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INTRODUCTION
The process of globalization has sharpened the threat to food security of many people
living in developing countries, and India is no exception. An estimated 400 million Indians do
not have access to regular and adequate quantities of food. Hunger, malnutrition and under
nourishment are widespread. Chronic hunger is increasing in several parts of the world.
Improving food security, at the household level, is an issue of great importance. Hence, in the
years to come, more food and other agricultural commodities have to be produced, under
conditions of diminishing per capita, arable land and irrigation water resources with ever
expanding biotic and abiotic stresses (Swaminathan, 1999).
Nutritionists have become even more concerned with food security, safety, malnutrition,
and diet-health linkages nowadays. Time and again they have emphasized that ample quantities
of vital nutrients should be available to everyone throughout the year to prevent health related
problems. In the developing world, hunger and poverty are the most terrible problems that
remain unsolved despite multi fold increase in the production of food grains. The ever increasing
population and high dependence on traditional agriculture products such as rice and wheat as
staple foods and their high prices have led to this scenario hence there is an urgent need to
identify alternate food source that is nutritious and less costly
According to Bhat et.al ,2018 small millets are warm-season cereals largely grown in
the semi arid tropical regions of Asia and Africa, under rain fed farming systems (Rai et al.,
2008). Small millets includes finger millet (Eleucine coracana), kodo millet (Paspalum
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scrobiculatum), proso millet (Panicum miliaceum), foxtail millet (Setaria italica), little millet
(Panicum sumatrance) and barnyard millet (Echinocloa frumentacea). They are considered as
nutri- cereals and are source of food, feed and fodder. The crops are grown in agro-ecological
situations including plains, coast and hills as well as in diverse soils and varying rainfall. They
are known for resilience and drought enduring capacity and are relatively less prone to major
pests and diseases. Their richness in calcium, dietary fiber, polyphenol and protein content in
millets make them unique among the cereals. Generally, millets show significant amounts of
amino acids like methionine and cystine and also have high fat content than rice and maize.
Millets have nutraceutical properties in the form of antioxidants which prevent deterioration of
human health such as lowering blood pressure, risk of heart disease, prevention of cancer and
cardiovascular diseases, diabetes, decreasing tumor cases etc. Due to the contribution of millets
to national food security and their potential health benefits, millet grain is now receiving
increasing interest from food scientists, technologists and nutritionists
In view of these facts the present minor research project was undertaken to incorporate
selected small millets in traditional breakfast recipes as an intervention strategy to enhance the
nutritional status of children, especially those in orphanages
Many studies have shown that the burden of micronutrient malnutrition is found to be
very great among children with the adverse effect on their growth and development, mental and
neuromotor performance, immune competence, physical working capacity, cognition, behavior
and overall reproductive performance of affected individuals (McCann and Ames, 2007;
Stoltzfus, 2003; Stoltzfus et al., 2001; Grantham-McGregor and Ani, 2001; Haas and Brownlie,
2001; Scrimshaw, 2000; Gillespie and Johnston,1998; Cook and Lynch, 1986). Hence there is an
apparent need to provide millet based food products in the form of ready to use grains,
convenience foods or mixes to meet the demands of the present day consumers who are variety
conscious. In addition, value addition of traditional food preparations using minor millets not
only offers variety, convenience, quality food to consumers, but also helps in revival of millet
cultivation. Regular consumption of millets will improve the micronutrient intake and thereby
help to prevent micronutrient malnutrition. Further a systematic study of the iron bio
accessibility is warranted to establish the beneficial use of these millets to cope with iron
deficiency among children. The present study is of vital importance to provide low cost and
micro nutrient dense recipes especially for children in orphanages
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REVIEW OF LITERATURE
It is widely reported that millets are warm-season cereals largely grown in the semi arid
tropical regions of Asia and Africa, under rain fed farming systems ( Bhat et. al 2018., Rao et
al., 2008). Among the small millets, the most common include finger millet (Eleucine coracana),
kodo millet (Paspalum scrobiculatum), proso millet (Panicum miliaceum), foxtail millet (Setaria
italica), little millet (Panicum sumatrance) and barnyard millet (Echinocloa frumentacea). Small
millets grains are rich in dietary energy, vitamins, several minerals (especially micronutrients
such as iron, calcium and zinc), insoluble dietary fiber and phyto chemicals with antioxidant
properties (Bouis, 2000) and are considered as “Nutri-cereals”. They are rich in compounds that
help against several chronic diseases like isthemic strokes, cardiovascular diseases, cancers,
obesity and Type II diabetes (Bhat et. al 2018 ,
In recent years millets are recognized as an important substitute for major meal crops to
cope up with worldwide food shortage. Millets are highly nutritious, non-glutinous and like
buckwheat and guinoa, is not an acid forming food, so is soothing and easy to digest. In fact, it is
considered to be one of the least allergenic and most digestible grains available and it is warming
grain so will help to heat the body in cold or rainy season and climates. Millet Network of India,
(MINI, 2009) has urged the Central Government to include millets into the National Food
Security Act and has requested the centre to put millets into the public distribution system (PDS)
in phases so as to create a huge market for millet farmers acting more as an incentive. The
nutritive value of millets is comparable to other cereals with slightly higher contents of protein
and minerals (Gopalan et al., 2013). On average millets contain 10% protein, 25% fat and 73%
carbohydrate. Millets are rich in B-Vitamins (especially niacin and B 6 ), calcium, iron,
potassium, magnesium and zinc.
Millets are generally low in lysine (amino acid) and must be used along with foods that
are rich in lysine to balance the protein diet (D’ Souza et .,1987, Lonnerdal 2000). The
nutritional significance of major millets such as pearl millet, finger millet, foxtail millet and
proso millet is well established. However, there is a dearth of information on minor millets like
barnyard millet, little millet, kodo millet and hence necessitate research in India. Popularizing the
use of these millets which are dense in micro-nutrients is the need of the hour since micronutrient
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malnutrition is a growing concern especially among children .Hence the present study was
undertaken with the following objectives
.
Objectives
1. To develop and standardize traditional breakfast recipes foods (idli ,dosa,idiyappam,
kichadi and kozhukattai )using millets (pearl millet, barnyard millet, little millet and kodo
millet).
2. To determine the acceptability of the standardised recipes as evaluated by sensory
attributes like appearance, colour, flavour, taste, texture and overall acceptability among
the children in selected orphanages.
3. To quantify the nutritional strengths and weakness of the standardised millet based
recipes and to compare it with the nutrient composition of the traditional recipes.
assess the bio accessibility of iron in millet based recipes.
4. To prepare and serve the millet incorporated breakfast items to selected orphanages so as
to popularise the usage of the selected millets among them and to subsequently assess
the acceptability of these value added breakfast items among young children
5. To create awareness among school children to encourage the intake of nutrient dense
millets as a preventive intervention strategy to combat micronutrient malnutrition
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MATERIALS AND METHODS
The study was carried out in two phases as represented in the schematic diagram below
FORMULATION OF MILLET BASED RECIPES, THEIR INVITRO IRON
BIOACCESSIBILITY, ACCEPTABILITY AND POPULARISATION AMONG CHILDREN IN
ORPHANAGES

PHASE 1
PHASE 11
FIRST YEAR (work carried out
with amount sanctioned as first
installment for the project)

SECOND YEAR (work carried out with
amount sanctioned as second
installment for the project)

June 2017‐June ‐2018
June 2018‐ June ‐2019

Standardisation of
millet based recipes

Organoleptic evaluation
of standardised recipes

First phase of
popularisation of
standardised recipes among
selected orphanages

Selection of millets
Preparation of millet mix
Preparation of Millet Mix Incorporated Breakfast Item

Nutrient analysis of
millet mix and
standardized recipes

Iron bioaccessibility
of millet based
recipes

Second phase of popularisation
of standardised recipes among
selected orphanages to create
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awareness about benefits of
millets

Conduction of
awareness
program among
school children

Phase 1
Phase was carried out between June 2017- June 2018 with the funds allotted as first
instalment for the minor research project .
It included the following three aspects
1) Standardisation of millet based recipes
i.

Selection of millets

ii.

Preparation of millet mixes

iii.

Preparation of millet mix incorporated breakfast item

2) Organoleptic evaluation of standardised recipes standardised recipes
3) First phase of popularisation of standardised recipes among selected orphanages

( 1) Standardisation of millet based recipes
Selection of millets :
For the present study four millets viz., Pearl millet, Little Millet, Kodo Millet and Barnyard millet
were chosen to enhance the nutritional content of traditional breakfast recipes
Reasons for choosing the millets for the present study
Pearl Millet
Pearl Millet (Pennisetum glaucum), also known as Bajra and Kambu in tamil is one of
the four most important cereals (rice, maize, sorghum and millets) grown in tropical semi-arid
regions of the world primarily in Africa and Asia.( Bhat et.al .,2018). It has high energy, has less
starch, high fiber (1.2g/100g, most of which is insoluble), 8-15 times greater α-amylase activity
as compared to wheat, has low glycemic index (55) and is gluten free. The protein content ranges
from 8 to 19% and it is low in lysine, tryptophan, threonine and the sulfur-containing amino
acids. The energy of millet is greater than sorghum and nearly equal to that of brown rice
because the lipid content is generally higher (3 to 6%). Vanisha et.al 2011, reported that pearl
millet can be recommended in the treatment of celiac diseases, constipation and several noncommunicable diseases. Nutritional studies on the population living in the pearl millet belts of
the world and clinical trials on the impact of pearl millet in specific disease conditions are
needed
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According to Khairwal et al., 1997, pearl millet is rich in protein and iron. It has very
negligible amounts of anti nutritional factors, although phytic acid and trypsin inhibitors have
cheap staple food with comparatively more nutrients (protein, fat, carbohydrates, mineral etc) to
millions of poor people, cattle and poultry

Little Millet
It has been well documented that little millet, when consumed increases good cholesterol
in the body, suitable for growing kids and strengthens the body.( Bhat et.al., 2018) Its complex
carbohydrate digests slowly which is very helpful for diabetic patients (Gayatri ,2015). It
contains high phosphorous (220 mg/100g) and iron (9.3 mg/100g). It is especially good for
people who have low body mass. Few recipes which can be prepared using little millet are dosa,
idli, pongal, kichadi (Nutritive value of Indian foods NIN, 2007).

