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Executive Summary

India is transforming itself into developed country at faster rate due to inherent abilities of
Indians Without good health and quality life individuals and the country can ogiteps
further in the desired direction and level. Unfortunately Metabolic Syndrome is increasing at
geometric progression among Indians. When diabetes, hypertension and obesity appear together
they are commonly known as Metabolic Syndrome. India wagatapty of diabetics, prior to
China superseding it. At present India bears ¢
The World Health Organization identified India as one of the few nations that will boost maximum
number of lifestyle disords in near future. This trend is particularly alarming India because it is a
big menace not only to individual health but has a social and economic burden on the nation.
Increase in Metabolic Syndrome in India is attributed to three factors. Firstiplleeent genetic
constitution of Indians, we Indians have susceptible genes for cardiovascular diseases and
diabetes.Secondly changing lifestyles due to globalization, competitive azmmpiacent nature
of jobs and working conditions. Thirdighange in dod habits i.eshift to high consumption of
white rice and refined wheat flouand junk foods prepared from thesehich do not
containdietaryfibre, nutrients and mineral8ad effects of third factor can be reducediio by
adapting cultivation, production fabrication of healthy food products and consumption of
millets.

Millets are nutritious with quality protein, rich in minerals, dietary fibre, pleytemicals
and vitamins. Consumption of millets reduce the inaigenf cardio vascular diseases, diabetes
mellitus, obesity, constipation, and improve the overall health of people. Millets behfigeacty
crops are suitable for fragile and vulnerable-agosystems. Hence they should be the preferred
crops for climag¢ change, organic and sustainable agriculture. In spite of all these advantages
unfortunately, millet cultivation and consumption has diminished a lot in the last 50 years. This is
due lack of processing protocols for millets and lack of awareness betith benefits of millet
consumption. As a result millet crops, millet growers and rural lively hood and public health are
in dangerous situation.

A baseline survey was conducted in the project area covering eight districts to elicit the situation
of millets at different levels viz. production, processing, value addition and
consumptior-ollowing research and adaption gaps were identified:

Non availability of primary processing units in Karnataka.

Non availability of improved varieties of millets.

Non encouragement to farmers by government to grow millets.

Non availability of millets in the market for consumption.

Non consumption of nutritious and healthy millets by public.

Non availability of nutritive health foods in the market.

Non availability d non communicable disease management ready to eat food products in
the market.

High prevalence rate of non communicable diseases in the project area.

e Lack of awareness to public about health benefits of millets.

Hence NAIP component 2 sub project #edi was conceived and launchadUAS,
Dharwad during 2008 to 2013 in a consortium mode by involving BAIF Dharwad, 2) KLES
Medical research Centre Belgaum, 3) Chandana Food Products Gadag as the Parjeetrs.
aimed to create demand for milletaigh value addition and to build up supply chain and market
for value added millet health produdtke sub project was taken up with the objective of



development of healthy millet food products, popularize millets, create awareness and increase the
demand for millets in turn increase the production of millets and quality life of public.
Accordingly following four objectives were set:

e Production: To creae market for millets through establishing primary processing and
build up of supply chain.

e Processing:To access and enhance neutraceutical value of foxtail and little millet through
appropriate processing methods, and develop value added productdtfobbeefits.

e Specific to value chain: Field level evaluation of the value added products for health
benefits and nutritional certification to facilitate popularization and promotion of
neutraceutical food products in the social market.

e Market: To strenghen the market by entrepreneurship development & commercialization
of value added food products.

Achievements:

Project has created the awareness among consumers, farmers, primary processor, food
manufacturers, traders, doctors, teachers, schodrehjlmanufacturers and marketers, regarding
the health benefits of millets, ultimately created demand for millet and established demand supply
chain. To initiate and contine the millet value chain following products were designed, fabricated
and validatedand some are commercialized:

Collection,evaluation and utilization of millet land races:Landraces of foxtail and little millet

were collected by consortium -gartner BAIF, Dharwad from millet growing areas of Karnataka.

The proximate composition of all the landraces was analyzed to screen out the landraces good in
nutritional profile. The dndraces were grouped based on size, colour and locality and selected
landraces were screened for its nutaceutical components. It was found that darker grains registered
higher phenolic acid, phytic acid and polyphenols.

Establishment of Millet Seed Bank: Two seed banks have been established and millet growing

farmers are linked to it. Field days were conducted for farmers of different regions of Karnataka.

1). Eshwarappa Banakar, Gangavati, District: Koppal, 2). Shivayogi Makri, Chikkerur, Taluk:

Hirekeru, District: Haveri. These two farmers were given with those lines for multiplication,
maintenance and distribution to surrounding farmers on barter exchange so that fresh seeds shall

be returned to millet seed bank by the users. These farmers also djtde guantity to maintain

the purity of genotypeBarmers were exposed to millet processing units and given knowledge

regarding what can be done with the millets they grow in their fields. In the direction of promoting
organic farming, farmers arelinfke t o or gani ¢ f ar mersé associatio
experts shared their knowledge.

Fabrication and Establishment of Millet Processing Wit: Existing millet processing machine

was modified to increase its efficiency in collaboration with Yelavattustries, Haveri,
proprietor of which was our CAC member. Millet processing machine thus fabricated has been
installed in Chandana Food Products, Gadag which is linked with millet farmers. A fully
automatic and a manual millet processing unit has bs#&blished in University of Agricultural
Sciences, Dharwad campus for the benefit of farmers.



Development of nutritional and therapeutic millet food production: Eleven value added millet
products have been developed in the sub project and technologydotfion of these products is
transferred to food industries and SHGs. The products are as follows:

e Foxtail Millet Ready to Cook Diabetic Food:Foxtail millet based diabetic foed
0l nKhichdimMi x6 i s a useful readyoitstow Glycemc f oo d
index (GI) of 49. The product is fabricated using foxtail millet, split black gram and
hypoglycemic spices. Clinical trials on 300 human diabetic volunteers by feeding 80g/day
of this product for 3 months showed improved blood glucoddipiul profile. Fasting and
post prandial blood glucose level decreased by 13.5 and 14.7% respectively. In addition,
glycated haemoglobin level, which is an indicator of blood glucose level of the individual
over a period of 3 months, was seen to readiralde level i.e. 6.7% from 8.3%. Plasma
lipid levels improved in terms of decreased triglycerides, LDL, VLDL and total cholesterol
by 13.5, 4, 4.7 and 13% respectively and increased HDL cholesterol bylé&iée. this
foxtail millet based diabetic diet cdre used by diabetic patients for the management of
diabetes as well dyslipidamea to certain extent.

e Little millet Energy/Sports Foodfor endurance The product is fabricated on optimal
protein energy ratio of 1:18 as per guidelines of ICMR. Ready toapgefood, easy to
mould into hot beverage with dense nutrients can help physically active people including
athletes. Ideal for glycogen store in the liver, by loading prior to the sports event with low
release of glucose during event performance boogtingical endurancelhe product
contains little millet, soya bean, skimmed mifiygar and cardamom, 50 g of this mix
provides 188 kcals of energy, 7g of protein, 141 mg of calcium and 2.5 mg offfren.
presence of complex carbohydrate and fibre inatsltontribute to the slow rate of release
of glucose in the blood which is a beneficial property during prolonged sports eVéets.
food was tested for its efficacy in terms of physical endurance. The food as pre event meal
and carbohydrate loading imased physical endurance b¥% And 15% respectively. Long
term supplementation of the product increased performance of basketball players by 27%.
Thus the product is best suited to sportsmen. Athletes, and growing children and patients
for quick recoveryirom severe loss of nutrition.

e Foxtail millet based Diabetic traveler treat Khakara :Ready t o Khakarad snack
designed and fabricated from foxtail milletnd natural ingredients with low Glycemic
index of 47 as per the WHO guidelines to suit and ease diabetictravieldlet. khakara
has higher fibre content of 19.4g as against 11.4g of wiedtara Low moisture food
with long shelf life for more thah80 days serves as travel companibims was almost 70
percent higher than the whedtakara Higher fibre content is desired for diabetics for
slow release of glucose in the blood. The product contains all natural ingredients, crisp in
texture. containgigh fibre content and high satiety vali&bricated withrhe technology
being home stead, does not require sophisticated equipments and heavy investments and
hence suitable for both rural and urban SHGs.

o Little Millet Flakes :Little millet flakes is anutritious ready to eat product suitable for
breakfast. These flakes impart long bowl life with milk and possess good sensory
attributesLow moisture food with long shelf life of 6 months. High satiety value. Ready to
eat, crunchy snack for breakfast,table for all age groups. High iron content combat
nutritional anemia, help cognitive parameters in children and geriatric grighssatiety
value. Shelf life of > 6 months, low moisture food, High iron content combat nutritional
anemia, help cognitivegpameters in children and geriatric groups. Millet flakes costs Rs
40 less per 500g packagme serving of 30 g little millet flakes provide 21.1 mg of iron,



calcium, 5.1mg, energy supplied is 95 Kcals, protein, 2.3g, fat, 0.08g, and carbohydrates
15.78g cholesterol, 0% Trans fMtillet flakes have lower energy (4BL%), fat, (7585%),
protein, (423%), and higher fiber, (885), iron (6675%) in comparison with
commercially available corn & wheat flakes, respectivAbceptability of flakes increased
when coated with chocolate. Higher fibre content of this product helps in relieving
constipation. Market testing of little millet flakes showed good demand by the consumers.
Consumer acceptability test of the product showed acceptance from all the gueagrdu
different class of people.

Little millet cookies :Little millet cookies is a nutritious, high fibre product. High energy

and protein provided by little millet cookies make it suitable for childféese little millet

healthy cookies help in reding the side effects of refined wheat flour cookies and
improve the health of cookies eateffiese cookiesutritious,contairvery low trans fat
(0.16%), high fiber, has high satiety valaed possess high acceptability for sensory
attributes.Consumer acceptability test among all the age groups revealed good demand for
the product in market.

Foxtail Millet Dosa mix :Foxtail millet dosamix is an instant mix to prepare traditional
and popuhr breakfast itemdosa The formulation contains foxtail millet as major
ingredient supported by blackgram dhal, rice, dicoccum wheat and cumin seeds. This mix
is suitable for professionals especially working womedass can be prepared instantly
without any pre preparation. The product contains good amount of fibre and protein which
is a suitable factor for breakfast items. The product provides sufficient amount of energy
required for the body. Fibre content slows down the process of digestion angtiabsor
and hence imparts good satiety value. Consumption of foxtail ndidledimproves the
health and quality life of public. The product is being manufactured by Chandan Food
Products, Gadag in large scale. The cost of this indtzsamix is Rs.40 pepack of 3509
which makes around 18osa of average size. The product is fetching good demand in
urban areas and an increase in the demand is obs@&iwegiroduct does not require pre
preparation and hence time saving, suitable for working women.

Multi grain Millet Healthy Atta: Chapathi and roti are the most commonly prepared
food items in India in almost all the regions. The glycemic index of wheat is around 80 and
hence is not suitable for diabetics. In order to reduce its glycemic index and improve
nutritional value, multigrain concept was used with foxtail millet as base. Millet based
multigrain atta contains high fibre and good amount of minerals. High fibre content results
in slow rise of blood glucose levels and makes it suitable for diab&hesproduct is also
suitable for general population due to the whole grains addedoliler chapatiprepared

using this atta is suits various accompaniments. The product is found feasible for
preparation of all the recipes where in wheat flour is used

Multigrain Millet Pasta: Pasta is a popular food among children and young generation
since more than a decade. It is a product generally prepared from refined wheat flour which
is devoid of fibre content, an important constituent required for good hegltody.

Hence, in order to increase fibre content and improve nutritional value, multigrain millet
pasta was developed using foxtail millet as base and whole wheat, sorghum, barley and
blackgram dhal were used as supporting ingredients. Multigraidsiusiee product offer
benefits of 6 different grains. Also, all the grains used are whole grains and least processed.
Multigrain pasta possesses acceptable sensory parameters and good cooking quality.

Little millet ready to cook flakes:Little millet is a nutritious grain possessing good
amount of fibre and minerals. Its bland taste makes it a suitable grain for all kinds of value



addition. Rice flakes is widely used in many regions of India. Moreover, rice flakes are
used for preparingrbakfast items. Breakfast should contain sufficient calories and all the
vital mutrients. Rice flakes provide calories but is devoid of other nutrients. Hence little
millet was selected for preparing ready to cook flakes which can provide good amount of
fibre gives good satiety value and slows the digestion.

Popularization of millets and its products Various activities were conducted to popularize these
millets with the view of bringing back these millets in the plates of consumers. Awareness
workshops were conducted in different rural and urban areas of the project area accompanied by
millet recipe conpetitions, to create awareness among the population about various forms of
utilization of millets. Quiz programmes on millets have been conducted for school children. A
phonein quiz programme was conducted on radio to target mainly the rural sectordingea
containing information on millets have been put up in 3 major millet growing areas. Folklore
festivals were conducted where competitions were conducted for rural population. Mass media
was used to popularize millets. Recipe shows were telecastedjthbDoordarshan to reach large
number of population where the preparation of milet recipe was demonstrated step by step
followed by nutritional information by experts. Radio talks were delivered in the form of series to
attract rural population towardsiligation of millets. Recipe books and folders of millets were
published and distributed through milletelas andkrishimelas. Books on health benefits of
millets, role of millets in the management of diabetes, general information on millets also have
beenpublished. Press meets have been conducted in order to bring out the information on millets
in print media. A documentary movie was developed covering the history of millets, forms of
utilization of different millets, its role in preventing non communieatiseases and cultivation
aspects; it also covered the achievements of thepmajbct. Millet meles were conducted in 4
districts of Karnataka with the objective of popularizing millets among urban and rural population.

In themelas platform was providefor the SHGs to sell their products for popularization as well

as women empowerment with special focus on rural SN@sonal Symposiusm and National

Millet Farmers Convention was conducted where farmers across the natiomlifferent
professionals raked to health, agriculture, extension and education participated. Doctors, media
persons, students, social workers, traders, teachers, farmers, SHGs, industrialists, scientists and
extension workers contributed their knowledge to the sympogiuite. workhop was organized

to bring out poems on millets as these can be more effective on population and further these poems
were compiled and brought out as publication.

Linkages have been developed with various organizations working on millets. These tiggeniza
are empowered with materials and knowledge regarding millets to ensure popularization activities
to be carried out even aftdre completion of suproject.

Impact of Project:The awareness about millets and its health benefits created by theogdb pr

has resulted in the increased demand for millet based food products. The consumption of these
healthy foods has contributed to the improvement of health of consumer.All these activities have
contributed to the increased awareness of consumers toleallls benefits of millets and finally
creation of increased demand for millets.

Impact of this project shall be improvement in the quality life of pulddem profit, and
sustenance of rural livelihoodsglf help groups and entrepreneurs. Thus increase in overall
national productivityThe promotion of millets can lead to efficient natural resource management
and ultimately to a holistic approach in sustaining preciouslaigdiversity.
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Part-I: General Information of Sub-project

Title of the sub-project

:Enrichment and Popularization éfotential

Food Grains for Nutraceutical Benefits

Sub-project code
Component

Date of sanction of sukproject

Date of completion
Extension if granted

Duration of the sub-project

Sanctioned amount

Expenditure of the subproject

Consortium leader

PrincipalScientist & Head
University of Agricultural SciencesDharwad
Ph: 9611168075Email : mykamatar@gmail.com

11.List of consortium partners:

: 207001

102

: 31-05-2008

: 31-03-2014

: 01-07-2012 to 3103-2014
. 6 years

: Rs.498.68 Lakhs

: Rs374.22 Lakhs

:Dr. M.Y. Kamatar

Name of CPI/ CCPI with Name of organization and address, phone &  Duration Budget
designation fax, email (From-To) RslL akhs
Dr. M.Y Kamatar University of Agrialltural Sciences, Dharwad | 31-05-20080 458.84
CPI Principal Scientis& Head Ph: 9611168075 31-03-2014 '
Email: mykamatar@gmail.com
Dr. M.V Jali KLES Medical Research Centre, Belgaum 31-05-2008 to
CCPI 1 | Medical Director Ph: 08312473777 31-03-2012 19.72
Email:medicaldirector@klehospital.org
CCPI2 | Mr. B.V.Bhosle BAIF, Kusumnagar, Dharwad 31-05-2008 to 903
Addn. ProgrammeCoordinator | Ph: 08362774622 Email: baifdwd @gmail.com| 31-03-2012 '
CCPI 3 | Mr. Anil Kumar Mohare Chandana Food Products, Gadag 31-05-2008to 794
Manager Ph: 08372233329 Mob: 9341171342 31-03-2012 )
CCPI4 Ms. Sumangala U., JayaFood Products, Bangalore 31-05-2008to 3.15
Manager Ph: 08023633717 31-03-2012 '
12. Statement of budget released and utilization partnewise (Rs in Lakhs):
CPI/ CCPI Name, & address Budget sanctioned | Fund releasel Fund utilized
Dr. M.Y Kamatar 458.84
CPI PrincipalScientis& Head ' 350.46 385.52
University of Agricultural Sciences, Dharwal
Dr. M.V . Jali
CCPI1 | Medical Director 19.72 16.64 16.04
KLES Medical Research Centre, Belgaum
Mr. Bharat V.Bhosle
CCPI 2 Additional Chief Programme Coordinator | 9.03 9.85 9.01
BAIF, Kusumnagar, Dharwad
Mr. Anil Kumar Mohare
CCPI3 Manager Chandana Food Products, Gadag 7.94 6.57 /.33
CCPI4 Ms. Sumangala U., 3.15 Funds not Deleted the
Manager Jaya Food Products, Bangalore ' released CCPI
Total 498.68 383.53 374.22

CPLConsortia Principal Investigator; CGEBbnsortia CePrincipal Investigator
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Part-Il: Technical Details

1. Introduction

Launch of green revolution during 1960s in India brought spectacular improvement in
Indian agriculture and reduced the hunger, increased the food security. On the other hand, green
revolution is termed as silver bullet syndrome. As the increased consonoptime grains like
wheat and rice no doubt provides more caloriesldmk in nutritional minerals, dietary fibre and
antoxidantsthus increase non communicable diseasesng the consumerSecondly high input
agriculture damaged the ecosystem andlil@rsity through increased chemicals, misuse of
irrigation. Rice and wheat are low in dietary fibre, minerals and other nutrients. Further, junk
foods prepared from refined wheaiplished whiterice still worsen the situation. It is proven fact
that corsumption of rice and wheat cause non communicable diseases like diabetes, obesity,
cardiovascular disease®nstipation On the other hand green reviobn neglected the highly
nutripotential millets. Millets are rich in dietary fibre, minerals, proteid tat compared to wheat
and rice. In other words millets have balanced nutritional composition. Consumption of millets
keeps away the non communicable diseases and increase longevity and quality life. Cultivation of
millets repair the ecostystem and in@edhe biodiversity. Distribution of wheat and rice in public
distribution system further reduced the consumption of millets by public. As a result 60% of
worl ddéos cardiovascul ar patients are in India

Diversified use of millets for demand generation and improve incomes is market driven.
Such areas of industrial involvement are milling, food uses, feed industry, energy, alcohol, starch,
exports etc. They warrant collaborative research between agritules@arch agencies, the
concerned industry or even industrial research laboratories. Such collaborations, some of which
have been initiated in the recent past, and more organized collaborative project could lead to the
development of process efficienciasd marketable products. Hence, there is a need to reorient
the R&D effects on these nutrient dense and
field to consumer 0s pl ate wunder production
therapeutt and health foods support and market.

The concept of functional foods includes food ingredients that exert a beneficial effect on
host health and reduces the risk of chronic disease beyond basic nutritional functions. It is
interesting and pertinent thnow that whole grains such as millets provide a wide range of
nutrients and phytochemicals that optimize health, preventing an individual to hit the risk of non
communicable diseases which are major threat to human quality life. In India millets areogrown
about 20 million ha with annual production of 18 million tones. These grains contribute to the
extent of 10% to the countryds grain basket
underprivileged groups.

These coarse whole grains are idifft to process at household levels, hence primary
processing protocols will enhance the utilization and suitable packaging system would improve the
stability and shelf life. The byproducts after processing of grains can be value added in terms of oll
or pigments or fiber fractions which could be therapeutically beneficial. Suitable labeling,
marketing and pricing strategies will be worked out for targeting them to rural and urban markets,
feasible to common man.

Small scale processors, new and existinigepreneurs, self help groups (both women and
youth) will be involved in this endeavor through organization of trainings, hands on training, and
workshops. These products are further made available to domestic retail and whole sale shops,
public and privée profitable catering institutions such as hotels, restaurants, cariieanayalies
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hostels, jails for nutrition and health security. It will be made certain that the value added
neutraceutical whole grain would replace the refined constituertitskefry products in the food
industry. The model frame work for revival economy based will be carried out using foxtail and
little millet identified from land races and usable value added health products.

