of benefit in pork production for 
prevention of diarrhea in weaned pigs (NAS 1999); an effect that in light of more recent data is now 
in some doubt (Smith et al., 2007) Some researchers have claimed that certain AGPs may improve 
food safety by reducing the incidence of carriage of food borne infections in animals, but this claim is 
based on limited evidence(Heuer et al., 2007) . 

Antibiotics in Therapeutics

Indiscriminating use of antibiotics in all cases of pyrexia, inflammation, wounds and viral diseases 
have widespread residual effects on edible tissues. The use of antibiotics only in specific conditions is 
justifie because the roll of microbial agents is mainly to kill the rapidly dividing invading cells.

Antibiotics in Prophylaxis

Animals and poultry are receiving sub therapeutic levels of antibiotics to prevent possible infection. 
But the antibiotics are specific to their spectrum of activity only in the active multiplying stage of bac-
teria. But it will not provide overall protection. Only in certain cases like dry cow therapy and surgical 
procedures are wanting of antibiotic prophylaxis.

Miscellaneous use of Antibiotics

Antimicrobials are used either directly or indirectly during the production processing and storage of 
milk and milk products. Direct contamination of milk may occur from air and water during process-
ing, storage and transportation. Besides feed given to animals is also source of indirect contamination. 
Man will be the ultimate consumer of these antibiotic residues. There are some causes of miscella-
neous use like lack of awareness, lack of extension activities, inadequate literature supplied by man-
ufacturers, lack of safer drugs and exploitation of more production and

profit from animals. FDA prohibits the extra label use of chloramphenicol, furazolidone, nitrofura-
zone, sulphonamide drugs, and flouroquinolones in lactating animals.
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of the human population via the food chain (between 2 and 17%). A subsequent ban on the use of 
avoparcin in food animals in the EU resulted in a marked reduction of the percentage of the general 
population carrying VRE in their bowel. Vancomycin-resistance is a cause for concern because vanco-
mycin is used in Australia as a last-line‘ antibiotic for some hospital-acquired infections of enterococ-
ci and staphylococci that have become resistant to the more commonly used antibiotics. (Collignon 
2003:78) also mentions that the use of the antibiotic enrofloxacin has been approved for use in food 
production animals in many countries. The use of this antibiotic in food animals has resulted in the 
development of ciprofloxacin-resistant strains of Salmonella ssp and Campylobacter ssp. These resis-
tant bacteria have subsequently caused human infections. 
According to (Khachatourians 1998:1131), the use of animal feed supplemented with the antibiotic 
tylosin has led to the development of erythromycin-resistant streptococci and staphylococci not only 
in the animals but also in their caretakers. 

(WHO 2002b) estimates that the majority of the rising antimicrobial resistance problem in human 
medicine ―is due to the overuse and misuse of antimicrobials by doctors, other health personnel 
and patients. However, some of the newly-emerging resistant bacteria in animals are transmitted to 
humans; mainly via meat and other food of animal origin or through direct contact with farm animals. 
The best-known examples are the food-borne pathogenic bacteria Salmonella and Campylobacter and 
the commensal (harmless in healthy persons and animals) bacteria Enterococcus. Research has shown 
that resistance of these bacteria to classic treatment in humans is often a consequence of the use of 
certain antimicrobials in agriculture. Unfortunately, the WHO report does not specify what research it 
is that shows the resistance of these bacteria to classic treatment. The following studies can, however, 
be used to support the conclusion of the WHO report.

Figure 2. Proposed mechanisms of transmission of antibiotic resistancea

 a = Health Canada, Veterinary Drugs Directorate. Uses of antimicrobials in food animals in Canada: 
impact on resistance and human health. June 2002 [cited 2010 Nov 11]. Available from: URL: http://
www.hc-sc.gc.ca/dhp-mps/alt_formats/hpfb-dgpsa/pdf/pubs/amr-ram_final_reportrapport_ 06-27-
eng.pdf. Reproduced with the permission of the Minister of Public Works and Government Services, 
Canada. ©2010 Health Canada

feed additives are usually used without prescription and for very long periods, in both large and small 
doses, which leads to drug  residues entering animal-derived food.

It is a common practice among livestock producers to treat entire groups of livestock, such as birds, 
fish, or other animals despite there being only a few affected individuals. Such practices unintention-
ally and unnecessarily expose healthy individuals to antibiotics. Additionally, many livestock produc-
ers use subtherapeutic doses of antibiotics to prevent diseases and this of course will lead to antibiotic 
residues entering the human food chain. Moreover, antibiotics are prescribed inappropriately in cases 
of viral infection, which do not respond to such drugs.

All licensed antibiotics intended for animal use have clear cessation of use periods, pharmacokinetics 
and pharmacodynamics. Failure to observe the instructions for antibiotic use can lead to antibiotic 
residues entering animal-derived foods. Improper maintenance of treatment records or a failure to 
identify treated animals adequately may lead to their omission of these animals(Sundlof, 1989). Resi-
dues may also transmit vertically to calves consuming milk from cows receiving antimicrobials(Guest 
et al.,1991). Fecal recycling, where the drug excreted in the feces of treated animals contaminates the 
feed of untreated animals, can be the cause of traces of certain antimicrobial substances being passed 
on (McCaughey et al.,1990). Contamination of

animal feedstuffs with a variety of compounds may also occur. The significance of this contamina-
tion depends on the pharmacodynamics of the compound and the species affected (McEvoy, 2002 & 
Myllyniemi, 2000).

Techniques used for Detection and Analysis of Drug Residues
•	 ELISA
•	 HPLC
•	 Liquid chromatography
•	 Gas chromatography
•	 Paper chromatography.

Pathological Effects produced by Antibiotic Residues in Food
•	 Transfer of antibiotic resistant bacteria to the human.
•	 Immunopathological effects
•	 Autoimmunity
•	 Carcinogenicity (Sulphamethazine,
•	 Oxytetracycline, Furazolidone)
•	 Mutagenicity
•	 Nephropathy (Gentamicin)
•	 Hepatotoxicity
•	 Reproductive disorders
•	 Bone marrow toxicity (Chloramphenicol)

•	 Allergy (Penicillin)

The effects of antibiotics in food animals on human health 

There is broad scientific consensus that the use of antibiotics in food animals, on some occasions, has 
detrimental effects on human health. According to (Collignon 2003:78), the use of the antibiotic avo-
parcin as a growth promoter in food animals in Europe resulted in the development and amplification 
of vancomycin-resistant enterococci (VRE ) and subsequent colonization of a significant percentage 
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Moreover, resistance genes readily spread among bacteria of the same or different species (WHO, 
1997). Nationally, food animals are a very large reservoir of resistant bacteria. Millions of livestock 
are produced annually in the United States (Mellon et al.,2001), and these produce millions of tons of 
manure, each of which contains billions of bacteria that are readily available to contaminate the envi-
ronment and food chain. Once selected in food animal populations, these resistant bacteria cannot be 
contained on the farm. Some “biosecurity” measures are used on certain types of farms (e.g. poultry 
or swine) to restrict the entry and further transmission of selected infectious diseases of animal health 
significance, but these are not designed for preventing the introduction of further dissemination of 
Campylobacter, E. coli or many other bacteria of human health significance, nor the spread of these 
resistant bacteria off the farm and into food and the environment. 

Antibiotic use – the most important driver of resistance 
The most important driver of resistance selection and spread is antibiotic use (Aarestrup et al., 2008 
& O’Brien et al.,2002). AGPs are particularly potent in this regard, because they are administered in 
low doses (that provide sublethal injury and selective advantage to resistant mutants) for long periods 
of time (resistance spread is time-dependent) and in large numbers of animals (increasing the odds 
that resistant strains will emerge and spread) (WHO, 1997). Other drivers of spread include animal 
density, housing and hygiene (WHO, 1997). In the United States, most food animals are reared inten-
sively in large groups that are housed in conditions of close confinement and high stocking density [6]. 
Examples include the rearing of tens of thousands of broiler chickens within single barns, hundreds or 
thousands of cattle in feedlots, and hundreds or thousands of pigs in confined swine operations. High 
stocking density and close confinement encourage the rapid spread of bacteria between animals, in-
cluding important human pathogens such as Salmonella, Campylobacter and E. coli. Huge quantities 
of manure are produced on these facilities, which if not composted properly, is an important source 
of these and other bacteria and resistance determinants for environmental contamination of soil and 
water. Intensive rearing is also conducive to spread and expression of clinical diseases in animals that 
require antibiotic therapy. These diseases provide a rationale for widespread and often unnecessary 
use of prophylactic antibiotics, some of which are of critical importance to human health. Beef and 
veal calves are usually sourced from different locations and transported long distances prior to con-
finement in barns and feedlots. These conditions are stressful and lead to a host of infectious diseases 
for which AGPs and prophylactic antibiotics are used (NAS, 1999). Similarly, piglets are weaned at 
an early age and litters are mixed, causing stresses that precipitate diarrhea and other diseases for 
which AGPs are widely used (WHO 2002/2003). Animals of various species are routinely fed AGPs 
throughout the fattening period in order to enhance feed efficiency, promote growth and prevent clini-
cal disease. Many of these AGPs are also used in human medicine (e.g., penicillin, tetracycline) or are 
members of important classes of human drugs (e.g. tylosin, a macrolide related to erythromycin, and 
virginiamycin, a streptogrammin) (WHO, 1997 & NAS, 1999). 

Antibiotic resistance increases the human burden of illness 
Antibiotic resistance among enteric pathogens of humans increases the burden of illness in humans 
by increasing the total number of infections that occur (through altered colonization resistance), and 
increasing the severity and duration of infection (Barza, 2002 & Heuer et al., 2009). The precise 
burden of illness attributable to AGP use and antimicrobial resistance selection is unknown, due to 
lack of comprehensive epidemiological studies and risk assessments that account for the tremendous 
complexity of the farm animal / environment / human ecosystem. Various risk assessments of limited 
scope have been conducted to estimate the magnitude of public health impact of antimicrobial use in 
animals on certain types of antibiotic resistance. The results vary from minimal impact in the case of 
certain macrolides and selection of resistance in enterococci (Hurd et al., 2004) to many thousands of 
additional cases of fluoroquinolone resistant Campylobacter infections annually in the United States 
(Nelson et al., 2007).