Kodo Millet
Among the small millets , kodo millet is a nutritious grain and a good substitute to rice
and wheat(Bhat et.al., 2018) . The protein fibre and mineral content are much higher than the
major cereals like rice. The kodo millet grain is composed of 8.3% protein. The major protein
fraction in kodo millet is gluten (Sudharshana, et al., 1988). Kodo millet is an excellent source of
fiber (15%) as opposed to rice (12.9%) and wheat (5.2%). Its flour has a gelatinization
temperature range of 130◦C, which has less resistance to gelatinization (Shinoj et al., 2006) and
incorporated in baking of bread and cakes, extrusion of cereal based products, gravy, soup, heat
set gel, porridge, instant powders and modified flour and starches for specialty foods. As with
other food grains, the nutritive value of kodo millet protein could be improved by
supplementation with legume protein. Apart from being a rich source of nutrients, kodo millet
also contains high amounts of polyphenols, antioxidants, tannins, phosphorus and phytic acids.
These anti nutrients form complexes with micronutrients such as iron, calcium and zinc and
reduce their solubility and bio availability (Balasubramanian, 2013). The antioxidant activity of
kodo millet decreases when the whole grain is dehulled and cooked (Chandrasekara et al., 2012).
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Barnyard millet
According to Bhat et.al 2018, Barnyard millet ( Echinochloa spp) known as kuthiraivolly
in Tamil is a multipurpose crop which is cultivated for food and fodder. It is a good source of
protein (11.6%), which is highly digestible and is an excellent source of dietary fibre (13.5
g/100g) with good amount of soluble and insoluble fractions (Hadimani and Malleshi 1993). The
carbohydrate content of barnyard millet is low and slowly digestible, which makes the barnyard
millet a nature’s gift for the modern mankind who is engaged in sedentary activities (Veena et
al., 2005). Barnyard millet is most effective in reducing blood glucose and lipid levels.Little has
been published on the uses of barnyard millets.
Based on the review of literature it is clearly evident that pearl millet, little millet, kodo
millet and barnyard millet are rich in nutrients and their intake can promote health as well as
prevent and treat various non - communicable diseases . Hence these four millets were chosen
for the study

Millets selected for the study

(ii) Preparation millet mixes
The selected millets were purchased and cleaned (manually) thoroughly to remove dust,
dirt,

mud,

clay

and

unwanted

particles.

Roasting

was

done

at

60ºC

for

15 minutes, in order to reduce the moisture content, improve flavour, enhance shelf life and to
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destroy the anti-nutritional factors present in the millets (Makokha et al., 2002, Elyas et al., 2002
and Sankara Rao and Deosthale 1983).
Based on findings of the study conducted by Anbu Malar ( 2015) who had
evaluated the bioavaialblity and acceptability of selected millet based breakfast and snacks , the
following proportions were used in the present study. Further, the protein , iron an energy
content of barnyard and pearl millet is much higher than that of kodo and little millet (Gopalan
et., al 2013) and were used in the following proportions
Millet mix – 100g
Barnyard millet -40g
Pearl millet

-40g

Little millet

-10g

Kodo Millet

-10g

S. NO

Variation

Proportion of millet mix used to replace the main cereal
in standard recipe

1

MM-1*

25percent

2

MM-2

50 percent

3

MM-3

75 percent

MM- millet mix

Millet Mix prepared for the present study
(iii) Preparation of Millet Mix Incorporated Traditional Breakfast Item
Common breakfast foods (Five) such as {Dosa, , Idiyappam ,Kichadi , Kolukattai, and Idli
were selected and standardised. The recipes are included in Appedix –ll
Rice Dosa
It is a crispy savoury pancake of South Indian cuisine. It is prepared by grinding rice and
black gram dhal in a fixed proportion 3:1 fermented and then made on a flat dosa pan.( Anbu
Malar ,2015). For the present study the 75% of dosa batter was replaced by millet mix flour
batter .
Idli
It is a steamed recipe of South Indian cuisine. It is prepared by grinding rice and black
gram dhal in a fixed proportion

3:1 fermented and then poured into the idli plate which is
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placed in an idli cooker and steamed for 15-20 minutes . In the present study 25% of rice flour
was replaced by millet mix
Idiyappam
Idiyappam or string hoppers is a traditional Kerala and Tamil food. It is made of rice
flour or wheat flour, salt and water; kneaded into a dough, extruded as strings and then steamed.
It is generally served as the main course at breakfast or dinner together with coconut milk and
sugar or gravy.( Anbu Malar 2013). For the present study 25% of rice flour was replaced by
millet mix mix flour .
Kichadi
Kichadi is a common South Indian breakfast dish, cooked as a thick porridge from dry
roasted semolina i.e. white rava / wheat rava vermicelli. Various seasonings and/or vegetables
are often added during cooking, depending on individual preferences. For the present study,
25% of rava was replaced by millet mix flour
Kolukattai
Kolukattai is a popular South Indian ―sweet dumpling made from rice flour, grated
coconut and jaggery, and is similar to modak made in other parts India. For the present study
25% of rice flour was replaced by millet mix flour

Nutrient Analysis of selected prepared Foods
Moisture, protein, fat, energy, carbohydrate, crude fibre, ash, calcium, phosphorus and iron were
analyzed for the five most acceptable products. Nutrient analysis was done for all the breakfast
recipes prepared using standard ingredients and five recipes incorporated with millet mix. The
procedures adopted for the analyses are given Appendix I.
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MILLET MIX IDLI

INCORPORATING MILLET MIX INTO
THE IDLI BATTER

11

MILLET MIX DOSAI
MILLET MIX IS ADDED TO DOSAI BATTER TO PREPARED MILLET DOSAI

12

MILLET MIX KICHADI
Addtion of millet mix to roasted semolina
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MILLET MIX KOZHUKATTAI
Addition of millet mix into rice flour

Preapration of millet mix kozhukattai
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( 2) Organoleptic evaluation of standardized recipes
Quality is the ultimate criterion of the desirability of any food product. Sensory
evaluation consists of judging the quality of food by a panel of judges. The evaluation deals with
measuring, analyzing and interpreting the qualities of food as they are perceived by the senses of
sight, taste, touch and hearing. Sensory evaluation may be designed to reflect common
preference, to maintain the quality of food at a given standard, for the assessment of process
variation, cost reduction, product improvement, new market development and market analysis.
Human judgement is individual and is not always consistent.
Physical conditions of the individual, psychological factors and environment factors may
affect one’s judgment. Further, one individual may not be able to discriminate different aspects
of the food quality (Manay and Shadaksharaswamy, 2007). For these reasons, for sensory
evaluation, a panel of (twenty) judges was used. The panelist were provided with the prepared
foods an hour after any normal meal (mid-morning or mid-afternoon), when the judges were
neither too well fed nor too hungry.
The panelists were also provided with room temperature water for rinsing between
samples. Organoleptic evaluation was done for different sensory attributes such as colour and
appearance, flavor, texture and taste with a maximum score of five each for each of the food
items prepared. The desirable and undesirable qualities of each attribute were provided in
descriptive terms to help in proper evaluation of the products.
The data were tabulated, averaged and analyzed because for a correct interpretation of
results, their statistical analysis is necessary (Ranganna, 1986). The organoleptically evaluated
products were arranged in descending order using the “overall acceptability score percentage”.
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ORGANOLEPTIC EVALUATION OF RECIPES INCORPORATED WITH VARYING
PROPORTIONS OF THE MILLET MIX

Organoleptic evaluation of idli with varying
proportions of millet mix in comparison with standard recipe
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IDLI

IDIYAPPAM

17

KICHADI

KOZHUKATTAI
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( 3)First phase of popularisation of standardised recipes among selected orphanages
In order to test the acceptability of millet mix incorporated traditional breakfast items a
pilot test was done in three orpahnges before popularising the usage of the value added breakfast
items in orphanges.
All the items were prepared . Three orphanages in and around North Chennai who were willing
to participate in the study were chosen . The items were prepared and served to all the children in
the homes. The overall response and acceptability was noted

Millet Based Food Products Prepared And Served For Children In The
Orphanage-Pilot Study
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PHASE 2
The second phase of the study commenced form July 2018 and was completed in July 2019 .
This phase included the following components
1.Nutrient Analysis of millet mix and standardized recipes
(a)Analysis of the nutrient content of the millet mix
Proximate analysis of energy, moisture, carbohydrate, protein, fat,
phosphorus and iron were carried out using standard procedures

, ash,calcium,

which are presented in

Appendix –1
Energy
The components of foods such as (Protein, fat, carbohydrate, alcohol, polyols, Organic
acids and novel compounds) provide energy. This can be determined either by burning food in a
bomb calorimeter and measuring the heat produced or by adding the energies of all components
together to represent the nutritional gross energy value of the food. The calculation adopted for
the above is given in Appendix-I.
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Moisture
Moisture assay is one of the most important analysis performed on a food . The
propensity of microorganisms to grow in food depends on their water content and for this
reason many foods are dried below the critical moisture content. The procedure adopted for the
above is given in Appendix I.

Carbohydrate
Carbohydrates are important component of foods as a major source of energy. Although
FAO (1998) had pointed that it can be calculated by difference method, in the present study , the
procedure ,it was estimated according to the procedure as by Hedge and Hofreiter (1962) and is
presented appended (Appendix 1).
Proteins
Food proteins are complex and abundant component in all cells and are important for
biological functions and cell structure. The proteins and other organic food components of the
sample was digested with sulphuric acid, then neutralised, distilled into boric acid solution and
titrated with standardised acid. The result of the analysis represents the crude protein content of
the food. The protein estimation was carried out using the micro kjeldhal method and is enclosed
(Appendix 1)
Fat
Fat is mainly a fuel source and it contains more than twice the calories found in an
equal dry weight of protein or carbohydrate. The procedure of AOAC method for the above is
given in Appendix I
Fibre
Crude fibre is the undigestable carbohydrate in foods. Crude fibre was determined by
sequential extraction of the sample with sulphuric acid and sodium hydroxide as per the
procedure specified in Appendix I.
Ash
Ash refers to the inorganic residue remaining after either ignition or oxidation of organic
matter in food stuff. Three major types of ashing are dry ashing for the majority of samples, wet
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ashing (oxidation) for samples with high fat content (meat and meat products) and lowtemperature plasma dry ashing (also called simply plasma ashing or low temperature ashing) for
samples with volatile components. The procedure of Raghuramulu, Nair and Kalyanasundharam,
(2003) was adopted for the ash determination and is detailed Appendix I.
Calcium
Calcium is an important component of a healthy diet and a mineral necessary for life.
―Calcium plays an important role in bodily activities, structure development and regulation of
various cell functions. Insufficient calcium levels lead to deterioration of the cell membrane
resulting in the loss of cell compound and eventually death of the cell and plant tissue ( Anbu
Malar, 2013). The procedure for the above analysis is detailed in Appendix I

Phosphorus
Phosphorus; the mineral is a major structural component that is vital for energy transfer
and stored as phytin in plants.( Anbu Malar 2013) Phosphorus is found in many foods. The
procedure for its estimation is given in Appendix 1.
Iron
Iron

is also an important component of various enzyme systems, such as the

cytochromes, which are involved in oxidative metabolism. Iron lends itself to colorimetric
analysis as it forms coloured complexes with reagents. This was analysed by AOAC (1965) and
it is enclosed in Appendix 1.

(b) Nutrient analysis of breakfast items cooked using standard procedures
Moisture, protein, fat, energy, carbohydrate, crude fibre, ash, calcium, phosphorus and
iron were analyzed for the five most acceptable products. Nutrient analysis was done for all the
breakfast recipes prepared using standard ingredients and five recipes incorporated with millet
mix. The procedures adopted for the analyses are given Appendices I.
Nutrient content of the standard breakfast fast item and nutrient content of breakfast item
with the millet mix incorporated were compared
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( 2 ) Iron bio accessibility of millet based recipes
Bioavailability is a measure which scores the absorbability of a nutrient by comparing it
with that of a reference nutrient that is considered as having the most efficient absorbability
(Allen et al., 2006). Anbu Malar ( 2015 ) summarized that bioavailability is the portion of the
total ingested nutrient utilized by the body. Bioavailability is equated with absorption of a
mineral element after its digestion from food and before its use in tissue and cells.