The following researchable gaps were identified:

e Lack of suitable foxtail and little millet varieties for value addition & nutraceutical benefits

¢ Decline in production and consumption of potential food grains in the millet growing
region

e Non availability of acceptable value added health foods in thesliicrmarket

e Lack of processing protocols for enhancing and accessing nuetraceuticals for health
benefits

e Lack of Ilinks across conservation and prodt

e Processing problems, of which absence of primary processing unitsresiicbts
production and consumption.

e Non availability of acceptable value added health foods in the domestic market for quality
life of public

e The absence of dedicated supply chains from small holders to market outlets; which
requires the improvement tafgistic infrastructures and supply chain management
practices

e Lack of awareness regarding therapeutic & nutraceutical benefits of millet consumption.

Thus, the sub project titled AValue Chain
Food Grains for N u t conzeivedhyt Uniceesity of BAgricudtural $cences,w a s
Dharwad as lead centre with three consortium partners viz. (a) ChandhRfeatucts, Gadag, (b)

BAIF, Dharwad and (c) KLES Medical Research Centre, Belgaum. This {ISAR sub project
on millets focused on popularization and value addition to foxtail and little millet through PCS
(Production to Consumption System) value chain.

2. Overall Sub-project Objectives
Based on the gaps identified in the project area, the project focuses on the following
objectives:
e Production: To create consumer awareness and remunerative market for foxtail and little
millet grains through establishingimary processing and build up of supply chain.

e Processing and value addition:To access and enhance neutraceutical value of foxtail and
little millet through appropriate processing methods, and develop value added products for
health benefits.

e Popularization and evaluation: Field level evaluation of the value added products for health
benefits and nutritional certification to facilitate popularization and promotion of
neutraceutical food products in the social market.

e Promotion of products: To strengtlen the domestic market by entrepreneurship development
and commercialization of value added neutraceutical food products.

3. Sub-project Technical Profile:



Sl. Activity Deliverables Major Output Major Outcome

No.

1 Identification & 742 landraces collected Promising millet Farmers are
production of landraces made getting millet
neutraceutically available seeds for
potential cultivation
genotypes. Millet farmers seed

banks established

2 Intensive & 600 Framers trained for millet | Seeds and other input | Increased millet
profitable farm cultivation supply established production
production by
holistic approach 600 farmers benefited

3 Primary Different capacity millet Established millet Processed clean
processing of processing machineries processing unit millet grains
grains in fabricated available to
commercial units Millet processing consumers

machine available for
primary processing

4 Nutritional Nutritional value of foxtail Highly nutritive millet | Nutritious millet
analysis of millet and little millet landraces| landraces availabl® grains to
landraces farmers consumers

5 Development of | 1) Foxtail millet food mix Commercial availability | Alleviation of
value added mille| 2) Liitle millet energy food of healthy and malnutrition
products 3) Foxtail millet diabetic therapeutic products

khakara Healthy food

4) Little Millet RTE flakes consumption

5) Little Millet cookies

6) Multigrain millet pasta Increase in quality
7) Multigrain milletatta life

8) Millet dosamix

9) Little millet RTC flakes

10) Little millet composite mix

11) Foxtail millet RTC

vermicelli

6 Processing of Processing technology Enhanced functional Accessibility of
grains for nutrients (2625%) nutrients & better
enhancing utilization in
neutraceuticals product
components development

7 Functional & Grain identification for end use| Grains for Product Nutria rich
neutraceutical development products for
traits of grains health benefits

8 Value addition to | Nutraceutically rich products | Acceptable products for Alleviation of
grains consumers malnutrition

9 Nutritional Certified nutri foods Demand for nutri foods | Higher
evaluation of consumption by
health foods Nutritional value of health and | Nutritional information | larger population

therapeutic food products of millet products

10 Field testing of | Certified nutria foods for health| Improved awareness &| Health benefits

nutri foods on
human volunteers

benefits

acceptance by
consumers

Higher
consumption by




Efficacy of health food
T diabetic food and
energy/sports food

larger population

11 Popularization & | Skill development & Empowered SHGs, Increase in
entrepreneurship | information dissemination Availability in public cottage industry,
development catering institutions millet

consumption by
popuktion

12 Training & Skill development to small scall Motivation for nutri Higher production
demonstrations | processors and women group | food production & & consumption

consumption

13 Information Nutri foodsawareness Availability of food in Higher production
Transfer through public catering and consumption
mass media and institutions, mass
workshops etc. feeding centers etc.

14 Market & Availability of nutritious foods | Marketability of Direction of
Consumer developed products release of
preference survey products into

market

15 Linkage of Sustainable market for nutri Strong net working of | Increased income
farmers with products stake holders to farmers &
processors and other stake
industry holders

16 Feed back survey| Acceptance of products in the | Increased production | Increased

market

consumption and
benefit to farmers
processors

Major outcomes:

Increase in yield of selected crops by better agronomical pralis®s
Valuerization of neglected or ignored whole grains for nutrition sup(at¥%o)
One pilot model for value chain on coarse graih80%)
Sharing of technologies between consortium partfi€8%)
Availability of health foods for consumers at public catering institut(60%6)
Household nutrition security of vulnerable gro(ps%)
Shifting of undernourished children from grade Il (2d%).
Awareness of whole grain utility & health management in the populd{i&#b)
Improved income among farm women and small scale enterp{<¥rs.
Better nutritional and educational level of childr€s0%)

Lowered morbidity, increased work out and earning capgdi®o)

Increased interaction between private & public sector for innovative profxsis

Higher whole grain consumption either through direct or valdged foods(50%)

New entrepreneurf®r rural industries empowered in whole grain productits?o)

Continuous supplychain management model for whole grain foods enab®éno)

1000 people at different levels (farmers, development agents, industry) for helping whole
grain food products delopment(75%)

Women empowerment and increase in family income through employment generation as
envisaged through post harvest activity clust@g%)



4. Baseline analysis

Comprehensive information on millet production and market trends, awarenessedf mill
health benefits, primary processing, availability and usage of millet and millet food products was
gathered by surveying 683 farmers, 18 traders, 15 SHGs, 30 doctors and 200 consumers in eight
districts of north Karnataka region. In this stratified @mdsample of farmers, 87% were millet
growers, 67% were small and medium farmers and 66% were literates. Average size of the family
was 9 and holding was 4.39 acres of which 4.15 was dry land.More than 85% of households were
cultivating millets. Farmers ported that millets are good sources of fodder, organically grown
with less fertilizers and no use of pesticides, free from diseases and can be grown in harsh
environment and low fertility soils. They serve as better food than rice and wheat. In spite of a
these millet area has decreased in Karnataka from 1952 to 2008.

Growth rate of foxtail millet area&.72%) and production§.46%) showed negative trend
in Karnataka from 19901 to 200910. Similar negative trend was noticed for little millet also
with -5.62% for area ane276 for production. Ultimately consumption of millet was also reduced.
Survey revealed that consumption of millets in the project area was very low compared to rice,
wheat and sorghum. Only 0.86% foxtail millet, 1.97% little etilvas consumed per year as
against 28.95% rice, 11.08% wheat and 27.22% sorghum.

Most of the produce was exported outside Karnataka for processing to Maharashtra and as
bird feed to other states and country. Exporters did not reveal where exactly poay tbe
millets.

Following research and extension gaps/ lacunae/ situations were identified by the baseline survey
conducted in Dharwad, Belgaum, Gadag, Chitradurga, Haveri, Koppal, Davangere and Bellary
districts of northern Karnatakdillet growing are and consumption are reduced in the project
area due to following reasons as expressed by the respondent farmers:

e lack of high yielding varieties in small millets as available in cereals

¢ low demand for millets by the consumers

¢ low market price and totalrofit from millet cultivation compared to cereals

e lack of availability of improved crop production technologies for millet cultivation

e nonavailability of millet processing unit either in the village or in near by districts to carry

out primary processingf millets

It was revealed by the traders that the low profit and unavailability of millets is the major
constraint in the trading of millets. Ninety two percent of consumers surveyed, did not know the
positive health benefits of millets in controllitige blood sugar level, blood pressure and obesity.
The consumption rate was very low due to the difficulty in cleaning the millet grains at household
level. Respondents of SHGs expressed that they need training in the production of value added
products omillets.

A market survey was conducted in project area to record the availability of value added
and health food based on millets; no product was found in the market which was based on minor
millets like foxtail and little millet. But very few products veeavailable which were prepared
from major millets.



5.Research achievements of the sub project partner wise

l. Consortium Leader UAS, Dharwad

The main theme of the sub project was to improve the quality life of public through development of
healthy, nutritionally rich and therapeutic value added millet food products and make them available to
urban consumers in addition to increase the diratdumption of millet grains by rural consumers. For this
we selected all the possible target groups and planned the following products:

List of products designed and fabricated is given below:

1) Fabrication and establishment of pilot scale millet processg unit: This was aimed to make available
the dehusked clean millet grains to rural and urban common public. Public is not consuming millet because
of non availability of millet processing units in the sub project area.

2) Foxtail millet food mix for metabolic syndrome: India is the capital city ofdiabetics, which can be
managed by foods rich in fibre. Sixty percent of
this product was aimed to cater to needs of diabetics, cardiovascular opatobntsese.

3) Little millet food for energy and endurance:To cater the nutritional needs of growing children and
sports persons this little millet energy food was conceived for designing fabrication and commercialization.

4) Millet Khakara for diabetic traveller: Ready to eat healthy diabetic foods are not available in the
market for diabetidravellers. To meet the needs of this target group it was conceived to develop foxtail
millet Khakara

5) Little Millet flakes: Flakes available in the market veorn, wheat and oats are neither tasty nor healthy

to the professional groups which consume flakes as morning breakfast. To attract this group to consume
tasty and healthy millet flakes, this product was conceived to improve the health of working geatipgf
healthy breakfast.

6) Little millet cookies: Growing children are eating junk cookies filled with refined wheat flour, rice and
trans fat and carcinogenic colour added foods. To protect the children from side effects of these and to
promote their halth these millet cookies were conceived.

7) Multigrain millet atta: To improve the health of common man who consumes refined wheat flour
everyday, multi millet grairatta was conceived to prepare it by using millets to practice healthy and right
eating haits.

8) Multigrain millet pasta: To protect the persons from eating pastas prepared from rice and refined flour,
this millet pasta was conceived to give them healthy millet pasta. This pasta contains multigrains to make it
nutritious.

9) Foxtail millet dosamix: Dosa prepared from white rice is a commonly consumed breakfast for most of
the south Indian common public. Bad effects of rice is explained elsewhere in this report. Hence to improve
the public health to cover large group of people, foxtail miltetawas designed and fabricated during the
extended period of the project. Hypoglycaemic spice is also supplied with this product to make it
convenient to diabetic as well as to add taste to the persons who prefer spicy food.

10) Ragidosamix: As per thestatistics of National Osteoporosis Foundation, around 80 lakh women are
suffering from osteoporosis in India. They need calcium supplement to safeguard themselves from this
severe disease in their old ages. Most of them are poor and unaware of taling sapplements through
tablets. Hence to help this group and in order to protect the public from leading osteoporosis it was thought



to supplement it through finger millet consumption as supplementing through food is easy extensive
method. Hence desigmjrof ragidosamix was conceived to rescue the people.

11) Little millet RTC flakes: Rice flakes are consumed by common public in Karnataka and Maharashtra
for morning breakfast. To compliment or substitute by millets rice flakes we planned to desigy aedl
nutritious little millet ready to cook flakes to improve the health of common public.

12) Little millet composite mix: Composite mixes play an important role in providing nutritious and ready

to use food for children and elders. Composite mixegganerally composed of cereals, pulses and other
nutritious ingredients. Millets provide calories equal to cereals but provide fibre and minerals more than
cereals. Hence designing of little millet based composite mix was conceived.

13) Foxtail millet ready to cook vermicelli: Vermicelli is generally prepared from wheat semolina. It is
devoid of essential nutrients like fibre and minerals. Hence designing of foxtail millet based vermicelli was
conceived. To make this product ready to cook, natural flavwparial tasting ingredients were added.

The achievementsf the sub project arenvisaged in detail
1) Foxtail Millet Food Mix for Metabolic Syndrome (diabetes, obesity and hyperlipidemia)
Objective:

India is leading in cardiovascular and diabealisorders. Cardiovascular disease is one of the
leading cause of death among lifestyle related disorders. At present India bears around 60 percent of the
worl dés heart disease burden. Nearly 95 pesecent
have at least one of the major lifestyle disorders such as diabetes, hypertension and obesity. All these
disorders are interlinked and lead to developing nasty complications involving almost all parts of body.
Around 80 percent of diabetes is attriblgalbo excess weight. Likewise 26 percent of obese people
experience high blood pressure levels. High blood pressure or hypertension is an extremely common co
morbid condition in diabetes affecting -B0 percent of people with diabetes depending on obesity,
ethnicity and age.

We Indians have susceptible genes for cardiovascular diseases and diabetes. The World Health
Organization identified India as one of the few nations that will boost maximum number of lifestyle
disorders in near future. This trend is tardarly alarming India because it is a big menace not only to
individual health but has a social and economic burden, both on an individual as well as nation.

When diabetes, hypertension and obesity appear together they are commonly known as Metabolic
Syndrome. This Metabolic Syndrome can be managed by adapting healthy food and lifestyle. Millets
contain quite good amount of fibre, minerals and protein. In addition millets have low glycemic index.
Combination of high nutrition, high fibre and low Gl hetpsreduce Metabolic Syndrome. With this view
to improve the health of individual and to have stronger man power it was aimed to develop millet food mix
which can help in managing diabetes, hypertension and obesity.

Designing and fabrication of foxtail millet food mix:

e The foxtail millet was procured from dry land farmers on contract farming mode. The grains were
destoned, dehusked and polished to 4 levels to retain the larger quantity of dietary fibre from the
university millet processing unit. To increatse amylose content and to retard the amylase activity,
split black gram was selected.

e Foxtail millet grains were washed with tap water and sun dried for 7 hours; and for further moisture
removal, grains were dried in an electric cabinet drier & 7@ 4 hours for inclusion in diabetic food.

(0]



To increase the fibre content and minerals outer cover of blackgram was not removed but kept intact.
Blackgram was only split for easy cooking.

e Processed foxtail millet grains and split blackgram with seed coatmigesl in 4:1 proportion based
on preliminary studies undertaken.

e The spices viz. coriander seeds, fenugreek seeds, cumin seeds, black pepper, cinnamon and turmeric
were selected based on their functionality with reference to their proven hypoglycemity actd
used in appropriate combination. The spices were roasted individualRCaf®% minutes. The spices
were milled together and made into fine powder of 80 micron particle size in an electric pulverizer.

Evaluation of foxtail millet food mix:

a) Sensory evaluation of foxtail millet food mix served akhichdi:

After standardization of proportional foxtail millet grains, split blackgram and hypoglycaemic mix
khichdiwas prepared from this mix. For preparingkbichdi 400g of foxtail millet: splitblackgram mix
(4:1) was soaked in 400ml water. Mean while 50ml of cooking oil was heated in a cooking pan. To this 459
of hypoglycaemic spice mix was added. After this soaked foxtail millet and split blackgram mix was added
to this spice mix and furtherdlitre of water was added and the mix was cooked to prépésiedi

It is apparent from Table 1 that majority of the panelists scored 8 to 9 for appearance, aroma, taste
and overall acceptability indicating the acceptance as liked moderately anddiechuch. The product
was found acceptable in terms of appearance, aroma, taste and overall acceptability with very good satiety
value.

Table 1 Sensory evaluation of diabetic mix

SI.No. Parameter Mean score
1 Appearance 8.4
2 Aroma 8.1
3 Taste 8.3
4 Overall acceptability 8.3

Nutritional composition of diabetic food

Wheat semolinaupma being most frequently and popularly consumed breakfast food, was
analyzed for proximate composition for the purpose of comparison with diabeti&histxdi Table 2
shows the proximate composition of designed diabetic food and wheat semolina per serving. The designed
food provided 330kcal of energy, 64.5g of carbohydrates, 17.3g of protein, 3.9g of fat, 3.3g of mineral and
7.6g of crude fibre per 100g. The iso carbdiaye content of 2 meals indicates variation in other chemical
components. The designed food contains 60 times higher crude fibre, double the quantity of protein, 6 times
more fat and 3 times more ash than that of wheat semolina.

Table 2 Proximate composih of test meals per serving

SI.No. Components Foxtail millet.diabetic Wheat semolina
(9) food khichdi (100 g) Upma(100g)
1 Carbohydrates 64.5 76.5
2 Protein 17.3 104
3 Fat 3.9 0.76
4 Ash 3.3 1.23




5 Crude fibre 7.6 0.15
6 Energy (Kcal) 330 347

c¢) Physical properties of Diabetic mix

Table 3 elicits the physical properties of designed food. Both grain mix and spice mix contains less
than 10 per cent of moisture. Even the water activity was ranging between 0.34 and 0.55 indicating better
shelf life of the product as water activity indicates the availability of free water for microbial activity. Water
activity less than 0.76 inhibits the growth of different bacteria. While, water activity less than 0.61 inhibits
the growth of yeast and moulds (RotimnHygrolab Instruments). Thus the water activity of diabetic mix
between 0.34 and 0.55 supports the protective environment against bacteria, yeast and moulds.

Table 3 Physical properties of Diabetic mix

SI.No. | Characters Grain mix Spice mix
1 Moisture (%) 7.10 2.80
2 | Water activity (@) 0.55 0.34
3 Relative humidity (%) 54.96 34.06

d) Cooking profile of diabetic mix

Trials were conducted to determine the amount of water required to cook particular quantity of
diabetic mix to palatable level. Theater required for cooking and other different parameters noted are
presented in Table 4. It was observed that 4 to 4.5 times by volume of water is required to cook the grains.

Table 4 Cooking profile of diabetic mix

Quantity of Water Water Weight  of | Volume Cooking time
eain mMix required to | absorption cooked increase (min) 9
9 cook (ml) (%) grains (g) | (%)

50 225 450 250 400 10

e) Determination of Glycemic index (Gl):

Glycemic index of the designed diabetic food and wheat semalinaa for comparison was
determined using method given by Jenkins et.at. (1981). To determine the Gl ten apparently healthy female
non diabetic volunteers, aged between 38 and 55 years were selected and their general information was
collected. Determination @l was carried out in 3 phases.

Phase 1.The purpose of the study was explained to each volunteer and consent taken for participation. The
subjects were briefed about the concept of Gl and the process involved in its determination. The subjects
were instragted not to take any medications and avoid physical exertion during the study period. An oral
glucose tolerance test (GTT) was carried out for all the volunteers by feeding 50g glucose in fasting
condition.



Phase 2:After 7 days of wash out period, themsavolunteers were given test meal i.e. designed diabetic
food (80g grain mix+7g spice mix) containing 50g of carbohydrate. The test meal was administered to the
volunteers in the form d¢hichdi

Phase 3:After 7 days of wash out period after second phageat semolina upma (65g) containing 50g
carbohydrate was given to the same volunteers. Upma was prepared by roasting 65g wheat semolina,
seasoning it with one tea spoon vegetable oil, mustard seeds, cumin seeds and curry leaves to which 130ml
of water and salt was added, cooked for 7 minutes.

In each phase fasting and postprandial blood glucose level of the volunteers was checked in venous
blood samples every half an hour for two hours using Gluco Chek (Major Biosystem Corp.) instrument.
The area undethe glucose response curve was determined for glucose and two test meals; Gl was
calculated by comparing the area under glucose response curve for test meal with that of glucose.

Table 5 General information of volunteers

Volunteers Age Height | Weight BMI CirCL\JIYna;:eS:ence Circurt'lz‘l?erence WHR
(years) | (cm) (Ko) (cm) (cm)
1 51 150 48 21.3 78 92 0.85
2 46 157 80 325 105 117 0.9
3 55 152.5 79 33.9 103 118 0.87
4 39 150 495 22 75 95 0.79
5 43 153 62 26.5 89 105 0.85
6 45 158 57.5 23.2 87 95 0.92
7 45 148 49.6 22.6 87 92 0.95
8 45 159.5 65 25.6 89 106 0.84
9 38 152 39 16.9 75 90 0.83
10 40 151.5 55 23.9 82 98 0.83
(n=10) Mean | 1532 | 585 24.8 87.0 100.8 0.86

Body mass index (BMI) of each volunteer was calculated as per the norms of World Health
Organization. Four volunteers were found to be overweight (BMI>24.9), 1 volunteer was underweight
(BMI<18.5) and remaining were normal (BMI=18&4.9). When waiship ratio (WHR) was considered, it
was revealed that 4 volunteers had abdominal obesityesmnaiming was normal. However, the mean BMI
of the volunteers was 24.8 and 0.86 wdigt ratio. Height ranged between 148 and 159.5cm; weight
between 39 and 80Kg.

Figure 1 Glucose response of volunteers to glucose, foxtail millet diabetic fokltichdi and wheat
upma
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There was not much variation in fasting blood glucose level among volunteers. Figure 1 reveals the
glucose response by individual volunteer after consuming test materials viz. gkiiobdiprepared with
diabetic food and wheatpma Post prandial blood glucose test revealed significant variation between
glucose khichdiandupma It is apparent that 50g of glucose consumption by the volunteers exerted high
blood glucose over millet basedighdi and semolina upma. This is because glucose is directly absorbed in
the digestive system as glucose is the end product of digestion. On the contrary consumption of millet
khichdi and semolina upma recorded lower blood glucose level of 146.4 and dbspéctively. Lower
blood glucose recorded for khichdi is attributed to higher fibre, minerals and manipulation of starch fraction
by addition of foxtail millet and split blackgram with husk intact. High amount of fibre helps the food to
digest slowly n turn the glucose will be released slowly to the blood. Fibre is also known to reduce
cholesterol in the blood. Further hypoglycemic and hypolipidemic spices also have played role in
management of glucose level in the blood. The lower blood glucose sespoh7.5% observed among
non diabetic volunteers might improve its efficacy by reducing blood glucose level among diabetics is
indicated by studies conducted earlier in host institution. Hence it can be concluded that diabetic food has
beneficial effecbn humans in the management of blood glucose level.

