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 A B S T R A C T  
 
The present study was undertaken to develop value added products from Finger millet (Eleusine coracana) and to estimate their nutritive 
values. Finger millet is a nutrient dense and inexpensive cereal cultivated in India but, is highly overlooked and underutilised due to lack of 
awareness. Therefore, the objective of this research study was to incorporate finger millet in five different products: biscuits, muffins, crackers, 
laddoos and chikkis using different levels of incorporation in the form of flour or whole seeds. The other objectives were to conduct 
organoleptic evaluation of the products using standard 9-point hedonic scale, followed by calculation of the nutritive value of the products with 
highest acceptability scores using the book ‘Nutritive Value of Indian Foods’ by National Institute of Nutrition, Hyderabad, and comparing it 
with their respective control products. The results showed that the products incorporated with Finger millet had higher acceptability score and 
nutrition composition in terms of calcium, phosphorus, iron and fibre compared to the control products. Therefore, value addition of products 
with finger millet is a fruitful endeavour to improve the flavour, texture, appearance and nutrition of the existing food products in the market, 
which can benefit the common population as well as the diseased. Further studies can also be done to develop value added novel food 
products from finger millet. 
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INTRODUCTION  

Finger millet is a nutri-cereal mostly cultivated and consumed in several semi-arid and tropical parts of the world (Gupta et al., 

2017). In India, finger millet is the most cultivated amongst all small millets. It is comparable to other nutrient rich cereals like 
oats, barley and rye. It is rich in dietary fibre and nutrients such as amino acids, polyphenols, phytates and minerals like iron 

(Chandra et al., 2016) and calcium (Sharma et al., 2017). Finger millet is known for its health benefits such as anti-ulcer, anti-

inflammatory, anti-diabetic, anti-tumerogenic and anti-atherosclerogenic making it a ‘Functional food’ (Chandra et al., 2016). 
Anti-nutrients present in finger millet can interfere with the absorption of nutrients from the cereal, but their bioavailability can 

be improved by using processing methods such as soaking, decortications, fermentation, malting and steaming (Chauhan and 

Sarita, 2018; Owherou et al., 2019). Processing of millets also help improve the taste, texture, flavour and shelf-life of food 
products made of it (Kaur et al., 2019). The anti – nutrients present in the seed coat of finger millet such as tannins and 

polyphenols are known for their free-radical scavenging activity, despite interfering with nutrient absorption (Sood et al., 2017). 

Finger millet is an ideal crop for cultivation under less than favourable climate due its resilient nature and ability to adapt in 
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semi-arid climate (Sood et al., 2016). Therefore, it is an ideal crop for providing food as well as nutritional security in 
developing countries like Africa and Asia (Antony et al., 2018). Unfortunately, use of finger millet is confined to rural areas due 

to lack of proper technologies for processing finger millet. There is also lack of commercial exploitation of the cereal despite it 

numerous nutritional benefits, but recent advances in processing and value addition technologies have enabled availability and 
acceptability of value added products in both rural and urban areas (Ambre et al., 2020). Therefore, this research study aims 

to develop value added products from finger millet and assess their acceptability, as well as estimate their nutritive value in 

comparison to their respective control, which could reinforce the use, increase awareness and highlight the nutritional value of 
finger millet. 

MATERIALS AND METHODS 

Procurement of raw materials 

For the present study, Ragi was selected as the main ingredient which was procured in the form of flour from local market in 

Ziro, Arunachal Pradesh. The Ragi seeds and other miscellaneous ingredients such as the refined wheat flour, gram flour, 

butter, ghee, nuts and sugar were procured from local market in Guwahati, Assam. 

Processing of raw materials 

 

 

 

 

 

 

              

Figure 1 - Flow chart of processing ragi flour 
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Formulation of the products 

Table 1: Formulation of the biscuits 

Formulation 
Level of incorporation 

Refined wheat 
flour(RWF) Ragi flour(RF) 

C 100% - 

F1 - 100% 

F2 40% 60% 

F3 50% 50% 

F4 60% 40% 

For the biscuits, four formulations were developed by incorporating ragi flour along with refined wheat flour in different 

proportions. The formulations were as follows: C (100% RWF), F1 (100% RF), F2 (40% RWF+60% RF), F3 (50% 

RWF+50%RF) and F4 (60%RWF+40%RF). 40 grams of butter and 40 grams of sugar were added to each biscuit formulation. 