Anderson

et,al 2004., Bilal 2002)
There are several factors that inhibit and enhance iron absorption. Acids such as ascorbic,
citric and tartaric acids enhance bioavailability of iron by preventing the precipitation of ferric
iron and this is achieved by reducing it to the ferrous state and by forming suitable soluble
ligands that are available for absorption. Ascorbic is the most clearly documented enhancer of
non-heme iron absorption (Monsen, 1988).
In the present study for ―invitro bioavailability analysis were done for five foods
incorporated will millet mix flour. Pepsin-HCL digestion procedure of Rao and Prabhavathi
(1978) and Govindaraj, Krishna Rau and Prakash (2007) was adopted for assessing the invitro
iron bioavailability. According to Rao and Prabhavathi (1978) the ionizable and soluble iron at
pH 7.5 can be directly correlated with ―percent in-vivo iron absorptionǁ and the highest
correlation with physiological availability in humans could be observed with ionizable iron at
pH7.5. Based on this correlation the prediction equation Y= 0.4827 + 0.4707 X, where Y is the
percent iron absorption in adult men and X is the percent ionizable iron at pH 7.5 for iron
absorption using percent ionizable iron at pH 7.5; that is derived by the above authors was used
in this study. The results were tabulated and statistically analysed for further interpretation

3 Second phase of popularisation of millet based recipes in selected orphanages
The final phase of the study was popularisation of millet mix incorporated breakfast
items among selected orphanages and assessing the acceptability of the products among the
inmates .
Nine orphanages / homes in different parts of Chennai who were willing to participate in
the study were chosen . The total number of orphans who consumed the value added breakfast
items was 510 .
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4.Awareness programme among school children of the benefits of millet based recipes
An awareness program for 450 ( each) school children between the ages of 5-15 was
also conducted at

2 two summer camps in Chennai

and the millet based recipes were

distributed to them to popularise the usage of millets as it is nutritionally dense and when
consumed regularly can serve as a cost- effect simple intervention

strategy to combat

micronutrient malnutrition among young . Feedback from the children about their knowledge
attitude and practices with regard to millets were obtained and the results were analysed .

Statistical Analysis
Results of the analyses were statistically analysed by SPSS 16.0 for mean, standard deviation.
Students paired t -test was used to determine the significance of differences between the
nutrient content of breakfast items with ad without the incorporation of millet mix powder . Data
were also analyzed using descriptive statistics
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RESULTS AND DISCUSSION
The study on “Formulation Of Millet Based Recipes, their Invitro Iron Bioaccessibility,
Acceptability And Popularisation Among Children In Orphanges

: are analysed and

discussed under the following heads .
1. Nutritional value of the millet mix.
2. Sensory evaluation of value added breakfast foods.
3. Comparison of nutrient content of selected breakfast items with and without
incorporation of millet mix
4. Bioavailability of iron in millet mix based recipes.

5. Knowledge , attitudes and practices of selected school children towards millets
6. Popularization of millets among selected orphanages
1. Nutritional value of millet mixes
An overview of the nutrients present in selected millets such as pearl millet, barnyard
millet, kodo millet and little millet used in the preparation of millet mix for the study as well
as the nutrient composition of

commonly used cereals such as rice and wheat used for

preparing breakfast are presented in table 1.

Table 1
Overview of nutrient composition of selected millets and commonly used cereals such as
rice and wheat
S. No

Nutrients /100g
Pearl

1
2
3
4
5
6
7
8
9
10

Moisture ( g)
Protein (g)
Fat( g)
Crude Fibre(g)
Carbohydarte (g)
Energy (Kcal)
Calcium ( mg)
Phosphorus ( mg )
Iron(mg)
Ash ( mg)

12.4
10.6
4.8
1.3
67.5
361
42
296
16.9
2.2

Selected Millets for the
study
Barnyar Kodo Little
d
11.9
12.8 11.5
11.2
8.3
8.7
3.9
1.4
5.3
10.1
9.0
7.6
65
65.9
67.0
300
309
341
11
27
17
280
188
220
15.2
2.34
9.3
4.5
1.2
1.72

26

Commonly used
cereals
Rice
Wheat
parboiled
12.6
12.8
8.5
11.8
0.6
1.5
0.26
1.2
71.4
71.2
349
346
10
41
280
306
2.8
5.3
0.33
2.0

Source : Indian Food Composition Tables, NIN – 2017 , Rao ,et.lal 2017 ,, Zubair et.al 2015., Anbu Malar
et.al (2013)

The nutrients present in the millet mix developed using pearl millet, barnyard millet,
kodo millet and pearl millet were analyzed as per the standard procedures and the same is
presented in Table- 2 and Fig -1

Table-2
Nutrients content of millet mix per 100gm
S. No
1
2
3
4
5
6
7
8
9
10

Nutrients /100g
Moisture( g)
Protein (g)
Fat( g)
Crude Fibre(g)
Carbohydrate (g)
Energy (Kcal)
Calcium ( mg)
Phosphorus ( mg )
Iron(mg)
Ash ( mg)

Millet mix ( MM)
0.9± 0.02
13.5±0.15
4.29±0.05
1.4±0.06
77.68±1.2
382± 0.04
42.6±0,05
281.82±1.3
13.9±0.02
3.28±0.02

The above table clearly indicates that the moisture content of the millet mix (0.9± 0.02g)
is much lower than the commonly used cereals ( rice 12.6%; wheat 12.8%) .This could be due to
the loss of moisture that occurs due to the dry process millets are subjected to prior to milling
them. ( Anbu Malar ,2015 )
The protein content of the millet mix was found to be higher than all the individual
millets. This could be attributed to the fact that 40 % of pearl and barnyard millet were used
respectively, both being the highest source of protein among the millets chosen. This finding is
in accordance with those of Anbu Malar (2015) who also reported that the average protein
content of millets range from 9·8 to 15·9% as quoted by Ravindran , (1991) but, the protein
content of the millet mix in the present study ranged from 13.5 to 14.2g%.
In the present investigation the millet mix contained 1.4±0.06g/100g of crude fibre
which was only slightly higher than the selected individual millets. This could be due to the
milling and sieving process adopted in this study (Geervani and Eggum, 1989).
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The table also clearly shows that the nutritional attributes of the millet mix over powers
the nutrient content of commonly used cereals such as rice and wheat with specific reference to
iron , calcium and energy content thereby

justifying the objective of incorporating the millet

mix in the traditional recipes that use rice or wheat as the main ingredient. This table is in
accordance with the FAO reports that suggest that dietary diversification is instrumental in
combating micronutrient malnutrition

450
400
350
300
250
200
150
100
50
0

Rice

Wheat

Milet mix

Fig-1 Comparison of nutrient content of rice , wheat and millet mix
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2. Sensory evaluation of value added breakfast foods.
Table-3 indicates the mean scores that were assigned to sensory characteristics of
each of the breakfast items which were incorporated with varying proportions of the millet mix
(25%, 50% and 75 %)
Table -3
Mean scores of selected traditional breakfast items and those nutritionally
Enhanced using varying proportions of millet mix
Variations
IDLI
Standard
MM1( 25%)*
MM2( 50%)*
MM3( 75%) *
DOSA
Standard
MM1( 25%)
MM2( 50%)
MM3( 75%)
KOZHUKATTAI
Standard
MM1( 25%)
MM2( 50%)
MM3( 75%)
IDIYAPPAM
Standard
MM1( 25%)
MM2( 50%)
MM3( 75%)
KICAHDI
Standard
MM1( 25%)
MM2( 50%)
MM3( 75%)

Appearance
and colour

Flavour

Taste

Texture

Overall
acceptability

4.55±0.60
5.0±0.62
4.5±0.51
3.1±1.02

4.8±0.41
4.6±0.50
4.55±0.51
3.4±0.50

4.8±0.3
5.0+0.1
4.75±0.44
3.75±0.71

5.0±0.0
4.65±0.48
3.6±0.59
2.8±0.41

4.8±0.51
4.7±0.47
4.2±0.44
3±0.44

4.5±0.50
4.4±0.50
4.1±0.78
4.7±0.50

4.8±0.41
4.55 0.51
4.6±0.50
4.7±0.36

4.8 ± 0.36
4.5±0.0
4.75±0.44
4.95±0.75

5.00 ±0. 0
4.65±0.48
4.4±0.50
4.8±0 0.41

4.5 ±0 0.51
4.5±0.51
4.5±0.51
4.8±0.50

4.5±0.51
4.4±0.50
4.1±0.78
3.7±0.73

4.8±0.41
4.5±0.51
4.1±0.50
4.35±0.48

4.85±0.36
5.0±.00
4.75±0.44
4.25±0.63

5.0±00
4.65±0.48
4.44±0.50
3.45±0.75

4.51±0.51
4.5±0.51
4.0±0.64
3.5±0.60

4.5±0.51
4.4±0.3
4.1±0.78
3.05±0.77

4.7±0.47
4.4±0.50
4.1±0.81
3.5±0.60

4.86±3.6
5.0±00
4.5±0.51
3.65±0.58

5.0±0
4.65±0.48
3.7±0.57
4.3±0.27

4.55±0.51
4.5±0.51
3.85±0.58
2.85±0.36

4.5±0.51
4.4±0.50
4.1±0.18
3.5±0.68

4.8±0.41
4.5±0.51
4.1±0.50
4.2±0.44

4.85±0.36
5.0±00
4.75±0.44
3.9±0.7

5.0±00
4.65±0.48
4.3±0.47
3.2±0.49

4.5±0.51
4.5±0.51
3.8±0.52
2.9±0.49

 percentage of millet mix that replaced the main standard cereal ingredient
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From the above table -3 it is evident from the mean scores , that the idli that was
prepared with 25% of millet mix (viz., 75 % of standard idli batter along with 25% of millet
mix batter) had the highest score for appearance and colour (5±0.62) texture(4.65±0.48.) when
compared to idli prepared with higher proportions of millet mix batter . The scores for overall
acceptability was also the highest for idli prepared with 25% millet mix batter (4.7±0.47). The
idli that contained 75% of the millet mix batter received the lowest scores for all sensory
characteristics . This could be perhaps due to the fact that that the millet mix is brown in colour
which resulted in a product that was brown and unappealing . Such a high proportion of millet
mix batter also resulted in idli’s that were leathery and not fluffy and soft like the traditional
standard idli.
With regard to dosa, it was interesting to note that the brown colour of the millet mix
made the dosa appear more appealing . The mean scores clearly indicate that the appearance as
well as colour of dosa incorporated with 75% of millet mix received highest scores ( 4.7±0.50 )
than that of the standard dosa (4.5±0.50). Although a standard proportion of rice and black gram
dhal was used in the preparation of the standard batter for idli and dosa it was interesting to note
that the texture of the dosa was crispy and not leathery as that of idli prepared with 75%of millet
mix . This could be due to cooking method used viz., steaming method used for idli and shallow
fat frying and roasting for dosa . The overall acceptability mean scores of millet mix dosa
prepared with 75% of millet mix flour was the highest (4.8±0.50)
Idiyappam is another famous steamed breakfast dish in South India .The above table
shows that idiyappam prepared with 25 % of millet mix received the highest mean score

for

overall acceptability ( 4.5 ±0.51 ) when compared to the idiappam prepared with 50% of millet
mix (3.85±0 0.58) and 75% of millet mix (2.85 ±00.36 ) Traditionally, idiappam is a soft fluffy
stringy white breakfast item . The millet mix used in higher ratios resulted in brown , sticky and
leathery idaiappam which was not acceptable and palatable .
Among the selected breakfast items, kozhukattai is also prepared using the

steaming

method. As in the case of idli and idiappam , the table clearly indicates that that the steaming
method of breakfast products prepared with higher proportions of millet mix

resulted in

unappealing dark brown ,tough products with a low overall acceptability mean scores of
(4.00±.64 MM2 kozhukattai; 3.5±0.60 for MM3 kozhukattai
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when compared to (4.5±0.51of