Glycemic index of foxtail milletKhichadi was lower 49.6 compared to 66.9 iggmamade with
durum wheat and the difference was statistically significant at 5% level (Table 6). As per WHO norms



foods with Gl of less than 50 are classified as low glycemic food and can be recommended to diabetic
patients. As the designed foxtail millet food has low Gl of 49.6 it can be recommended for diabetics.

Table 6 Glycemic Index of subjects in response to Diabeticadtkwheatipma

Food Glycemic Index, n=10
Khichadi 49.6+3.30*
Wheatupma 66.9+7.43

*Significant at 0.05 level

f) Glycemic load (GL) of diabetic mix

Recently, in addition to GI, Glycemic Load is being used to know the foods to be consumed for the
management of diabetes. GL reflects both the quality and quantity of dietary carbohydrates of a particular
food. Glycemic Load of foxtail millet food mix waslculated using formula

GL = Gl x available Carbohydrate grams in 100g/100

Glycemic Load of foxtail millet diabetic food was found to be 12.4. Glycemic Load is classified into high
(>20), medium (1419) and low (<10). Hence foxtail millet diabetic foisdconsidered low GL food.

g) Efficacy testing of diabetic mix

To evaluate the efficacy of this foxtail millet diabetic food on diabetic patients and confirm its
effect on control of glucose in the blood on large scale, the designed fabricated foxtail millet food was
tested. The study was carried out on 300 humaneti@abolunteers by our consortium partner KLES
Medical Research Centre, Belgaum over a period of three months. Findings of the study indicated improved
glycemic and lipid profile along with improved general health as perceived by the volunteers. Fakting an
post prandial blood glucose level decreased by 13.5 and 14.7% respectively. Glycated haemoglbin level
which is an indicator of blood glucose level of the individual over a period of 3 months, was seen to reach
desirable level i.e. 6.7 from 8.3. Plasmaidilevels improved in terms of decreased triglycerides, LDL,
VLDL and total cholesterol by 13.5, 4, 4.7 and 13% respectively and increased HDL cholesterol by 17%.

Commercialization

a) Packaging

A unit pack of diabetic mix contains 500g grain mix in rfistal polyester polyethylene pouch and
45¢g spice mix in a self sealing polyester polyethylene pouch. These two packets are packed in secondary
package of carton. The carton is designed with attractive colours and pictures. The carton contained
informationon the ingredients used, nutritional composition, price, method of using the product, benefits of
the product, serving suggestion and instruction about storage.

b) Market testing

Foxtail millet food mix was packed in designed packaging material and sddjecmarket testing.
To know the acceptance feedback of foxtail millet food mix by the public in general and diabetic target
group foxtail millet food mix was kept for sale in 20 each popular outlets in Dharwad, Belgaum and Gadag
cities for three monthsdMarket feedback indicated that millet foxtail millet food mix was accepted by
consumer and sixty two percent of the consumers purchased second and third time during the period of the
study and they intended to purchase frequently. Thus the result ofafketntesting encouraged us to



proceed for large scale production and launching of the foxtail millet food mix on commercial scale for the
benefit of target group.

c) Technology transfer

The technology of preparation of foxtail millet food mix has beandferred to food industry i.e.
Chandana Food Products, Gadag which is a consortium partner in sub project. The industry is producing
the product and supplying to 40 outlets in Karnataka. Further steps are being taken to make it available in
more number fooutlets and in super markets.

Conclusion

The foxtail millet ready to cook diabetic food mix is found suitable for healthy and also
management of diabetes, obesity and hyperlipidamia due to its low Gl (49.6), higher fibre, higher minerals
and complex adohydrate. There is possibility that mineral content might be contributing to stimulate
insulin production. The food is acceptable for its sensory profile and also culturally accepted as these
millets are used during special occasions like festivals astihf). Hence, this designer food is useful for
general diabetic population in maintaining normal or near normal blood glucose level and managing
hyperlipidamia and obese condition.

2) Little Millet Endurance Sports Food Mix

Objective

Many trainers,coaches are available for each kind of sports and sportsmen make use of it by
attending the trainings. But most of them are not aware that their body must be supplemented with good
nutrition to achieve the performance aimed by them. Nutrition is equaltyh mmore important to body to
accomplish the goal set by trainers and most of sportsmen neglect it. They need to consume food
supplements for boosting endurance capacity.Little millet contains good amount of fibre, carbohydrate and
fat. Hence it was concesd to design little millet based endurance sports food with optimum protein ratio
as per the guidelines of Indian Council of Medical Research, with consumer acceptability.

Materials

To design the endurance food which supplies carbohydrate, proteinarfithiat in an appropriate
proportion food grains which meet these requirements were searched. Further to fortify with protein
supplement, soyabean and skimmed milk powder were chosen. Sugar and cardamom were chosen for
flavour and taste.

Designing andfabrication

Carefully chosen two highly nutritious food ingredients viz. little millet and soyabean were mixed
in different proportions to form four combination of food mix. These four mixes were roasted and milled to
flour. Further all the four flour sartgs were added with different quantity of skimmed milk powder and
sugar powder. While mixing above three ingredients care was taken to maintain protein energy ratio as per
the guidelines of Indian Council of Medical Research. These four types of flous miexe evaluated by
semi trained panelists from department of Food Science and Nutrition, College of Rural Home Science,
University of Agricultural Sciences, Dharwad for taste and acceptability and their preferences. The result is
presented in Table 1. Thkur mix sample 2 scored first rank by maximum number of 7 panellists. The
sample mix 2 was studied further for refinement of the product.

Table 1 Ranking of samples



Sample Frequency of Ranks
' [ I V;
Flour Mix 1 0 1 > 7
Flour Mix 2 7 1 1 i
Flour Mix 3 3 6 1 5
Flour Mix 4 0 2 6 5

In order to increase the acceptability of the mix, different flavours were added to Mix 2 and
subjected to sensory evaluation. The flavours selected were chocolate, cardamom and vanilla. The results of
thesensory evaluation on flavour are presented in Table 2.

Table 2 Scores of sensory evaluation of sample 2 for addition of flavours

Flavour Colour and Consistency Aroma Taste OveraII_ _
appearance acceptability
Chocolate 5 4 6 6 6.5
Cardamom 7 7 7 8 8
Vanilla 7 6 7.5 7.5 7.5

Flavour studies indicated that cardamom flavoured mix scored highest score of 8. Hence,
cardamom flavour was finalized for including in sports food mix which had an additional advantage of
being natural ingredient.

The procedure for preparation of sports food mix after standardization is presented in Figure 1.



Figure 1. Process of preparation of little millet endurance/energy food mix
Evaluation of the product

Sensory evaluation:After the fabrication of endurance sports food mix, preparation of porridge from this
food mix was standardized. Procedure for preparing porridge was standardized and is given below:

Add 50ml water to 50g sports food mix and prepare slurry without forhaings.
Bring to boil 200ml of water on stove.

Add the prepared slurry to boiling water.

Cook this mixture for 2 minutes with continuous stirring.

The scores of sensory evaluation of sports food mix in the form of porridge is presented in Table 3.

Table 3Mean scores of sensory evaluation of sports food porridge

Colour and Consistency Aroma Taste Overal! .
appearance acceptability
Little millet
energy food ! ! ! 8 8




Table 4 Descriptive sensory characteristics of porridge prepared from sports food mix

Parameter Descriptive sensory characteristics

Colour and appearance Creamish and attractive with appealing appearance

Aroma Pleasant with cardamom flavor

Mouth feel Smooth, swallowable, very easy to consume and without any after t3
Taste Sweet,mild roasted flavor and highly acceptable taste

b) Nutritional composition

At present there are no endurance sports foods in the market for comparison of nutritional facts of
our designed little millet endurance sports food. However the nutenposition of sports food mix was
analyzed using standard methods of Association of Official Analysts and Chemists to label the nutria facts
on the commercial product package. The composition is given in Table 5. This analysis revealed that 100g
of little millet endurance sports food supplies 376kcal energy, 14g protein and 71g of carbohydrate along
with 262mg of calcium and other minerals.

Table 5 Nutritional composition

Nutrients Per 100g Per serving (509)

Energy , Kcal 376 188
Protein, g 14 7

Fat, g 4 2

Crude fibre, g 2.33 1.2
Carbohydrates, g 71.0 35.5
Calcium 262 131
Iron 5.0 2.5
Copper 0.36 0.18
Manganese 0.38 0.19
zZinc 2.02 1.01

c) Consumer acceptability

Porridge was prepared from sports food mix and given to 156 athletes compfisimtdren and
adults. Food action (FACT) rating scale was used to obtain the feed back from them. The result of
consumer acceptability test is given in Table 6. It was observed that 46 percent of participants likes to
consume the product at every givgoportunity. None of them disliked the taste. Twenty five percent of
participants expressed their willingness to consume very often. None of the participants disliked the product
for acceptability.



Table 6 Scores of sensory evaluation

FACT rating Scale Frequency Per cent
Eat every opportunity 72 46.15
Eat very often 39 25.00
Eat frequently 25 16.03
Eat now and then 13 8.33
Eat if available 7 4.49
Donot I|ike, e - -
Hardly ever eat - -
Eat if no other choice - -
Eat if forced - -

d) Efficacy testing

Efficacy of the endurance food plays vital role in commercialization of the product and

acceptability by target group than the acceptance of the product.

The efficacy of sports food mix on endurance capacity was conducted in 4 phases.

1.

2.

Selection of subjectsA total of 31 basketball players from Dharwad district were selected for study;
among them 16 were hostel dwellers from Sports College and 15 day scholars.
Orientation to the sportsman: An orientation session was conducted for spoén to provide them
with the knowledge regarding importance on nutrition in sports performance, role of supplementary
sports food and information regarding the developed sports food mix. Sportsmen were informed
regarding feeding trial of the little milleindurance sports food mix on them.
Assessment of physical status and nutrition intakeThe nutritional status of the subjects was
assessed in terms of anthropometry (height, weight, BMI and skin fold thickness) and haemoglobin
levels. The food intake ohé subjects was noted by 24 hour recall method. The result is tabulated and
presented in Table 6 and 7. Average height of hostel dwellers was 10cm higher than day scholars. The
BMI was similar in both groups. There was no conspicuous difference in thiegdtstatus of both the
groups.

Table 6 Anthropometric parameters and haemoglobin levels of subjects

Parameters Hostel dwellers Day scholars
n=16 n=15

Height, cm 181.75+4.99 174.07+6.6

Weight, kg 72.75+£4.78 69.67+6.58

BMI 22.05+1.70 22.97+1.47

Body Fat,% 15.73+1.03 17.86+1.52

Haemoglobin, g% 13.48+0.65 12.16+0.82




Table 7 Nutrient intake of the subjects

Nutrients Hostel Day scholars
Energy, Kcal 4032+196 3412+234
Protein, g 107+5.62 81+8.36
Fat, g 152+8.34 123+10.86
Carbohydrates, g 504+37.24 482+46.57

4. Efficacy studies:Three types of studies were conducted to test the efficacy viz. (i) carbohydrate loading
(if) pre-event meal and (iii) long term supplementation. The effect of carbohydrate loading on endurance
capacity of the subjects was studied in terms of time toustiom, distance covered on treadmill and
calories burnt by making subjects run on a treadmill.

i) Carbohydrate loading: The subjects were supplemented with sports food mix for 3 consecutive days.
The endurance capacity of the subjects was testet]l day4The result is presented in Table 8.All the three
days each sports person was supplied with equitable amount of little millet endurance sports/energy food at
the rate of 1gm carbohydrate for 1kg body weight of sports person. Endurance capacity odieitain

was tested on"dday after carbohydrate loading. Data of performance of sports person on motorized tread
mill (table 8) was recorded prior to carbohydrate loading and after loading. Results of this study revealed
that average time taken by spomen for the exhaustion was increased by 15.5% due to carbohydrate
loading by little millet endurance food. Similarly average distance covered by them on tread mill was also
increased by 15.6%, whereas additional calories burnt for this increased timistandedwas only 8.5%.

Thus it can be inferred from this first study of carbohydrate loading for three days by little millet endurance
energy food mix. Efficiency of sports is increased by 15% and remained energetic for long period.

Table 8 Effect of camhydrate loading on endurance capacity

Parameter Before carbohydrate | Aftercarbohydrate | Improvement
loading loading (%)
Time to exhaustion (min) 27.97 32.32 15.55
Distance covered on treadmill (k] 4.66 5.39 15.66
Calories burnt (kcal) 297.7 323.2 8.56

ii) Pre event meal:Preevent meal is the food taken certain time before the training session or competition.

It must provide adequate energy to prevent fatigue and ward off hunger. The food must be high in
carbohydrates and low in fats. The participatipgrts persons were given sports/endurance food which
provided 1g carbohydrate per kg body weight, one hour before the endurance test. The data of the
endurance test is presented in Table 9. Results of thisvere meal study revealed that consumptibn o

50g little millet endurance sports/energy food increased the performance by 1.97% than consumption of
equal amount of carbohydrate through 3% idli by same participants on other day. Further subjects were
energetic for little bit higher period. On the t@my on an average they utilized lower calories for high
performance than eating idli.

Table 9 Effect of Prevent meal on endurance capacity

Parameter Routine food Sports food mix ~ Percent
(3% idli) (509) improvement
Time to exhaustion (min) 33.44 34.05 1.82

Distance covered on treadmill (km) 5.57 5.68 1.97




Calories burnt (kcal) 344.44 340.55 1.12

iii) Long term testing: To validate the above two experimental results long ter study was carried out for 3
months. The product was supplemented to the participants for a period of 3 months. Their physical
endurance was measured before and after the 3 months supplementations iof ttime to exhaustion on a
treadmill. Results of this long term testing indicated that the sportsmen who consumed the product under
test for 3months performed much longer on treadmill. Experimental group exhausted at 38 minutes.
Whereas they perforrdeupto 30 minutes at the time of initiation of experiments 3 months back.

This difference accounts to 26% increased performance after 3months if consuming little millet
energy food. On the contrary control group who were not supplemented with this dowat differ in their
performance during the span of three months. This increased performance of sportsmen is attributed to
storage of energy in glycogen form in their body. It may be due to minerals and protein available in little
millet, soybean and milkowder. Thus little millet endurance food may be recommended to sportsmen to
increase their performance in addition to their coaching and training classes. Similarly this little millet
energy food may be also recommended to growing children for theitrgeowl development.

Table 10 Effect of long term supplementation of sports food mix on endurance capacity

After 3 months Percent
Parameter Group Before . .
supplementation improvement
Time to exhaustioll Control 30.79 31.03 0.79
(min)
Experimental 30.60 38.82 26.86

Commercialization

a) Packaging

Metalized polyester polyethylene material was used as primary packaging to pack sports food mix.
The mix thus packed was packed in carton which acted as secondary packaging material. The carton was
designedwith attractive colours and pictures. The carton contained information on the ingredients used,
nutritional compaosition, price, method of using the product and instruction about storage.

b) Market testing

To know the acceptance feedback of little milleemyy/sports food mix by the public in general and
diabetic target group little millet energy/sports food mix was kept for sale in 20 each popular outlets in
Dharwad, Belgaum and Gadag cities for three months. Market feedback indicated that little millet
energy/sports food mix was accepted by consumer and sixty two percent of the consumers purchased
second and third time during the period of the study and they intended to purchase frequently. Thus the
result of the market testing encouraged us to procaddrfge scale production and launching of the millet

little millet energy/sports food mix on commercial scale for the benefit of target group.

c) Technology transfer

The technology of preparation of sports food mix has been transferred to our busitressigar
Chandana Food Products, Gadag for commercial production and market of the product in Karnataka. The
industry is producing the product and supplying to 40 outlets in Karnataka. Further steps are being taken to
make it available in more number afttets and in super markets.

Conclusion



Little millet based sports food improved endurance capacity of sportsman by 15.55% when given
as carbohydrate loading food and 21.77% when given asvprdg meal. Thus the product is helpful for
athletegarticipating in long duration games. The product can be good supplement to growing children too,
to keep them active. The sports food mix is easy to prepare and also has good shelf life.

3) Foxtail Millet Khakara

Objective:

In the present day most of the persons everyday travel for one or the other purpose for their
livelihood. It is difficult for diabetic travellers to get the diabetic food while travelling. To cater this target
group to make available the diabetic foodtia stores it was thought over to design and fabricate diabetic
ready to eat snacks which can be carried easily while travelling. From the basic studies we noticed that
Guijarati people carry home preparkidakarawhile travelling in train across the natimom Gujarat on
business

Khakarais a traditional Gujarati food prepared with wheat flour and sometimes with addition of
spices. It is a readfp-eat convenient food, with low moisture and good shelf kfeakaracan be modified
to value addedkhakara by varying the ingredients. Foxtail millet was selected for value addition of
khakara Foxtail millet possesses therapeutic nutraceutical value high fibre content and low glycemic index
apart from nutritional benefits. Its high fibre content makes it maisable for diabetics. Thus foxtail millet
basedkhakarawas developed with acceptable sensory qualities. To make it more suitable for diabetics it
was planned to add hypoglycemic spices to achieve the glycemic inddralarabelow 50. Hence the
main oljective of the study was to design and fabricate foxtail millet khakara with glycemic index less than
50, acceptance in taste and ease in carrying while travelling.

Materials:

American Diabetic Association (ADA) has fixed norms for diabetic food. Any famde
recommended as diabetic food, that food should have glycemic index (GI) below 50. To obtain low
glycemic index that food never contain high amount of dietary fibre less of carbohydrate and must contain
protein, fat and minerals in proper proportimn sustainance of health. Hence to foxtail millet which has
comparatively high amount of fiber was selected. It has highest protein content than other cereals including
maize, wheat, rice and other millets. Hence foxtail millet was most ideal for prgphakaradiabetic.

Among the spices which had more hypoglycemic activity were searched from the literature. Following are
the ingredients finally selected for this studyVheat flour, Cumin, Corriander, Methi, Turmeric and Black

pepper.

Designing ard Fabrication:

Following treatments were formed for the fabrication of foxtail miiedkarato replace wheat and to have
glycemic index below 50. As per ADA standards, any diabetic food should have glycemic index below 50.
(a) Whole wheatonly

(b) Foxtail millet : wheat 50:50

(c) Foxtail millet: wheat 60:40

(d) Foxtail millet : wheat 70:30

(e) Foxtail millet: wheat 80:20

Five flour samples were prepared based on above treatments by mixing the appropriate proportions
of wheat flour, foxtail millet flour and glycemic spice mix. Accordingly five sample&hatkarawere
prepared by the standardized method. Four typddakara thus prepared by foxtail millet and wheat
combinations were evaluated orBlhedonic scale for different parameters in comparison kiittkara



prepared from whole wheat flour. The detailed data on sensory evaluation parameters is presented in Table
1.

Table 1 Mean scores of sensory evaluation of millet khakara

Percent of wheat Sensory characteristics
flour re_pla(?ed by Overall
foxtail millet Appearance Texture Taste acceptability
0 8.8 8.3 8.0 8.5
50 8.4 8.8 8.6 8.4
60 7.8 7.4 8.4 8.0
70 7.2 7.3 7.0 7.5
80 7.1 7.6 7.3 7.0

Acceptability range of all the four millet:wheat proportions ranged from 7 to 8.4 as against 8.5 of
whole wheatkhakarg which indicates that all the four proportions were moderately to highly acceptable.
Thus the sensorgvaluation scores by judge panel revealed that replacement of wheat up to 80 percent by
foxtail millet were acceptable in terms of appearance, texture, taste and overall acceptability.

Rolling of khakarawas difficult in case of replacement of wheat bya®@ 70 percent foxtail millet
flour. Considering the ease of preparatiorkbfkarathe maximum of 60% of replacement of wheat by
foxtail millet can be upto 60%.

Preparation of Hypoglycemic spice mix:

Hypoglycemic spice mix was standardised and preparea@ddition to Foxtail milleiKhakarato bring

down the glycemic index below 50. For this study different proportions of hypoglycemic spices viz., cumin,
coriander, black pepper, turmeric were ground to powder and mix was prepared. This hypoglycemic spice
powder in different proportions was added to, 60:40 foxtail millet: wheat Hbakaraand subjected to
sensory evaluations. The scores of sensory evaluations were analysed and the proportions of five
hypoglycemic spices to be added was optimised basadamptability and glycemic index was kept below

50.

Methodology:

After standardisation of proportion of foxtail millet, wheat and specific combination of spices the 60: 40
proportion of foxtail millet and wheat grains and specific combinations of f®diycemic spices viz,

cumin seeds, coriander seeds, black pepper seeds and turmeric were mixed together. This mixer was milled
to fine flour in an electric pulverizer. Known volume of water, oil and salt was added to the flour; kneaded

to soft non stickydough. The dough was then divided into small balls, rolled tokthekaraand baked on
preheatedava(Table 3.