Recommendations for the reduction of antibiotic contamination in food 

There is no doubt that neither humans nor animals can live without antibiotics as they are some of 
the most effective antimicrobial treatments. However, at the same time, the misuse of antibiotics may 
result in the aforementioned health hazards. Thus, the reduction of antibiotic use constitutes a chal-
lenge for the world. In order to achieve such a reduction, the following ten steps should possibly be 
considered with regard to all antibiotics:

Salmonella: (Anderson et al. 2003:236) claim that the emergence of multi-drug-resistant Salmonella 
typhimurium definitive type 104 (DT104) in the United States and the United Kingdom is an example 
of how a highly resistant clone of salmonella has the ability to effectively spread among animals and 
then to humans. DT 104 is resistant to ampicillin, chloramphenicol, streptomycin, sulfonamides and 
tetracycline. (Fey et al. 2000) report a case of domestically acquired ceftriaxone-resistant salmonella 
in a 12-year old child from Nebraska.  (Ceftriaxone is a third-generation antibiotic that is commonly 
used for treatment of salmonella infections in children). The child lived on a farm and his father was a 
veterinarian who before the child‘s illness had been treating several cattle herds for outbreaks of (cul-
ture-confirmed) salmonella infection. (Fey et al. 2000) suggest that ceftriaxone-resistance emerged in 
the cattle-herds, probably following use of the antibiotic ceftiofur or other antibiotics that would have 
selected for and maintained the ceftriaxone-determinant within the intestinal flora of the involved 
herds, and then spread to the child via the father. ampylobacter: (FDA 2001:I-2) states that since the 
approval of fluoroquinolones for use in food-producing animals, reports have identified a relation-
ship between the approval of fluoroquinolones for therapeutic use in food producing animals and the 
development of fluoroquinolone resistance in campylobacter in animals and humans. The approval 
of these drugs in food-producing animals in the Netherlands, Spain and the United States preceded 
increases in resistance in campylobacter isolates from treated animals and ill humans. (Smith et al. 
1999) 
(Anderson et al. 2003:231) echoes the FDA report by saying that the emergence of fluoroquinolone 
resistance among campylobacter is an example of antimicrobial resistance resulting from the use of 
antimicrobial agents in food animals and the subsequent transfer via the food supply of resistant bac-
teria to humans. The source of this claim is again (Smith et al. 1999) which reports a study showing 
that resistance of human Campylobacter jejuni infections to quinolones increased from 1% in 1992 to 
10% in 1998. Resistant infections that were domestically acquired increased significantly from 1996 
through 1998. This finding was temporally associated with the licensure of fluoroquinolones for use 
in poultry in 1995.

Public health significance of antibiotic resistance in animals

Many antibiotics that are used in animal feed are also used to treat diseases in man. Such use of antibi-
otics in feed raised the concern among public health authorities and consumers because such level of 
the drug use may occur bacterial  resistant in the gastrointestinal tract of these animals (WHO, 1985). 
Such resistance can be transferred to bacterial inhabitants of the gastrointestinal tract (McCapes et al., 
1991) through food chain. The feeding of low levels of antibiotic such as tetracycline and penicillin 
in poultry, swine and calves to promote growth has resulted in a great increase in the reservoir of 
resistant bacteria (Timoney et al., 1988). These resistant bacteria from animals may reach the human 
population. This is well established with Salmonella infections (Prescott and Baggot, 1993). Likewise 
there is considerable evidence that some antibiotic resistant E. coli can colonize the intestines of hu-
mans long enough for transfer of antibiotic resistance to occur (Wells and James, 1973). However, the 
colonization of the digestive tract by a foreign strain is generally very difficult as the conditions in the 
intestinal environment are unfavorable for foreign strain. The danger of passing antibiotic resistance 
from

animals to man or vice-versa through their donor bacteria, as some of their serotypes are of zoonotic 
nature, has got the importance in present day chemotherapy (Linton, 1986). A potential health hazard 
to consumers can be expected from resistant bacteria. If the organism is resistant to antibiotics, then 
initial treatment may be ineffective both in man and animals and an alternative treatment need to be 
applied (McCapes et al., 1991).

Resistance has developed to virtually all antibiotics used in food animals 
For some antibiotics, resistance is somewhat slow to emerge, but in other cases, for example, among 
Campylobacter to the fluoroquinolones, it occurs very quickly (Zhang et al.,2003). Resistance is ac-
quired both by disease-causing (pathogenic) and harmless (commensal) bacteria found within an-
imals and the environment. Resistant bacteria spread among groups of animals or fish, to the lo-
cal environment (inside of pens, barns) and to the wider environment (adjacent soil, air and water) 
through spreading of manure and dissemination by in-contact wildlife, insects, and rodents (McEwen 
et al.,2002, Chee-Sanford et al.,2001, Kozak et al.,2009 & Heuer et al.,2009). These bacteria also 
spread to humans, primarily through contaminated meat, but also through direct contact between 
food animals and humans (e.g. farmers, farm visitors) (WHO, 1997, NAS, 1999 & Fey et al.,2000). 
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in poultry, swine and calves to promote growth has resulted in a great increase in the reservoir of 
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there is considerable evidence that some antibiotic resistant E. coli can colonize the intestines of hu-
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colonization of the digestive tract by a foreign strain is generally very difficult as the conditions in the 
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to consumers can be expected from resistant bacteria. If the organism is resistant to antibiotics, then 
initial treatment may be ineffective both in man and animals and an alternative treatment need to be 
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spread to humans, primarily through contaminated meat, but also through direct contact between 
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	The first step in residue prevention is to make individuals and organizations aware of the prob-
lem through education by veterinary personnel, organizations, and literatures and governmental 
agencies.

	Rapid screening procedures for the analysis of antibiotic residues and instant grading and prohi-
bition of food containing antibiotics more than MRL.

	Use of activated charcoal, resin and UV irradiation also help for antibiotic inactivation.
	Irrational use of antibiotics in field veterinary practices should be avoided.
	Development of simple and economic field test to identify drug residue in edible animal prod        ucts.

	Ethno-veterinary practices may be promoted.

	The effective prevention of infectious diseases and the adoption of strict hygiene standards and 
rearing skills may reduce our need for antibiotics, particularly in the veterinary field.

	The use of alternatives to antibiotics, such as plant-derived antimicrobial substances and probi-
otics, may represent a promising option; vaccination against some bacterial diseases may be of 
great value in the near future.

	The reduction of unnecessary antibiotic use in animals in captivity should be pursued, as should 
antibiotic use for the treatment of viral disease in animals; the reduction of prophylactic antibi-
otic use should also be considered.

	Strict national legislation must be passed around the world to avoid the unnecessary use of anti-
biotics. In 2006, the European Union banned the use of antibiotics for the purpose of livestock 
health maintenance.

	National monitoring of antibiotic residues in foods and updating of the maximum permissible 
limits of these residues for each country should be undertaken.

	Antibiotics use in feed additives should be ceased.

	Avoid using antibiotics in the veterinary field without a veterinarian’s prescription 

	Strict observation of antibiotic cessation times should be made; the avoidance of antibiotics 
lacking clearly documented pharmacokinetic and pharmacodynamic properties must be consid-
ered.

	The heat treatment of meat, milk, and eggs may inactivate antibiotic contaminants in feedstuffs.

	The freezing of animal-derived foods may also contribute to the reduction of some antibiotic 
contamination.
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Milk obtained from the cow with the sub-clinical mastitis mixed into the large amount of normal milk, 
enters food chain and poses a threat to the human health. It causes the various hazards in milk and 
milk product, which have direct effect on dairy consumer. An increase in the incidence of mastitis in a 
herd will generally result in increased use of antibiotics, which in turn increases the potential for an-
tibiotic residues in milk and the potential for increased bacterial resistance to antibiotics. This clearly 
illustrates the importance of effective herd mastitis prevention and control programs. Dairy products 
are reported to be frequently infected with Staphylococcus aureus. Also Escherichia coli has been 
described as one of the most common agents of invasive infections. The study was aimed in order to 
underline the economic, sociological, environmental and public health importance of mastitis in cat-
tle as well as other health effect of S. aureus and E coli. Seven-hundred-and-fifty-six composite milk 
samples were collected from the 200 cows of various wards of Sau-Pharsatikar VDC. The samples 
were analysed for the presence of S. aureus and  E. coli. For the pooled data of latent and sub-clinical 
mastitis the frequency of samples containing S. aureus and E. coli has 17.3% and 9.5% respectively. 
However, high mastitis prevalence in the VDC suggests that hygienic control measures should be 
applied during milk production.
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INTRODUCTION

Mastitis is the inflammation of the mammary gland and udder tissue, and is a major endemic disease 
of dairy cattle. It usually occurs as an immune response to bacterial invasion of the teat canal by va-
riety of bacterial sources present on the farm, and can also occur as a result of chemical, mechanical, 
or thermal injury to the cow’s udder. Milk-secreting tissues and various ducts throughout the udder 
can be damaged by bacterial toxins, and sometimes permanent damage to the udder occurs. Severe 
acute cases can be fatal, but even in cows that recover there may be consequences for the rest of the 
lactation and subsequent lactations.

Mastitis is well recognized as being a major problem as it causes a serious wastage and undesirable 
milk quality. When modern dairy farming in the tropics was first adopted, mastitis was foreshadowed 
to be an important disease in dairy cattle. Most tropical dairy farmers today have experienced disas-
ter caused by the disease, and can no longer afford its costs in addition to their other burdens. The 
illness is in most respects a very complex disease, affected by a variety of factors: it can be present in 
a herd sub clinically, where few, if any, symptoms are present in most cows. Practices such as close 
attention to milking hygiene, the culling of chronically-infected cows, good housing management 
and effective dairy cattle nutrition to promote good cow health are essential in helping to control herd 
mastitis levels.
Mastitis remains a major challenge to the worldwide dairy industry despite the widespread imple-
mentation of mastitis control strategies.(J.Bardley, ND)Most dairy farmers are conscious of clinical 
mastitis in their herd, but lack a full appreciation of the prevalence and economic importance of sub-
clinical mastitis. Clinical mastitis is easily recognised and is characterised by visible abnormalities in 
the udder and/or milk. The subclinical form cannot be detected by visual observation of the cow or 
milk but it can be identified by conducting tests to detect infecting micro-organisms or the products of 
inflammation such as somatic cells in milk. For each case of clinical mastitis in a herd population there 
will usually be 15 to 40 subclinical cases (Philpot and Nickerson 1991), and most clinical cases are 
preceded by infection at the subclinical level. Subclinical mastitis tends to cause a herd problem, is of 
long duration, reduces milk production and adversely affects the quality of the milk. It is also import-
ant because it constitutes a reservoir of mastitis organisms that may spread to other cows in the herd. 
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Tests were performed  directly in test plates in stables, with cows immediately after clinical examina-
tion and before morning milking. Reagent is mixed with aproximate same quantity of milk (1-2 ml) 
and with light circular motions of test plate results of changes are readable within 1-2 minutes. Milk 
samples rich with cellular elements gave visible changes within few seconds. Presentation of reaction 
was: negative ( - ) in cases where we had mixture of milk and reagent as homogenous transcenden-
tally, suspected ( ± ) appearance of blobs and flakes which with further mixing disappear, positive ( 
+ ) appearance of flakes that with further mixing concentrate in the middle, very positive reaction ( 
++ ) where during mixing of reagent and milk thick viscous mass is created with separation of clear 
liquid and extremely positive reaction ( +++ ) where gelatine mass was created. Before taking sam-
ples for BSS determination and microbiological analysis teats were washed and desinfected with 70% 
alcohol and in a sterile container we took 25 ml of milk and in a special sterile test tubes samples for 
microbiological examination. Each container and beaker are marked with number of udder quarter 
and number of animal. Samples were taken from every udder quarter regardless whether CMT reacted 
positively or negatively .

Isolation of bacteria

10 ml of foremilk samples were collected from each quarters of cows according to the standard asep-
tic collection procedure outlined below. The hand of the milker was washed with iodine solution and 
dried. The dirt was removed from the teats and udder with water by hand. The teat end was disinfect-
ed with cotton soaked in 70% ethyl alcohol. The first few streams of foremilk were discarded. The 
samples were held on ice until delivery to the laboratory. In the laboratory, samples were kept at room 
temperature for 30 minutes before streaking on culture plates.

Bacteriological Examination 

Milk samples were incubated aerobically at  37ºC for 24 h then centrifuged at 3000 rpm for 20 
minutes. The supernatant fluid was discarded and a loopful from the sediment was streaked onto the  
surface of mannitol salt agar, blood agar and  MacConkey agar plates. The plates were incubated at  
37ºC for 24-48 h, and examined for bacterial growth.  The isolated colonies were identified according 
to  Finegold and Baron (1986). 