MM1 ) . It was interesting to note that kozhukattai prepared with 25% of millet mix and the
standard kozhukattai

received the same mean score for overall acceptability (4.5±0.51). This

indicates that by consuming millet mix incorporated kozhukattai, consumers will be able to
consume

a food product which is of higher nutrient content as well as with

high overall

sensory acceptability scores.
Kichadi is breakfast item that involves a combination method of cooking viz,., dry
roasting of semolina and millet mix followed by boiling . The table clearly shows that the
kichadi with 25% of millet mix received the highest means scores for texture (5.0±00) and
overall acceptability(4.5±0.51 ).Millet mix has a tendency to

absorb water. This could have

resulted in the soggy sticky product that was obtained when millet mix was used in higher
proportions. This could be the probable reason for the kichadi prepared with 50% and 75% of
millet mix flour to have received lower overall acceptability scores (3.8±0.52-MM2; 2.9±0.49MM3) respectively .
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2. Comparison of nutrient content of selected breakfast items with and without
incorporation of millet mix
Table -4 and figures 2,3,4,5,6 indicate the nutrient content of breakfast items prepared using
standard ingredients and value added breakfast items prepared incorporating millet mix into
the standard recipe

Table -4
Mean Nutrient Content 0f the Selected Foods Per 100 g
Nutrients

Selected foods
Dosa
Idiyappam

Idli
Moisture(g)
Protein ( g)
Fat ( g)
Energy (
kCal_

Kichadi

Kozhukattai

STD

STD‐MM

STD

STD‐MM

STD

STD‐MM

STD

STD‐
MM

12.71
±0.01
10.8
±0.03
0.65
±0.01
346.5
±1.29

10.76
±0.52
10.58
±0.03
1.37
±0.05
342.8
±0.62

12.16
±0.12
9.6
±0.25
0.54
±0.01

11.58
±0.21
10.42
±0.09
1.51
±0.21
423.8
±0.11

13.7
±0.01
6.8
±0.38
0.5
±0.12
345.0
±0.01

13.37
±0.02
7.52
±0.15
1.44
±0.39
341
±0.05

18.32

20.44 21.78

21.54

±0.02

±0.21

±0.05

±0.16

10.64

10.44 14.14

14.86

±0.05

±0.01

±0.06

10.82

11.87 8.61

9.76

±0.02

±0.01

±0.15

±0.02

448

443

510.4

505.5

±0.04

±0.11

±0.04

±0.01

75.52
±0.03*

69.8
±0.54

66.12
±0.1**

78.2
±0.41

75.17
±0.03*

77.02

75.14 99.8

96.76

±0.03

±0.12
**

±0.05

±0.06*

0.92
±0.01

2.4
±0.06*

Carbohydrate 74.15
±0.45
(g)

448.9
±0.05

STD

±0.02

STD‐MM

Crude fibre
(g)

0.38
±0.01

1.49
0.36 2.28
±0.87* ±0.02 ±0.07
*
*

0.2
±0.01

1.7
0.32
±0.02* ±0.05
*

1.82
±0.0
1*

Ash (g)

1.42
±0.04
42.3
±0.83

1.66
±0.03
43.3
±0.13*

1.16
±0.02
36.75
±0.12

1.76
±0.02
40.4
±0.05**

1.2
±0.05
10
±0.02

1.7
±0.02
13.9
±0.03*

2.24

2.28

1.44

1.53

±0.01

±0.15

±0.12

±0.12

Phospohorus
( mg)

203.6
±0.06

207
±0.038*

183.7
±0.25

215.3
±0.03*

160
±0.01

187.8
±0.04*

112

154.2 216.2

243.8

±0.05

±0.03
*

±0.03

±0.06*

Iron ( mg)

1.7
± 0.01

2.14
±0.02**

0.4
±0.05

3.75
±0.03
***

0.7
±0.01

2.99
±0.06**

1.7

2.8

1.56

2.86

±0.02

±0.04
**

±0.05

±0.04**

Calcium ( mg)

25.38

27.78 28.1

32.1

±0.03

±0.01
8*

±0.45*

±0.01

Values are Mean±SD of three determinations. Data are significant differences at *p<0.05;
**p<0.01 and ***p<0.001
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Idli
Idli prepared with

25 % of millet mix had higher content of

calcium (43.3±

0.13mg/100g,p<0.05) ; fibre ( 1.49g±0.87/100g p<0.05) , carbohydrate( 75.52g±0.03, p<0.05)
and iron (2.14 ± 0.02mg /100g p<0.01) than that of idli prepared without millet mix . The
increase could be due to the fact that the nutrient content of millet mix as seen in Table 2 is a
rich source of these nutrients . The substitution of 25% of millet mix flour in the place of idli
batter prepared with rice as the main ingredient could be the reason for the increase observed in
the nutrient content of the millet mix idli .
Dosa
With regard to dosa prepared with and without the incorporation of millet mix , it was
found that , dosa prepared with 75% of millet mix had a higher nutrient content with special
reference to iron (3.75± 0.mg /, p<0.001) ,fibre( 2.0 ±0.07 g/, p<0.001 ) phosphorus (215.3±0.03,
p<0.05) and calcium (40.4±0.05 /100g p<0.01 ) compared to dosa prepared with the standard
formula ( iron 40.4±0.05 mg/100g ; fibre 0.36±0.02g/100g ;calcium 36.75±0.12 mg/100 ). This
increase may be attributed to the fact that the standard dosa batter was replaced with 75% of
millet mix batter which is rich source iron, calcium and phosphorus as seen in table -2
The carbohydrate content of millet mix dosa was found to be lower ( 66.12 ±0.1
p<0.01)

than standard dosa . In the present study 40 % of the millet mix is prepared using

barnyard millet . According to Veena et.al .,2005 the carbohydrate content of barnyard millet
is low and slowly digestible, which makes the barnyard millet a nature’s gift for the modern
mankind who is engaged in sedentary activities . Barnyard millet is most effective in reducing
blood glucose and lipid levels. The findings are also in

accordance with that of

Bhat et al.,

2018 who reported that Kodo millet is an excellent source of fiber (15%) as opposed to rice
(12.9%) and wheat (5.2%).In the present study the millet mix constituted 40% of kodu millet .
Idiyappam
A comparison of the nutrient content of standard formula idiyappam and millet mix
idiyappam showed that carbohydrate content was lower (75.17±0.03g/100g, p<0.05 ) and fibre
content (1.7 ±0.02, p<0.05) was higher than the standard formula . This is in accordance with
Veena et al., 2015 who stated that the carbohydrate content of barnyard millet is low which
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could be the possible reason for the finding . The millet mix also contains little millet whose low
complex carbohydrate digests slowly which is very helpful for diabetic patients (Gayatri ,2015).
The results of the present study also was found to indicate that millet mix idiyappam was higher
in phosphorus(187.8±0.04mg/100g, p<0.05 ) and iron content (2.99±0./100g, p<0.01 )

Kichadi
Millet mix kichadi was prepared by replacing 25 % of semolina with millet mix .
Comparison of the nutrient content showed that the carbohydrate content was lower( 75.14
±0.1/100g, P <0.01) whereas the fibre (1.82±0.01/100g, p<0.05, iron (2.8±0.04/100g, p<0.01)
and phosphorus content(154.2 ±0.03, p<0.05 was higher than the kichadi that was prepared
using semolina as the base ingredient . These findings reiterate the fact that millets are a good
source of nutrients especially fibre, iron, calcium and phsosphours (Rao et.al 2017)
Kozhukattai
The results indicate that as in the case of the other food items the millet mix incorporated
kozhukattai was lower in carbohydrate
(2.4±0.06, p<0.05)

(96.76 ±0.06 ,p<0.05) content but higher in fibre

phosphorus (243.8 ±0.06, p<0.05) , calcium (32.1±0.45, p<0.05) and

phosphorus content (243.8±0.06, p<0.05) when compared to that of kozhukattai prepared using
standard rice flour formula. This finding clearly is in accordance with reports of NIN ( 2017) that
indicates that the fibre, iron phosphorus and calcium content of rice is lower than that of
barnyard millet, kodo millet, little millet and pearl .
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Graphical representation of comparison of nutrient content of standard breakfast items
and millet mix incorporated breakfast items

Iron ( mg)
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Figure 2- Comparison of Iron content of breakfast items prepared with and without
incorporating millet mix
Fig-2 clearly shows a distinct increase in iron content of all selected breakfast items
(p<0.05) prepared with the incorporation of millet mix powder. This is obviously due to the
high iron content of millets selected for the study as seen in Table -2 and Fig-1. This finding is
in accordance with that of Balasubramnaium (2013) and NIN 2009 that millets are a good
source of iron .
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Fig-3 comparison of the

the calcium content of breakfast items prepared with

and without incorporating millet mix ,
Roa et.al ., ( 2017) reported that minor millets are a very good source of calcium and
health promoting micronutrient. The findings of the study also revealed that the calcium content
of the breakfast recipes prepared with millet mix was much higher in dosa (p<0.01) ,idli
(p<0.05), idiappam (p<0.05) , kichadi (p<0.05) and kozhukattai (p<0.05) than the breakfast
items prepared using standard ingredients

Fat and Protein
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Fig-4 Comparison of

the fat and protein content of breakfast items prepared with

and without incorporating millet mix
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From the above figure – 4 it is evident that there is no significant difference in the fat
and protein content of breakfast items prepared with and without the incorporation of millet mix.
However the marginal increase in protein content of millet mix incorporated breakfast times
could be due to the fact that pearl and barnyard millets especially contains considerably high
proportion of proteins (12-16%)( Rao et,al 2017)

Phosphorus
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Fig-5 Comparison of