Development of hypoglycemidkhakara:

Selected hypoglycemic spices viz. cumin seeds, coriander seeds, black pepper and turmeric were
individually added in different proportions to milletakaraprepared with 60:40 foxtail millet: wheat flour
khakaraand subjected to sensory evaluation. Thapprtion of these spices was optimized based on the
results of sensory evaluation.

Fabrication:



After standardization of proportion of foxtail millet, wheat and spices the 60: 40 proportion of
foxtail millet and wheat grains and specific combinationgive hypoglycemic spices viz, cumin seeds,
coriander seeds, black pepper seeds and turmeric were mixed together. This mixture was milled to fine
flour in an electric pulverizer. Known volume of water, oil and salt was added to the flour; kneaded to soft
non sticky dough. The dough was then divided into small balls, rolled tokttakaraand baked on
preheatedava.

Evaluation of the product:

Sensory evaluation:

The product thus prepared by standardized method was subjected to sensory evaluation bynedmi tr
panelists on -B point hedonic scale. It was observed that the product was acceptable for all the sensory
parameters.

Table 2 Scores of sensory evaluation for mKledkara

Overall

Sample Appearance Texture Taste acceptability

Hypoglycemic

millet khakara 8.1 8.3 8.1 8

Physical properties: The physical properties of the products were also studied by prefhakgrawith
100g of hypoglycemic millekhakaraflour. The details are presented in table 3.

Table 3 Physical properties

, , Diameter
Millet Water | Weight | Weightof | Diameter of | ¢\ piara | No. of
. each ball khakara
khakara | absorption | of dough after khakara
flour (g) (%) ) to be before baking | obtained
rolled (g) | baking (cm)
(cm)
100 70 168 28 23.524.5 21.522.5 6

Nutritional facts:

Nutritional analysis of foxtail millekkhakaraand wheatkhakara as a check was done to know the
nutritional composition and for labelling on commercial packet. Nutritional parameters viz., Energy,
protein, fat, fibre, calcium and iron content were edf@uaby using standard AOAC (Association of
Official Analytical Chemists) methods. The nutritional composition is presented in Table 2. Results of
nutritional analysis revealed that milldtakarahad higher fibre content of 19.4g as against 11.4g of wheat
khakara This was almost 70 percent higher than the wkbakara Higher fibre content is desired for
diabetics for slow release of glucose in the blood is slowly raised. Dietary fibre has two kinds of fibre
soluble and In soluble. After the food is digeb and transferred to small intestine soluble fibre absorbs
water and increases the bulkiness of digested food and makes the absorption of glucose slow thus glucose
content in the blood is slowly released. On the other hand insoluble fibre eases theentowém
unabsorbed left over food to large intestifus high fibre content in mill&hakaraconstantly maintains
glucose at optimum level. Fat content of milkblakarawas 23 percent higher than whé&agakarawhich



was also desirable for slow digestiohkhakarain diabetics. Protein and Iron content were almost similar
in both types okhakara

Table 4 Nutritional composition d&hakaraper 100g

SI.No. Parameter Wheat khakara | Millet khakara
1 Energy (Kcal) 386 380
2 Protein (g) 12.1 12.22
3 Fat (g) 6.7 8.26
4 Fibre (g) 11.4 19.4
5 Calcium (mg) 48 37.8
6 Iron (mQ) 4.9 3.64

Determination of Glycemic Index

The glycemic index plays a vital role in determining the efficiency of diabetic food. Hence to know
the level of glycemic index in milldthakara glycemic index was estimated by the method described by
Jenkins et.al (1981). For this study 20 apparently healthy women volunteers were selected. Fifty grams of
glucose and millekhakaracontaining equal quantity of carbohydrate was providetthése volunteers on
two different days. The blood glucose levels of volunteers were noted at eVemir8fie for two hours.

The area under glucose response curve Bfdllcose andkhakarawere determined by plotting blood
glucose concentration againgte. The glycemic index was calculated by comparing the area under
glucose response curve fiinakarawith that of glucose. Results indicated that average glycemic index of
foxtail millet khakarawas 47 compared to 100 of glucose. It may be noted thadilfoxillet has glycemic

index of 57. The glycemic index of mill&thakarawas 47 against 100 gram of glucose. According to
WHO, the foods with glycemic index below 50 may be prescribed to maintain lower blood glucose level.
As the milletkhakarahad glycenic index of 47.5 which is lesser than the maximum limit prescribed by
WHO, millet khakaracan be prescribed for diabetic patients on travel or all the diabetics who want to eat
khakaraas snack.

Commercialization of millet khakara

a) Packaging: Suitable primary and secondary packaging materials were selected for preserving the
sensory qualities of the milldthakara Metalized polyester polyethylene was used for packing millet
khakara Millet khakarathus packed was placed in carton. The cartas designed with attractive picture

of millet khakara nutritional information, ingredients, net weight, price, benefits of miletkaraand
storage instructions. Thus packed mikbakarahas shelf life of 6 months.

b) Market testing: Ready to Eat wheéd&hakaraitself is a new product in Karnataka state. Preliminary
market testing gives an idea regarding sale and acceptance of nhew product to be launched in commercial
market. To know the acceptance feedback of milletkaraby the public in general andiabetic target

group milletkhakarawas kept for sale in 20 each popular outlets in Dharwad, Belgaum and Gadag cities
for three months. Market feedback indicated that milletkarawas accepted by consumer and sixty two
percent of the consumers purchasedond and third time during the period of the study and they intended

to purchase frequently. Thus the result of the market testing encouraged us to proceed for large scale
production and launching of the milldtakaraon commercial scale for the benedf target group.

c) Technology transfer: For the purpose of commercialization in a view to make the diabetic travellers
treatkhakarg available to target group as well as common consumers the modus oparendi of preparation of



millet khakarawas transferd to self help groups in and around Dharwad district by arranging frequent
training in Rural Home Science College Dharwad. Further this technology was transferred to our business
partner Chandana Food Products, Gadag for large scale commercialisateprafduct.

d) Success storiesSmt. Girija Hiremath, founder of Durga Yuvati Mandal at Mangalagatti village of
Dharwad district received training and prepares 2400 packets of khifiaraper annum with the help of
5 women members of the group and earpsofit of Rs.7200 annually.

Women Entrepreneurship Development Association, Dharwad is a group of women entrepreneurs
who were trained by NAIP project team to prepare milketkara The group has prepared employment for
10 women towards the preparatiof millet khakara NAIP sub project has provided platform to these
women entrepreneurs to popularize and sell this product.

Conclusion

Value added millekhakarais high in fibre and hypoglycemic ingredients; has low GI, and hence
best suited for diabies. Since it is a ready to eat food, it becomes an ideal food for diabetics while
traveling, as they have limited accessibility to food while out of house. The technology ofkimélletra
being homestead, and investment being low, it is easily adaptabtaall entrepreneurs and SHGs.

4) Little Millet Ready to Eat Flakes

Objective:

Breakfast is the most important meal for any individual, as it is the first food of the day and
provides nutrients as well as energy to the body and brain. Breakfastvjilymle in the working
efficiency of workers and understanding efficiency of learning student. Hence it is very important for
breakfast to be a wholesome food. Our market survey revealed that at present wheat and corn flakes are
available in the markef hese corn and wheat do not contain dietary fibre nutrition and taste they have to
be fortified with nutrients. Grains rich in fibre, carbohydrates and minerals are ideal for breakfast items.
Thus, ready to eat flakes were developed from little milletivipiossesses all these qualities. Addition of
milk to it enhances the nutritional quality. Also, in present era where number of working women is
increasing, time saving ready to eat foods play very important role. A study was directed towards the
developmat of little millet ready to eat flakes, its characterization, value addition, consumer acceptability
and commercialization.

Designing and fabrication of little millet ready to eat (RTE) flakes:

The standardized protocol for development of little millet flakes RTE is schematically represented
in Figure 1. Batch processing method was employed for production of flakes. The grains were tempered
and subjected to controlled gelatinization by steaming rotary steamer under a pressure of 20 Ibs/psi at
180°C for 20 minutes with two sessions of intermittent cooling of 30 minutes each. The partially
gelatinized grains recorded a moisture content of 30.00 percent and were air cooled to surface dryness for
about 30 minutes when moisture was 26.00 per cent. The dried grains were passed through rollers at a
speed of 70 rpm to press the grain to flakes with a gap of 0.25 mm between the rollers. The rolled grains
were cooled when the moisture content was 2@&@ent. At this stage sugar and salt were added and
mixed thoroughly. This mixture was fed to single screw extruder with die diameter of 4 mm. Head
temperature of extruder was maintained between 110 to 130° C. At this stage the extrudates recorded a
moisture content of 33.00 per cent. The extrudates obtained in the form of a continuous strand were
conveyed on a belt, to a grit cutter with simultaneous blowing of cold air. The grits were manually
separated and spread uniformly in a single layer under $badeto 8 h. The grits were passed through a
roller at a speed of 70 rpm and the gap between rollers was 0.10 mm. At this stage the rolled flakes were
bigger in size. The flakes were dried under sun for 4 to 6 h to a moisture content of 11.00 per cent and
toasted at 180 to 200 °C with salt as toasting medium, for about 40 seconds. Thus, the processing protocol
of RTE little millet flakes was standardized.
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Figure 1 Preparation of little millet flakes

Further the flakes were subjectéd addition of ingredients like salted butter, spice mixes,
chocolate, jaggery, sugar to enhance flavour and taste. The most acceptable was found to be addition of
chocolate, in terms of shelf life and acceptability.

Evaluation of little millet RTE flakes:

Sensory evaluation of little millet RTE flakes:

The little millet flakes were subjected to sensory evaluatiatomparison with corn flakes oral
point hedonic scalfor sensory evaluation by panel of evaluators. The result is presented irlTable

Table 1 Scores of sensory evaluation

Sensory attribute Little millet flakes Corn flakes
Colour and appearance 7.66 7.50
Taste 7.83 7.25
Texture 7.83 7.13
Aroma 7.25 6.25
Overall acceptability 7.50 7.25
Acceptability index 84.60 78.62




Sensoryevaluation scoring was done of®hedonic scale. It is interesting to note that little millet
flakes prepared in the laboratory without adding or fortifying with artificial additional compounds, scored
high for appearance, taste, texture, aroma and ferathacceptability than the corn flakes marketed with
addition of other nutrients and taste enriching chemicals. Further, the acceptability index of little millet
flakes shall be easily accepted in the market by consumers if this product is launchederHtavbave
varieties in the market different flabours like chocolate, chakramuni, greengram dhal, flaxseeds and
grdencress seeds were added. Thus varieties of little millet flakes were created.

b) Sensory evaluation of choco little millet flakes

The chaolate coated little millet flakes (choco little millet flakes) were subjected to sensory
evaluation. The scores obtained are presented in Table 2. The scores for all the sensory parameters
increased by one percent with addition by more or less one uhithei coating of chocolate to little millet
flakes. Thus, choco little millet flakes were finalized for commercialization.

Table 2 Scores of sensory evaluation.

Plain little Choco little o -
Parameter : . Descriptive characteristics
millet flakes | millet flakes
Color and 7.66 8.00 Highly acceptable, attractive chocolate colou
appearance
Taste 7.83 8.00 Well appreciated chocolate taste
Texture 7.83 8.25 Highly acceptable crunchy product
Aroma 7.25 8.62 Acceptable chocolate aroma
Overall acceptability 750 8.95 Highly acceptable, chocolate taste , crun
product

Acceptability index 84.60 91.37 -

c¢) Physical characteristics

Consumer acceptance is the final verdict to launch the product in the market. Common man gets
attracted to the product first by thaysical traits of a product like size, shape, texture and colour. To know
these properties physical characteristics of little millet flakes was studied. The result is presented in Table
3. Among the physical characteristics of a product consumer isfiratted by the colour of the product.
Randomly selected flakes were ground to fine powder and subjected colour assessment in colorimeter
(Konica Minolta). The colour was measured in chromatic components of L (Black to white), a (Redness to
greenness) ahb (yellowness to blueness). Colour of plain little millet flakes comprised of 86.73% light
with 1.3% vyellow and 10.55% blue. In general the colour was attractive creamy white. Weight of 1000
flakes was 131g were as volume was 245ml with density was Mi3absorption index was higher than
water absorption index. This helps in adding required quantity of milk for enriching taste and nutrition.

Table 3 Physical characteristics of little millet flakes

Parameter Little millet flakes
L (lightness) 86.73
Colour a (yellowness) 1.30
B (blueness) 10.05
Maximum width (mm) 23.28
Minimum width (mm) 16.32
Weight (g/ 1000 flakes) 131.57




Volume (ml/1000 flakes) 245.50
Density 0.53
Specific volume (g/L) 170
Texture (force/q) 2481.99
Water absorptioindex 5.12
Water solubility index 5.05
Oil absorption capacity (g/ml) 4.00
Milk absorption index 7.05

d) Nutritional analysis

The nutrient composition of little millet flakes and corn flakes was analyzed using standard AOAC
methods. Moisture contem little millet flakes was found to be less (1.45%) than corn flakes (4.03%)
which indicates that little millet flakes have better shelf life. Comparison of nutritional parameters of both
little millet flakes and corn flakes revealed that little millet! 122% lower carbohydrate that corn flakes. It
is the consumption of carbohydrate and sugar which increases the fatness in human beings are leads too
obesity, diabetics and hypipidamia. Further dietary fibre also plays vital role in guarding the laa@ynst
these bronic diseases. Total dietary fibre was five times in little millet flakes then corn flakes, similar case
with soluble and insolvable dietary fibres. As a energy was also less in little millet fibre. Further, all the
minerals tested and pgen were also higher in little millet flakes. These higher minerals, protein total
dietary fibre, soluble dietary fibre and insoluble dietary fibre and lower carbohydrate and energy in little
millet flakes play vital role in management of diabetics, higpédemic and obesity and improve the health
conditions. Hence, little millet flakes are most ideal for professionals who do not have time to prepare
breakfast.

Table 4 Nutrient composition per 100g

Parameter (%) Little millet flakes Corn flakes
Moisture (%) 1.45 4.03
Protein (g) 7.45 5.20
Fat(g) 0.14 0.30
Total carbohydrates(g) 66.14 84.98
Total minerals (Q) 0.72 0.69
Total dietary fiber (g) 24.1 4.80
Soluble dietary fiber (g) 6.50 0.50
Insoluble dietary fiber (g) 17.60 4.30
Energy(Kcal) 296 363
Iron (mQ) 61.42 15.17
Copper (mg) 0.29 0.21
Zinc (mg) 2.76 1.08
Manganese (mg) 0.29 0.09
Transfats (%) 0.00 -




e) Bowl life of flakes

The bowl life of little millet flakes and corn flakes with addition of milk was determined in terms of
increase inveight of the flakes at specific intervals. Bowl life of little millet flakes is higher than that of
corn flakes i.e. crunchiness of little millet flakes is retained for more duration (Figure 2). Maintenance of
crispness for longer time is preferred fojaging the taste of flakes. This longer bowl life i.e. absorption of
milk at slower rate is due to high fibre and low moisture content of little millet flakes.
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Figure 2 Bowl life of flakes with milk

f) Shelf life

The shelf life of little millet and corn flakes was determined in terms of free fatty acid development,
peroxide value, moisture content and sensory attributes. It was found that corn flakes had a shelf life of 2
months and little millet flakes could beostd for more than 6 months without affecting sensory

characteristics. This indicates that little millet can be commercialized on large scale and launched in
market.

g) Value addition of little millet flakes

The value addition of flakes with differentitnitious ingredients was done (Table 5) with Different
varieties of little millet flakes were developed by adding nutritious ingredients individually to enrich little
millet flakes. To increase iron content gardencress seeds were added as it contaamsohighof iron.
Flaxseeds were incorporated to enrich the little millet flakes with omega 3 fatty acids for the benefits of

lipid metabolism. Similarly greengram dhal and chakramuni leaves powder were added to increase protein
and beta carotene respechjve

Table 5 Level of ingredientsadded for alue additionto little millet flakes

Ingredient Nutrient Level of incorporation (%)
Gardencress seeds Iron 5
Flax seeds Omega-3 fatty acids 10
Greengram dhal Protein 10
Chakramuni leaves powder Betacarotene 3.2

Nutritional composition of value added little millet flakes:



The nutrient composition of all the 4 value added little millet flakes was determined using standard
AOAC methods. The results are presented in Table 6. The increase in diffetiéents was observed in
the variant flakes in comparison to plain little millet flakes.

Table 6 Nutrient composition of value added little millet flakes

Nutrients Plain Little Iron Omega3 fatty Protein b carotene
millet flakes enriched acids enriched enriched enriched

Moisture 1.45 3.06 3.06 1.38 2.32

Protein 7.45 843(13. 14 843(13.1596329.269 8.98

Carbohydrates 66.14 64.53 64.53 61.22 58.49
TDF 24.10 22.70 22.70 26.60 29.10
SDF 6.50 5.00 5.00 7.20 6.50

ISDF 17.60 17.70 17.70 19.40 22.60
Energy (Kcal) 296 295 295 287 272

Iron (mg) 61.42 65.83 (|65.83 ( 55.41 61.12
Copper (mg) 0.29 0.37 0.37 0.48 0.36
Zinc (mg) 2.76 2.61 2.61 2.81 2.50
Manganese (mg) 0.29 0.30 0.30 0.46 0.60
Transfats (%) 0.00 0.00 0.00 0.00 0.00

Note: The increase in different nutrients is shown with arrow indicating upwards

h) Consumer acceptability

The consumer acceptability test of little millet flakes was carried out among 325 consumers at
UAS, Dharwad campus, comprising of 2&bidents and 40 faculties. The result is presented in Table 7. It
can be noted that majority (72.3%) of the consumers revealed that that flakes were acceptable.

Table 7 Consumer acceptability result

UASD Opinion of respondents
Age
Consumer Gender Highly
groups (years) acceptable Acceptable Unacceptable
Students 80 200 5
Both 22-24
n=285 (28.07%) (70.17%) (1.75%)
Faculty 5 35
Female 30-35 -
n=40 (12.5%) (87.5%)
85 235 5
Total
(26.15%) (72.30%) (1.75%)




Commercialization

a) Packaging

Choco little millet flakes were packed in metalized polyester polyethylene material which in turn
was placed in a carton. The carton was designed with attractive colours and pictures. The carton contained
information about nutritional composition, ingredlie used, nutritional facts, price, serving size, serving
suggestions and instructions about storage.

b) Test marketing

Choco little millet flakes were subjected to market testing in 10 popular shops selected in Hubli and
Dharwad cities. There was a vggod response from the consumers about the product.

c) Technology transfer

The technology of preparing choco little millet flakes was transferred to Bhavani Foods and Feeds,
Bijapur. The marketing of the product is being done by POWER organiz&i@amur. Due to certain
technical constraints, only plain little millet flakes are being produced and marketed.

Conclusion

Little millet flakes is healthy and nutritious breakfast item as it possesses high fibre, high iron and
good amount of other mindsaand carbohydrates. The presence of soluble fibre increases the satiety value.
Iron content is helpful in improving haemoglobin levels in blood. Addition of milk further increases the
nutrient content of the flakes as both milk and millets are consigeregholesome foods. The sensory
profile indicates that the product is acceptable and value addition of flakes with chocolate is highly
acceptable.

5)Little Millet Cookies
Obijective:

Cookies are readip-eat convenient food product, consumed among dlmbsige groups. The
main ingredients used in the cookie preparation are refined wheat flour, shortening, sweetener and
leavening agent. Enrichment of food, especially bakery foods is of current interest because of increasing
awareness in consumer towatusalth and quality of food. There is a lot of competition in the market
which creates demand in the bakery industry to search for ingredients which impart specific functionalities
to the baked product. The use of fibre rich little millet flour shows enm improving the nutritive value
of the final product as well as optimum utilization of flour. Refined wheat flour is the main base of the
cookies and margarine and chemicals which are hazardous to health. Refined wheat flour has no fibre in it
and doesnot contain nutritional minerals and vitamins. Due to absence of fibre and minerals cookies
prepared refined wheat flour are not good for health. Further, refined wheat flour sticks in the mouth and
intestine thus cause tooth decay and colon canceldiehieat these cookies on and often.

Nutrient composition of little millet is in general similar to major cereals except for fibre and
minerals which are on higher side. Little millet being nutritionally beneficial, its utilization is limited to
poor sedbn of population or its use as cattle and poultry feed, reason being lack of processing facilities.
Little millet is a traditionally accepted grain, bland in taste, potential grain for prevention and management
of several risk related non communicableoditers of human kind. The present research was directed to



develop nutritious and healthy cookies using little millet, with acceptable sensory qualities specially for
children and public in general.

Designing and fabrication of little millet cookies:
a) Preparation of cookies

Little millet was procured form dry land farmers on contract mode. The grains were destoned,
dehusked and polished to 4 levels to retain the larger quantity of dietary fibre from the university millet
processing unit. The grains wemdglled to fine flour in an electric pulverizer. The particle size for both
wheat flour and little millet flour used in this study was maintained at 297, which was obtained by using
ASTM no.50 sieving screen. The cookies were prepared using little nollet Wwheat flour (refined) and
ingredients like sugar, shortening, curd and sodium bicarbonate. Following treatments were formed for the
preparation of little millet cookies by replacing wheat flour by little millet flour.