Table 2: Formulation of the muffins 

Formulation 
Level of incorporation 

Refined wheat 
flour(RWF) Ragi flour(RF) 

C 100% - 

F1 40% 60% 

F2 50% 50% 

F3 60% 40% 

F4 70% 30% 

For the muffins, four formulations were developed by incorporating ragi flour along with refined wheat flour in different 

proportions. The formulations were as follows: C (100% RWF), F1 (40% RWF+ 60% RF), F2 (50% RWF+ 50%RF), F3 (60% 

RWF+ 40% RF) and F4 (70% RWF+30% RF). 40 grams of butter, 40 grams of sugar and 60 ml of milk were added to each 

muffin formulation. 

Table 3: Formulation of the crackers 

Formulation 
Level of incorporation 

Refined wheat flour(RWF) Ragi flour(RF) 

C 100% - 

F1 40% 60% 

F2 50% 50% 

F3 60% 40% 

F4 70% 30% 
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For the crackers, four formulations were developed by incorporating ragi flour along with refined wheat flour in different 

proportions. The formulations were as follows: C (100% RWF), F1 (40% RWF + 60%RF), F2 (50% RWF + 50% RF), F3 (60% 

RWF + 40% RF) and F4 (70% RWF + 30% RF). 30g of perilla seeds, 1.25g of baking powder, 1.25g of salt and 7.5 g of 

vegetable oil was added to each cracker formulation. 

Table 4: Formulation of the laddoos 

Formulation 
Level of incorporation 

Gram flour(GF) Ragi flour(RF) 

C 100% - 

F1 40% 60% 

F2 50% 50% 

F3 60% 40% 

F4 70% 30% 

For the laddoos, four formulations were developed by incorporating ragi flour along with gram flour in different proportions. The 

formulations developed were as follows: C (100% GF), F1 (40% GF + 60% RF), F2 (50% GF + 50% RF), F3 (60% GF + 40% 

RF) and F4 (70% GF + 30% RF). 30g mixed nuts (peanuts, almonds and cashews), 10g castor sugar and 60g ghee was 
added to each laddoo formulation. 

Table 5: Formulation of the chikkis 

Formulation 
Level of incorporation 

Peanuts Almonds Cashews Ragi seeds 

C 80% 10% 10% - 

F1 70% 10% 10% 10% 

F2 60% 10% 10% 20% 

F3 50% 10% 10% 30% 

For the chikkis, three formulations were developed by incorporating ragi seeds along with nuts in different proportions. The 

formulations developed were as follows: C (100% nuts), F1 (90% Nuts + 10% RS), F2 (80% Nuts + 20% RS) and F3 (70% 

Nuts + 30% RS). 10g almonds, 10 cashews, 100g jaggery and 15 ml ghee were added to each chikki formulation. 

 

 



Sharma and Yamer (Value addition of products of Eleusine coracana) 

J. Postharvest Technol., 2022, 10(2): 120-138  124 

 

Preparation of the products 

 

Melt the butter 

 
 

Add the powdered sugar 
 

Blend till white peak develops 

 

Add the refined wheat flour and ragi flour formulation 

 
Knead the mix into dough adding milk if required 

 

Roll the dough into a sheet 

 

Cut into desired shapes 

 

Bake at 150ºC for 20 minutes 

 

Figure 2: Methodology for preparation of the biscuits 

 

Melt the butter 

 
 

Add the powdered sugar 
 

Beat till the mixture becomes creamy 

 

Add an egg and continue beating till the mixture becomes frothy 

 
Add the milk and vanilla essence and mix well 

 

Add the refined flour and ragi flour as per the developed formulation 

along with the baking powder 
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Mix well and pour into lined muffin moulds 

 

Bake at 180ºC for 20-25 minutes 

Figure 3: Methodology for preparation of the muffins 

 

 

                    Mix the refined wheat flour and ragi flour 

as per the required formulation 

 

Add the baking powder, salt and perilla seeds 

 

Add water as required and knead the mixture into dough 

 
Add the vegetable oil and knead the dough for few minutes 

 

Roll the dough into thin sheets 

 

Cut the dough into squares and prick with fork 

 