STD

STD

Kichadi Kozhukattai

the phosphorus content of breakfast items prepared with and

without incorporating millet mix
Millets are a rich source of phosphorus .( Devi et. al .,2011). It contains many essential
minerals like magnesium, phosphorus, zinc etc. It contains essential amino acids and vitamins
also which contribute to its therapeutic properties.( Rao et,al 2017) . In accordance with these
reports the present study also showed that all the breakfast items prepared with millet mix had a
higher phosphorus (p<0.05 )content than breakfast items prepared without millet mix .
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Fig-6 comparison of the crude fibre content of breakfast items prepared with and
without incorporating millet mix
It is well documented that the edible component of millet kernel is the rich source of
phytochemicals, such as dietary fiber and polyphenols (0.2-0.3. ( Rao et.al 2017). Bran of the
millets is rich source of dietary fibre, which is termed as complex unavailable polysaccharides.
Due to higher viscosity, glycemic index and water holding capacity dietary fibres plays a key
role in reduction of blood glucose level as well as insulin response
The above figure-5 clearly shows that the breakfast items prepared with millet mix had high fibre
content ( the maximum seen in dosa (p<0.05 , idli ((p<0.05 ), idaippam(p<0.05 kichadi (p<0.05
)and kozhukattai ( p<0.05than those prepared without the incorporation of millet mix . This
finding is valuable since fibre helps to control blood sugar, cholesterol levels and helps in
preventing obesity ( Rao et.al 2017)
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Bioavailability of iron
The bioavailability is defined as the proportion of nutrient in the food that can be
absorbed and utilized. The bioavailabilty of any nutrient is influenced by the inhibitor and
enhancer components. With regard to iron bioavailability, the most potent iron inhibitors are
phytic acid, tannin, calcium and dietary fiber, at the same time, organic acids are iron enhancers
(Sandberg, 2002). Iron is a major nutrient deficiency problem among vulnerable groups. In this
scenario, millets are traditional crops of India and grow even on drought condition. They are
sources of carbohydrates, protein, fats, vitamins and minerals. It is a cheap crop and
incorporation of millets into traditional recipes is one of the easiest ways to improve the
nutritional status of malnourished children with all nutrients in a single diet. The iron is present
in all the foods consumed by the population since, absorption into the body pose a question
Therefore, the present study focused on iron bioavailabity of millets among school going
children.
Table-5
Soluble, Ionizable and Bioavailable Iron from the selected prepared products
S.No

1.
2.
3.
4.
5.

Items

Kolukattai
Idiappam
Kitchdi
Dosa
Idli

Total
iron
20.5
20.2
12.7
25.0
16.6

Soluble iron

Ionizable iron

1.35
1.05
0.303
0.471
0.491
0.076

1.35
2.07
0.403
0.401
0.519
0.098

7.5
0.062
0.082
0.109
0.350
0.102

7.5
0.078
0.054
0.094
0.382
0.068

The above table represents the iron bioavailability of all the selected
samples. In the stomach, the iron becomes soluble or ionizable when it comes in contact with
HCL, whereas, the pH becomes alkaline when it enters the deodenum. On comparison with
gastric pH, much of the iron is ionizable at acid pH and insoluble depending upon the factors in
the diet (Prasad et al., 2014). Hence, the study estimated the soluble and ionizable iron at
different levels. It is interesting to note in the present study that, iron contents were higher at
lower pH, and as pH increases a decreasing trend on soluble and ionizable iron was observed.
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KNOWLEDGE, ATTITUDE AND PRACTICES OF SCHOOL CHILDREN TOWARDS
MILLET BASED FOODS

Table – 6 and Fig 7 presents the knowledge attitudes and practices of school children
towardss millet based foods

Table -6
Percentage distribution of school children based on their knowledge attitude and
practices towards consumption of millets
S. No

Knowledge , attitudes and practices of school children with regard to

Sample

millets

N=200

Knowledge
1

Millets are good for health

90.00

2

Millets are rich in nutrients like iron , calcium , phosphorus and contain

18.00

antioxidants and phyto nutrients
3

Millets can prevent diseases

54.00

4

Some of the millets that are rich in nutrients are finger millet , pearl millet ,

33.00

barnyard millet , little millet, kodu millet
Attitudes
5

Strongly agree that millets are good for health

90.00

6

Strongly agree that millets based food items are less tasty than regular food

50.00

products
7

Strongly agree that consumption of millets are related to health benefits

90.00

Practices
8

Millets are used regularly are home

10.00

9

Millets are used in the form of noodles and biscuits

50.00

10

Millet mix wheat flour are used regularly

52.00

11

Millets mix porridge is used regularly

23.00

12

Millet mix is incorporated in recipes on a regular basis

0.00

( percentage exceeds 100 due to multiple responses )
The present study evaluated

the knowledge of millets and its uses among 200 school

children between 12-15 years of age . Of the two hundred children who participated in the
study,90 percent knew that , in general where good for health . However only 33 percent knew

40

the names of specific millets that were used for the study. Only 18 % knew about the nutritional
benefit of millets. Fifty percent of the students believed that millets can prevent diseases.
With regard to attitudes of school children toward millets , the results revealed that ninety
percent the children strongly agreed that millets were beneficial to health . Half the study
population ( 50%) reported that they did not like the appearance and colour of millet based
food items and said that millet based products are not as delicious as products prepared without
millets . Ninety three percent reported millets are necessary for daily intake as their grandparents
were healthy due to intake of millets and strongly reported the same .
However, it was disheartening to know that only ( 10%) used millets regularly at home.
Millets were used in the form of millet cookies and millet noodles( 50 %). Interestingly millet
mix wheat flour was used by more than eighty percent of households ( 52%) Only 23% percent
reported the usage of these millets in their households as a porridge mix. None of the students
reported the incorporation of millets in day to day recipes.
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Fig 7 - Knowledge attitude and practices of children with regard to millet based foods
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Popularization Of Millets In Selected Orphanages
Based on the findings of the present study that showed the overall sensory acceptability
of millet incorporated breakfast items and the nutritional significance of the same , selected
millet based recipes were popularized among 9 orphanages in Chennai city with a total number
of 510 inmates .
The feedback form was obtained from the care taker of the orphanages. Based on the
response of the inmates ( orphans) It was interesting to note that all( 100%) of the care takers
applauded and highly commended the taste , appearance , flavor , texture of the recipes and
stated that they would follow the same procedure in future . A sample ( 500g) of millet mix
powder was distributed to all the nine orphanages .
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DON BOSCO ANBU ILLAM
SHELTER FOR BOYS

DISTRIBUTION OF A SAMPLE OF THE
MILLET MIX
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DISTRIBUTION OF MIILTET MIX INCORPORATED FOOD ITEMS TO THE CHILDREN
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ARAVANAIKUM KARANGAL HOME

DISTRIBUTION OF MILLET MIX SAMPLE
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DISTRIBUTION OF MIILET MIX INCORPOTATED FOOD ITEMS
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DAZZLING STONE HOME
FOR CHILDREN

DISTRIBUTION OF MIILET MIX INCORPORATED FOOD ITEMS

48

DISTRIBUTION OF MILLET MIX SAMPLE
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CORPORATION OF CHENNAI HOME FOR CHILDREN
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SARVODHAYA
SHELTER FOR
GIRLS

SERIVNG MILLET MIX INCORPORATED FOOD TO THE CHILDREN AT SARVODHAYA HOME
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DISTRIBUTION OF MILLET MIX SAMPLE
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53

54

BOYS HOME

55

56

HOME FOR STREET KIDS ( GIRLS)
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AWARENESS PROGRAMME AMONG SCHOOL CHILDREN ABOUT THE
BENEFITS OF MILLETS

Distribution of Millet Based Recipes to popularize among school children
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DON BOSCO GIRLS HOME
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SUMMARY AND CONCUSIONS
It is well established that

millets are an important substitute for major meal crops to

cope up with world-wide food shortage. There are several different kinds of millets of which
small millets such finger millet (Eleucine coracana), kodo millet (Paspalum scrobiculatum),
proso millet (Panicum miliaceum), foxtail millet (Setaria italica), little millet (Panicum
sumatrance) barnyard millet (Echinocloa frumentacea) and pearl millet Pennisetum glaucum)
have received a lot of attention for their beneficial properties viz., resilience and drought
enduring capacity,

their richness in calcium, dietary fiber, polyphenol , protein and iron.

Besides millets possess nutraceutical properties in the form of antioxidants which prevent
deterioration of human health such as risk of heart disease, prevention of cancer and
cardiovascular diseases, diabetes, obesity and decreasing tumor cases ( Bhat et.al 2018)
In recent years, the importance of consuming millets in the daily diet is receiving
increasing interest from food scientists, technologists and nutritionists due to their contribution to
national food security, cost –effectiveness , their nutrient density and their potential health
benefits . ( Rao et.al 2017) . However, an exhaustive review of literature revealed that there is
dearth of information on the efficacy of millet incorporated food items among

children ,

especially in orphanages . In view of this, the present study “Formulation Of Millet Based
Recipes , Their Invitro Iron Bioaccessibility, Acceptability And Popularisation Among
Children In Orphanages” was undertaken to provide low cost and micro-nutrient dense
breakfast recipes especially for children in orphanages with the following objectives :
Objectives
1. To develop and standardize traditional breakfast items (idli, dosa,idiyappam , kichadi
and kozhukattai) using millets (pearl millet, barnyard millet, little millet and kodo millet).
2. To determine the acceptability of the standardised foods as evaluated by sensory
attributes like appearance, colour, flavour, taste, texture and overall acceptability among
the children in selected orphanages.
3. To quantify the nutritional strengths and weakness of the standardised millet based
recipes and to compare it with the nutrient composition of the traditional recipes.
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4. To assess the bio accessibility of iron in millet based recipes.
5. To prepare and serve the millet incorporated breakfast items to selected orphanages so as
to popularise the usage of the selected millets among them and to subsequently assess
the acceptability of these value added breakfast items among young children
6. To create awareness among school children to encourage the intake of nutrient dense
millets as preventive intervention strategy to combat micronutrient malnutrition and to
study the knowledge , attitudes and practices of schoolchildren with regard to millet
based recipes
Based on the objectives of the study, an experimental design was used to test the
acceptability of standardised millet based recipes and assess the nutrient content of selected
breakfast recipes

with and without the incorporation of millets. Expost facto research design

was also used to assess the knowledge attitude and practices of school children with regard to
millet based foods. The millets used in the present study included ; Barnyard millet -40g, Pearl
millet -40g , Little millet -10g and