 All the samples were subjected to cultural examination on Nutrient agar, Mac Conkey agar exam-
ination on Nutrient agar, Mac Conkey agar plate & EMB media. They were incubated at 37°C for 
24 hours. Cultural isolates were identified on the basis of colony characteristics, Gram’s staining and 
biochemical tests as Oxidase, Catalase, IMViC test and Motility test mentioned by Quinn et al (1998).

RESULTS

Out of 756 quarter samples tested, 8 and 25 % quarters were having trace and CMT Positive scores 
(Table 1). However 59% of quarters were found negative in the test.

Table 1. CMT scores on mik of cows

CMT Scores Number Percentage
Negative 452 58.78
Trace 66 8.74
1+ 108 14.29
2+ 68 8.99
3+ 62 8.2

LOSSES CAUSED BY MASTITIS
•	 Direct losses due to mastitis
•	 Treatment cost
•	 Discarded milk
•	 Fatality
•	 Repeated cases of mastitis
•	 Decrease in milk yield
•	 Milk quality changes
•	 Decreased hygienic quality of milk andpublic health considerations

•	 Culling and replacement cost

Objectives

General Objective

•	 To show the economy and public health importance of mastitis as well as the health hazard 
of the causative organisms (S. aureus and E.coli).

Specific objective
•	 To know the Prevalence of Mastitis.
•	 To know the situation of mastitis Ward wise.

•	 To know the management system of Farmers.

MATERIALS AND METHODS

Study Site

This study was conducted in Sau-Pharsatikar VDC of Rupandehi district, which is

pocket area of milk production. The Laboratory analysis of the collected milk samples was carried 
out at Bacteriology unit of the Microbiology Lab and Veterinary Teaching Hospital (VTH),Rampur, 
Chitwan.

Questionnaire Survey

To assess the management aspects and its possible risks on SCM, questionnaire survey was conducted 
with each farmer. Individual cattle & buffalo from farmers’ shed were selected and other relevant 
information was recorded. 

Animals

A total of 200 cows at different lactation numbers and stage of lactations were examined. 20 cows 
from 7 various wards & 30 cows from ward no 1 & 5, it was due to presence of high number of animal 
in those wards. The total samplings include 756 from the cows. 

California Mastitis Test (CMT)

The diagnostic tools used for mastitis were California Mastitis Test (CMT), Cultural Examination and 
Biochemical Tests.
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Following result was found sampling the data Ward-Wise :-

Fig 2: Bar Graph Showing Ward Wise Prevalance of Mastitis

DISCUSSION

The prevalence of Mastitis in cattle of Sau-Pharsatikar was 40.21% during examination. Similar result 
was reported by Karimuribo et al., (2006)at Tanzania, in which out of 400 randomly selected samples 
46.2 % were found to be SCM positive in CMT test. Similar high CMT score in animals with subclin-
ical mastitis was reported by Doxey (1983)at London and Elango et al. (2010) at India. Adhikari et al. 
2009 reported the prevalence rate of SCM to be in 40% cattle which was similar to our findings The 
higher prevalence recorded was not surprising in this study since none of the farmers were applying 
recommended milking and hygiene procedures. The result obtained by Dhakal et al.(2002) showed 
the prevalence rate of SCM to be 56% of cattle which is greater than the present result.  Poor hygiene 
and milking practices are reported to accelerate the disease (Pankey et al., 1984) and might account 
for the high infection rate among the tested cows. The bacteria isolated were Staphylococcus and 
Escherichia coli.

The Prevalence of the mastitis was found high in society where the people are Uneducated. The  
Prevalence was found low in such area, Where VDC regularly launch the trainings in the field of Ag-
riculture and Animal Husbandry. High Prevalence was found in the areas where there is Unmanaged 
way of animal housing. Some of the poor people are compelled to rear animal in their limited Housing 
area, which leads to health hazard in human. 

The isolation of Staphylococcus in this work is also in agreement with that of Ankalo and Sterneojo 
(2006) who isolated 39 (20.4 %) and 123 (15.4%), respectively from apparently healthy and mastitic 
cow in Kenya. Misra et al. (1973), Rahman and Boro (1990), Jha et al. (1993) and Chanda et al. 
(1998) also reported Staphylococcus as the major pathogens of mastitis. Staphylococcus is an oppor-
tunistic pathogenic bacterium which survives on the skin of the udder and can infect the udder via teat 
canal or any wound.

 The high counts of coli form in some of milk samples are attributed to mastitis. Such milk may often 
be used directly as a drink, and constitute a public health concern. It is epidemiologically significant 
that not only animals, but also humans carry E. coli in their gastrointestinal tract. The occurrence of 
coli forms in milk may, therefore, be considered as a real indicator of the faecal pollution with the 
possibly existing associated pathogens. The public health hazard of E. coli has been emphasized by 
many authors, because these bacteria have been implicated in human cases of gastroenteritis, epidem-

Table 2. Biochemical test used for identification after culture 

Bacterial Isolates Oxidase Catalase IMViC Motility test
E coli - + + + - - +
Straphylococcus sp. - + - - - - -
Others* - + - - - - +

IMViC: Indole, Methyl red, Voges-Proskaur, Citrate; (-) = Negative; (+) = Positive

* Pasturella multocida, Brucella abortus, Mycobacterium tuberculosis, Actinomyces bovis, Actinoba-
cillus liniereesi, Cryptococcus neoformans etc.

Out of total 756 samples of milk, total 304 samples were infected by various bacteria causing masti-
tis. Out of 304, there was presence of Staphylococcus aureus in 131 samples, Escherichia coli in 72 
samples, others in 101 samples. Others include bacteria causing mastitis other than S aureus & E coli. 
Those bacteria may be  Pasturella multocida, Brucella abortus, Mycobacterium tuberculosis, Actino-
myces bovis, Actinobacillus liniereesi, Cryptococcus neoformans etc.

 

Fig 1: Pie-Chart showing the level of infection
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ic diarrhoea in infants, sporadic diarrhoea in children as well as in cases of food poisoning [Marier et 
al. 1973, Mossel 1982].

Ferguson et al. (2007) stated that Staphylococcal infections are most often present in lactating ani-
mals. To stop and to reduce infections of mammary gland with pathogen bacteria like streptococcus 
it is necessarily to take care about nutrition, accommodation and bedding programs for mastitis pre-
ventions.

Mastitis pathogens in milk pose a lower threat to public health if milk is pasteurized. On the other 
hand, the improper use of antibiotics to eliminate mastitis pathogens become a public health concern. 
The careless therapy with antibiotics against mastitis can lead to their residues in milk. Very little 
information is available concerning the effect of mastitis treatment in cows on human health and 
welfare. Therefore, a need exists to assure that mastitis control and treatment procedures do not have 
adverse impact on public safety.

Effective programmes for mastitis control that promote dairy food safety are based on identifying the 
pathogens present, developing effective tools to control mastitis pathogens and observing practices 
that reduce the risk of antibiotic contamination of bulk milk. Controlling mastitis is important because 
the condition has significant implications such as financial losses of dairy farmers, adverse effects on 
cow welfare and potential effects on public health.

Sub-clinical mastitis enhances the growth and multiplication of pathogens resulting in impaired utility 
or even deterioration of their milk. Possible losses in Farmer could be asociated with culling either 
due to lower milk production, or mastitis as a result of uncured intra-mammary infections when the 
bacteria causing the disease fail to respond to the commonly used antibiotics (resistance develop-
ment). Culling leads to two kinds of losses, namely a reduced slaughter value of a cow and an in-
creased replacement cost and lost production time following prematured removal from the herd before 
the animal reaches its optimum production age [Radostits et al.2000].

It is notoriously difficult to estimate the losses associated with clinical mastitis, which arise from the 
costs of treatment, culling, and decreased milk production. It is even more difficult to quantify the 
losses associated with sub-clinical mastitis, which arise as a result of treatment, decreased milk yield 
and quality, and an increase in the risk of culling. De Graaf and Dwinger [1996] reported raw milk 
production losses per cow with sub-clinical mastitis to be about 1.56 kg daily. Average milk mean pro-
duction loss per affected quarter due to sub-clinical mastitis was estimated to reach 17.6% [De Graaf 
and Dwinger 1996]. In addition to the costs outlined above, both clinical and sub-clinical mastitis 
have been shown to adversely affect the animals’ subsequent fertility [Schrick et al. 2001]. Cows with 
multiple lactation experience had greater

milk production losses as compared to lactating heifers. Blowey [1986] assumed no decrease in milk 
production due to sub-clinical mastitis. However, a 10% decrease in milk yield in the following lac-
tation was shown after acute mastitis. However, high  mastitis prevalence were found in both herds. 
Thus, hygienic control measures should be considered during milk production .

CONCLUSIONS

The dairy Livestock of Sau-Pharsatikar indicated a large Prevalance of mastitis alomg with direct 
on human health. But, most of the Farmers are ignorent about it. The StaphylocoCcus mastitis Were 
Predominant for infectious cause followed by Coliform.Management of dairy animal was Found 
Poor. Farmers should be inspired for mastitis management,udder health management,shed manage-
ment and nutrition management.

 Farmers are compiled to rear large numbers of livestock in small area, which is leading factor for 
increasing the case of mastitis and other problem,which has direct impact on human health.It is 
imperative that government provide Financial support and subsidy to Farmers. Tranings,Workshops, 
tours, Farmer’s school should run for better livestock management andhealthy milk production.
People should be aware about the healthy habit of milk Production and its consumption.
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Food safety is an important part of public health. Ineffective food safety is one of the major contrib-
utors to disease in countries like Nepal. Implementation food safety governance results significant 
liberation on agriculture by rich countries opens new trade opportunities, improve quality and safety 
of agricultural production, increased global food trade, increase foreign investment for technological 
expertise, major advantage on consumer with lower price and greater seasonal availability of foods. 
Due to poor infra-structure facility with long food chain makes food vulnerable to harmful agents. 
About 60 percent of foodstuffs come from other countries which are difficult to assess for quality due 
low technical infrastructure. The current practice of antibiotics and pesticides use in disease control 
are not appropriate with food safety.70 percent of deaths among children under 5 years of age are 
linked to biologically contaminated food and food borne parasites (Diarrhoea, Neuro-cysticercosis).
Haphazard use of antibiotics and pesticides, change in food handling, urbanization, emergence of 
pathogens and international trade has resulted the increased risks to food safety governance. Poor 
infra-structure, weak market linkage, Ineffective food distribution system, increased consumption of 
street foods, lack of awareness about healthy food habit, lack of clean and safe drinking water(40per-
cent population using contaminated water),  low level of awareness of people towards food safety 
issues pose some challenges to food safety in Nepal. Similarly large number of primary producer, mid-
dle man and retailer with spatial cluster creating inspection and regulation business one of most chal-
lenging task. Use of laboratories for increased monitoring and evaluation of the food supply should 
be linked to enforcement and to outcomes in food safety improvement. Thus necessary measures such 
as national empowerment services, appropriate inspection system, massive development of food safe-
ty awareness program from farm to consumer approach should be adopted to address the upcoming 
nightmare situation of food safety in Nepal. Furthermore there should be strong cooperation between 
government and public private partnership with focus on infrastructure development, empowerment 
of human resources and massive awareness program on various players of supply chain.   