Bake at 200 ºC for 15 minutes 

Figure 4: Methodology for preparation of the crackers 

 

  Roast the gram flour and ragi flour 

      as per the required formulation 

 
    Stir in the ground roasted nuts 

 

Add the powdered sugar and stir for few minutes 

 

Add ghee little by little till desired consistency is acquired 
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Shape the mixture into laddoos while still warm 

 

Figure 5: Methodology for preparation of  the laddoos 

 

Heat a pan 

 

Add jaggery along with water and ghee 

 

Stir the mixture in medium flame till string consistency is achieved 

 
Lower the flame and add the roasted nut mix 

 

Pour the mixture onto a greased plate 

 

Flatten the mixture with a greased rolling pin while still hot 

 

Cut the flattened mixture into desired shape 

 

Allow it to cool and break it into chikkis 
 

Figure 6: Methodology for preparation of the chikkis 

 

Sensory evaluation of the developed products 

The acceptability trial was conducted in the laboratory of Department of Food, Nutrition and Dietetics, Assam down town 
University, with the help of 9 point hedonic scale by an assortment of 20 semi-trained and non-trained panelists. The products 

with varying formulations were set on the table and presented to the panelists for evaluation along with a sensory evaluation 

sheet each. The panelists had to sample each product and rate them subjectively on a score ranging from 9 (like extremely) to 
1 (dislike extremely) for various attributes such as colour, appearance, taste, texture, flavour, consistency and overall 

acceptability. 
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Table 6: Standard 9-point hedonic scale 

9 Like extremely 

8 Like very much 

7 Like moderately 

6 Like slightly 

5 Neither like nor dislike 

4 Dislike slightly 

3 Dislike moderately 

2 Dislike very much 

1 Dislike extremely 

Statistical analysis 

To assess whether the relationship observed between the formulations, characteristics and sensory response, were likely to 
be real, and not merely the result of uncontrolled variation in response, the methods of statistics were presented the same in 

table, graph etc.  

All the data of the chemical analysis were statistically analyzed and methods applied for the statistical analysis of the recorded 

data are given below:  

1. Mean:  

It is the sum of all the observation (ΣX𝑖) divided by the number of observation (N). The formula of calculating mean (X ̅) is 

given below-  

                      X ̅=  □((ΣXi )/(N )) 

2. Standard deviation: 

Standard deviation is the positive square root of the arithmetic mean of the square of deviations of the given values from 

arithmetic mean. If the standard deviation of a sample were smaller than a population, then it is measured by using the 
following formula:  

                   Standard deviation (𝜎) = □(√((〖∑_(i=1)^x▒〖(Xi-X ̅ 〗)〗^2   )/(N ))  ) 

Where, Xi = Observation  

             X ̅ = Arithmetic mean  
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             N = Number of observations 

Calculation of nutritive value of the developed products 

The nutritive value of the developed products was calculated using the nutritive value book by National Institute of Nutrition, 
Hyderabad. The nutritive value of the formulations with highest acceptability score was calculated against the nutritive value of 

their respective control for the following nutritional attributes: Calories, Carbohydrate, Fat, Protein, Calcium, Phosphorus, Iron 

and Fibre. 

RESULTS AND DISCUSSION 

PRODUCT 1 - BISCUITS 

 

Control biscuits (100% Refined wheat flour/RWF) 

 

F1 biscuits (100% Ragi flour/RF)              F2 biscuits (40% RWF+60%RF) 

 

F3 biscuits (50%RWF+50%RF)            F4 biscuits (60%RWF+40%RF) 
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PRODUCT 2 - MUFFINS 

 

Control muffins (100% RWF) 

 

F1 muffins (40%RWF+60%RF)                 F2 muffins (50%RWF+50%RF) 

 

 

F3 muffins (60%RWF+40%RF)                F4 muffins (70%RWF+30%RF) 
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PRODUCT 3 - CRACKERS 

 

Control crackers (100% RWF) 

 

 

F1 crackers (40% RWF+60%RF)                   F2 crackers (50%RWF+50%RF) 

 

 

F3 crackers (60% RWF+40%RF)                    F4 crackers (70%RWF+30%RF) 
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PRODUCT 4 - LADDOOS 

 

Control laddoos (100% Gram flour/GF) 

 

F1 laddoos (40% GF+60%RF)                                F2 laddoos (50%GF+50%RF) 