Kodo Millet

-10g ( total 100g of millet mix). These

millets were cleaned roasted and milled.
The millet mix was incorporated into 5 different breakfast recipes viz., idli , dosa
idiyappam kichadi and kozhukattai. These products were evaluated organoleptically as per
standard sensory evaluation procedure and the proportion used was based on the product that
that received the

highest

overall acceptability scores. Nutrient analysis was done

using

standard procedures for the breakfast items prepared using standard ingredients and for the
breakfast items prepared with the incorporation of varying proportion of millet mix into the
standard recipes . Paired t-test was performed to test the statistical significance of the difference
in nutrients present in breakfast items prepared with and without the incorporation of millet mix
into the standard recipe. The bio availability of iron in the millet incorporated recipes were also
carried out
Popularisation of millet based recipes was carried out in nine orphanages / homes in
different parts of Chennai : the total inmates being 510 . An awareness program for 900 school
children between the ages of 5-15 was also conducted at 2 two summer camps in Chennai( 450
children in each camp)

and the millet based recipes were distributed to them to popularise the

usage of millets. Questionnaires were distributed to a random sample of 200 children to study
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their knowledge attitude and practices with regard to millet based foods

and the results were

analysed
Summary of the Findings
Sensory evaluation and standardisation of selected breakfast items prepared with the
incorporation of millet mix
1. Idli, idiappam ,kichadi , kozhukattai prepared with the incorporation of 25% of millet
mix received the highest overall acceptability scores . Higher proportions of millet mix in
the standard recipe yielded products that were not appealing .Dosa prepared with 75%f
millet mix received the highest overall acceptability score .
Comparison of the nutrient content of selected breakfast items prepared with and
without the incorporation of millet mix
2. Idli prepared with

25 % of millet mix had higher content of

calcium (43.3±

0.13mg/100g,p<0.05) ; fibre ( 1.49g±0.87/100g p<0.05) , carbohydrate( 75.52g±0.03,
p<0.05) and iron (2.14 ± 0.02mg /100g p<0.01) than that of idli prepared without
millet mix.
3. Dosa prepared with 75% of millet mix

had a higher nutrient content with special

reference to iron (3.75± 0.mg /, p<0.001) ,fibre( 2.0 ±0.07 g/, p<0.001 ) phosphorus
(215.3±0.03, p<0.05) and calcium (40.4±0.05 /100g p<0.01 ) compared to dosa prepared
with the standard formula ( iron 40.4±0.05 mg/100g ; fibre 0.36±0.02g/100g ;calcium
36.75±0.12 mg/100 ).
4. With regard to idiyappam,

carbohydrate content of millet mix idiyappam was lower

(75.17±0.03g/100g, p<0.05 ) and fibre content (1.7 ±0.02, p<0.05) was higher than the
standard formula . It was also found that millet mix idiyappam had higher content of
phosphorus(187.8±0.04mg/100g, p<0.05 ) and iron (2.99±0./100g, p<0.05)
5.

With regard to millet mix kichadi , the carbohydrate content was lower(

75.14

±0.1/100g, P <0.01) whereas the fibre (1.82±0.01/100g, p<0.05) iron (2.8±0.04/100g,
p<0.01) and phosphorus content(154.2 ±0.03, p<0.05 ) was higher than the kichadi that
was prepared using standard semolina as the base ingredient.
6. Millet mix incorporated kozhukattai was lower in carbohydrate (96.76 ±0.06 ,p<0.05)
content but higher in fibre (2.4±0.06, p<0.05)
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phosphorus (243.8 ±0.06, p<0.05) and

calcium (32.1±0.45, p<0.05) content when compared to that of kozhukattai prepared
using standard rice flour formula.
Bioavailability of iron of breakfast items prepared using millet mix
7.

With regard to bioavailability of iron from millet mix recipes, the study estimated the
soluble and ionizable iron at different levels. It was interesting to note in the present
study that, iron contents were higher at lower pH and as pH increases a decreasing trend
in soluble and ionizable iron was observed.
Knowledge, attitudes and practices of school children with regard to millet based
recipes

8. Ninety percent of school children knew that millets were good for health and only 18
percent knew about the nutrient content of millets. Ninety percent of them had a positive
attitude towards millet based foods and strongly agreed that millet are good for health .
However 50% reported that they strongly believed that millet based foods are not tasty .
Around 50% of the children reported that they consumed millet incorporated noodles,
cookies and wheat flour. None of the participants reported regular incorporation of millet
mix in regular food items
Popularisation of millet mix incorporated breakfast items among orphanages in
Chennai city
9. Popularisation of millet based recipes in nine orphanages selected for the study showed
that all ( 100%) of the care-takes and inmates reported that all ( 100%) of the millet
based breakfast items were excellent with regard to overall acceptability
Conclusion and Recommendations
Millet mix incorporated breakfast items such as idli, dosa, idiyappam, kichadi and
kozhukattai have a significantly higher content of iron, crude fibre, calcium and phoshours and
lower carbohydarate content than standard breakfast items . No significant difference in fat
and protein content was observed due to incorporation of millet mix into standard recipes . Iron
bioavailability

findings indicate that

iron contents were higher at lower pH and

as pH

increases a decreasing trend in soluble and ionizable iron was observed.
Awareness programmes among school children about the nutritional benefits of millet
based foods is the need of the hour as school children do not have adequate knowledge about the
benefits of millets. Home makers should be sensitised
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about

the importance of enhancing

nutrient intake of their children by a simple method of incorporating millet mix powder/ flour in
breakfast items such as idli, dosa, kichadi, idiyappam and kozhukattai
Orphanages that house school children can be encouraged to incorporatea millet mix
powder/ flour in breakfast items such as idli, dosa, kichadi, idiyappam and kozhukattai as it was
found to be very acceptable.
Based on these findings , there is an apparent need to develop,

standardise and

popularise more millet based food products in the form of ready to use grains, convenience foods
or mixes to meet the demands of the present day children who are variety conscious. Based on
the findings of the study , it can be concluded that consumption of millet based foods will be a
cost effective intervention strategy to combat micronutrient deficiencies among children,
especially in orphanages.
A regular intake of millet based foods would also help to prevent non- communicable
diseases among children who are the adults of tomorrow . Regular usage of millet based foods
can ensure national food security in the long run. The lack of knowledge about the health
benefits of millets among children has to be addressed effectively since knowledge can have a
positive impact on practice and behaviour .
There is dire need to conduct training programs and workshop on millet based food
preparation – “ NUTRI –CEREALS” for mothers and care takers of orphanages as they are the
gate keepers of their family’s health and that of the nation at large. This is a pressing need
since regular consumption of millets will improve the micronutrient intake and thereby help to
prevent micronutrient malnutrition. This is crucial since many studies have shown that the
burden of micronutrient malnutrition is found to be very great among children with the adverse
effect on their growth and development, mental and neuromotor performance, immune
competence, physical working capacity, cognition, behaviour and overall reproductive
performance of affected individuals . Hence, the findings of the study clearly indicate the
importance of including of millets such a pearl millet, little millet, kodo millet and barnyard
millet in the daily diet for children .
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APPENDIX- 1
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Formulation of millet Mix Proportions
Based on findings of the study conducted by Anbu Malar ( 2015) who had evaluated the
bioavaialblity and acceptability of selected millet based breakfast and snacks , the following
proportions were used in the present study
Millet mix
Barnyard millet -40g
Pearl millet -40g
Little millet -10g
Kodo Millet 10g
The variations used were as follows
S. NO

Variation

Proportion of millet mix used to replace the main cereal
in standard recipe

1

MM-1

25percent

2

MM-2

50 percent

3

MM-3

75 percent
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APPENDIX-ll
NUTRIENT ANALYSIS

1. DETERMINATION OF ENERGY IN FOODS
Energy of any food products can be derived by the given calculation
Calculation
Energy (kcal) = (9 x Fat) + (4x Carbohydrate) + (4 x Protein)
Reference: Analytical chemistry by Dr. Pearson.

2.DETERMINATION OF MOISTURE CONTENT
AIM
To estimate the moisture content of the given sample of food.

PRINCIPLE
The different methods for determining moisture content of foods rely on measuring the mass of
water in a known mass of sample. The moisture content is determined by measuring the mass of
a food before and after the water is removed evaporation.

PROCEDURE
1. Heat the moisture bottles to 100ºC in a hot air oven and label them ‗A‘.
2. Remove from the oven and place it on an asbestos sheet for two minutes then transfer into
desiccators and leave it for half an hour.
3. Find the weight of the bottles in the electronic weighing balance. Repeat this procedure of
heating and cooling until constant weight is recorded with amaximum difference of 0.02g.
4. Weigh a definite amount of food sample(2g) and transfer it to the weighing bottle labeled ‗A‘.
5. Place the bottles in a pre heated thermostatically controlled hot air oven. The temperature is
set according to the food sample that is used (100 ºC) and heated for 10-12 hours.
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6. Transfer the bottles to desiccators to cool, and weigh after half an hour. Repeat the process of
heating for half an hour and cooling for half and hour and weighing until consecutive concordant
values are obtained.
RESULT
The moisture content of the sample is g%.

Reference
Raghuramulu, N., Mahdavan Nair, Kalyanasundharam, S., (2003), A Manual Of Laboratory
Techniques, 2nd edition, NIN, Hyderabad.
2. DETERMINATION OF CARBOHYDRATE – ANTHRONE METHOD
Aim
To estimate the carbohydrate content of the given sample of food.

Reagents
1. 2.5 N HCl
2. Anthrone reagent: Dissolve 200 mg anthrone in 100 mL of ice-cold 95%H2SO4. Prepare
fresh before use.
3. Standard glucose: Stock—Dissolve 100 mg in 100 mL water. Working standard—10 mL of
stock diluted to 100 mL with distilled water. Store refrigerated after adding a few drops of
toluene.
Procedure
1. Weigh 100 mg of the sample into a boiling tube.
2. Hydrolyse by keeping it in a boiling water bath for three hours with 5 ml of 2.5 N HCl and
cool to room temperature.
3. Neutralise it with solid sodium carbonate until the effervescence ceases. Make up the volume
to 100 ml and centrifuge.
4. Collect the supernatant and take 0.5 and 1 ml aliquots for analysis. Prepare the standards by
taking 0, 0.2, 0.4, 0.6, 0.8 and 1 ml of the working standard. ‗0‘
serves as blank.
5. Make up the volume to 1 ml in all the tubes including the sample tubes by
distilled water.
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6. Then add 4 ml of anthrone reagent. Heat for eight minutes in a boiling water bath.
7. Cool rapidly and read the green to dark green colour at 630 nm.
8. Draw a standard graph by plotting concentration of the standard on the X-axis
versus absorbance on the Y-axis.
9. From the graph calculate the amount of carbohydrate present in the sample tube.
CALCULATION
Amount of carbohydrate present in 100 mg of the sample
= mg of glucose/ Volume of test sample × 100
Cool the contents of all the tubes on ice before adding ice-cold anthrone reagent.
References
Hedge, J.E. and Hofreiter, B.T. (1962). In: Carbohydrate Chemistry, 17 (Eds.
Whistler R.L. and Be Miller, J.N.), Academic Press, New York.
3. ESTIMATION OF PROTEIN – MICROKJELDHAL METHOD
Aim
To estimate the percentage protein content in the given samples.
Reagents
1. Mixed indicator
Mix 5 parts of 0.2% Alcoholic Bromocresol given with 1 part of 0.2 % Alcoholic Methyl red
solution
2. Sodium Hydroxide – Sodium thiosulphate Mixture
Dissolved 50 g of NaOH and 5g of solution thiosulphate in water and diluted to 100 ml
3. Boric Acid Solution
Dissolved 4 g of Boric acid in 100 ml of boiling distilled water
4. Hydrochloric Acid or Sulphuric Acid (0.02N)
0.9 ml acid is mixed in 500 ml of water
5. Catalyst mixture
Around 120g of potassium sulphate and 4 g of mercuric acid is mixed in a dry motor and stored
in a glass stopped bottle.
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Procedure
Weigh 250 mg of sample in a piece of butter paper and transferred to a Kjeldahl digestion flask.
Add 2 g of catalyst mixture and 2 ml of concentrated sulphuric acid to the sample. Add two glass
beads or bits of porcelain tile to the flask to prevent bumping of the boiling of the boiling
mixture. Digested in the micro digestion unit at 100ºC till the mixture turns brown and finally
clears (distilled water may be added if the mixture turns dry). After digestion, cooled the
contents and transferred into a 100 ml standard flask and made up to the mark with distilled
water. Pipetted out 10 ml of diluted digestate solution into the distillation unit and then added
8ml of NaOH-sodium thiosulphate solution to the sample in the distillation unit and rinsed with
distilled water. Placed a 100 ml conical flask containing 5 ml of 4% Boric acid and a few drops
of mixed indicator under the condenser of the distillation unit with the tip extending below the
boric acid solution. Steam distilled for 8 min. When the boric acid with indicator turned blue,
allowed for 6 min for distillation to be complete. A blank was carried out using the same quantity
of the reagent without sample. Titrated the sample and blank using 0.02 N HCL till the blue
colour disappears and a greenish shade appears.