Key words: Food safety, Governance,  Challenges

INTRODUCTION:

Food safety is a discipline that describes how to handle, prepare and store foods so as to prevent food 
borne illness. “Governance is defined as the manner in which power is exercised in the management 
of a country’s economic and social resources for development.”(ADB)

Governance of food safety standards is one of the prime factor for safe food. Food safety requirement 
involves two aspects –1) Shouldnot be injurious to health or 2) Should be fit for human consumption. 
Quality of food and safety are the characteristics of the food products that relies on their ability to 
satisfy all legal, customer and consumer requirements. Although it resemble with food quality, food 
safety differs from food quality in sense that it includes all the measures that is to be taken to protect 
the human health whereas the food quality is linked to the attributes that influence sits value to the 
consumer. There is no any absolute safety in food as but however it can be relative matter, the food is 
said to be safe only when there is reasonably certainty that food does not harm the consumer under the 
anticipated condition of use. Although there is no any published policy and standards on food safety 
with wider part of food safety there exists food laws and standards designed to protect the consumers. 

Food safety control agencies operate under ministry of Agriculture and Development with Depart-
ment of Food safety and Quality control. The main function of this agency is to sensitize the desire 
sector and implement the codes of hygiene and agricultural practices by stakeholders throughout the 
food chain. It also focuses on the protecting consumer against health hazards and promoting the public 
health ultimately economic development. Despite of the fact that law are there, the major problem 
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Farmers must apply Good Agricultural Practices (GAP), sellers of commodities/raw materials at local 
or international level must apply Good Distribution Practices (GDP), and manufacturers must ap-
ply Good Manufacturing Practices (GMP). Hazard analysis and critical control points(HACCP) and  
Good hygienic practice ( GHP) are the two major weapons for food safety in country.

C) Legislative agencies of Food Safety:

Acts or rules Related ministries
Food Act 1966 DFTQC MoAD
Food Regulation 1970 DFTQC MoAD
Consumer protection Act 1998 DoC MoCS
Consumer protection Rules 2000 DoC MoCS
Slaughterhouse and Meat Inspection Act 1998 DLS MoAD
Slaughterhouse and Meat Inspection Rules 2000 
DLS

MoAD

Local self-governance Act 1999 Local Govts MoLD
Local self-government Rules 2000 Local Govts MoLD
Nepal Standards (Certification mark) Act 1980 
NBSM

MoID

Nepal Standards (Certification mark) Rules 1983 
NBSM

MoI

Standard weights and Measures Act 1968 NBSM MoI
Standard weights and Measure Rules 1978 NBSM MoI
Animal health and livestock service act 1998 DLS MoAD
Animal health and Livestock service Rules 2000 
DLS

MoAD

Breast feeding substances (Sales & Distribution 
control) Act 

1992 DH/DFTQC 

MoHD/MoAP

Iodized Salt (Production Sale and Distribution) Act 

1999DH/DFTQC 

MOHP/MOAD

Feed Act 1976 DFTQC MOHP/MOAD
Pesticide Regulation Act 1991 DoA MOAD

MOAD
DFTQC: Department of Food Technology & Quality Control. 
MoAD: Ministry of Agriculture Development. 
MoCS : Ministry of Commerce and Supplies
MoLD: Ministry of Local Development. 
MoI: Ministry of Industries. 
MoHP: Ministry of Health & Population. 

in Nepal is no any compliance with the basic food safety and  healthy practices in the different food 
chains and management practices. In addition to that one of the major problem to the food safety is the 
awareness among the consumers which is negligible. The full extent of the burden and cost of unsafe 
food is currently unknown in both the developed and developing countries which exactly meets the 
condition of Nepal.

Approximately 66% of the Nepalese population is dependent on subsistence agriculture economy that 
contributes only 13% of  total foreign trade of country(MOAD 2012). But however the productivity 
of Nepalese agriculture is low due to the lack of modernization, based on the natural rainfall and other 
climatic variabilities. The worldwide integration of food supply chains and liberalization and interna-
tional trade resulted the quality and food safety one of the major problem in developing countries like 
Nepal. Only 20% of all the agricultural food commodities are marketed. Trade deficit is increasing 
day by day by 23.9% in fiscal year 2012-13(NRB 2013). Access to a secure supply of safe food is a 
human right. Everyone involved from food production, harvesting, processing, marketing and service, 
has a role in ensuring that food that reaches consumers will not be a hazard to human health. Access 
to a secure supply of safe food is a human right. There are guidelines for food safety management sys-
tems (FSMS) defined by WHO and FAO based on general requirements for hygiene and the principles 
of HACCP, systems. But unfortunately the food borne disease is one of the major problem in Nepal 
for example: Death of Chepangs by mushroom poisoning, outbreak of Diarrhoea in mid-western and 
far western region of Nepal. Processed food is one of the major food source in urban areas and oppo-
site in rural areas. Appropriate health control program and effective food safety program should be 
judged based on scientific and technical relevance and financial and to affordability, accessibility and 
usability.The major pre-requisite for food safety is effective food safety governance which   should 
ensure safety on food chain from point of production preferring the agents who produce, Process and 
trade the product till final consumption. There is need of governance for proper economic, political 
and social priorities for proper execution of the food safety program.

This paper mainly highlights the major issue for food safety governance and roles played by the actors 
of food supply to maintain quality of foods for consumption within the country and for export as well.

METHODOLOGY:

This review paper mainly relies on the secondary data from national and international journal, Google 
scholars, published researches, review articles, Data from DLSO, government reports , international 
organization and professional associations, publications from universities. Review of this paper has 
been done with major emphasis on various actors in centre.

RESULT AND DISCUSSION:

A) History of Food safety regulation in Nepal:

Regulation of food safety started in 1966 in Nepal after enforcing the food act by government. Impor-
tance of food safety increased only after 1990 due to economic liberalization and international trade. 
Nowadays more advance ‘Farm to fork approach’ has replaced the traditional methods which mainly 
depends on inspection and analysis. This ‘farm to fork’ mainly emphasize on all the activities from 
point of production to point of final consumption. The country has given priority to reform the existing 
policy to meet the international standard.

B) Food supply chain in Nepal:

Generally the stakeholders in food supply chain are classified as:

1) Food supply chain operators( Farmer--- processor----distributor----consumer)

2) Chain supporter( Operational service provided by Operator, public and finance institution 
etc)

3) Chain enabler( Policy makers, Regulatory bodies and quality control agents)
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or international level must apply Good Distribution Practices (GDP), and manufacturers must ap-
ply Good Manufacturing Practices (GMP). Hazard analysis and critical control points(HACCP) and  
Good hygienic practice ( GHP) are the two major weapons for food safety in country.

C) Legislative agencies of Food Safety:

Acts or rules Related ministries
Food Act 1966 DFTQC MoAD
Food Regulation 1970 DFTQC MoAD
Consumer protection Act 1998 DoC MoCS
Consumer protection Rules 2000 DoC MoCS
Slaughterhouse and Meat Inspection Act 1998 DLS MoAD
Slaughterhouse and Meat Inspection Rules 2000 
DLS

MoAD

Local self-governance Act 1999 Local Govts MoLD
Local self-government Rules 2000 Local Govts MoLD
Nepal Standards (Certification mark) Act 1980 
NBSM

MoID

Nepal Standards (Certification mark) Rules 1983 
NBSM

MoI

Standard weights and Measures Act 1968 NBSM MoI
Standard weights and Measure Rules 1978 NBSM MoI
Animal health and livestock service act 1998 DLS MoAD
Animal health and Livestock service Rules 2000 
DLS

MoAD

Breast feeding substances (Sales & Distribution 
control) Act 

1992 DH/DFTQC 

MoHD/MoAP

Iodized Salt (Production Sale and Distribution) Act 

1999DH/DFTQC 

MOHP/MOAD

Feed Act 1976 DFTQC MOHP/MOAD
Pesticide Regulation Act 1991 DoA MOAD

MOAD
DFTQC: Department of Food Technology & Quality Control. 
MoAD: Ministry of Agriculture Development. 
MoCS : Ministry of Commerce and Supplies
MoLD: Ministry of Local Development. 
MoI: Ministry of Industries. 
MoHP: Ministry of Health & Population. 

in Nepal is no any compliance with the basic food safety and  healthy practices in the different food 
chains and management practices. In addition to that one of the major problem to the food safety is the 
awareness among the consumers which is negligible. The full extent of the burden and cost of unsafe 
food is currently unknown in both the developed and developing countries which exactly meets the 
condition of Nepal.
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B) Food supply chain in Nepal:

Generally the stakeholders in food supply chain are classified as:

1) Food supply chain operators( Farmer--- processor----distributor----consumer)

2) Chain supporter( Operational service provided by Operator, public and finance institution 
etc)

3) Chain enabler( Policy makers, Regulatory bodies and quality control agents)
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 Meat and milk supply chain: 

Traditional mode of animal slaughter and meat consumption is one of major factor for food contam-
ination and unsafe in Nepal. Similarly large no of smaller dairies with no any facilities of chilling 
is another major factor. Thus rapid intervention should be made for good hygienic practice in the 
chain. Since a range of legislation now exists which governs the management of livestock and their 
slaughter and at all stages of food preparation process hygiene must be in high priority. There was 
published report on Annapurna post entitling the “Dead goats entry in Capital”that indicates the criti-
cal situation and weak enforcement of law in Nepal. Ghimire et.al, 2013 reported 38.85% prevalence 
of campylobacter in pork meat of chitwan. Similarly more than 80% coliform contamination of raw 
meat of Kathmandu as indicted by Maharjan et.al.,2006. Ale et al reported upto 11.4% salmonella 
contamination in raw meat of Kathmandu valley. Ghimire 2013 reported upto 25.39 % prevalence 
of Enterococci in mince buff meat of Chitwan. None of the butchers use water sanitiser in chitwan 
(Ghimire 2013). Similarly joshi et al 2004 reported human taeniasis upto  43% in syangja district and 
18% in Tanahun district.

Similar condition in milk supply chain. Bhusal 2014 reported 41% prevalence of Subclinical mastitis 
in milk of Rupandehi district which directly enters the milk supply chain with public hazards. Apar 
poudel  reported that 10% of people don’t boil the milk properly for consumption which is one of the 
cause of poor food safety of Nepal. This result shows the alarming situationof food safety in Nepal.

a) Vegetable and fruit chain:

 Another most vulnerable sector of unsafe food is the vegetable and fruit chain. Hapazardous use of 
pesticides such as malathion, and ripening agents such a ethylene, carbide have been proved to be life 
threatening to the people. Farmers and retailers of pesticides do not have adequate knowledge regard-
ing pesticide use and health safety (Giri 1998; Baker and Gyawali 1994; Dahal 1995)..Koirala 2007 
reported contamination of pesticides in root vegetables(11.9%) followed by leaf vegetables( 10.9%). 
Similarly there is high degree of adultration and substandarization  of vegetable oil, Ghee , milk.Thus 
there is urgent need for intervention for protecting public health of consumer  

b) Cattering food chain:

High population growth and rapid change in feeding habits have demanded increasing cattering ser-
vice whether it is in school or party or any ceremony. Migration from rural areas to urban cities has 
created a daily need among many working people to eat outside the home. There are a lot of cattering 
services with fast food can be found in the street with no any safety measures with adverse impact on 
Human Health. Thapa et al 2008 reported 57% contamination of E.coli in Momo shops Kathmandu 
valley. 10% of food item sold in Kathmandu are adulterated with major problem detection on bottle 
water, milk, oil and ghee( The Himalayan times 2012-08-19).

c)  Safety of water:

In Nepal there is scarcity of water in most areas during winter and spring season. Baseline survey by 
Wealth hungerlife project  in marginalize community of Nepal reported that more than 60 % of drink-
ing water source are polluted and 50% of people in community drink water stores in unsafe container. 
About 94% of the diarrhoeal disease burden is attributable to environment, and is associated with risk 
factors such as unsafe drinking water and poor sanitation and hygiene(Joshi et al.,2012).