Little millet flour: Refined what flour 0:100
Little millet flour: Refined wheat flour 10:90
Little millet flour: Refined wheat flour 20:80
Little millet flour: Refined wheat flour 30:70
Little millet flour: Refined wheat flour 40:60
Little millet flour: Refined wheat flour 50:50

All the five proportions of little millet and wheat flours and 100 percent refined wheat flour were
prepared and mixed thoroughly. Accordingly cookies were prepared. The cookies prepared were round in
shape with 6cm diameter and 0.6cm thickness. Cookies aked in a commercial electric oven for 20
minutes with top coil set at 13D and bottom coil at 12Q. Cookies prepared with wheat flour alone were
considered as control. Finally the sensory, nutritional, physical, baking quality parameters and textura
profiles were characterized and evaluated.

b) Sensory evaluation

All the 6 samples of cookies were evaluated for sensory attributes viz. appearance, aroma, texture,
taste and overall acceptability by using 9 point hedonic scale. Atsgiméd panel comsting of 10 adult
judges was formed to evaluate samples. The overall acceptability score revealed that millet cookies
prepared by replacing refined wheat by little millet flour upto 40% scored between 8 and 8.63, which was
on par with cookies prepared frorefined wheat flour. This indicates that cookies with replacement of
wheat by 10, 20, 30 and 40 percent were liked moderately. This indicates that we can replace wheat flour
by 40 percent by little millet flour. Taste of the cookies wete liked by alpthen e | i st s as it do
chemicals.

Figure 1 Sensory evaluation of cookies
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Evaluation of little millet cookies:
a) Nutritional analysis

Nutritional composition is much important than the taste and acceptdbjlithe consumer for
their quality life. Hence, finally accepted cookies prepared from proportion of 40:60 little millet
flour:refined wheat flour were analyzed to know the nutrition composition. The nutritional parameters such
as protein, fat, ash, crudibife, iron and calorific value were determined using standard AOAC methods.
Total carbohydrate content was calculated by difference. The results of nutritional analysis of refined wheat
flour cookies and little millet cookies are presented in Tablelelitillet cookies had eight times higher
crude fibre than the refined wheat flour cookies. From Table 1 it is clear that there was a significant
increase in the ash content of little millet cookies (1.26%) which may be attributed to the high ash content
of the little millet (1.5%) compared to refined wheat flour (0.6%). Replacement of wheat flour in cookies
by 49% with little millet flour also increased iron content by almost 2 folds. However protein, carbohydrate
and calorific value were on par with refinetieat flour cookies.

Table 1 Nutritional composition of cookies

Wheat cookies Millet cookies

Energy (Kcal) 485 481
Protein (g) 6 5.17
Fat (g) 21.3 22.1
Carbohydrate (g) 67 66

Crude fibre (g) 0.2 1.6

Minerals (g) 1.08 1.26
Iron (mQ) 1.43 2.75

b) Baking quality parameters

Baking quality parameters of the cookies were analyzed using standard methods of AACC (2000).
Width (W) of cookies was measured with the help of a scale by laying six cookies edge to edge, rotating
them 90and remeasuring the with of six cookies and then taking average value. Thickness (T) or height
of the cookies was measured by stacking six cookies on top of one another and taking average thickness of
cookies. The spread ratio and spread factor were calculated using theafgiveual below.

Spread ratio = Width
Thickness

Spread factor =Spread ratio of sampke100
Spread ratio of control

The volume (V) of six cookies was measured by seed displacement method and the average was
computed. The dough weight of siookies before baking was noted. Volume score was calculated by
dividing volume of cookie by dough weight.

The observations related to the baking quality, such as diameter, thickness and volume of the
cookies is presented in Table 1a and Table 1b. Cogkegzared with 100% refined wheat flour had an
average diameter of 64.5 mm and thickness of 8 mm. Both diameter and thickness of the cookies decreased
with the increasing levels of little millet flour in the formulation. Thus, it was observed that amlitde
flour was substituted for refined wheat flour, diameter and thickness of the cookies was found to be lower



than the control cookies. Similar pattern was observed in the study conducted by Adelh@ivé2®12) in

which the cookies were prepareg substituting wheat flour with sorghum flour. The decrease in thickness
of the cookies may be due to the decrease in gluten quantity when little millet flour was substituted for
refined wheat flour. Thus, diameter and thickness of the cookies was affgdtedtments.

Cookie spread represents a ratio of diameter to thickness. Larger cookie diameter and higher spread
are considered as desirable quality attributes. The spread ratio of control cookies was found to be 8.06 and
that of cookies prepared byptacing refined wheat flour with little millet flour ranged between 8.53 and
8.94 indicating an increase in the spread ratio with the decrease in wheat flour in the formulation. Similar
results were recorded in the study of incorporation of cassava fidusay flour in cookies, conducted by
Oluwamukomi et al., (2011) where spread ratio of the cookies increased with the decrease in the quantity of
wheat flour in the formulation.

From Table 4b it is clear that the volume of cookies is reduced with theagent level of
replacement of refined wheat flour which could be attributed to the reduced diameter and thickness of the
cookies. In the study conducted by Kursaal. (2010) similar results were observed where cookie volume
decreased with the increasexvél of incorporation of soybean flour and kodo millet flour. In contrast to
this, largest spread was obtained when no gluten was added to the formulation and resulted in cookies with
an unacceptable structure; it was also observed that as the percknemnfimcreases the diameter of the
cookies decreased (Pareyt et al., 2008).

Table 1a Baking quality parameters of cooki€3pread factor

il;]i(t:t(ljerprgirlgettegczlg/(r)) \Zvr:::)l Th(lrcnkr:)ess Spread ratio Spread factor*
0 64.5 8.0 8.06 -
10 64.0 7.5 8.53 94.4
20 64.0 7.5 8.53 94.4
30 63.5 7.3 8.69 92.7
40 63.5 7.3 8.69 92.7
50 63.5 7.1 8.94 89.4

* R-value = 0.92

Table 1b Baking quality parameters of cookiegolume score

Little millet flour Biscuit volume Dough weight
incorporated (%) (ml) @) Volume score*
0 148.0 18.0 8.22
10 148.0 18.0 8.22
20 148.0 18.0 8.22
30 145.0 18.0 8.06
40 136.0 18.0 7.56
50 135.0 18.0 7.50

* R-value =-0.9

Instrumental texture determination




The textural characteristics of the dough suchhasiness and that of cookies such as snapping
force, hardness, cutting strength were determined using Texture Analyser (Model TA.XT Plus, Stable
Micro Systems, U.K.) equipped with 50Kg load cell. All the tests were conducted in replica of 8 samples
and aveage was calculated.

Snapping force:

The snap test was carried out usingadnt bending rig (HDP/3PB). This test simulates the evaluation of
hardness by consumer holding the biscuit in hands and breaking the same by bending. The two supporting
beams otthe probe were kept 4 cm away from each other. The texture analyzer (TA) setting was kept at
pretest speed of 1.0 mm/s, tegieed of 3.0 mm/s and pdsst speed of 10.0 mm/s. The snapping force

was calculated from the curve.

The absolute peak force dfe resulting curve from snap test indicated the snapping force i.e. the
force required to break the cookie. There was a significant difference in the snapping force between the
control (1.04 Kg) and cookies prepared with 10% little millet flour (1.22 Kgjther, it may be observed
in Figure 2 that the snapping forces remained almost same up to 40% little millet flour incorporation
indicating that the increase in the level of little millet flour incorporation did not affect the snapping force
of the cookis significantly. Lower the force required to break the cookie, crisper is the texture indicating
better quality and higher acceptability. It may also be noted that snapping force of cookies prepared with
50% little millet incorporation differed significdgtfrom 40% little millet incorporated cookies, thereby
indicating that the snapping force is not significantly affected upto 40% level of incorporation. In the study
conducted by Saha et al. (2011) where cookies were incorporated with different vafiétiger millet
higher breaking strength was seen with lower wheat flour in the formulation, but the difference was
significant. Contradictory to this fracture strength of 40% buck wheat flour cookies was recorded to be the
lowest and that of control saiepvas highest (Baljeet et al., 2010).
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Figure 2 Effect of incorporation of little millet flour on snapping force of the cookies*
* R-value = 0.92
Hardness:

Hardness of the cookies was measured using cylindrical probe (P/2). Indnadk#s were placed on the
platform and pierced by the cylindrical probe. The TA setting was kept-#tgirepeed of 1.0 mm/s, test
speed of 0.5 mm/s and pdsst speed of 10.0 mm/s. The absolute peak force of the curve was considered
as hardness of tremokie.

Cookies with 50% little millet flour incorporation showed highest peak force (6911g) indicating the
hardest of all experimental variations. Results varied from 15.9 g for control cookies to 18.7 g for cookies
with highest level of wheat flour reggement. Significant difference was not seen between the peak force
value of control and cookies prepared with different proportions of little millet flour and refined wheat
flour. As can be seen in Figure 1 a gradual increase was seen in the hardnesokies as the level of



incorporation of little millet flour increased, thereby indicating that the hardness of the cookies is directly
related to the level of refined wheat flour replaced by little millet flour. In the study of Patel and Rao (1995)
it was reported that there was gradual increase in the hardness of cookies with increasing level of
blackgram flour in the formulation.

.... M A Control
A B 10% Litte millet
/ \\4@ C 20% Little millet
T

D 30% Little millet
E 40% Little millet
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Figure 1** Effect of incorporation of little millet flour on hardness of the cookies*

**Curves obtained fronTexture Analyzer
* R-value = 0.89
Cutting strength:

Cutting strength of the cookies was measured using HDP/BS blade. The TA setting was kepdsit pre
speed of 1.5 mm/s, tespeed of 2.0 mm/s and pdsst speed of 10.0 mm/s. The absolute peak fortigeof
curve was considered as cutting strength of the cookie.

Absolute peak force from the curve indicates the cutting strength of the cookies which simulates
the evaluation of force required to cut the cookies by teeth. The cutting strength data is sednmariz
Figure 3. It was seen that there was a gradual increase in the cutting strength of the cookies from 8.471 Kg
to 10.120 Kg as the amount of little millet flour incorporation increased from 10 to 50%. Similar
observations were seen in the study corethbly Kumar et al. (2010) where cutting strength of the cookies
increased with the higher levels of wheat flour replacement.
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Figure 3 Effect of incorporation of little millet flour on cutting strength of the cookies*
* R-value = 0.96

Physical properties

Cookies were ground to fine powder in an electric grinder to determine physical properties.
Moisture content was determined using Moisture Meter (M.C.Dalal and Co., Chennai). Water activity and
relative humidity of the cookies were danined using Water Activity Meter (Rotronic, Switzerland).

Determining physical properties of the cookies is an important step in terms of predicting its shelf
life. From Table 3 it is clear that moisture content, water activity and relative humidititiefnhillet
cookies was less than that of control cookies, indicating better shelf life. The lesser moisture content of the
cookies is attributed to the lower moisture content of little millet (11.5%) than refined wheat flour (12.8).
Water activity of thdittle millet cookies is 0.609. Water activity less than 0.76 and 0.61 does not support
the growth of fungi and bacteria respectively.

Table 3 Physical properties of cookies

Control Little millet
Parameter . .
cookies cookies
Moisture (%) 0.75 0.69
Wateractivity (ay) 0.685 0.609
Relative humidity (%) 68.31 68.24

Consumer acceptance

Little millet cookies when subjected to consumer acceptance it was seen that all the consumers
from all the 3 groups liked cookies as seen in Table 4. All the groups expressed that they liked the taste of
little millet cookies very much than other avaikaldookies in the market. The reasons given by them for
liking were: cookies did not stick in their mouth after chewing. Further they were crispy, no after taste as no
chemicals were added.

Table 4 Frequency table for consumer acceptance

Frequency
Population Acceptable acct:lg:able Neutral
Children (n=215) 215 0
Adolescents (n=42) 42 0
Adults (n=419) 419 0

Conclusion

From the present study it can be concluded that maximum amount of refined wheat flour that can
be replaced by little millet flour to obtain acceptable cookies is 40%. Thus, cookies with desirable sensory
characteristics and nutritional parameters compartbiconventional cookies have been developed from
little millet. Little millet cookies thus developed contained higher fibre and ash which are beneficial in the



management of several non communicable diseases. The use of little millet in cookie makihgraatly
enhance the utilization of this crop in areas affected by drought, as this is a drought and disease resistant
crop in addition to having potential nutrients and minerals.

6)Multigrain Millet Atta
Objective:

Chapathi and roti are the most commyoprepared food items and form major portion of daily diet
in India in almost all the regions. The glycemic index of wheat is around 80 and hence is not suitable for
diabetics and maintain good health of public multigrain concept was thought over. élem@ed to design
multigrain atta with foxtail millet as base. In order to reduce its glycemic index, improve nutritional value
and to make it suitable for diabetics, multigrain concept was used with foxtail millet as base. The product is
found feasible fopreparation of all the recipes where wheat flour is used.

Designing and fabrication of multigrain millet atta

The flours of foxtail millet, sorghum, barley and greengram dhal were mixed in the proportion
2.5:1:1:0.5. This flour mixture was used tolese whole wheat flour in different proportions. It was found
that 50% of whole wheat flour can be replaced with the foxtail millet based flour mixture.

Evalauation of multigrain millet atta:
a) Sensory evaluation

Chapaiti, roti and poori were made usingltigrain millet atta and subjected to sensory evaluation
in comparison with products made from wheat flour by semitrained panelists. Sensory evaluation of these
products prepared from multigrain millet ate revealed that they were on par with their gartdgenade
from wheat flour for appearance, texture, taste, aroma and overall acceptability. All the products were
found to be acceptable. The mean scores are given in the table 1.

Table 1. Mean scores of sensory evaluation

SINo. Sensory Wheat flour Multigrain millet atta

parameters Chapaiti Roti Poori Chapati Roti Poori

1 Appearance 9.5 9.5 9.5 8.5 8.5 9.0

2 Texture 9.5 9.0 9.5 8.0 8.5 9.0

3 Taste 9.5 9.0 9.0 8.0 8.0 8.5

4 Flavour 9.5 9.0 9.0 8.5 8.0 8.5

5 Aroma 9.0 9.0 9.0 8.5 8.0 8.5

6 Overall 9.5 9.0 9.0 8.0 8.0 9.0
acceptability




b) Nutritional analysis

Proximate composition of multigrain millet atta was analyzed using standard methods. Resistant starch
content was analyzed as it is a nutritionally important component and one relsgansible factors for
reducing Gl. Resistant starch content of multigrain millet atta (5.5%) was found significantly higher than
that of wheat flour (1.7%).

Table 2 Nutritional composition

SI.No. Nutrients Multigrain millet Wheat flour
atta
1 Protein(g) 12.5 12.1
2 Energy (kcal) 339 341
3 Carbohydrates (g) 67 69
4 Fat (g) 2.3 1.7
5 Fibre (g) 3.5 1.9
6 Resistant starch (g) 5.5 1.7
7 Minerals (g) 2.6 2.7
8 Calcium (mg) 41 48
9 Iron (mQg) 3.9 4.9
c) In-vitro Gl

In vitro glycemic index othapatti made from multigrain millet atta and wheat flour was estimated
and was found to be 65.4 and 78.5 respectively. Glycemic index of chapatti made from multigrain millet
atta being lower than that of wheat flour, it is suitable for diabetics.

d) Consumer acceptability

Multigrain millet atta was distributed to the staff of College of Rural Home Science of UAS,
Dharwad and were asked to utilize it for preparing various products that they generally prepare at home
with whole and refined wheat flour. Fdetk was obtained from all the participants and it was observed
that the flour could be successfully utilized.

Commercialization

The technology of production of formulated product multigrain millet atta has been transferred to
rural SHGs and yet to be comercialized.

Conclusion

Multigrain millet atta bearing Gl lower than that of wheat flour is ideal for diabetics. Its suitability
for various products makes it a versatile product. The technology of preparing this product being very
simple, it can be adopd by rural SHGs and small scale entrepreneurs. This flour can be packed in suitable
material and with label containing nutritional facts and health benefits, for commercialization. An increased
demand is expected of this product in market compared tdasicommercially available products in
market, due to its low cost and nutritionally proven facts.



7) Multigrain Millet Pasta
Objective:

Pasta is increasing in its popularity as ready to cook food item among children and young
generation. Pasta generally prepared using refined wheat flour. Refined wheat flour is devoid of fibre,
which is an essential component of food required for the good health of gastrointestinal tract. Hence in
order to improve the nutritional quality of conventional pastaltigrain pasta was developed. Refined
wheat flour which is an essential ingredient for the structural integrity of pasta, is replaced with whole
wheat flour and other cereals viz. foxtail millet, sorghum, barley and black gram which contains
considerableamount of fiore and minerals. Foxtail millet contributes to the fibre, mineral and
phytochemical content of pasta. Other grains like sorghum, barley and blackgram dhal are used as
supportive ingredients to increase the nutritional value of pasta.

Materials used:

Following food grains were used in different proportions to design and fabricate multigrain millet
pasta. Refined wheat flour was fully replaced by whole wheat flour. Further whole wheat flour was
substituted to certain extent by foxtail millet, gloum, barley and blackgram. Foxtail millet and barley are
incorporated to increase fibre content and to reduce glycemic index as both of these grains have high fibre
and low glycemic index. Sorghum is added for fibre, protein and flavor. Stickiness éoki teplacement
of refined wheat flour was made up by incorporating blackgram. Blackgram also adds additional protein.

Designing and fabrication of multigrain millet pasta:

All the food grains selected viz. foxtail millet, sorghum, barley and black grara mixed in a
specific known combinations. This mixture of food grains was milled to fine flour in an electric pulverizer.
Standardized quantity of water and salt were added and mixed to form the dough. The dough was extruded
to form pasta in a single ®w extruder. The extruded pasta was dried in an electric drier. Dried pasta
samples were cooked in water, subjected to sensory evaluation and cooking quality was studied. The
formulation was finalized based on the cooking quality and sensory properfiastaf Pasta was cooked
and seasoned in various styles viz. ltalian, Chinese and various Indian seasonings to examine the
compatibility.

Evaluation of multigrain millet pasta:
Sensory evaluation

Pasta was cooked and subjected to sensory evaluation byraemd panelists using 1 to 9 point
hedonic scale. Both conventional and multigrain millet pasta were evaluated for sensory characteristics.
The scores for sensory evaluation of both types of pasta were on par with reference to all the sensory
parameterindicating that multigrain millet pasta is acceptable to the level of conventional pasta (Table 1).
This was much encouraging results for us to test the designed pasta for coking quality, nutritional
parameters and so on.



Table 1 Mean scores of sensowakiation

SI.No. Parameter Multiggzi:t;nillet Refine%;vsr;:at flour
1 Appearance 9.0 9.5
2 Texture 9.0 9.5
3 Taste 9.0 9.0
4 Flavor 8.5 9.0
5 Aroma 9.0 9.0
6 Overall 8.5 9.0
acceptability

Cooking quality

The parameters which reflect tloeoking quality of pasta like cooking time, cooking loss and
structural integrity were studied. The cooking loss in multigrain millet pasta was less than that of
conventional pasta. In terms of cooking time both the pasta samples were on par with ea&trotbere
of multigrain millet pasta was maintained till the end of cooking water and seasoned in different styles.
This was advantageous to multigrain millet pasta for consumer acceptability.

c¢) Nutritional analysis

Proximate composition of multigraimillet pasta was analyzed using standard methods and the
values are presented in table below. Fibre and mineral content of multigrain millet pasta were found to be
10 and 4 times respectively more than that of conventional pasta. Protein and energynasregual in
quantity in both pastas where as multigrain millet pasta was rich in calcium content by more than 100
percent. These results confirm that multigrain millet pasta is healthier and nutritious than refined wheat
flour pasta.

Table 2 Nutritionatompositionof pastas

SI.No. Nutrient Multig;gisnt?illet Refine(:);vsrizat flour
1 Protein (g) 13.1 11
2 Energy (Kcal) 340 348
3 Fat (g) 2.2 0.9
4 Fibre (g) 3.2 0.3
5 Minerals (g) 2.6 0.6
6 Iron (MQ) 3.9 2.7
7 Calcium (mg) 51 23

d) Consumeracceptability

Multigrain millet pasta was packed in units of 250g and distributed to the staff of College of Rural
Home Science and feedback was obtained from them. It was noted that all the participants expressed the
good acceptability of the product.



4. Commercialization

The technology of production of multigrain millet pasta is transferred to a local entrepreneur and
the process of commercialization is under progress.

5. Conclusion

Multigrain millet pasta being a combination of millets, cereals @ulde, is a healthy food with
nutritional benefits from different grains with high fibre, minerals and higher calcium content than refined
wheat flour pasta. Hence, multigrain millet pasta is ideal for all age groups especially for children. Further
valueaddition can be carried out to improve the nutritional value of this pasta.