Calculation
Weight of the sample=0.25g
1000ml of 1N HCL ~ 14g of nitrogen
of 0.02N HCL ~ 0.00014 X 0.02= 0.00028g of nitrogen.
Sample-blank(TV)ml of 0.02N HCL =S-B x 0.00028 =
Nitrogen content of 100ml digestate= S-B X 0.00028X 100/10 g
i.e. 250mg of sample contains = S-B X 0.00028X 100/10 g therefore, 100g of the
sample contains = S-B X 0.00028 X 100/10x 100/0.025
= g of nitrogen
% protein= %N X6.25
= g of protein.
Results
100 ml of sample ------ grams of protein.
Reference
Raghuramulu, N., Mahdavan Nair, Kalyanasundharam, S., (2003), A Manual Of
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Laboratory Techniques, 2nd edition, NIN, Hydera
4.DETERMINATION OF FAT CONTENT
Aim
To Determine the fat content of the given sample of food.
Reagent
Petroleum Ether.
Method
1. Place the bottle and lid in the incubator at 105ºC overnight to ensure that weight of bottle is
stable.
2. Weigh about 3 – 5g of sample to paper filter and wrap.
3. Take the sample into extraction thimble and transfer into soxhlet.
4. Fill petroleum ether about 250ml into the bottle and take it on the heating
mantle.
5. Connect the soxhlet apparatus and turn on the water to cool them and then
switch on the heating mantle.
6. Heat the sample about 14 h (heat rate of 150 drop/min).
7. Evaporate the solvent by using the vacuum condenser.
8. Incubate the bottle at 80 - 90ºC until solvent is completely evaporated and
bottle is completely dry.
9. After drying, transfer the bottle with partially covered lid to the desiccators
to cool. Reweigh the bottle and its dried content.
Calculation
Fat (%) = Weight of fat / Weight of sample × 100.
Reference
AOAC: Official methods of analysis, 1965.
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5

DETERMINATION OF CRUDE FIBRE

Reagents
Petroleum ether
Dilute sulphuric acid-1.25 percent (m/v), accurately prepared.
Sodium hydroxide solution-1.25 percent (m/v), accurately prepared
Ethyl alcohol-95 percent by volume
Procedure
Accurately weigh about 205 g of the moisture free sample after determing the total solid content
and extract for about one hour with petroleum ether, using a Soxhlet apparatus. Transfer the fat
tree material to a 1 litre flask. Take 200ml of dilute sulphuric acid in a beaker and bring to boil.
Transfer the whole of the boiling acid to the flask containing the fat free material and
immediately connect the flask with a water cooled reflux condenser and heat, so that the contents
of the flask begin to boil within one minute. Rotate the flask frequently, taking care not to keep
y=the material out of contact with the acid. Continue boiling for exactly 30 minutes. Remove the
flask in a funnel, and wash with boiling water until the washings are no longer acid to litmus.
Bring some quantity of sodium hydroxide solution to boil under a reflux condenser. Wash the
residue on the linen into the flask with 200ml of the boiling sodium hydroxide solution.
Immediately connect the flask to the reflux condenser and boil for exactly 30 minutes. Remove
the flask and immediately filter through the filtering cloth. Thoroughly wash the residue with
boiling water and transfer to a Grooch crucible prepared with a thin but compact layer of ignited
asbestos. Wash the residue thoroughly first with hot water and then with about 15ml of ethyl
alcohol, 95percent by volume. Dry the Grooch crucible and contents at 105+ 2 ºC in an air oven
to constant mass. Cool and weigh. Incinerate the contents of the Grooch crucible in electric
muffle furnace at 600+20 ºC until all the carbonaceous matter is burnt. Cool the Grooch crucible
containing the ash in a desiccator and weigh.
Calculation
Crude fibre (on dry basis), percent by mass=100(M1-M2)/M where
M1=mass, in g, of Grooch crucible and contents before ashing.
M2= mass, in g, of Grooch crucible containing asbestos and ash; and
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M= mass, in g, of the moisture free material taken for the test

Reference: Bureau Of Indian Standards manual

6 DETERMINATION OF ASH CONTENT
Aim
To determine the ash content of the given sample of food.

Procedure
Dry ashing
An empty crucible was weighed with the lid. Two grams of the sample was weighed accurately
in the crucibles. The crucibles were then placed in an electric Bunsen burner and heated till the
material was completely charred. It was then heated for five hours at 600 ºC in a muffle furnace
in order to obtain ash. The crucibles were again heated in a muffle furnace for half an hour,
cooled and weighed. This was repeated for consecutive concordant values. The ash should be
white or grayish white in colour.
Preparation of ash solution
The ash was moistened with a small amount of distilled water and 5ml of concentrated HCL was
added to it. The mixture was evaporated to dryness. Another 5ml of HCL was added and the
solution was again evaporated to dryness as before. The solution was filtered into a 100ml
standard flask and after cooling the volume was made up to 100ml with distilled water.
Result
The ash content of the sample is %.
Reference
Raghuramulu, N., Mahdavan Nair, Kalyanasundharam, S., (2003), A
Manual of Laboratory Techniques, 2nd edition, NIN, Hyderabad
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7.ESTIMATION OF CALCIUM – TITRIMETRIC METHOD
Aim
To estimate the amount of calcium present in the given sample.
Principle
Calcium is precipitated as oxalate and is titrated with standard potassium permanganate.
Reagents
a. 4% ammonium oxalalte solution.
b. Dilute ammonia solution: 2 ml of liquor ammonia with 98 ml water.
c. 1N H2So4.
d. 0.01N Potassium permanganate solution.
e. 0.01N Oxalic acid: Sodium oxalate is dried in an oven at 100 - 105ºC for 12h. Exactly 0.67g is
dissolved in redistilled water. Five ml concentrated H2So4 is added and solution made up to 1L
after it has cooled down.
f. Standardisation of Potassium permanganate solution: 25ml of 0.01N oxalic acid is transferred
to an Erlenmeyer flask. One ml of concentrated H2So4 is added, warmed to about 70ºC and
titrated against KMnO4 solution, till the faint pink colour remains.

Procedure
1. Two ml of sample is taken into a 15ml centrifuge tube. Add 2ml of distilled water and 1ml of
ammonium oxalate solution and mix thoroughly and leave overnight. Again the contents are
mixed and centrifuged for 5min at 1500rpm.
2. The supernatant liquid is poured off and the centrifuge tube drained by inverting the tube for
5min on a rack (care should be taken not to disturb precipitate). The mouth of the centrifuge tube
is wiped with a piece of filter paper.
3. The precipitate is stirred and the sides of the tubes are washed with 3ml of dilute ammonia. It
is centrifuged again and drained as before. The precipitate is washed once more with dilute
ammonia to ensure the complete removal of ammonium oxalate.
4. The precipitate is dissolved in 2ml of 1N H2So4.
5. The tube is heated by placing it in boiling water bath for 1min and titrated
against 0.01N KMnO4 solution to definite pink colour persisting for at least
1min.
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Calculation
1ml of 0.01N KMnO4 is equivalent to 0.2004 mg of calcium.
mg of calcium /100ml serum = (X-b) × 0.2004 × 100/2.
Where, X = Volume in ml of 0.01N KMnO4 required to titrate the sample,
b = Volume in ml of 0.01N KMnO4 required to titrate 2ml of H2So4 (blank).
If the normality of KMnO4 is ‗a‘, the value obtained in the above
Reference
Practical Physiological Chemistry, Hawk, Oser and Summerson (Eds.) 13th Edn.,
p. 644 (1957).
8.ESTIMATION OF PHOSPHORUS
Aim
To estimate the amount of phosphorus present in the given sample.
Principle
Phosphorus reacts with molybdic acid to form a phosphomolybdate complex. It is then reduced
with amino naphthol sulphonic acid to the complex molybedenum blue which is measured
colorimetrically.
Reagents
1. Molybdate solution: Dissolve 25g of ammonium molybdate in 400ml of water. Add 500ml of
10N H2So4 and make up the volume to 1 litre water.
2. Amino naphthol sulphonic acid solution: Dissolve in water 0.5g 1-amino- 2-napthol-4sulphonic acid, 30g sodium bisulphate (NaHSO3) and 6g sodium sulphite (Na2SO3). Make up to
250ml. Allow to stand overnight and filter. Prepare fresh solution every two weeks.
3. Standard phosphate solution: Dissolve 0.4389g of potassium dihydrogen phosphate (KH2PO4)
in water, add 10ml of 10 N H2So4 and make up to 1 litre with water (1ml = 0.1mg P). Add 1ml
chloroform as preservative.
Procedure
1. To 5ml of ash solution obtained by dry ashing, add 5ml of molybdate
and mix.
2. Add 2.0ml of aminonaphtholsulphonic acid solution, mix, and make up the volume to 50ml.
3. Prepare similarly blank using water in place of the sample
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4. Allow to stand for 10min and measure the colour at 650nm setting the blank at 100%
transmission.
Standard Curve
Dilute 10ml standard potassium phosphate solution to 50ml with water (1ml = 0.02mg P).
Pipette aliquots of this solution from 5 to 40ml into 50ml volumetric flasks. Add 5.0ml of
molybdate reagent and mix make up the volume to 50ml and measure the colour as in sample.
Plot concentration against absorbence.