Shrestha et., 2012 reported high level of arsenic( 0.143mg/dl) in deep water of Kathmandu valley. 
Raymajhi et al 2013 reported 150 peoples suffering from diarrhea in Shantinagar VDC of Nepal and 
positive confirmation of Vibrio cholera in water sample.  Research by Bhattarai D., 2011 found out 
that 12%  prevalence campylobacter in water used  in slaughterhouse of Rupandehi district 

Recently there has been toll of 12 people in Biratnagar due to contamination of water supply. 

G) Opportunities of food safety governance in Nepal:

Although there are many challenges for food safety governance , it has some opportunities for Nepal 

DH: Department of Health. 
(Source: Nepal Country Report laws and issues related to Food and Food additives)

D) Food safety laws in Nepal:

	Excise Act & Excise Rates for 2011 15/02/2011
	Plant Protection Rules 22/03/2010
	Plant Protection Act 01/07/2002
	Animal Health & Livestock Services Rules 00/00/2007
	Animal Health & Livestock Services Regulation 21/02/2000
	Animal Slaughterhouse & Meat Inspection Act 22/03/1999
	Slaughter & Meat Inspection Regulation 00/00/2001
	National Dairy Development Board Act 10/08/1998
	Consumer Protection Act 28/01/1998
	The Mother’s Milk Substitutes (Control of Sale & Distribution Act 13/08/1992 )
	

E) Food safety programs:

A variety of formal safety net programmes exist, like food for work, cash transfers and food subsidies 
but coverage is limited and confined mostly at the  headquarters, and are far from reach of poor and 
marginalized community particularly of those living in remote part.

F) Food safety standards applied in Nepal:

Food standards applied in Nepal can be categorized as either mandatory or voluntary according to 
Will and Guenther. Mandatory standards are set by Governments in the form of regulations,which 
include technical requirements such as testing, certification and, labeling.Voluntary standards are set 
through formal coordinated approaches of key stakeholders in the supply chain such as iso certifica-
tion in order to compete in market. Although the food safety standard has been formulated there is no 
any progress due to poor implementation mechanism.

Fig. Food safety situation in different conditions:

(Source: Koirala et al.,2007)
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and monitoring 4) Multidisciplinary networking within national and international networks to alle-
viate problem of food borne diseases 5) Strict application of HACCP management system in critical 
points of supply chain 6) Proper integration of public private partnership with awareness program and 
infrastructure development.
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as--
	Liberalization of Agriculture which opens the market
	Increased foreign investment for technological expertise 
	Increased global food trade 
	Major advantages on consumer with lower price and seasonal availability of foods
	Opportunities for public private partnership (PPP) – PPP is working in different 

sectors,so possibilities of PPP in the area of food security and food safety. 
	More food producers are available (66 % of population). 
	Diverse ecological zone – high potential to grow diverse agricultural crops throughout the   

year.

H) Challenges for food safety governance in Nepal:

There are many challenges associated with food safety governance in Nepal such as controlled food 
safety and control principles and inefficient protection of consumer. However, depending upon the 
geographical features ,socio-economic situation, literacy, level of  industrialization and literacy the 
challenges would vary from one country to another.

Some of challenges for food safety governance in Nepal as follow:
	Political instability
	Social unrest
	Weak governance 
	Poor infrastructure facility.
	Long food supply chain with more critical points in supply chain system.
	Poor coordination of government and private sector----- poor Public private partnership.
	Improper surveillance 
	Inadequate laboratory facility
	Lack of  awareness among the illiterate  and proper attitude a among literate
	Poor enforcement of standards and regulations

	Illegal trans-boundary movement of animal and plant products

I) Way forward for food safety in Nepal:
	Collaborating training efforts among food safety agencies
	Awareness program and campaign for food safety issues
	Regular refreshment for food safety personnel
	Public –private partnership in food safety issues
	Integrated pest management program for controlling pests in Agriculture.

CONCLUSION: 

Food safety should be taken as responsibility of all stakeholders of food supply chain, thus effective 
food safety measures includes 1) improvement in infrastructure facility for both primary purpose such 
as road, water,  sewage ,light as well as disposal and packaging materials 2) Networking with public 
private partnership 3) Awareness of consumer and other actors of supply chain for effective legislation 



370

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

371

and monitoring 4) Multidisciplinary networking within national and international networks to alle-
viate problem of food borne diseases 5) Strict application of HACCP management system in critical 
points of supply chain 6) Proper integration of public private partnership with awareness program and 
infrastructure development.

REFERENCES:

Annapurna post 2012.Dead goats entry into Kathmandu. News published in Annapurna post national 
daily.Dated on 2012-october-15.

Bajagai, YS 2012, ‘Food Safety Regulation in Nepal and Issues in the Regulation of Meat Safety’, 
National Conference on Food Science and Technology (Food Conference-2012), 10-11 August, 2012, 
Kathmandu, Nepal, pp. 90-7.

Bhandari G.P: Diarrhoeal Disease a neglected epidemics in Nepal. In: Bhandari GP SS, Sharma A,. 
National Workshop on prevention and control of diarrheal diseases 2011; Kathmandu: Nepal Public 
Health Foundation; 2011.

Bhattarai D., 2011 Prevalence of thermophilic campylobacter isolate from water used in slaughter 
house of Rupandehi District and Kathmandu valley.  Nepal Veterinary Students Association Blue 
cross annual bulletin, PP:51-55.

Chin-Wen K., Tuan S., and L. Hong- Ping Safety Management and Inspection of Agro-chemical Resi-
dues of Food in the Trade of Export Products: A case study of the Taiwan Grown Irwin mango. Taiwan 
Agricultural Chemicals and Toxic Substances Research Institute (TACTRI) 11 Kung Rd., Wufeng, 
Taiwan Roc, 2009; 04-07

CIMMYT ( International Maize and Wheat Improvement Center) Nepal. 2009. Annual report.

CIMMYT, South Asia Regional Office, Kathamandu, Nepal

DFTQC (2010) “Annual Bulletin” Department of Food Technology and Quality Control, Nepal

FAO. 2010. National Medium-term Priority Framework (NMTPF) 2010/11 – 2014/15 (Draft). FAO 
Representation Office in Nepal, June, 2010.

Gereffi, G.; Humphrey, J; Sturgeon, T. (2003): The Governance of Global Value Chains; in: Review 
of International Political Economy

Khadka, S.B., 2010. Assessment of Food Security and Nutrition Situation of Nepal: Input to Prepare 
the NMTPF of FAO Nepal. FAO Representation Office in Nepal, January

 Koirala P., Khadka D.B., Mishra A.,(2007) Pesticide residues as environmetal contaminants in foods 
in Nepal, Government of Nepal and world Food Programme, Kathmandu

Mabuja ML., Taeb M., and M. endo., Impact of food aid on small holder agricultural development in 
Swaziland. Ajfan online journal 2008: 8(2).

Maharjan, M., Joshi,V.,Joshi,D.D.,Manandhar,P.(2006) Prevalence of salmonella species in various 
raw meat of samples of local market in Kathmandu.Annuals of Newyork academy of sciences.1080.

MoAC (Ministry of  Agriculture and Cooperatives). 2009. Selected indicators of Nepalese agriculture 
and Population.Government of Nepal, Kathmandu.

Pokharel, R. K. et al. 2009. Nepal Nutrition Assessment and Gap Analysis, Final Report, Child Health 
Division, Ministry of Health and Population, November 2009.

 Rayamajhi RB, Pokharel G,Sharma G,Neupane B, Khanal VK, Kafle SU, Paudel IS, Pokharel 
PK(2013): Outbreak investigation of cholera in Shantinagar VDC of Ilam District in Eastern Nepal. 

as--
	Liberalization of Agriculture which opens the market
	Increased foreign investment for technological expertise 
	Increased global food trade 
	Major advantages on consumer with lower price and seasonal availability of foods
	Opportunities for public private partnership (PPP) – PPP is working in different 

sectors,so possibilities of PPP in the area of food security and food safety. 
	More food producers are available (66 % of population). 
	Diverse ecological zone – high potential to grow diverse agricultural crops throughout the   

year.

H) Challenges for food safety governance in Nepal:

There are many challenges associated with food safety governance in Nepal such as controlled food 
safety and control principles and inefficient protection of consumer. However, depending upon the 
geographical features ,socio-economic situation, literacy, level of  industrialization and literacy the 
challenges would vary from one country to another.

Some of challenges for food safety governance in Nepal as follow:
	Political instability
	Social unrest
	Weak governance 
	Poor infrastructure facility.
	Long food supply chain with more critical points in supply chain system.
	Poor coordination of government and private sector----- poor Public private partnership.
	Improper surveillance 
	Inadequate laboratory facility
	Lack of  awareness among the illiterate  and proper attitude a among literate
	Poor enforcement of standards and regulations

	Illegal trans-boundary movement of animal and plant products

I) Way forward for food safety in Nepal:
	Collaborating training efforts among food safety agencies
	Awareness program and campaign for food safety issues
	Regular refreshment for food safety personnel
	Public –private partnership in food safety issues
	Integrated pest management program for controlling pests in Agriculture.

CONCLUSION: 

Food safety should be taken as responsibility of all stakeholders of food supply chain, thus effective 
food safety measures includes 1) improvement in infrastructure facility for both primary purpose such 
as road, water,  sewage ,light as well as disposal and packaging materials 2) Networking with public 
private partnership 3) Awareness of consumer and other actors of supply chain for effective legislation 



372

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

373

POSTER 
PRESENTATION

Sankoh O.A., Environmental Assessment and Management. Afric. J. of Environ. Managment. 1999; 
1 (1): 3-10

Sapkota, B.S., 2005. Prevalence of porcine Cysticercosis and Trichinellosis in slaughter pigs in Kath-
mandu valley, Nepal. Thesis M.Sc.(VPH). Chiang Mai university and  Freie Universitat .Berlin.

Singh, R.B., and A. Prevatt. 2010. FAO-USAID Joint Mission on National Programme for Food Se-
curity in Nepal, FAO and USAID, Nepal, June 18.

Upadhyaya, M., Poosaran,N & Reinhard , F.(2012) Prevalence and predictors of salmonella in sps 
in retail meat shops of Kathmandu.Journal of Agricultural science and Technology B2: 1094-1106.

WFP and MoAC. 2009. District level food Security Monitoring: Resource material MoAC, 

WFP, 2009 a. Nepal Market Review 2008 and Outlook 2009. WFP. Kathmandu

WHO (2002) “ WHO Global Strategy for Food Safety: Safer Food for Better Health” WHO, Geneva



372

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

373

POSTER 
PRESENTATION

Sankoh O.A., Environmental Assessment and Management. Afric. J. of Environ. Managment. 1999; 
1 (1): 3-10

Sapkota, B.S., 2005. Prevalence of porcine Cysticercosis and Trichinellosis in slaughter pigs in Kath-
mandu valley, Nepal. Thesis M.Sc.(VPH). Chiang Mai university and  Freie Universitat .Berlin.

Singh, R.B., and A. Prevatt. 2010. FAO-USAID Joint Mission on National Programme for Food Se-
curity in Nepal, FAO and USAID, Nepal, June 18.

Upadhyaya, M., Poosaran,N & Reinhard , F.(2012) Prevalence and predictors of salmonella in sps 
in retail meat shops of Kathmandu.Journal of Agricultural science and Technology B2: 1094-1106.