8) Foxtail Millet DosaMix
Objective :

Dosais one of the tasty breakfast food liked by South IndiBbsahas become popular in other
parts of the country too in past decade. It is even gaining importance outsideDosleis a popular
breakfast itemamongall the age groups and almost all the classes. Hdosawas chosen for value
addition with millets ® cover large group of consumer under health and nutrition improvement.
Traditionally dosais prepared from rice and blackgram dhal. Foxtail millet is superior to rice in terms of
fibore and mineral content, both of which are essential in the diet for aivding good health. Since the
preparation oflosabatter is a cumbersome process and time consuming, idsisamix was developed,
which is most suitable for working women and is a need of the day.

Designing and fabrication ofdosamix:

The basic ingraént used for thedosa mix was foxtail millet. Other required ingredients like
blackgram dhal, rice and wheat were used in different combinations to get a mix which cdosgigé
desired sensory quality. Further to enhance the flavor of the mix cuetis sere added. The amount of
water to be used to prepatesabatter was standardized.

Evaluation of dosamix/dosa
a) Sensory evaluation

Required amount of water and salt were added to the devalopathix anddosa were prepared.
Thesedosa were subjeted to sensory evaluation by semi trained panelists on a 1 to 9 point hedonic scale.
The mean scores of the sensory evaluation are presented below. Sensory evaluation by panelists revealed
that foxtail milletdosasecured highest scores for aroma, tast feavour. Only appearance and texture
scored 8 and 8.5 may be due to coarse properties of foxtail millet grains. This indicates that foxtail millet
dosacan substitute ricdosain all respects in addition to nutritional and therapeutic value.

Table 1 Mean scores of sensory evaluatiodasa

SI.No. | Parameter Mean score
1 Appearance 8
2 Aroma 9
3 Taste 9
4 Flavour 9
5 Texture 8.5




b) Nutritional composition

After confirmation of taste of the foxtail millelosaby sensory evaluation nutritional composition
of foxtail millet was analyzed to know its superiority over retessamix or otherwise. Conventional rice
dosamix and little milletdosamix were analyzed using standard AOAC methods to estimate nutritional
composition. Both thelosa had almost equal amount of energy and protein. Foxtail midkgthad eleven
times higher fibre, double the amount of iron and other minerals thardos@mix. This helps the
consumer to protect themselves from metabolic smds and improve health conditions.

Table 2 Nutritional composition

SINo. | Nutrient Foxtail m_iIIet dosa Conventipnal dosa
mix mix

1 Energy (Kcal) 337 345

2 Protein (g) 12.6 11.1

3 Carbohydrates (g) 66 73.6

4 Fat () 2.9 0.73

5 Fibre (g) 4.9 0.38

6 Minerals (g) 2.8 1.3

7 Calcium (mg) 43.6 46

8 Iron (mQ) 3.0 15

c) Consumer acceptability

The developed product was subjected to consumer acceptability test. During different events like
krishi mela, millet mela and workshopdpsamix was distributed to general public and feedback was
obtained. It was documented that the product was acceptable by all the consumers for its taste and flavor.

d) In-vitro glycemic index (Gl):

Dosawas prepared using foxtail millet instadtdsamix andconventionaldosamix separately and
analyzed for Gl using witro techniques. It was observed that there was slower rate of starch hydrolysis in
foxtail millet dosacompared to conventiondbsa

The hydrolysis index (percent of starch hydrolyzed) ahdr& presented in table below. The Gl of foxtall
millet dosa(66.8) was found to be lower than that of conventiamsla(72.9) indicating that foxtail millet
dosais better suited for diabetics. To reduce the Gl to further lower level, hypoglycemierspipeepared
for foxtail millet food mix may be given as additional sachet for use of diabetic patients.

Hydrolysis index

Time (min) Foxtail millet Conventional
dosa dosa
30 0.03 0.68
60 0.98 2.17




90 2.71 2.71
120 3.52 4.09
150 5.85 5.04
180 5.89 6.09

Glycemic index

Foxtail millet dosa Conventional dosa
66.8 72.9

Commercialization

Metalized polyester polyethylene pouches were used to pack foxtail millet idstsamix. The
product is commercialized throughout Karnataka by consortium partner Chandan Food Products, Gadag. It
is being supplied to major retail stores through wholesalers.

Conclusion

Foxtail milletdosamix being an instant mix, does not require anygeeparations and hence saves
time. Thus, it is best suited for working women. Foxtail midlesabeing rich in fibre, iron and minerals
and little low in carbohydrates is ideal food for public to maintain their health and safeguard against
metabolic syntbme. Its GI could be further reduced by including hypoglycemic spice mix to make it
suitable for both general and diabetic population.

9)Little millet Ready to Cook flakes
Obijective:

Little millet is a nutritious grain, domesticated in India 200 yegs 8ut the consumption as well
as production of this grain is diminishing. There is a great demand for processed foods in this developing
world due to the lack of time to prepare food. But most of the processed foods lack in its benefit for
maintaining god health. Therefore need for processed healthy foods as the consumer awareness is
increasing towards nutrition and health. Thus, a consumer friendly Ready to Cook (RTC) flakes was
developed to extend the utilization of this nutritious grain which wowddlréeneficial to the community
health.

Little millet RTC flakes is a novel processed food prepared from nutritious grains, which has a
potential to get incorporated in various traditional recipes. The study was conducted to develop little millet
RTC flakes with the objective of characterization, determination of shelf life, consumer acceptability and
exploring the utilization of little millet RTC flakes. The result of the study are presented and discussed here.

Fabrication of little millet RTC flakes

The process of RTC flakes was standardized which is presented in the form of flow chart Figure 1.
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Figure 1 Preparation ot RTC flakes

Evaluation of little millet RTC flakes

The developed RTC flakes was subjected to different experimeitits the purpose of its
characterization.

a) Sensory evaluation

Traditional food items viz. poha, thalipattu, payasam and curd bath were prepared by using little
millet RTC flakes. These foods were subjected to sensory evaluation by semi trained pandigisint
hedonic scale was used to score different sensory attributes. All the four products scored between 7 and 8
for appearance, taste, texture, aroma indicating that the products can be accepted by consumers. This is
supported by higher acceptatyilindex of >81 scored by all the four food items.

Table 1 Scores of sensory evaluation

Attribute Avalakki | Thalipattu | Payasam| Curd bhath
Color and appearanc,  7.30 7.50 7.87 8.23
Taste 7.20 7.75 7.50 7.20
Texture 7.30 7.30 7.08 7.13
Aroma 7.20 7.25 7.08 7.08
Over all acceptability|  7.50 7.55 7.25 7.25
Mean total score 36.50 37.30 36.62 36.79
Acceptability index 81.11 82.88 81.37 81.75




10) Little Millet Composite Mix
Objective:

Composite mix is a mixture of different foods or ingredients hence propatdsge of nutrients in
a single dish. Composite mixes contain many ingredients which bring about improvement in nutritional
composition and protein quality by mutual supplementation, in addition to providing convenient ready to
use product. Generally @als or millets are mixed with pulses in different proportion, reason being cereals
are deficient in lysine and rich in methionine, while pulses are deficient in methionine and rich in lysine.
Hence mutual supplementation improves the protein quality kgntiag the amino acid profile. An
attempt was made in the sub project to replace cereals with millets as they provide calories almost equal to
cereals but have higher amount of fibre, minerals and protein. The composite mix thus developed was
targeted tcserve as supplementary food for infants, senior citizens or vulnerable population to be used in
various forms.

Materials:

Little millet was selected as the base for the supplementary food as it contains good amount of
fibre, minerals and is bland in tagiecause of which it can be utilized in any kind of recipes. Green gram
dhal and bengal gram dhal were selected for providing protein to the product. Groundnut was used to
provide essential fatty acids and calories. To improve the nutritional qualityefugmaranthus leaves
were added.

Designing and fabrication of compaosite mix:

The proportion of all the ingredients to be added was optimized based on the criteria by ISO
(Indian Standards Organization). Little millet, green gram dhal, bengal gram dhar@ntinut were
roasted individually at optimum temperature until the development of pleasant aroma. Amaranthus leaves
were cleaned, blanched and dried in an electric oven for 5 hoursSGit 8Kin of the groundnuts were
removed and mixed with other ingiedts and milled to fine flour in an electric pulverizer.

Evaluation of composite mix:

Nutritional composition:

The composite mix thus obtained was analyzed for nutritional composition using standard AOAC
methods. Hundred grams of composite mix contaib®dl7g protein, 7.70g fat, 2.41g minerals, 1.18g
crude fibre, 69.32g carbohydrates and provided 400kcal energy.

Sensory evaluation:

The composite mix was used to prepare commonly consumed flour based recipes like porridge,
laddu, thalipattu, pakoda andadtii. These products were subjected to sensory evaluation by semi trained
panelists on -B point hedonic scale. All the products obtained scores ranging from 8 to 9 indicating high
acceptance. The mean scores are presented in Table 1.

Table 1 Mean scored sensory evaluation of products prepared from composite mix

Product Appearance Taste Flavour Texture Overall acceptability
Porridge 8 8 8.5 8.5 8.5
Laddu 8 8 8 8 8
Thalipattu 8 9 9 8.5 9
Pakoda 8 8 8 8 8
Chakli 8 8 8 8 8




Conclusion:

The little millet based composite mix thus formulated is a multipurpose product that can be utilized
in preparing all those recipes where rice flour or bengalgram dhal is used. Composite mix not only provides
good amount of calories but also provides fibre. The caitganix is a good product for professional
women who can spend minimum time on preparing such products for the family.

II. KLES Medical Research Centre, Belgaum

1. Efficacy testing of Millet food mix for metabolic syndrome:
The foxtail millet food mix fabgated by UAS, Dharwad for management of diabetes,
hyperipidemia and obesity was supplied to Department of diabetics, KLE Medical
Research Centre, Belgaum. For the study 300 outdoor diabetic patients were randomly
selected. The biochemical parameters viz., lipids, glucose in blood and renal panel were
tested fo all the 300 patients at the beginning of the stddhe patients were prescribed to
take 80gm/day one serving as the morning breakfalsich was carried out as
recommended by the American Diabetes Association (ADA) to consume diet containing

moderate amants of fiber.

The diet wascombination of foxtail millet, split black gram and spice mix in specific ratio,
thus had glycemic index of 49.64 percertie 80 gm diet had approximately 16 g fibre, 248 kcals
energy, 11.4 g protein, 71 mg calcium, 60 pg emwetand 3 mg ironThe investigations were
carried out during 2012 at the KLE Diabetes centre, Belgaum (Karnataka).

The cross over clinical trial was carried out to check the role of confounding variables on
various biochemical parameters, which may beed
variations.After administration of 80gm/day foxtail millet food mix after 90days all the patients
were subjected to blood and urine test for plasma stutieseffects of the millet based diet on
biochemial parameters of lipids, glucose and renal panel was evaluated as mentioned in tables
below. The effects of the millet based diet on glycemic control and plasma lipid concentrations

were comparedlt is imperative that these lipid parameters play vitak rol cardiovascular

diseases.

to the

subject ds

physi

Analysis of blood glucose levels of 300 pateints after 90 days revealed that, fasting glucose
and post prandial glucose levels decreased by 13.5 and 17.4% respectively. Similarly glycated
heamoglobin (HbA1C) was decreased1I9f0. This indicates that consumption of foxtail millet
food mix for a period of 90 days has a substantial effect in decreasing the glucose level in the

blood of diabetic pateints (Table 1).

Table 1: Average blood glucose and allied parameters ofdilietic patients pre and post

administration of foxtail millet food mix

. , " Final test after | Percent

Biochemical parameters Initial test
90days change

1. Fasting glucose (mg/dl) 152.55 (67419) | 131.86 (76279) |-13.5
2. Post prandial glucose (mg/dl] 200.81 (73480) | 171.21 (86370) | -14.74
3. Random glucose 134.23 (65383) | 128.22 (66200) | -04.47
3. HbAlc 8.37 (5.317) 6.77 (4.89.2) -19.14
4. Homocysteine 13.37 (825) 13.26 (331) -0.85
5. Insulin 27.42 27.97 +1.9
6. C-peptide 2.18(0.55) 2.28 (0.16) +4.8




Similar trend was noticed in case of lipid profile of patients after consumption of millet food where
in total cholesterol was decreased by 13.25%. Low density cholesterol was decreased by 4% whereas
triglycerides were reducagpto 13.5%. On the contrary high density cholesterol was increased in the blood
of 300 pateints on an average upto 17.39% (Table 2)

Table 2: Average lipid profile of 300 diabetic patients pre and post administration of foxtail millet
food mix

. : . Final test after | Percent

Biochemicalparameters Initial test
90days change

1. Total Cholesterol (mg/dl) 180.27 (96303) | 156.38 (96255) |- 13.25
2. HDL-C 42.36 (2883) 49.73 (3084) +17.39
3. LDL-C 117.63 (28258) | 112.82 (6.3250) |-4.08
4. Triglycerides 141.97 (12335) | 122.79 (13234) |-13.51
5. VLDL-C 23.90 (453) 22.77 (445) -4.73
6. Lipoprotein A 22.25 (#45) 21.24 (1038) -4.53

The Renal panel studies, indicated that urea, uric acid and creatinine content lowered by 6.27, 2.76
and 14.75% respectively, Micimutient percentage of sodium and potassium also decreased by 2.98 and
10.15% respectively (Table 3).

Table 3: Renal panelanalysis of 300 diabetic patients pre and post administration of foxtail millet
food mix

Biochemical " Final test after | Percent
Initial test

parameters 90days change
1.Urea 27.71 (3.953) | 25.97 (545) -6.27
2.Uric acid 3.67 (0.98.9) 3.57(0.5-7.6) -2.76
3.Creatinine 0.90 (0.13.6) 0.76 (0.11.8) -14.75
4.Potassium 3.47 (0.534) 3.12 (0.432) -10.15
5.Sodium 134.81 (13175) | 130.79 (15150) |-2.98

The study involved different experiences of people taking medicine and millet basef [digh. intake of

millet based dietary fiber, improved the glycemic control, decreased the hyper insulinemia, and lowered
the plasma lipid concentrations in patientish type 2 diabetesThe observations are in line with other
studies regarding lowering the serum triglycerides, serum cholesterol and serum glucose in patients taking
low glycemic indexdiet. Considerable level of positive change in ghigemic parameters may be
attributed to presence of fibre content in foxtail millet which is slowly digested and absorbed in the
intestine. Further specific combination of five spices used in the diet mibiextyipoglycemic and
hypocholestrolemic effects when consumed with the diets, it can be concluded that millets do have a
potential for a protective role in the management of diabklesce this foxtail millet based diabetic diet

can be used by diabetpatients for the management of diabetes as well dyslipidamea to certain Batent.
elucidate the present findings further studies with large sample is warranted

As the patients selected for the experiment were of outdoor in nature their food habibeweand
our control. Hence the difference in the weight of the persons could not be analysed before and after
administration of foxtail millet for 90days duration.



[1l. BAIF, Dharwad

Baseline survey was conducted to the present status of the projgssess the gaps and to plan the
objectives and activities to achieve the motto of the project.

|. Baseline survey of farmers and consumers:
1) Survey of farmers

(i) Socio economic status of the farmersthe socieeconomic status of 683 farmers has been surveyed in
eight districts of Karnataka constituting of 14 talukas in which 93 villages were covered as given in (Table
1). The percentage of millet growers was 87% and on an average, the respondeanseRpdrience
ranging between 05 and 57 years in agriculture and millet growing. Average size of the family was nine
members, in which nearly 56% of the family members were male and 44% were females. Amoung 683
farmers surveyed, 61% are small and medianmérs (<5 acres land) and 39% of the farmers were big
farmers (>5 acres land).

Table 1: Details of districts, talukas, village & number of farmers surveyed

S.No. | District Taluks NO' of | No.
villages | farmers
Hubli 08 70
1 Dharwad Dharwad 02 23
Kalaghatgi 24 95
) Savnur 04 76
2 Haveri )
Shigoan 01 13
Gokak 07 49
3 Belgaum
Ramdurg 07 102
4 Davangere Harapanhalli 02 20
5 Bellary Kudlagi 02 10
Kustagi 12 79
6 Koppal
Yelburga 02 22
7 Gadag Gadag 12 91
_ Hosadurga 01 10
8 Chitradurga
Molakalmur 03 11
Total | 08 14 93 683

(ii) Per capita holdings: Average per capita land holding of the farmers was 4.39 acres of which 2.34 acres
was dry land and 0.21 acres was irrigated. Remaining land was covered by horticultural crops and barren
land. On an average each respondent possessed 2 oxen, 2 buffedves, 2sheep & 13 poultry birds.

(iif) Economic Status: Survey revealed that on an average three members per family worked as home
labours in their own field for which their wages was not paid or recorded. They worked for 243 days in a
year as labourersavell as supervisors whenever labourers were engaged.



Average annual income from agricultural source was Rs.44,907. Around Rs. 74,479 was the income
from sources other than agricultural operations. This was mainly from mason, labour in inddgpngtty
business and salary from jobs in some cases.

Annual expenditure on agriculture was around Rs.24,000 and for food was Rs. 8,400 in addition to
use of home grown farm produce. Amount of Rs.6,200 was spent on education and Rs.6,240 was on
clothingand Rs.7,400 was spent on other essential things as mentioned in Table 2.

Table2: Economic status details

Sl.No. Particulars Mean (Rs.)
1 Annual income

a. Agriculture 44,908

b. Non agriculture 74,479
2 Credit

a. agriculture 83,778

b. others 1,98,756
3 Expenditure

a. Agriculture 24,000

b. Food 8,400

c. Education 6,200

d. Cloth 6,240

e. Other 7,400

(iv) Cost of cultivation: In the project area average cost of cultivation of foxtail millet was around
Rs.2,031 per acre and the total income from main product was Rs.4,051 and Rs.1,558 from by product.
Thus the total income from foxtail millet per acre was Rs.5,609. After deduttie cost of cultivation
Rs.2,031 the net profit was around Rs.3578.

Similarly in little millet the farmers spent on an average of Rs.2031 per acre and got-agposs of
Rs.4100 and net profit of Rs.2069.

(v)Cultivation of minor millets:

Farmers wer interviewed to know the reasons for cultivating minor millets. Ninety percent of the
farmers expressed that millets are cultivated to meet feed and fodder requirements for cattle. The other
reasons expressed were that it can be organically grown wittesticides and fertilizers (68%), less
tolerant to disease (68%), can be cultivated with less water or under drought conditions (68%). Sixty
percent of the farmers expressed that it requires less investment. Protection of soil fertility (51%) less
labour equirement (44%) and other miscellaneous reasons (20%) are the other reasons quoted (table 3).

Most millets have excellent storage properties and can be kept for up yeaks even in simple
storage facilities, such as traditional granaries. This iausxthe seeds are protected from insect attack by
the hard hull covering the endosperm and because grain is usually harvested and stored in dry weather
conditions. Thus, although there may be large -yegear variations in production, stocks can eabiy
built up after favorable years.

Table 3: Reasons for cultivating minor millets:

SI.No. | Reason Frequency Percent
1 It is of importance as a traditional crop 457 66.9
2 It protects soll fertility 349 51.0
3 As food it is better than rice/wheat 405 59.3




4 It can be grown organically 467 68.4
5 It is tolerant to diseases 462 67.6
6 It serves like fodder for cattle 614 89.8
7 It can be cultivated in conditions of drought also 464 67.9
8 It requires less amount of investment 409 59.9
9 It requiresless labour 301 441
10 Others 136 19.9

Table 4: Reasons for not cultivating minor millets:

SI. No. | Reason Frequency Percent
1 Income is more in other crops | 417 61.1

2 Requirement of more labour 140 20.5

3 Low yield 458 67.1

4 Crop period is more 119 17.4

5 Less demand by consumers 460 67.3

6 Low consumption 360 52.7

7 Less investment 226 33.1

8 Others 48 7.0

(vi) Post harvest processing of millets

Most of the respondent millet growers did not follow any value addition (94 %) to any wiiltees. The
little value addition done was to the whole quantity of the millet grown and by family members (90 %).
Dehusking and cleaning were the processes followed. Little amounts were milled to flour.

(vii) Marketing of millets:

Fifty two percent of he millet growers sold millet in to specified market place. Few sold the millets at
APMC yard (20.5%), village market (17%), to village vendor (14%) and very little-ap smciety (0.3%).
Majority (77.3%) did not sell the millet immediately and veryditraw was sold.

(viii) Storage of millets:

Eighty one percent of millet growers did not store grains before marketing and 68% felt that there is no
requirement for common storage facility.

(ix) Needs of millet growers

In order to understand arfdcilitate cultivation and usage of millets, the needs of the millet growers were
analyzed. 90% of the farmers wanted improved cultivation practices and 64% growers expected to facilitate
marketing constraints. Seed storage contacts, training on valugomadaid credit contacts were also
required by nearly 54% of the growers.



2) : Survey of consumers

Two hundred consumers were interviewed in the rural and urban places to know the awareness of

benefits of millet for good health, level of consumptiorglination towards health foods, and of millet
health foods and willingness. Consumer survey revealed the following important points:

(i) Reasons for low consumption of millets:

Urban area:

Millet is not consumed by the city dwellers as 87 percent afehgondents were unaware of use of
millets as food.