Calculation
Read the phosphorus content from the calibration curve.
Phosphorus
mg per 10

=mg of P in the aliquot of ash X Total volume of ash solution
solution taken for estimation
-----------------------------------------------------------------ml of ash solution
taken for estimation

x

Wt of sample taken for ashing

References
1. Fiske, C.H. & Y. Subba Row, J. Biol. Chem., 66, 375 (1925).
2. King, E.J., Biochem. J., 26, 292 (1932).
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9 ESTIMATION OF IRON – DIPYRIDYL METHOD
Aim
To estimate the amount of iron present in the given sample.
Principle
Organic matter in the sample is destroyed by ashing and the resulting ash is in dissolved in Hcl
and diluted to a known volume with water. Whole of the iron present in the aliquot of ash
solution is reduced with hydroxylamine hydrochloride and the Fe(II) is determined
spectrophotmetically as its coloured complex with

,-

-dipyridyl, the solution being buffered

with acetate buffer
solution. Absorption of the resulting complex is read at 510 nm.

Reagents
1. Magnesum nitrate solution: (50% w/v) Dissolve 50 g of Mg(NO3)2.6H2Oin water and
dilute to 100 ml with water.
2. Concentrated hydrochloric acid.
3. Hydroxylamine hydrochloride solution: (10% w/v) Dissolve 10 g H2 N OH. HCl in water
and dilute to 100 ml.
4. Acetate buffer solution: Dissolve 8.3 g of anhydrous NaOAC (previously dried at 100ºC) in
water, add 12 ml of glacial acetic acid and dilute to 100 ml.
5. Alpha, alpha-dipyridyl solution: (0.1% w/v) Dissolve 0.1 g of alpha, alphadipyridyl
water and dilute to 100 ml. Keep this reagent in cool and dark place.
6. Iron standard solution: (0.01 mg Fe/ml)
Dissolve 0.3512 g Fe(NH4)2 (SO4)2.6H2O in water, add 2 drops of conc. HCl and dilute to
100 ml.
Dilute 5 ml of solution (f) to 250 ml
7. Orthophenanthroline solution: (0.1% w/v) Dissolve 0.1 g of O-Phenanthroline in 80 ml of
water at 80ºC, cool and dilute to 100 ml with water. Keep in cool and dark place.
PROCEDURE
Determination of Iron
Pipette 10 ml aliquot of ash solution into 25 ml volumetric flask, and add 1 ml hydroxylamine
hydrochloride solution. After 5 min, add 5 ml buffer solution and 1 ml O - phenanthroline
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solution or 2 ml of dipyridyl solution and dilute to volume. Determine absorbance of solution at
510 nm. From absorbance reading, determine Fe content present in aliquot of ash solution taken
by referring to standard curve.
Preparation of Standard Curve
Pipette 0.0, 0.5, 1.0, 1.5, 2.0, 3.0 and 4.0 ml of Fe standard solution into a series of 25 ml
volumetric flasks and add to each of them exactly 0.2 ml of conc. HCl. Dilute each of them to
exactly 10 ml with water, and then add reagents in the same way as for the sample, Plot the
quantity of Fe (in mg) against the absorbance.

Calculation
Iron content of

Quantity of Fe in aliquot

sample(mg Fe /

of ash solution (from calibration

100 g sample

x

volume of ash solution

curve

x100

-------------------------------------------------------------------------Aliquot of ash solution

x Wt of sample taken for ashing

taken for determination
Result
The amount of iron present in 100 g of given sample is mg.
Reference
AOAC. Iron. official methods of analysis, 10th ed. Section 13.011. Washington, DC:
AOAC, 1965
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STANDARD PREPARATION PROCEDURES OF
THE SELECTED RECIPES
1. RICE DOSA – standard

Ingredients

Standard recipe
1. 100gms of fermented dosa batter to 3 parts mixture of white rice +1 part urad dhal).
2. 50ml of water.
3. 10gm of sunflower oil.

Millet mix dosa
1. Same as above
2. 75 g millet mix and 25g batter is to be used

Method
Add enough water to the fermented batter until you have a smooth, pouring consistency. Make
sure the batter is not too watery though; it should be thick-ish but fall off your spoon easily.
Heat a tawa or iron griddle and grease with the oil lightly. Pour about a
ladle full of batter to the centre of the tawa.
Using the back of your ladle gently spread the batter with a circular
motion from the centre towards the sides of the tawa.
Drizzle about 2.5gm of oil around the edges of the dosa and add a few
sprinkles on the top as well.
Since the tawa is greased adequately it is not sticky and the edge of the
dosa will start to come off from the pan in about one minute and flip it
over. Cook the other side for another 40 seconds and remove from pan.
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2. IDLI

Standard Idli
1. 100gms of fermented dosa batter to 1 mixture of white rice + urad dhal).
2. 50ml of water.
3. 10gm of sunflower oil.

Millet Mix Idli
Same as above
Use 75 g batter and 25 g millet mix

Method
Add enough water to the fermented batter until you have a smooth, thick pouring consistency.
Make sure the batter is thick-ish but fall off your spoon easily.
Pour about a ladle full of batter to each idli scoop on the idli plate. After all the the plates are
poured place the idli stand in the idli cooker and steam for 15 minutes
3. IDIYAPPAM
Ingredients
Standard Idiappam
1. Rice flour – 100gm.
2. Water – 55ml.
3. Salt – as needed.
4. Oil – to the grease the pan.
Millet mix idiappam
Same as above
Use 75g rice flour and 25 g Millet ix flour

METHOD
In a bowl, take the water and allow it to boil for 2 – 3 minutes.

85

In a vessel, keep the flour mixed with salt. Add the boiled water little by little to the flour and
mix well with a ladle (Do not pour all the water, excess water might remain).
When the dough becomes warm start kneading to get non – sticky and soft yet firm dough.
Now, take the idiyappam press, grease it with oil and fill the dough.
Squeeze it onto the idli plate (grease with oil before pressing) and steam It for 2 – 3 minutes.

4. KICHADI

Ingredients
Standard kichadi
1. Rava / Semolina – 100gm
2. Water – 200ml.
3. Onion – 50gm.
4. Green chillies - 10gm.
5. Curry leaves – 1.5gm.
6. Carrot -20g
7. beans 20g
8. tomato -20g

Millet mix kichadi
Same as above
Use75 g rava and 25 g millet mix

Method
Heat a kadai / pan and dry roast rava in medium flame until a roasted smell of rava comes out.
See that there is no change in the colour, so keep the flame and keep roasting. The rava will
become non sticky and free flowing if roasted correctly. Set aside.
Meanwhile, slit green chillies, slice onion length wise. In the same kadai, add oil and temper
with the items. Add green chillies cook onion and till transparent without changing its colour.
Add tomatoes and cook then add steamed carrots and beans.
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Add water and salt, bring it to boil. Check for salt. Add the roasted rava in a sprinkled way as
well as stirring side by side.

5. KOZHUKATTAI
Ingredients
Standard Kozhukattai
1. Rice flour – 100g.2Coconut scrapped – 50gm.
2. Jaggery 30g
3. . Salt.
4. . Water – as required.

Millet Mix Kozhukattai
Same as above
Add 75g rice flour and 25 millet mix
Method
1. Heat jiggery in a pan till it melts .Add scrapped coconut, jaggey ,salt and cardamom
powder and cook till thick to prepare filling for the kozhukattai
2. Boil two cups water and add a pinch of salt . Now stir the boiled water slowly into the
rice flour till you can prepare a soft dough . Add a little oil or ghee.
3. Take a small ball of rice flour and using your palms and fingers prepare desired shape.
4.

Now place a small portion of the – jaggery filling and press the sides of the flour ball

5. Place all the kolukattai in the idly making vessel and steam cook the for 10 – 15 minutes.
6. Now the nutritious kolukattai is ready.
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Appendix- lll

Questionnaire

KNOWLEDGE ATTITUDES AND PRACTICES OF CHLDREN WITH REGARD
TO MILLETS
S. No
Knowledge , attitudes and practices of school children with
Yes/no
regard to millets
Knowledge
1

Millets are good for health

2

Millets are rich in nutrients like iron , calcium , phosphorus and
contain antioxidants and phyto nutrients

3

Millets can prevent diseases

4

Some of the millets that are rich in nutrients are finger millet , pearl
millet , barnyard millet , little millet, kodu millet
Attitudes

5

Strongly agree that millets are good for health

6

Strongly agree that millets based food items are less tasty than
regular food products

7

Strongly agree that consumption of millets are related to health
benefits
Practices

8

Millets are used regularly are home

9

Millets are used in the form of noodles and biscuits

10

Millet mix wheat flour are used regularly

11

Millets mix porridge is used regularly

12

Millet mix is incorporated in recipes on a regular basis

Appendix -IV
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PAMPHLET TO CREATE AWARENESS ABOUT THE BENEFITS OF MLLETS

Why do we consume only rice and wheat predominantly?
HEALTH BENEFITS OF MILLETS- MINOR MILLETS WITH MAJOR BENEFITS
Protects Heart Health
Millets are rich source of magnesium. This is an important mineral for reducing blood pressure
and the risk of heart attack or stroke
Millets are also a great source of potassium and maintains blood pressure by acting as a
vasodilator. Reducing your blood pressure and optimizing your circulatory system is one of the
best ways to protect your cardiovascular health..
Controls Cholesterol Levels
Millets are a good source of dietary fiber. Dietary fiber eliminates dangerous bad cholesterol (LDL cholesterol)
from the system while promoting the effects of good cholesterol (HDL cholesterol) and this in turn protects us from
cardiovascular diseases. Millet consumption decreases triglycerides and may be useful in preventing cardiovascular
disease.

Prevents Diabetes
Millets contains high quantities of fiber and low simple sugars. Because of this it has a
relatively low glycemic index and has been shown to produce lower blood sugar levels than
wheat or rice. India is known to be diabetes capital of the world. Magnesium present in millet is
considered as one of the important minerals for increasing the efficiency of insulin and glucose
receptors in the body, thereby preventing this disease. Further the fibre in millets helps to control
rise in blood glucose .
Aids in Digestion
Millet is alkaline and it digests easily. Being high in fibre, millets will hydrate your colon to keep you from being
constipated. Millets provide necessary bulk to eliminate problems like excess gas bloating, and cramping. By
regulating your digestive processes, you also improve your nutrient retention and reduce your chance of more
serious gastrointestinal conditions like gastric ulcers or colon cancer . Regular digestion and elimination of waste
also help optimize your kidney, liver, and immune system health, as those organ systems are closely related to the
body’s metabolic activities.
Prevents Cancer

Fiber plays an important role in preventing cancer especially breast cancer.
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Detoxifies the Body
All millet varieties show high antioxidant activity. Millets contains antioxidants that can help clean up toxins from
your body. Quercetin, curcumin, ellagic acid, and various other beneficial catechins can help rid your system of
any foreign agents and toxins by promoting proper excretion and neutralizing enzymatic activity in certain organs.

Prevents Asthma
Research has come to light showing that millet can significantly improve the quality of life for people suffering from
asthma since childhood and can also prevent it from developing in the first place. Although some of the evidence is
controversial, it is shown that significantly less wheezing and asthma attacks (by more than 15%) were seen in
children who had a large intake of grains like millet. As wheat is a common allergen associated with asthma and
wheezing, millet does not have the same components and hence, does not have this negative effect.

Millets used in the study

Dr Anna Rangini Chellappa
Associate Professor and Head
Department of Nutrition Food Service Management and
Dietetics
Dr Ambedkar Government Arts College
Chennai 39
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