WFP and MoAC. 2009. District level food Security Monitoring: Resource material MoAC, 

WFP, 2009 a. Nepal Market Review 2008 and Outlook 2009. WFP. Kathmandu

WHO (2002) “ WHO Global Strategy for Food Safety: Safer Food for Better Health” WHO, Geneva



374

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

375

clear juice was separated out and stored in refrigerated condition, finally to use for the fermentation 
purpose.

Isolation of yeast: 

The murcha sample was well powdered by clean mortar and pestle and the fruit juice was obtained 
by properly blending fruits in mixer. 1 gm of murcha and 1 ml of fruit juice was taken as sample and 
YMA agar media was used for isolating yeasts (Refai, 1992)

Screening of isolated yeast:

The colonies isolated from pour plate technique in YMA agar were selected and purified by streaking 
on YMA media incubated at 28°C for 48-72 hours. The so obtained non contaminated strains were 
checked by simple staining method for its conformation to be yeast. The preliminary screening of 
fermentative yeast was carried out in YM broth. Durham’s tube in each of the test tubes were filled 
with broth and kept in inverted position and then sterilized. Yeast strains were then inoculated on 
sterilized test tubes and incubated at 28°C for 48-72 hours. Then the yeast with higher production 
of CO2, flavor and turbidity were categorized as fermentative yeasts and those that did not produce 
carbon dioxide were categorized as non fermentative yeasts. Further, all the yeast were let to grow in 
wine yeast differentiating media(WYDM); (Lower Layer: Glucose 2%, Peptone 0.2%, Yeast extract 
0.1%, Potassium dihydrogen phosphate 0.1%. Magnesium sulphate heptahydrate 0.4%, Agar 3%, pH 
5.5-5.7; Upper Layer Medium: Glucose 0.5%, 2,3,5- triphenyl tetrazolium chloride 0.05% and Agar 
1-1.5%).  This way the yeast could be found out whether they are wine yeasts or wild yeasts.

Inoculation and fermentation:

Final fermentations were carried out taking four formulations where two were adjusted at 22°brix and 
two were adjusted at 24° with different juice, sugar syrup ratio.

 RESULTS AND DISCUSSION

Isolation and Screening of wine yeast

12 yeast colonies were isolated from plum and indigenous  samples. Morphological characteristics of 
those yeasts were found to be whitish or creamy, smooth, irregular, slightly convex. Under microsco-
py view those yeast were found to be large oval, round with budding. Among 12 yeast isolates, 2 had 
good fermentative capacity as they produced high carbon dioxide, good flavor and turbidity. After that 
those 12 yeasts were grown in WYDM using the pour plate technique and incubated at 28°C for 48-72 
hours. In WYDM, 7 yeasts gave pure red colonies and 5 gave pink colonies. Among these, one strain 
was selected for the preparation of plum wine.

Fermentation

The selected wine strain was inoculated separately in four different fermentation jar with four dif-
ferent formulation and the fermentation was performed at room temperature for a period of 15 days. 
During the course of fermentation, 4 main chemical characteristics i.e. change in pH, decrement in 
T.S.S (total soluble solids) or °brix and change in acidity (malic acid) and change in reducing sugar 
were studied. The results of °brix, pH, acidity and reducing sugar are given in Fig. 1, Fig. 2, Fig. 3 
and Fig. 4 respectively.

The brix of PWA and PWC reduced from 22°brix to 7.3°brix and 7°brix respectively where as the bris 
of PWB and PWD reduced from 24°brix to 8.67°brix and 9°brix respectively. Total soluble solids was 
found to be decreased rapidly up to one week than after it decrease in less significant manner which 
was shown in Fig. 1.The initial pH of plum juice for the sample PWA, PWB, PWC and PWD was 
3.63, 3.63, 3.64 and 3.64 respectively which gradually decreased to 3.06, 3.04, 3.03 and 3.04 respec-
tively with the progression of fermentation which was shown in Fig. 2.  The initial titratable acidity of 
plum juice for the sample PWA, PWB, PWC and PWD was 0.67, 0.6365, 0.67 and 0.6365% respec-
tively which gradually increased to 1.005, 0.982, 0.9938 and 0.982% respectively which is shown in 
Fig...3. The titratable acidity of the entire plum wine sample 
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INTRODUCTION

Wine is simply an alcoholic beverages made from the fermented grape juice. Alcoholic beverges 
with characteristics flavor of the particular fruit like apple, pear, plum, apricot, cherry and mango are 
broadly termed as fruit wines (Joshi and Attri, 2005). Fruits wines are beverages obtained by alcohol-
ic                                   fermentation of fruits or of juices therefore, with an alcohol content amounting 
to between approximately 8-9 and 18% (v/v), and sometimes even more (Gill et al., 2009). Among the 
stone fruits, plum (Prunus domestica L., Nepali- Alubukhara) is an important fruit grown throughout 
the temperate regions of the world (Joshi et al., 2009). Plums are known to contain not only various 
sugars, acids, pectins, tannins and enzymes, but also polyphenolic compounds (Walkowiak- Tomczak 
et al., 2008).  Compared to grapes, the sugar content originally present in the fruits is not attractive, 
but the color and flavor make plums acceptable. The principal metabolic process in wine making is the 
alcoholic fermentation, which consists of the bio transformation of fruit sugar (glucose and fructose) 
into ethanol and carbon dioxide. The principal organism responsible for this transformation is the 
yeast (Pretorious, 2001). 

During wine fermentations, yeasts are responsible for the conversion of fermentable sugar into etha-
nol and other valuable by- products such as higher alcohols, organic acids and esters, while lactic acid 
bacteria converts malic acids into lactic acid and carbon dioxide by malolactic fermentation, resulting 
in the reduction of acidity of wine (Reed and Nagodawithana, 1991; Ayogu, 1999; Zarzoso et al., 
2000). The objective of study was to prepare plum wine and to evaluate its quality.

MATERIALS AND METHODS

Sample collection:

 Plum sample was procured from Dakshin kali, Kathmandu. Crystallized sugar was brought from 
local market of Kathmandu and  samples for isolation of yeasts were collected from three different 
places, Kathmandu, Bhaktapur and Lalitpur in a sterile sealable plastic bag.

Preparation and preservation of must:

For the fermentation purpose fresh and ripe undamaged plum were used. Plum were first sorted and 
washed with clean distilled water adding 50 ppm SO2 concentration. After that plums were cut out and 
seeds were discarded. Then the separated pulps were placed on juicer and the juice was collected in 
sterile container. The extracted juice was heated at 70oC for 15-20 seconds and then cooled to 40oC. 
For the extraction of plum juice in higher quantity pectinase enzyme (0.2%) was added and kept over-
night for the enzymatic activity. After that, the juice was strained with the help of muslin cloth. The 
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clear juice was separated out and stored in refrigerated condition, finally to use for the fermentation 
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Table 1 Physicochemical properties of Plum wine
Parameters                        PWA                  PWB                        PWC                  PWD

Total soluble solids (oBrix)         7.33±0.57a          8.67±0.57b               7.0±0.0a                   9±0.0b

pH                                               3.0633±0.00a     3.0433±0.00b           3.6±0.00a             3.0767±0.00c

Titrable acidity as malic acid (%)  1.005±0.0a         0.9827±0.01a      0.9938±0.01a          0.9927±0.01a

Reducing Sugar (%)                      1.5± 0.25a         1.16±0.14b              1.58 ±0.14a             1.08±0.14b

Alcohol content (%)                      6.36±0.01a        6.69±0.02b               6.41±0.03a              6.86±0.72c

Ester as g ethyl acetate

Per 100 L of alcohol                   134.67±1.15a    190.00±2.00b          129.67±1.15a          188.33±4.72b

Aldehyde as mg acetaldehyde

Per 100 L of ethanol                 135.103±2.41a   161.433±2.43b        142.21±4.31c          176.87±2.23d

Methanol (%)                              0.0496±0.25a      0.059±0.00b           0.0437±0.00c           0.059±0.00b

•	 Values are the Means ± Standard deviation (SD) obtained from the triplicate data 

1. Total Soluble Solids: 

The final total soluble solid of plum wine samples PWA, PWB, PWC and PWD was found to be 
7.33±0.577, 8.67±0.577, 7.0±0.0 and 9±0.0 °Brix respectively. Statistical analysis showed that there 
is a significant effect on the TSS of plum wine (p<0.05). LSD indicated that there was significant dif-
ference between the TSS of all the samples except PWA and PWC, PWB and PWD.

2. Acidity

The final titratable acidity of plum wine samples PWA, PWB, PWC and PWD was found to be 
1.005±0.0, 0.9827±0.019, 0.9938±0.019 and 0.9927±0.019% as malic acid respectively. Statistical 
analysis showed that there is no significant effect on the acidity of plum wine (p<0.05). 

3. pH

The final pH of plum samples PWA, PWB, PWC and PWD was found to be 3.0633±0.0057, 
3.0433±0.0057, 3.6±0.0 and 3.0767±0.0057 respectively. Statistical analysis showed that there is a 
significant effect on the pH of plum wine (p<0.05). This result describes that among the four samples 
at least any two samples are significantly different. LSD indicated that there is significant difference 
between the pH of all the samples except PWA and PWC. It is vital to check the temperature while 

increased after alcoholic fermentation which indicates production of organic acids by yeast. (Zoeck-
lein et al., 1997). The initial reducing sugar content of plum must samples PWA, PWB, PWC and 
PWD was 6.75, 7, 7.25 and 7.5% respectively. After fermentation for 15 days, the reducing sugar 
content of plum wine samples PWA, PWB, PWC and PWD was decreased to 1.5, 1.16, 1.58 and 
1.08% respectively as shown in Fig. 4.During fermentation yeasts are responsible for the conversion 
of fermentable sugar into ethanol and other valuable by-products such as higher alcohols, organic 
acids and esters. (Gayon et al., 2006a). 

Fig. 1 Change in °Brix during fermentation                       Fig. 2 Change in pH during fermentation 

                           

Fig. 3 Change in acidity during fermentation    Fig. 4. Change in reducing sugar during fermentation

PWA   22ºBx  PWB   24 ºBx  
PWC 22 ºBx   PWD   24 ºBx
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Code Tannin Content (mg/100ml)
PWA 1.12
PWB 1.31
PWC 1.07
PWD 1.17

 
- The tannin content of sample PWA, PWB, PWC and PWD was found to 1.12, 1.31, 1.07 and 1.17 
mg/ 100ml as gallotannic acid respectively. The tannin content of table wine ranges from 0.05–2.5 
mg/100ml (Bamforth, 2005) where as that of dry wine is 50-800 mg/L. The tannin content of the 
entire sample in this study was found to be in the range. Tannins are astringent, bitter-tasting plant 
polyphenols that bind and precipitate proteins (KC and Rai, 2007). Color and taste changes during red 
wine aging have been ascribed to anthocyanin-tannin reactions (Cheynier, 2006).

Sensory evaluation of wine

Sensory evaluation was carried out for color, taste, smell, mouth feel after taste and overall accep-
tance by semi trained panelists using 9 point hedonic rating(1= dislike extremely, 9= like extremely) 
described by Ranganna, 2009.The mean scores of plum wine samples on the basis of hedonic rating 
are shown in Fig. 5. 