The main reason for non use of millets in their daily diet in urban areas was non availability of
millet grains in the consumer market. This was expressed by almost all the respondents.

Further 87 perent of the respondent consumers were unaware of use of millets.

Ninety two percent respondents did not know the positive health benefits of millets in controlling
the blood sugar level, blood pressure and obesity.

Some consumers expressed that millétis] to digest compared to rice.

Awareness regarding availability of health foods in the market was very poor. Only twelve percent
of respondents were aware of availability of health foods in the markets.

Only 4 shops in the Dharwad city market and temps in Hubli city market were selling the health
food prepared from millets.

Consumer demand has fallen because of a nhumber of factors, including changing preferences in
favour of wheat and rice, irregular supplies of millet, rising incomes and uelpaghization

Availability of heath foods itself in the market was very poor. Hardly 12 health food products were
available in the local markets in which 7 were millet based products. Majority of the millet
products were finger millet based (5) and onetdibxmillet based product. These health food
products were produced by 4 manufacturers and quite a few self help groups. These self help
groups were trained by Rural Home Science College of University of Agricultural Sciences,
Dharwad.

Rural areas:

Somemisconceptions regarding millets like its consumption produces heat in the body and it is
considered as inauspicious as it is used during funeral ceremony are prevailing in the society.

Easy and cheap availability of the rice in PDS compared to thatletsni

It was revealed by the rural consumers that the processing of the millets at household level i.e.
cleaning and destining is difficult and time consuming.

The consumers also revealed that the storage of the millets is difficult as it gets raamaidrin
short duration.



e The millets are not available in all the shops and are expensive compared to rice and other grains.

e As low as 20% of the rural respondent consumers were aware of the health benefits of the millet
consumption and hence majoritytbe consumers did not use millets.

e Few millet products are consumed only during some festivals and hence not consumed everyday as
staple food.

Millet food consumption has reduced over the past 30 years, while total food use of all cereals has
almostdoubled. Particularly in urban environments, the opportunity cost of women's time has encouraged
the shift from millet to readily available processed foods (milled rice, wheat flour, etc.,) that are far quicker
and more convenient to prepare. Populatiasgures have led to a shortening of fallow periods, which in
turn has accelerated the decline in soil fertility. These processes have also prompted the expansion of millet
into more marginal lands. Similar trends are also evident in the harsher millatfadenvironments in
western Rajasthan.In addition, millets are cultivated on small, fragmented production units and are often
intercropped (usually with legumes and sometimes with sorghum or maize).

Il. Collection of landraces:

(i) Foxtail millet: - Landraces of foxtail millet grains were collected from 8 districts of Karnataka in the
year 200809 (table 5). Total numbers of landraces collected were 418. All the grain samples were
processed to dehusking. The whole grains and dehusked samples werealdoatysenutrient components
protein, crude fat, crude fibre, total carbohydrates, total minerals and total energy by utilizing the analytical
equipment Near Infrared Spectrophotometer (NIRS) (table 6).

Table 5: Details of foxtail millet landraces colled in different districts of North Karnataka:

SI.No | District Landraces collected
1 Dharwad 72
2 Belgaum 169
3 Gadag 74
4 Chitradurga 47
5 Koppal 31
6 Bellary 05
I Davangere 14
8 Haveri 06
Total 418

Table 6: Proximate composition foxtail millet landraces (n=418)

Parameter Values | Whole grain| Dehusked sampleg
samples
Moisture (%) | Mean 8.59 9.11
Range 7.79-9.23 8.03-10.2
Protein (g) Mean 12.28 12.70
Range 10.87- 13.28 9.16- 18.18
Fat (g) Mean 3.56 2.09
Range 2.62-4.39 1.07-3.95




C.F.(9) Mean 8.88 2.20

Range 7.16-9.98 1.03-3.59
T.M. (9) Mean 2.69 2.59

Range 2.04-3.17 1.64-3.29
CHO (9) Mean 69.68 72.79

Range 67.5-72.82 68.68- 75.92
T.E. (Kcal) Mean 346 354

Range 336- 355 346- 361

n=418, All values are for g/100g of sample

(i) Little millet :- Landraces of little millet grains were collected from 8 districts of Karnataka in the year
200809. Total numbers of landraces collected were 324th% grain samples were partitioned as in
foxtail millet samples and analysed for the nutrient parameters same as done for foxtail millet grains by
utilizing NIRS.

Table 7: Details of foxtail millet landraces collected in different districts of North Karnataka

SI.No | District Landraces collected
1 Dharwad 52

2 Belgaum 47

3 Gadag 48

4 Chitradurga | 34

5 Koppal 38

6 Bellary 32

7 Davangere | 35

8 Haveri 38

Total 324

Table 8: Proximate composition of little millet landraces (n=324)

Parameter Values | Whole grain| Dehusked sampleg
samples

Moisture (%) | Mean 2.78 2.80
Range 2.702.83 2.702.92

Protein (g) Mean 9.12 8.96
Range 8.679.45 8.249.73

Fat(g) Mean 3.38 3.48
Range 3.173.63 3.073.81

C.F.(9) Mean 1.44 1.50
Range 1.281.58 1.281.72

T.M. (9) Mean 2.47 2.44
Range 2.332.61 2.192.64




CHO (g) Mean 71.90 72.39
Range | 62.6996.37 63.2896.37
T.E. (Kcal) Mean 399 399
Range | 398399 398400

n=324, All values are for g/100g of sample
11 . Training programmes to farmers and SHGOSs:

() Trainings: Several training programmes have been conducted to educate and give the information of
millet cultivation, marketing and value addition to the millets which they were cultivating. The trainings
were conducted in the respective villages for the benefiteofarmers. Since many of the farmers prior to
training were in misconception that the millets are not for the consumption by humans and they used to
feed the cattle the millets to make them healthier.

Sel f hel p groups ( SHGOMR)milevgost darvgst proeassing and valne n g ¢
addition to the millet grains. These trainings were conducted in collaboration with UAS, Dharwad
scientists, BAI'F and other resource persons relat
was thatthey could gain the information and could setup the processing units for the farmers and
entrepreneurs for utilization.

(i) Puppet shows:The puppet shows were conducted for the farmers and farm women as an infotainment
for educating them regarding thmportance of millet consumption and their health benefits, A total of 20
puppet shows were at different locations (villages) in Dharwad, Belgaum, Haveri and Davangere districts
of Karnataka.

(i) Street plays: Several street plays have been performethbyartists to give the information about the

millets and creating awareness amoung the farmers. These street plays were also helpful for the public
people who could get many important aspects regarding the millet grains. Around 30 street plays have been
conducted in the rural areas and several aspects of millet were covered and has been put in the form of a
street play. The rural people has been educated and given information on the beneficial aspects of millets
and their cultivation.

IV. Millet recipe competition to rural women:

The recipe competitions were conducted in several villages for creating awareness of millets amoung the
farmwomen and rural community. In the recipe the millet should be utilized as a major component and food
has to be prepared,ehecipes were evaluated later by the experts and the prizes for the I, Il and Il places.
The details of the recipe competition are given in table 9.

V. Establishment of millet seed banks:

Two millet seed banks were established by identity to progreastvénnovative farmers. Amoung the 418
foxtail millet samples elite lines were selected for maintenance and distribution.

1) Eshwarappa Banakar, Gangavati, District: Koppal

2) Shivayogi Makri, Chikkerur, Taluk: Hirekerur, District: Haveri
These two farmers wergiven with those lines for multiplication, maintenance and distribution to
surrounding farmers on barter exchange so that fresh seeds shall be returned to millet seed bank by the
users. These farmers also grow in little quantity to maintain the puriggraftypes.



6. Innovations

As discussed previously millets contain balanced prdtginarbohydrates and minerals
are good source of staple food. Hence to cater the needs and demands of all walks of life eleven
different healthy millet food products adeveloped to improve the quality public life. The
products were developed with the view of targeting different populations. The products and target
groups are as follows:
A total of 13 innovations are made in the ICARNAI P sub project on i\
Enrichment and Popul arization of Potenti al Fo
follows:

1. Fabrication of Millet Processing Unit:

The millets being procured in Karnataka by exporters is transported to Nasik, a place in
Maharashtra for processing and packaging. The millets thus processed is transported back to
Karnataka and sold at a price very higher than the procurement price. tderdece this and to
give remunerative price to the farmers and to aid further processing to develop value added and
healthy millet food products, the project established millet processing units at Gadag and
Dharwad. The millet growing farmers and mami@ers of food products are linked to these
processing units.

Two pilot primary millet processing units are established, one at Gadag district and other at
Dharwad district to facilitate farmers in processing of millets. The unit established at Gadag is
manually operated costing Rs.5 lakh. This unit processes 5 quintal millets per day. Millet rice
obtained is clean, free from husk, dirt, stones and all other inert materials. Grains obytained by this
processing unit can be directly used for cooking oduse preparation of ready to eat food
products by food production industries. Farmers of this district are processing their millets in this
unit. Chandan Food Industry also procures millets from farmers and sells them to marketers after
processing.

The pimary processing unit established at UAS, Dharwad is automatic has a capacity of
processing 15 quintals of millet per day is k.
use. Now by establishment of this unit students, scientists, manufaad@ireachines, farmers are
benefited and ultimately consumers are benefited.

2. Foxtail millet Food mix (for Metabolic Syndrome)

Foxtail millet food mix is a instant mix suitable for management of diabetes,
hyperlipidemia and obesity as well as foproving and maintainance of good health of general
public. The product is a package of two units viz. grain mix and spice mix. Grain mix is a
combination of foxtail millet and split blackgram in a particular quantity to maintain the amylose
and amylopecti ratio. The spice mix contains selected spices which have hypoglycemic effect.
The two units together impart a glycemic index of 49 which is considered low glycemic food
according to ICMR (Indian Council of Medical Research). The recommended serving «f 80
grain mix and 5g of spice mix per day per person. The efficacy of this product has been tested on
300 human diabetic volunteers at KLES Medical Research Centre, Belgaum over a period of three
months. Improved glycemic and lipid profiles were obseriredhe volunteers along with
improved general health as perceived by the volunteers. Fasting and post prandial blood glucose
level decreased by 13.5 and 14.7% respectively in addition to the glycated haemoglobin level,
which is an indicator of blood glucesevel of the individual over a period of 3 months, which was
seen to reach desirable level i.e. 6.7 from 8.3. Plasma lipid levels improved in terms of decreased



triglycerides, LDL, VLDL and total cholesterol by 13.5, 4, 4.7 and 13% respectively andsadre
HDL cholesterol by 17%. Diabetic Mix can be molded into traditional Indian recipes by
incorporating additional ingredients like vegetables, seasoning and curd.

The technology of production of Diabetic Mix is transferred to Chandan Food Products,
Gadag which is a partner in the sub project. The introductory offer price of the product is Rs.54
per pack (500g grain mix and 45g of spice mix). The product is marketed at retail shops in various
cities of Karnataka through wholesalers. A total of 100kglpcd on an average is being sold

every month.

. . Pre feeding Post feeding Per cent
Biochemical parameters for 90 days
(Mean) Change
(Mean)
1. FastingBlood glucose (mg/dl] 153 (67419) | 132 (70279) 13.5
2. Post prandial (mg/dl) glucose| 201 (73480) | 171(86-370) 14.74
3. Random glucose 134 (65383) | 128 (66200) 4.47
3. HbAlc 8 (5.317) 7(4.89.2) 19.14
4. Total cholesterol (mg/dl) 180 (9G303) | 156 (90255) 13.25
5. HDL-C 42 (2883) 50 (3084) 17.39
6. LDL-C 118 (28258) | 113 (6.3250) 4.08
7. Triglycerides 142 (12335) | 123 (13234) 13.51

The general health was improved as perceived by subjects and observation of doctors. The
diabetic mix was well received by diabetics when commercialized. The product is cost effective
(Rs.180/kg) andffordable by diabetics. The All India Medical Association members of different
districts were empowered with the information on health benefits of this product. The millet
melas/exhibitions were conducted in Bangalore, Mysore, Dharwad, Haveri, Chiklkesdingere,
Bijapur, Suttur, Gadag and Shimoga for the benefit of consumers and product popularization.

. The advertisement of this product in the news paper fetched attention of numerous
consumers and interested consumers were given detailed informmaianding the product
through telephone. The product has a good demand by urban consumers. On the whole there has
been an improvement in the quality life of public, farmers are profited due to the increased
demand for foxtail millet as major raw matefiiat Diabetic Mix.

Impact: High satiety value. Reduces blood glucose level byl8%, LDL-C by 5%, total
cholesterol and triglycerides by-18% in adult diabetics. Relieves constipation, and helps in
weight & risk reduction in later years, improves lifeality. Suitable enterprise based technology
to rural families for economic empowerment.

Methodology: Clean foxtail millet & split black gram (4:1 ratio) are mixed & selected spices in
specific combinations are roasted individually & mixed, groundfinepowder.

Cooking and serving:For each 80 g of grain mix, 8 g of spice powder is added & soaked for ¥2
an hour, & cooked in 4 times of water to soft consistency and served hot as breakfast and/or lunch
dish.



Ingredients: Foxtail millet, Split blackgram, Black pepper, Cinnamon, Fenugreek seeds,
Coriander seeds and Cumin seeds

Nutritional Information: One serving of mix provides 16 g of dietary fiber, 248 kcals of energy,
11.4 g of protein, 71 mg of calcium, 3 mg of iron & 60 ug of carotene
Cost: Rs150/kg (Rs 300 / month expenditure for a diabetic)

3. Little Millet Food for boosting physical endurance of sportsmen and children

A survey conducted in the sub project area revealed that sports food products available in
the market contain only fids, sugars and chemicals like caffeine, which provide only energy and
support hydration. Hence, a product was developed in the sub Bppmt$s Food Mixusing little
millet as base.

The food formula 6Sports Foodpritdinadd embgy i ver
substrates in a convenient and easily digestible form which can help physically active people
including athletes. The product is an instant mix, contains little millet, soya bean, skimmed milk,
sugar and cardamom. The presence of cermghrbohydrate and fibre in little millets contribute to
the slow rate of release of glucose in the blood which is a beneficial property during prolonged
sports events. Soya bean added in the mix provides isoflavones which helps in scavenging the free
radcals produced in the body during strenuous physical actiVine food was tested for its
efficacy in terms of physical endurance. The food as pre event meal and carbohydrate loading
increased physical endurance by land 15% respectively. Long term sigipentation of the
product increased performance of basketball players by 27%. A serving of 50g of this product is
recommended per person per day.

The formulation of this product is shared with Chandan Food Products, Gadag which also
takes care of thenarketing through wholesalers. Cost of this product is Rs.90 per pack of 500g.
The product has a good demand by the urban consumers as perceived by retailers.

Innovation: The product is fabricated on optimal protein energy ratio of 1:18 as per guidilines
ICMR. Ready to prepare food, easy to mould into hot beverage with dense nutrients.ldeal for
glycogen store in the liver, by loading prior to the sports event with low release of glucose during
event performance boosting physical endurance.

Benefits: High satiety value. Glycogen loading prior to 3 days of the sports event helps person to
boost physical endurance and performance b¥Q%¥h. Added soybean helps in providing anti
oxidants and isoflavones to wash out free radicals and eliminate fatiguptafteral exertion.

Impact: Marathon runners, basket ball players and throwers have shovi®%5boosted
endurance and performance due to consumption of the designed food prior to the event. Long term
feeding trials (3months) indicated continued higher performance by sports persons.

Ingredients: Little millet, soy bean, skimmed milk powder, sugar.

Serving SuggestionOne serving of mix needs to be mixed with water and simmer it. Additional
milk and sugar can be added for taste, consumed hot as beverage.

Cost: Rs. 120/kg

Nutritio nal Information: 50 g of mix provides 188 kcals of energy, 7g of protein, 141 mg of
calcium and 2.5 mg of iron.

4. Healthy Little Millet Flakes



Little millet grains are rich in fiber, protein and mineral which help in management of
diabetes, bloogressure, constipation and obesity if consumed regularly. But urban consumers
with high income and professionalists do not have time to prepare the little millet food in their
houses. They mostly eat ready to eat junk food in the morning while gdingjitgob. Hence to
meet the demands and needs of these groups healthy little millet flakes are innovated and
marketized.

Low moisture food with long shelf life of 6 months.High satiety value.Ready to eat,
crunchy snack for breakfast, suitable for afle groups.High iron content combat nutritional
anemia, help cognitive parameters in children and geriatric groups. Millet flakes have lower
energy (1511%), fat (7585%), protein (423%), but high fiber (8@l5), iron (6675%) in
comparison with commerdlg available corn and wheat flakes. These little milet flakes contain
66-75% increased iron. The millet flakes also costs Rs 40 less than the market available flakes.

Nutritional Information : 30 grams of flakes provide 21.1 mg of iron, 5.1 mg afalcium,
seven folds higher fiber (5.43 g) over commercial corn flakes. Energy supplied is 95 Kcals,
protein 2.3g, fat 0.08g, and carbohydrates 15.78 g.

Innovation: Controlled @latinized, extruded & flattened crunchy millet flakes are suitable for all
age groupskExtruded millet flakes technology being cost effective can be ventured as cooperative
enterprise by farming community for better quality Fiewvors- dark chocolate, milk chocolate,
vanilla, butter for better tastes.

Benefits: High satiety value. Shelf life of > 6 months, low moisture food, High iron content
combat nutritional anemia, help cognitive parameters in children and geriatric groups. Millet
flakes costs Rs 40 less per 5009 packagdetvflakes have lower energy (4BL%), fat, (75

85%), protein, (£3%), and higher fiber, (885), iron (6675%) in comparison with commercially
available corn & wheat flakes, respectively.

Ingredients: Little millet, sugar, salt & flavoring agents

Methodology: Little millet grains are tempered at-18 psi pressure for 20 minutes cooled &
rolled to 0.25 mm thickness in a roller. Desired level of sugar & salt are added & extruded through
single screw cold extruder with the die diameter of 4 mm & cut into gnikhé&r, the grits are
rolled in a roller to 0.25 mm thickness & solar dried t6% moisture level. Dried flakes are
toasted at 18@00 oC in a rotary toaster (4 mts) to obtain the crunchy millet flakes. The flavours
can be added to flakes to cater to gruariety.

Cost 140 Rs /kg

Nutritional Information : 30 g ( one serving) of flakes provide 21.1 mg of iron, calcium, 5.1mg,
energy supplied is 95 Kcals, protein, 2.3g, fat, 0.08g, and carbohydrates 15.78 g cholesterol, 0%
Trans fat.

5. Foxtail Millet DosaMix

The instantdosamixes available in the market are generally rice based. Major nutrient
provided by such products is only carbohydrates. Foxtail ndtlsmix developed in the sub
project provide good amount of fibre, nutrients and minerals.In addition it provides therapeutic
benefits of foxtail millet to consumers

Foxtail milletdosamix is an instant mix to prepare traditional and popular breakfst it
dosa The formulation contains foxtail millet as major ingredient supported by blackgram dhal,
rice, dicoccum wheat and cumin seeds. This mix is suitable for professionals especially working



women agiosa can be prepared instantly without any pre pegan. The product contains good
amount of fibre and protein which is a suitable factor for breakfast items. The product provides
sufficient amount of energy required for the body. Fibre content slows down the process of
digestion and absorption and hemogarts good satiety value.Thus consumption of foxtail millet
dosa improves the health and quality life of public.

The product is being manufactured by Chandan Food Products, Gadag in large scale. The
cost of this instantlosamix is Rs.40 per pack @&50g which makes around tesa of average
size. The product is fetching good demand in urban areas and an increase in the demand is
observed.

6. Little millet cookies

Commercially available cookies in bakery are high in trans fat and low in fiibeel
improvement in order to prevent the consumers from the adverse effects on health. Cookies being
a widely consumed snack item, needs to be a healthy and nutritious product. Cookies available in
the market contain refined wheat flour, hydrogenatedrfdtsalt which are bad for the health of
children and adults who consume these cookies. Hydrogenated fat which contains trans fat affects
cardiovascular health, while refined wheat flour affects intestinal and rectal health as it contains
low fibre. Salt onsumed in excess quantity increases blood pressure.

Hence to protect the health of consumers of cookies especially children and urban high
income consumers, little millet cookies are developed with high fibre, no salt and with low trans
fat. These coolkds improve the health of consumers as whole millet grains substitute refined wheat
flour.These little millet healthy cookies help in reducing the side effects of refined wheat flour
cookies and improve the health of cookies eaters.

Salient featuresReadyto eat, Nutritious , Low trans fat (0.16%), High fiber, High satiety value
Suitable for children

Innovation: Little millet cookies are nutritious with very low 0.16% trans fat. High in fiber with
increased satiety value.Suitable for children.

Benefits High satiety value. Nutrient dense.

Ingredients: little millet, refined wheat flour, butter, sugar, curd, baking powder,
Serving: 25 g per serving

Cost Rs 15/100 g

Nutritional Information : 100g of cookies contains 491 Kcals of energy, 4.4 gratein, 18.4 g
fat, 1.49 fiber, 75 g carbohydrates, 36 mg of calcium, 2.7 mg af iron

7Mi Il Il et Khakara : Di abetic Travelerdés Treat
Khakara is a traditional Gujarati food prepared with wheat flour and sometimes with
addition of spices. It is a readg-eat convenient food, with low moisture and good shelf life.
Khakaracan be modified to value add&tlakaraby varying the ingredients. Foxtail millet was
selected for value addition &hakara Foxtail millet possesses therapeutic nutraceutical value
high fibre content and low glycemic index apart from nutritional benefits. Its high fibre content
makes it mos suitable for diabetics. Thus foxtail millet baskdakara was developed with
acceptable sensory qualities. To make it more suitable for diabetics it was planned to add
hypoglycemic spices to achieve the glycemic indekhatkarabelow 50. Selected hypogiemic
spices viz. cumin seeds, coriander seeds, black pepper and turmeric were individually added in
different proportions to millekhakaraprepared with 60:40 foxtail millet: wheat flokhakaraand



subjected to sensory evaluation. The proportion cfettepices was optimized based on the results
of sensory evaluation.

Millet khakarathus designed and fabricated has higher fibre content of 19.4g as against
11.4g of wheakhakara This was almost 70 percent higher than the wkleakara Higher fibre
content is desired for diabetics for slow release of glucose in the blood. Ready to eat snack
&Khakardd prepared from foxtail millet is a trave
The product contains all natural ingredients, crisp in textis low Gl of 47 makes it suitable for
diabetics. Millet khakara contains high fibre content and high satiety value. The technology being
home stead, does not require sophisticated equipments and heavy investments and hence suitable
for both rural and ban SHGs.

Innovation: The specific composition of low glycemic spice mix in the optimum ratio and foxtail
millet monitors blood sugar and lipid parameters in diabetics to near normal levels.

Product Description: Ready to eat snack, suitable for diatetiKhakara is fiber rich (3.49g %)
with low fat and complex carbohydrates. Fabricated with natural ingredients with low Glycemic
index of 47 as per the WHO guidelines. Low moisture food with long shelf life for more than 30
days serves as travel companion

Benefits High satiety value. Long shelf life of more than a month, low moisture food, easy to
carry during traveling where diabetics have limited options.Prevents consumption of high energy
foods diring journey. Technology being homestead and cost effective, large scale production can
be achieved by rural SHGs for economic empowerment.

Impact: Controlled blood sugar and lipid level due to consumption of millets. Low risk
development and better qigllife.

Ingredients: Foxtail millet, Wheat, Black pepper, Cumin seeds, Fenugreek seeds, Coriander
seeds and Cinnamon.

Serving Suggestion The millet Khakara can be consumed as such or layered with chutney or
ground nut or soy low fat spread for hadbenefits.

Cost Rs. 20 for 8 Khakras

8. Multigrain Millet Pasta:

Pasta is a popular food among children and young generation since more than a decade. It is a
product generally prepared from refined wheat flour which is devoid of fibre contantpartant
constituent required for good health of body. Hence, in order to increase fibre content and improve
nutritional value, multigrain millet pasta was developed using foxtail millet as base and whole
wheat, sorghum, barley and blackgram dhal weeel @s supporting ingredients.

9. Multigrain Millet Atta :

Chapathi and roti are the most commonly prepared food items in India in almost all the regions.
The glycemic index of wheat is around 80 and hence is not suitable for diabetics. In order to
reduceits glycemic index and improve nutritional value, multigrain concept was used with foxtail
millet as base. The product is found feasible for preparation of all the recipes where wheat flour is
used.



10. Little millet ready to cook flakes:

Little millet is a nutritious grain possessing good amount of fibre and minerals. Its bland
taste makes it a suitable grain for all kinds of value addition. Rice flakes is widely used in many
regions of India. Moreover, rice flakes are used for preparing breakfast Beeakfast should
contain sufficient calories and all the vital mutrients. Rice flakes provide calories but is devoid of
other nutrients. Hence little millet was selected for preparing ready to cook flakes which can
provide good amount of fibre gives gosatiety value and slows the digestion.

Methodology: Dehusked and cleaned little millet grains are steam cooked, passed through rollers
and dried.

Benefits: Nutritious, provides essential nutrients

11. Ragi dosa mix:

Ragi is a nutritious milletontaining very high amount of calcium along with good amount
of protein, fibre and minerals. In spite of ragi being nutritious, it is not being utilized due the lack
of time for preparing food items from it. Increasing number of working women is onee of th
reasons for it. Since dosa is one of the popular breakfast items in almost all regions especially
south India, instant dosa mix was formulated with ragi as base. Dosa mix being an instant mix
saves time of pre preparations required for preparing doshéience suitable for professional
women.

Ingredients: Ragi (finger millet), blackgram dhal, cumin seeds.
Cost: Rs.35/400g

Impact: Ragi being rich in calcium, improves bone health.

12. Foxtail millet ready to cook vermicelli:

Vermicelli is a populaproduct consumed by almost all classes of people. Vermicelli is
generally prepared from wheat semolina. Wheat semolina is devoid of essential nutrients like fibre
and minerals. Hence to enrich conventional vermicelli with these nutrients, foxtail milket wa
incorporated in vermicelli to the extent of 50%. To make it easy for utilization and to make it a
healthy product, natural flavouring and tasting ingredients were added.

Ingredients: Foxtail millet, wheat semolina, ghongura leaves, curry leaves, ceridedves,
green chilli, spices and iodized salt.

Methodology: Dried and powdered ghongura leaves, curry leaves, coriander leaves and green
chilli, spices powder and iodized salt were added to the mixture of foxtail millet and wheat
semolina mixture, dodgwas prepared by adding optimized quantity of water, extruded and dried.

Impact: The product being highly acceptable for sensory characteristics, upma can be prepared
instantly and hence saves time.

13. Little millet composite mix:

Composite mix is anultipurpose ready to use food product that is suitable for almost all
the age groups. The ingredients used in the composite mix complement each other to provide
essential nutrients. The composite mix ca be utilized in many recipes where rice flour.is used



Utilization of little millet in the composite mix developed in the sub project makes it nutritious by
providing essential nutrients.

Ingredients: Little millet, green gram dhal, Bengal gram dhal, groundnut, chakramuni leaves.

Methodology: All the grains were roasted individually, mixed in fixed proportions and millet to
fine flour to which dried chakramuni leaf powder was mixed.

Impact: Little millet composite mix can be used in the preparation of porridge, laddu, thalipattu,

pakoda andlwakli. Many other food items similar to these can also be prepared.

7. Process/ Product/Technology Developed

(List partnerwise major Process/ Product/Technology developed and their outcome in

guantifiable terms)

Sl. (Process/Product/ Adoption/ Validation/ Responsible
No. TechnologyDeveloped Commercialization, etc. Partner
1 Diabetic Mix Commercialized throughout Karnatak
2 Sports Food Mix Commercialized throughout Karnatak
3 Foxtail Millet Dosa Mix Commercialized througho#tarnataka UAS, Dharwad
Adopted by
i). Chandana Food Products, Gadag
4 Little Millet Cookies i) Bakery Training Unit, UAS,
Dharwad
iif) Green Concept, Dharwad
ivi) Jolle Business Group, Examba
5 Little Millet Ready to Eat | Adopted by Bhavani Foods and Feed
Flakes Bijapur
Adopted by
i) Durga Yuvati Mandal, Mangalagatti
6 | Foxtail Millet Khakara village, Dharwad
i) Women Entrepreneurship
Development Association, Dharwad
7 Little Millet Ready to Cook| Adopted by Bhavani Foods and Feed
flakes Bijapur
: : Adopted by Veerabhadreshwara Stre
8 {_/|ttle _l\/I|II¢t Instant ShaEti Sar?lgh, Yadavad Village,
ermicelli
Dharwad
9 Little Millet Composite Adopted byWomen Entrepreneurship
Flour Development Association, Dharwad
10 | Multigrain Millet Pasta Adopted by Green Concefi2harwad
o Adopted byWomen Entrepreneurship
11| Multigrain Millet Atta Development Association, Dharwad




Proforma -1

Validation of Developed/ Released/ AdopteBroduction Technologies/ Innovations

Title ofthe Subp r oj ec t :Aival ue Chain on Enrichment and
Grains for Nutraceutical Benefitsbo
Name of CPI/CCPI Dr. M.Y.Kamatar

Title of the Technology Foxtail millet Diabetic Mix

Information onExisting farming Systems, Practices, Productivity Levels and Income in the Target Area
- NA

Key Intervention(s) Introduced . Foxtail millet based instant khichdi mix for diabetics possessing
glycemic index of 49 and hence consideredoas glycemic index food according to the guidelines by
WHO. The product was tested for its efficacy by feeding it for 3 months to 300 human diabetic subjects for
clinical parameters by Diabetes Research Centre, KLES Hospital, Belgaum. The result ésas foll

Reduction in: (a) fasting blood glucose by 14% (b) post prandial blood glucose by 15% (c) LDL cholesterol
by 5% (d) VLDL cholesterol by 4.75% (e) total cholesterol by 13% (f) triglycerides by 14% (g)HbA1C by
19%g

Increase in: (h) HDL cholesterol By %

Results:

Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If Applicable; with
Supporting Data (with Tables and Photographs as Annexure):

The product was highly accepted by the subjects. The product was commerciali*&tanataka.
Distribution linked through 80 whole sale outlets in 20 major cities of Karnataka.

Brief Description of Technology for Release: The product is fabricated using foxtail millet, split blackgram
and hypoglycemic spices. The product includesngnaix and spice mix which are to be utilized together to
prepare khichdi. One serving of the product (80g grain mix and 5g spice mix) is to be consumed everyday
for best results. High fibre content of the product helps in the management of blood ligidsstaimt mix

can be utilized and extended to various other Indian recipes.

Mighty Millet for
Mcnuggmcnt of Dlo : 3 Vangibhath

With Low Glycemic Index (49.64)

b) Jali MV, Kamatar M Y, Sujata Ided
foxtail millet therapeutic foc

patientsRecent Research in >cience ana 1ecnnomgy: Usu4.

Extended recipes from diabetic mix

c) Itagi S K, Naik R K. 2012. Glycolipemic response of millet based mix in diabetics and non diabetics.
Current Research in Biological and Pharamceuticak8ces5 (1): 4145.

Por



Abstracts:

a) M. V. Jali, M. B. Hiremath, S. Sankpal, M.Y Kamatar and Rama K Naik. 2011. Efficacy of Value Added
Therapeutic Foods in the Management of Diabetes in Selected Human Volunteers (in) National

Workshop on recapturing milletfor management of health and diseases held durind716
December 2011 at Dharwad

b) Sunanda Itagi , Geeta Kapaleshwar, Rama K. Naik and M. Y. Kamatar. 2011. Evaluation of Millet based

Designer Food for Diabetics (in) National Workshop on recapturingetsillor management of
health and diseases held duringlléDecember 2011 at Dharwad

10. Any other information.

Publicity of the product done through:

e Advertisement given in local news papers and pocket calendars.

Information regarding product given in 2 bogksblished under NAIP project.
Social marketing through diabetic centers.
Publicity in melas and exhibitions like krishimelas and millet melas at different places.
Trough radio and national channel television.
Sales in diabetic clinics.
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Proforma -1

Validation of Developed/ Released/ AdopteBrocessing Technologies/ Innovations

1. TitleoftheSubpr oj ect :AValue Chain on Enrichment and
Grains for Nutraceutical Benefitso
2. Name of CPI/CCPI Dr. M.Y.Kamatar

Title of the Technology :Little millet Sports Food Mix

4. Information on Existing farming Systems, Practices, Productivity Levels and Income in the Target Area

- NA

5. Key Intervention(s) introduced: The developed product is little millet based instant mix. The protein energy
ratio is maintained according to the guidelines of ICMR for sportsmen. The product was tested for its

efficacy on athletes as pre ewameal and carbohydrate loading. An improvement ¥5%@was seen in
endurance. The product is suitable for children for better growth and physical activity.

Por



6. Results : Status of dissemination/commercialization; and, extent of adoption and succesgaltflepp
with supporting data (with tables and photographs as annexure):
The consumer acceptance of the product was high. The product was commercialized throughout Karnataka
state. Distribution linked through 80 whole sale outlets in 20 major cities obkada@.
Brief description of technology for release: The product contains other ingredients like soya bean, skimmed
milk powder and sugar which contribute to the protein and calories. The slow release of carbohydrates
results in supply of energy to thehldtes along the event resulting in increase in physical endurance. One
serving of this product i.e. 50g is to be consumed everyday.
7. Expected Outcome/Impact of the technology:
(8.1) Expected increase in area, production and net income
(8.2) Others: Increasin the production of little millet for food use.
8. Whether findings have been published? If so, give the citation and enclose copy of the publication.
Abstracts:
1) Roopa U., Kasturiba B. and Rama K. Naik. 2011. Formulation of Sports Food for Physical Eaduran
(in) National Workshop on recapturing milléts management of health and diseases held during 16
17 December 2011 at Dharwad
2) Roopa U., Meghana D. R., Kasturiba B. and Rama Naik. 2011. Development of Little Millet based
Sports Food Mixin) National Workshop on recapturing millées management of health and diseases
held during 1617 December 2011 at Dharwad

- T4 s e ?M:

N5

-

L
L Feeding trials
Validation of Developed/ Released/ Adoj
1. TitleoftheSubpr oj ect :Aival ue Chain on Enrichment and Poy
Grains for Nutraceutical Benefitsbo
2. Name of CPI/CCPI Dr. M.Y.Kamatar

Title of the Technology Little Millet Khakra

4. Information on Existingfarming Systems, Practices, Productivity Levels and Income in the Target Area
- NA

5. Key Intervention(s) Introduced: Ready to eat foxtail millet based snack item, has Glycemic index of 47,
which according to WHO guidelines is a low glycenridex food. The hypoglycemic spices added in the
product adds to the sensory attributes as well as hypoglycemic effect of the producs.

6. Results
Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If Applicable; with
SupportingData (with Tables and Photographs as Annexure):
The product has been highly accepted for its sensory characteristics. Also, market testing revealed that the
product is in demand.



7. Brief Description of Technology for Release: Ready to eat snacklaithglycemic index, suitable for
diabetics especially while traveling where there are limited options of snacks that are suitable for diabetics.
The product is packed in a carton pack which ensures the physical intactness of the product.

8. Expected Outcomatipact of the Technology:

(8.1) Expected Increase in Area, Production and Net Income
(8.2) Others: The technology of millet khakara being home based, does not require sophisticated
equipments. Hence women can be trained in its preparation and sale whthear an income.

9. Whether findings have been published? If so, give the citation and enclose copy of the publication.

a. Sunanda ltagi , Geeta Kapaleshwar, Rama K. Naik and M. Y. Kamatar. 20 Ilycemic
Millet basedKhakarai A t r av el e r @n¥Natboam/fgoakshbpoon recapturing millets
for management of health and diseases held durisiy Idecember 2011 at Dharwad

b. M.Y.Kamatar, Sunanda Itagi and Meghana D.R. and Giridhar Goudar. 2013. Textural and
dough properties of foxtail milletSetaria itdica) composite flour Khakaran) International
workshop on Promoting Small Millets for Improved Rural Economy and Food Security held
during 89 February 2013 at Dharwad, Karnataka, India9®p



Proforma -1

Validation of Developed/ Released/ AdopteBroduction Technologies/ Innovations

1. TitleoftheSubpr oj ect :fAiVval ue Chain on Enrichment and Poy
Grains for Nutraceutical Benefitsbo
2. Name of CPI/CCPI Dr. M.Y.Kamatar

Title of the Technology Little millet Flakes

4. Information on Existing farming Systems, Practices, Productivity Levels and Income in the Target Area
- NA

5. Key Intervention(s) Introduced: Little millet flakes are ready to eat flakes, coated with chocolate for
enhanced accegthility.

6. Results
Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If Applicable; with
Supporting Data (with Tables and Photographs as Annexure):
Technology of preparation of flakes from little millet has been transfeadghavani Feeds and Foods,
Bijapur and POWER organization, Bijapur has been linked to the industry for marketing of the product.
Market testing results revealed demand for the product.

7. Brief Description of Technology for Release: Little millet flakes @&dy to eat flakes, can be consumed
with milk as breakfast cereal. Contains good amount of iron and fibre, low in fat. Little millet ready to cook
flakes have also been developed which can be utilized in many recipes.

8. Expected Outcome/Impact of the Taology:
(8.1) Expected Increase in Area, Production and Net Income
(8.2) Others: Being cost effective product compared to other similar products available in the market, high
demand and sales is expected.

9. Whether findings have been published? If so, ¢fneecitation and enclose copy of the publication.

a. Kavita Kotagi,Bharati Chimmad and Rama Naik. 2011. Flax seed incorporated little millet
(Panicum miliarg flakes (in) National Workshop on recapturing milleksr management of
health and diseases held ahgril617 December 2011 at Dharwad

b. Kavita Kotagi, Bharati Chimmad, Rama Naik and A.R.S. Bhat. 2011. Keeping quality
evaluation of value added little millePéanicum miliarg¢ flakes (in) National Workshop on
recapturing milletdor management of health adiseases held during 4& December 2011 at
Dharwad

c. Kavita Kotagi Bharati Chimmad, Rama Naik and Pushpa Bharati. 2011. Millet choco flakes:
development, consumer acceptablity and quality evaluafiop National Workshop on
recapturing milletdor managerant of health and diseases held duringlI@ecember 2011 at
Dharwad

Proforma -1

Validation of Developed/ Released/ AdopteBroduction Technologies/ Innovations

1. TitleoftheSubpr oj ect :Aivalue Chain on Enrichment and Poy
Grains for Nutraceutical Benefitso

2. Name of CPI/CCPI Dr. M.Y.Kamatar



Title of the Technology Little millet Cookies

Information on Existing farming Systems, Practices, Productivity Levels and Income in the Target Area
- NA

Key Intervention(s) Introduced: Little millet based cookies, containing high fibre and lowtrans fats.

Results

Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If Applicable; with
Supporting Data (with Tables afthotographs as Annexure):

The product received good feedback in consumer acceptability test. SHGs have been trained to prepare
little millet cookies. Britannia India Ltd. has been approached for adoption of technology.

Bri se: - i n of little millet into
the cookies and its further value addition with chocolate, nuts and dates. The product being low in trans
fats, high in fibre and energy, it is suitalide all age groups especially for children.

Expected Outcome/Impact of the Technology:

(8.1) Expected Increase in Area, Production and Net Income

(8.2) Others: Product after commercialization is expected to have good demand in the market.

Whether findingdave been published? If so, give the citation and enclose copy of the publication.

a. Bharati V. Chimmad, Meghana D.R., Rama K. Naik and M.Y.Kamatar. 2011. Nutritional
Enrichment of Cookies with Little Milletin) National Workshop on recapturing millefigr
management of health and diseases held durifiy IBecember 2011 at Dharwad

b. Meghana D.R., Kamatar M.Y. and Giridhar Goudar. 2012. Enrichment of savoury biscuits with
foxtail millet (Setaria italic) for good healtiournal of Food Processing and Technol@g10)
pp-188
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Validation of Developed/ Released/ AdopteBroduction Technologies/ Innovations

Title ofthe Subp r 0] ec t :AValue Chain on Enrichment and Poy
Grains for Nutraceutical Benefitso
Name of CPI/CPI Dr. M.Y.Kamatar

Title of the Technology Foxtail millet Dosa Mix

Information on Existing farming Systems, Practices, Productivity Levels and Income in the Target Area
- NA

Key Intervention(s) Introduced: Instant dosi prepared by foxtail millet, split black gram and rice.



6. Results
Status of Dissemination/ Commercialization; and, Extent of Adoption and Success, If Applicable; with
Supporting Data (with Tables and Photographs as Annexure):

7. Brief Description of Bchnology for Release: Instant dosa mix can be reconstituted with required amount of
water and dosa can be prepared. It saves the time of pre processing required for the preparation of typical
dosa. Ideal for breakfast as it can be instantly preparedcemalits good amount of fibre.

8. Expected Outcome/Impact of the Technology:

(8.1) Expected Increase in Area, Production and Net Income
(8.2) Others: Increase in income, number of customers and dealers.
9. Whether findings have been published? If so, give tlaicit and enclose copy of the publication.

Proforma -3

Details of Commercialized Technologies/ Innovations

1. Title of the Subproject fAiVal ue Chain on Enrichment and Popul ari z
Grains for Nutraceutical Benefitso

Name of CPI/CCPI Dr. M.Y.Kamatar
3. Title of technology Diabetic Mix

4. Commercialization status with date of licensing/MOU: Commercialized throughout Karmiatakgh retail
and wholesale dealers

5. Brief description of intervention / innovation: Foxtail millet based instant khichdi mix for diabetics
possessing glycemic index of 49 and hence considered as low glycemic index food according to the
guidelines by WHOThe product was tested for its efficacy by feeding it for 3 months to 300 human
diabetic subjects for clinical parameters by Diabetes Research Centre, KLES Hospital, Belgaum. The result
is as follows.

Reduction in: (a) fasting blood glucose by 14% (Btparandial blood glucose by 15% (c) LDL cholesterol
by 5% (d) VLDL cholesterol by 4.75% (e) total cholesterol by 13% (f) triglycerides by 14% (g)HbAL1C by
19% g

Increase in: (h) HDL cholesterol by 17%