 

            

Fig. 5 Mean Scores of Sensory Attributes

Color The mean score for color of the samples PWA, PWB, PWC and PWD was found to be 7.714, 
8.142, 7.928 and 7.928 with standard deviation 0.994, 0.770, 0.730 and 0.828 respectively. Compar-
ing them, sample PWB was found to be most preferred than other three samples. Likewise the least 
mean score was obtained for the sample PWA. In order to find difference between individual samples, 
the mean difference of each sample with each other was calculated and compared with Least Signif-
icance Difference (LSD). It was found that there is no significant difference between all the samples. 
The quality and quantity of color as well as the clarity of the wine are assessed entirely by eye, usually 
before the tasting. The color of red wine depends on the content and composition of anthocyanins 
where as that of white wine is due to some Phenolic compounds present in grapes (Clarke and Bakker, 
2004). 

monitoring the pH of sample. The pH values of wines range from 2.8 to 4.0 (Gayon et al., 2006b). 

4. Reducing sugar

The reducing sugar content of plum wine sample PWA, PWB, PWC and PWD was found to be 1.5± 
0.25, 1.16±0.144, 1.58±0.144 and 1.08±0.144% respectively. Statistical analysis showed that there is 
a significant effect on the reducing sugar of plum wine (p<0.05). LSD indicated that there is signifi-
cant difference between the reducing sugar of all the samples except PWA and PWC, and PWB AND 
PWD. Reducing sugar is the amount of fermentable sugar, or the sugar that is reduced by fermentation 
in a juice or wine. As mentioned earlier, glucose and fructose are the fermentable sugars. Residual 
sugar is all of the sugars that remain in the wine after fermentation, including the non-fermentable 
sugars. Today, the term “residual sugar” is used interchangeably with “reducing sugar” to mean the 
amount of glucose and fructose in the juice or wine. Perhaps the best term would be residual reducing 
sugar (Jacobson, 2006).

5. Alcohol content

The alcohol content of sample PWA, PWB, PWC and PWD was found to be 6.36±0.011, 6.69±0.023, 
6.41±0.03 and 6.86±0.721 % v/v respectively. Statistical analysis showed that there is a significant 
difference between the sample of plum wine except sample PWA and PWC. According (Joshi and 
Attri, 2005), the alcohol content of plum wine ranged from 8.5 to 11.0%v/v. The plum wines produced 
in this work were found to be significantly low alcohol. The alcohol content in wine is affected by the 
pasteurization. Pasteurizing the wines at 70 or 800C may reduce alcohol content (Gill et al., 2009).

6. Ester content

The ester content of sample PWA, PWB, PWC and PWD was found to be 134.67±1.154, 190.00±2.00, 
129.67±1.154 and 188.33±4.725 g ethyl acetate/ 100 L of absolute alcohol of sample respectively. 
Statistical analysis (One ways ANOVA) showed that there is significant different between the plum 
wine samples except sample PWA and PWC, and PWB and PWD. 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 and 400 mg. as ethyl acetate 
per liter (Amerine et al., 1999).

7. Aldehyde Content

The aldehyde content of sample PWA, PWB, PWC and PWD was found to be 135.103±2.413, 
161.433±2.43, 142.21±4.31 and 176.87±2.23 mg ethyl acetate/ 100 L of alcohol of sample respec-
tively. Statistical analysis showed that different formulation of TSS had a significance effect on the al-
dehyde content of plum wine sample. Acetaldehyde is a normal by-product of alcoholic fermentation.

8. Methanol content

The methanol content of sample PWA, PWB, PWC and PWD was found to be 0.0496±0.25, 
0.059±0.0002, 0.0437±0.00015 and 0.059±0.0025% m/v respectively. Statistical analysis showed 
that there is a significant effect on the methanol content of plum wine (p>0.05). LSD testing indicated 
that there was significant difference between the methanol content of all the samples except PWB and 
PWD. Methanol is not a normal product of alcoholic fermentation. The Bureau of Alcohol, Tobacco, 
firearms and Explosive (BATF) limit of methanol content in wine is less than 1,000 mg/L (0.1%). 
The methyl alcohol content of red wine ranges from 120 to 250 mg/L whereas the levels reported in 
white wines are lower, ranging from 40 to 120 mg/L. Wines made from fruit other than grapes may be 
especially high in methanol content because of their relative pectin levels. Distillates produced from 
plum and apricots have been reported to have methanol contents of 2000 to 5000 mg/L (Zoecklein 
et al., 1997). In this study, the methanol content of all the samples was found to be within the limit 
given by BATF.   

Table 2: Tannin Content
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icance Difference (LSD). It was found that there is no significant difference between all the samples. 
The quality and quantity of color as well as the clarity of the wine are assessed entirely by eye, usually 
before the tasting. The color of red wine depends on the content and composition of anthocyanins 
where as that of white wine is due to some Phenolic compounds present in grapes (Clarke and Bakker, 
2004). 

monitoring the pH of sample. The pH values of wines range from 2.8 to 4.0 (Gayon et al., 2006b). 

4. Reducing sugar

The reducing sugar content of plum wine sample PWA, PWB, PWC and PWD was found to be 1.5± 
0.25, 1.16±0.144, 1.58±0.144 and 1.08±0.144% respectively. Statistical analysis showed that there is 
a significant effect on the reducing sugar of plum wine (p<0.05). LSD indicated that there is signifi-
cant difference between the reducing sugar of all the samples except PWA and PWC, and PWB AND 
PWD. Reducing sugar is the amount of fermentable sugar, or the sugar that is reduced by fermentation 
in a juice or wine. As mentioned earlier, glucose and fructose are the fermentable sugars. Residual 
sugar is all of the sugars that remain in the wine after fermentation, including the non-fermentable 
sugars. Today, the term “residual sugar” is used interchangeably with “reducing sugar” to mean the 
amount of glucose and fructose in the juice or wine. Perhaps the best term would be residual reducing 
sugar (Jacobson, 2006).

5. Alcohol content

The alcohol content of sample PWA, PWB, PWC and PWD was found to be 6.36±0.011, 6.69±0.023, 
6.41±0.03 and 6.86±0.721 % v/v respectively. Statistical analysis showed that there is a significant 
difference between the sample of plum wine except sample PWA and PWC. According (Joshi and 
Attri, 2005), the alcohol content of plum wine ranged from 8.5 to 11.0%v/v. The plum wines produced 
in this work were found to be significantly low alcohol. The alcohol content in wine is affected by the 
pasteurization. Pasteurizing the wines at 70 or 800C may reduce alcohol content (Gill et al., 2009).

6. Ester content

The ester content of sample PWA, PWB, PWC and PWD was found to be 134.67±1.154, 190.00±2.00, 
129.67±1.154 and 188.33±4.725 g ethyl acetate/ 100 L of absolute alcohol of sample respectively. 
Statistical analysis (One ways ANOVA) showed that there is significant different between the plum 
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odor of wines. Only ethyl acetate seems to be important-below about 200 mg. per liter for a desirable 
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per liter (Amerine et al., 1999).

7. Aldehyde Content

The aldehyde content of sample PWA, PWB, PWC and PWD was found to be 135.103±2.413, 
161.433±2.43, 142.21±4.31 and 176.87±2.23 mg ethyl acetate/ 100 L of alcohol of sample respec-
tively. Statistical analysis showed that different formulation of TSS had a significance effect on the al-
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8. Methanol content
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0.059±0.0002, 0.0437±0.00015 and 0.059±0.0025% m/v respectively. Statistical analysis showed 
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PWD. Methanol is not a normal product of alcoholic fermentation. The Bureau of Alcohol, Tobacco, 
firearms and Explosive (BATF) limit of methanol content in wine is less than 1,000 mg/L (0.1%). 
The methyl alcohol content of red wine ranges from 120 to 250 mg/L whereas the levels reported in 
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Table 2: Tannin Content
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•	 Smell The mean score for smell of the samples PWA, PWB, PWC and PWD was found to be 
7.071, 7.214, 7.214 and 6.857 with standard deviation 1.206, 1.050, 0.892 and 1.292 respective-
ly. Comparing them, sample PWB and PWC were found to be most superior in terms of smell 
than other two samples that may be due to higher ester content. Likewise the least mean score 
was obtained for the sample PWD with low ester content. This indicates that the smell of plum 
wine is greatly influenced by the ester content. The smell of a wine are directly associated with 
the chemistry of the entire wine-making process (Jackson, 2008). The mean differences of each 
sample with each other were calculated and were compared with LSD and were found that there 
is no significant difference between all the samples.

•	 Taste In case of taste, the mean score of samples PWA, PWB, PWC and PWD was found to be 
6.857, 7.5, 7.071 and 7.3571 with standard deviation 0.949, 0.94, 1.141 and 1.215 respectively. 
Sample PWB had score highest with more preference whereas sample PWA scored lowest. The 
preference of sample PWB in terms of taste may be due to higher ester content as compared to 
other samples. Residual amounts of the sugars, glucose and fructose, in a finished wine determine 
primarily its perceived sweetness or “dryness”, in wine-tasting terminology. The taste of a wine 
are directly associated with the chemistry of the entire wine-making process (Hutkins, 2006). The 
mean differences of each sample with each other were calculated and were compared with LSD 
was found that there is no significant difference between all the samples.

•	 Mouth feel after taste The mean score for mouth feel after taste of the samples PWA, PWB, 
PWC and PWD was found to 6.857, 7.375, 7 and 7.5 with standard deviation 1.069, 0.517, 0.534 
and 0.755 respectively. Evaluating them, sample PWD was found to be most preferred with high-
est score than other three samples. Similarly the least mean score was obtained for the sample 
PWA. The mean differences of each sample with each other were calculated and were compared 
with LSD and were found that there is no significant difference between all the samples. ‘Mouth 
feel’ is a term given to a sensation perceived in the mouth as a whole, and often corresponds with 
the term ‘body’ (though this may include a combined effect with the volatile substances as well). 
The hydrophilic proline-rich protein–phenol complex may be a good example of a contribution 
to mouth feel (Clarke and Bakker, 2004). It also refers to rapid sensations activated by free nerve 
endings of the trigeminal nerve. The distribution of free nerve endings throughout the oral cavity 
generates diffuse, poorly localized sensations. In wine, mouth feel includes the perceptions of 
astringency, temperature, prickling, body, and burning (Jackson, 2008).

•	 Overall Acceptance

The statistical analysis showed that there is no significant difference on the effects on sensory score 
based upon overall acceptance of different samples.

 The mean score for Overall acceptance of the samples PWA, PWB, PWC and PWD was found to be 
7.285, 7.428, 7.285 and 7.1428 with standard deviation 0.611, 0.851, 0.726 and 1.406 respectively. 
In order to find variation between individual samples, the mean differences of each sample with each 
other were calculated and were compared with LSD and were found that there is no significant differ-
ence between all the samples.

CONCLUSIONS

For	the	preparation	of	plum	wine,	Wine	yeast	were	isolated	from	the		for	the	fermentation	
process.	Pectinolytic	enzyme	at	rate	of	0.2%	could	be	used	for	the	significant	yield	of	plum	
juice.	Also,	 for	 the	clarification	of	wine,	bentonite	at	 the	 rate	of	0.04%	could	be	effective.	
The	plum	wine	with	24ºBrix	i.e.,	PWB	was	found	to	be	superior	based	on	sensory	analysis.	
Additional	studies	are	also	needed	on	flocculation	test,	hydrogen	sulphide	production	and	
yeasts	that	are	tolerant	to	high	ethanol	concentration	for	enhancing	alcohol	content	of	wine.
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9:45-9:55 Address by Chief Guest Rt. Hon’ble Vice President Paramananda Jha
9:55-10:00 Token of Love Distribution Organizer
10:00-10:10 Vote of Thanks/Closing notes Jiwan Prava Lama, Chairperson

10:10-11:00  Hi-Tea and Registration for Technical session

ANNEX



384

Proceedings : Food Conference (2014), Kathmandu, Nepal Proceedings : Food Conference (2014), Kathmandu, Nepal

385

1 Brewing potentials of Nepalese finger millet 
malt

Ganga P. 
Kharel

14:30-
14:42

2 Requirements and implementation protocol of 
residue monitoring plan (rmp) with reference 
to honey for export to EU

Nawaraj 
Dahal

14:42-
14:54

3 Information communication technology for 
agriculture

Abhishek 
Khadka

14:54-
15:06

4 Formulation and quality evaluation of nettle 
soup powder

Bharati 
Adhikari

15:06-
15:18

5 Study on the drying and value addition of betel 
nuts (areca catechu)

Achyut 
Mishra

15:18-
15:30

6 Status of Nepalese food technologists and the 
food business

Harihar 
Guragain

15:30-
15:42

7 Formulation and study on storage stability of 
sisnu (urtica plaviflora) soup powder

Pratigya 
Thapaliya

15:42-
15:54

8 Formulation of falki makai soup powder 
incorporating soybean and chickpea

Karuna 
Gurung

15:54-
16:06

9 Production, characterization and optimization 
of wine from Nephrolepsis cordifolia

Ramesh 
Parajuli

16:06-
16:18

10 Study on natural pigment from angeri 
(melastoma normale)

Krishna 
Kharel

16:18-
16:30

11 Medicinal importance of swertia chirayita 
(chiraito)

Ishwar 
Subedi

16:30-
16:42

12 Study on the preparation of biscuit and cake 
from chino (prosomillet) and kaguno (foxtail 
millet)

Roman 
Karki

16:42-
16:54

13 Comments from Chairman/Discussion 16:54-
17:15

Parallel Session II (Side Hall)
Hall B: Food and Nutrition Education + Novel Trends in Food Technology

Convenor:    Mr. Indra P. Sitaula
Chairperson: Dr. Anil K. Anal
Rapporters: Mr. Ananta Raj Paudyal and Ms. Smita Gurung

S.N. Topic Presenter Time
1 Kinetic thermal degradation of 

ascorbic acid in amla (phyllanthus 
emblica l.)

Amit Bhusan Suman 14:30-14:42

“Food Science and Technology for Agro-entrepreneurship Development”
7th National Conference on Food Science and Technology

(Food Conference –2014)
13-14 June, 2014 (30-31 Jestha, 2071)

Hotel Everest, Kathmandu, Nepal

Time Schedule for Technical Sessions

Day 1: 2071 Jestha 30 (13 June, 2014)
7:00 – 8:00 Tea, Breakfast and General Registration
8:00 - 10:30   Inaugural Formalities
10:30 -11:00 Registrations for Technical Session/Hi-Tea Break 
11:00 –13:30 Plenary Session I (Key Note Speeches in Main Hall)

Convenor: Mr. Pramod Koirala
Chairperson: Prof. Jagat Bahadur K.C.  
Rapporters: Mr. Abhishek Khadka and Mr. Maheswor Dev Gautam

S.N. Topic Presenter Time

1 Novel Trends in Food Technology Dr. Dev Bhakta Shakya, Scientist 11:00-11:25

2 Food and Nutrition Education Dr. Tika B. Karki, Professor, 
Kathmandu University

11:25-11:50

3 Traditional Food and Tourism Dr. Dilip Subba, Professor, 
Tribhuvan University

11:50-12:15

4 Agribusiness and Food Trade Mr. Uttam Kumar Bhattarai, Joint 
Secretary, MoAD

12:15-12:40

5 Food Safety Governance Ms. Parna Dasgupta, 
Legal Consultant by the Food 
Safety and Standards Authority of 
India

12:40-13:05

5 Comments from Chairman/
Discussion

13:05-13:30

13:30- 14.30  Lunch Break
14:30 – 17:15  Parallel Sessions I and II (Grand Ball or Side Hall)
Parallel Session I (Grand Ball Hall)
Hall A: Agribusiness and Food Trade + Traditional Food and Tourism

Convenor: Dr. Bhupal G. Shrestha
Chairperson: Mr. Deep Jung Shah 
Rapporters: Mr. Santosh Devkota and Ms. Richa Humagain

S.N. Topic Presenter Time
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Day 2: 2071 Jestha 31 (14 June, 2014)
7:30– 8:00 Tea and breakfast 
8:00 – 10:20  Food Safety Governance Extended Session: (Grand Ball Hall)

Convenor: Mr. Bhaskar Mani Adhikari
Chairperson: Prof. Dr. Tika Karki  
Rapporters: Mr. Bharati Adhikari and Mr. Yogendra Dhungel

S.N. Topic Presenter Time

1 Food Safety Governance Ms. Jiwan Prava Lama 8:00-8:25

2 Need for a Biosecurity Policy 
Framework for Food Safety in 
Nepal

Dr. Krishna Prasad Pant, 
Lead Consultant, FAO 
Nepal 

8:50-9:15

3 Ionizing radiation for Food 
Safety and  Promotion of 
Agribusiness

Prof. Dr. Dilip Subba 9:15-9:30

4 Food Safety Governance Dr. Anjani Kumar, Senior 
Fellow, IFPRI

9:30-9:55

5 Comments from chairman/
Discussion

9:55-10:20

10:20 - 10:30 Tea Break 
10:30 – 12:45 Food Safety Governance Extended Session II: (Grand Ball Hall)

Convenor: Mr. Nawaraj Dahal
Chairperson: Dr. Dev Bhakta Shakya
Rapporters: Mr. Pushpa L. Rai and Mr. Amit B. Suman

S.N. Topic Presenter Time
1 Development and validation 

of the analytical methods for 
the determination of toxic lipid 
oxidation products: epoxy fatty 
acids and (e)-2-butenal

Kshitij Shrestha 10:30-10:42

2 Effect of nixtamalisation on the 
physicochemical and sensory 
properties of Nepalese maize 
varieties

Somkant Rijal 10:42-10:54

3 Optimized extraction and 
augmentation of superoxide 
dismutase (sod) activity in black 
soybean functional beverage

Zhu Xiaoyun 10:54-11:06

4 Ways to promote food safety in 
Nepal

Tulsi Ram Khanal 11:06-11:18

5 A general study of energy drinks 
available at Kathmandu valley

Krishna Prasad 
Lamsal

11:18-11:30

2 Antibacterial activity of 
Lactobacillus casei and its 
partially purified extracts against 
food pathogen

Susmita Bhattarai 14:42-14:54

3 Study on physicochemical 
changes and shelf life of fresh 
rabbit meat on cold storage 
practices

Ramhari 
Lamicchane

14:54-15:06

4 Comparison of physiochemical 
and functional properties of 
starches from different sources 
(lentil, corn and potato) 

Matina Joshi 15:06-15:18

5 Effect of sucrose, total solid 
content and storage time on the 
quality of probiotic yoghurt

Santosh Dahal 15:18-15:30

6 Correct Nutrition for Food Habit Raju Adhikari 15:30-15:42
7 Formulation and quality 

evaluation of maize - rice 
- defatted flaxseed blended 
extruded product

Jaya Dhungana 15:42-15:54

8 Quality evaluation of functional 
bread supplemented with 
fenugreek (trigonella foenum 
graecum l.) flour

Smriti Shrestha 15:54-16:06

9 Resistant starch: benefit and 
application in food preparation

Suman Dhital 16:06-16:18

10 Food Science and Technology 
Education in Nepal

Ghanendra Gartaula 16:18-16:30

11 Preparation and quality 
evaluation of plum wine

Amit Sah 16:30-16:42

12 Enzymatic extraction of banana 
juice and its quality evaluation

Kriti Manandhar 16:42-16:54

13 Preparation and quality 
evaluation of chips made from 
taro (colocasia esculenta)

Saugat Prajapati 16:54-17:06

14 Comments from chairman/
Discussion

17:06-17:30

17:30- 17:45  Tea Break/Ending of Session 
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6 Application of emulsifier for 
great performance and great 
value

Mr. Harihar Guragain, 
Country Head, Kerry 
Ingredients

15:55-16:00

7 Comments from chairman/
Discussion

16:00-16:20

16:20-16:30 Tea Break 
16:30 – 17:00  Concluding Session 

6 Vicine and convicine in faba bean: 
review on occurrence, detection and 
removal

Maheswor Dev 
Gautam

11:30-11:42

6 Antibiotic resistance in food 
pathogens found in poultry meat 
and their detection method 

Sajal Man Shrestha 11:42-11:54

7 Microbiological quality of fresh 
vegetables, irrigated by water of 
Manohora river in Kathmandu-
Nepal

Pratikshya Shrestha 11:54-12:06

8 Mastitis in dairy cows : A case study 
of public health hazard in Sau-
Pharsatikar, Rupandehi

Bijay Khanal 12:06-12:12

9 A review on effect of antibiotics 
residue on human health

Shatrughan Shah 12:12-12:24

10 Food safety governance in Nepal: 
opportunities and challenges

Krishna P. Acharya 12:24-12:36

11 Comments from chairman/
Discussion

12:36-13:00

13:00 – 14:00 Lunch Break
14:00 - 16:20 Invited Lectures in Grand Ball Hall

Convenor: Mr. Ganesh Dawadi
Chairperson: Mr. Uttam K. Bhattarai  
Rapporters: Mr. Prashant Pokhrel and Mr. Suman Dhital

S.N. Topic Presenter Time
1 Role of PACT on promotion of 

Agribusiness and Food Trade in 
Nepal

Mr. Yogendra K. 
Karki, PACT

14:00-14:25

2 Green technology to enhance 
the  extraction and delivery of 
neutraceutically-driven herbal, 
vegetal and microbial matrices

Dr. Anil K Anal, AIT, 
Thailand

14:25-14:50

3 Nutritional Implication of 
Enzyme
Resistant starch

Dr. Sushil Dhital, 
University of 
Queensland, Australia

14:50-15:15

4 Traditional Food and Tourism Mr. Rabi Jung Pandey, 
NTB

15:15-15:40

5 Food Council Act: Draft Mr. Jyoti Baniya, 
FPCN

15:40-15:55
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Dignitaries on dais during opening ceremony Formal inauguration by lighting 

JFSTN Vol 8 inauguration Speech on Agribusiness by Ms Bhawani Rana

Address by Chief Secretary, GoN Mr. Leela Mani Poudyal

Address by Rt. Hon’ble Vice President Paramananda Jha  Handover of Token of Love to Chief Guest 

Vote of thanks by chairperson Ms Jiwan Prava Lama

PHOTOGRAPHS
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Delegates listening to the presentations

Key note address by Ms. Jiwan Prava Lama Chair person conducting the session

Participants on the 2nd day of Food ConferenceDelegates participating on a discussion

A Delegate participating on a discussion

Paper presenter making his presentation Dr Anil Anal, AIT, Thailand addressing audience

Delegates in technical session

Participants during paper presentation 

Key note speech on raditional by Prof. Dr. Dilip Subba

Key note speech on by Mr. Uttam K.  Bhattarai Ms Padma Parna Dasgupta addressing on Food Safety

Addressing the queries by Prof. Dr. Tika Karki Rapporteur busy on their work

Break fast time
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Participants during presentation

Invited lecture on Agribusiness and food trade Invited speech on traditional food and tourism

Invited lecture on Food Council Act Draft Participant raising his query 

Technical session on second day 

Dr. Sushil Dhital, UQ, Australia handing over projector Dignitaries on dais during closing session
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