 

 

F3 laddoos (60%GF+40%RF)                            F4 laddoos (70%GF+30%RF) 
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PRODUCT 5 - CHIKKIS 

 

      Control chikkis (100% Nuts)                         F1 chikkis (90% Nuts+10%RS) 

 

             F2 chikkis (80%Nuts+20% RS)              F3 chikkis (70%Nuts+30%RS) 

 

 

Figure 7: Sensory analysis of the biscuits 
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From Figure 7, it can be inferred that among the various formulations for ragi biscuits, F4 (60% RWF + 40% RF) was the most 
acceptable with a score of 7.95, whereas the formulation F1 (100% RF) and F2 (40% RWF + 60% RF) were the least 

acceptable with score of 7.2 each. The biscuits with lowest percentage of ragi flour was the most acceptable, which could be 

because, finger millet was new to many of the panelists. It could also be because it did not darken the biscuits like the ones 
formulated with higher percentage of finger millet. 

  

Figure 8: Sensory analysis of the muffins 

From Figure 8, it can be inferred that among the various formulations for ragi muffins, F2 (50% RWF + 50% RF) was the most 

acceptable with a score of 8, whereas the formulation F1 (40% RWF + 60% RF) was the least acceptable with score of 7.65. 
The muffins with equal amount of refined wheat flour and ragi flour were the most acceptable, which could be because of the 

balance it provided to the muffins in terms of colour, appearance, taste and texture. 

 

 

Figure 9: Sensory analysis of the crackers 
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From Figure 9, it can be inferred that among the various formulations for ragi crackers, F4 (70% RWF + 30% RF) was the 
most acceptable with a score of 7.15, whereas the formulation F1 (40% RWF + 60% RF) was the least acceptable with score 

of 6.05. The crackers with least amount of ragi flour was the most acceptable because of the slight colour change and taste it 

imparted to the crackers without making it too dark or bitter. 

 

Figure 10: Sensory analysis of the laddoos 

From Figure 10, it can be inferred that among the various formulations for ragi laddoos, F1 (40% GF + 60% RF) was the most 

acceptable with a score of 8.4, whereas the formulation F2 (50% GF +50% RF) was the least acceptable with score of 7.8. 
The laddoos with highest percentage of ragi flour was the most acceptable, which could be attributed to the improved taste 

and appearance imparted by the ragi flour to the laddoos.  

 

Figure 11: Sensory analysis of the chikkis 
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From Figure 11, it can be inferred that among the various formulations for ragi chikkis, F1 (90% Nuts + 10% RS) was the most 
acceptable with a score of 8.05, whereas the formulation F3 (70% Nuts + 30% RS) was the least acceptable with score of 

7.47.The chikkis with least amount of ragi seeds was most acceptable which could be due to the texture and crunch it provided 

to the chikkis without making it gritty. It also added speckled effect to the chikkis, thereby improving its appearance. 

Nutritive value of the developed products 

For calculation of the nutritive value of the developed products, the formulation with the highest acceptability score was 
selected from each of the five products developed. The formulation F4 was chosen for the biscuits, F2 was chosen for the 

muffins, F4 for the crackers, F1 for the laddoos and F1 for the chikkis. The nutritive value was calculated using the book 

“Nutritive value of Indian Foods” by National Institute of Nutrition, Hyderabad. The nutritive value of the developed products 
with highest acceptability score was compared to the nutritive value of their respective control product. 

Table 7:  Nutritive value of control biscuits (C) and ragi biscuits (F4) 

Formulation Energy 
(kcal) 

CHO(g) Protein(g) Fat(g) Fibre(g) Ca(g) P(g) Fe(g) 

C 798.8 113.7 11.04 33.3 0.3 27.8 21.4 2.8 

F4 790.8 112.9 9.6 33.5 1.6 156.2 186.2 3.2 

From the above Table 7, we can observe that the amount of energy, carbohydrate and protein content of the control biscuits, 

C (100% Refined wheat flour) are marginally higher compared to that of the ragi biscuits, F4 (60% Refined wheat flour + 40% 

Ragi flour), the fat content is comparable, while the amount of fibre, calcium, phosphorus and iron are superior in the ragi 

biscuits compared to that of the control biscuits. The higher amount of the minerals and fibre content in F4 can be attributed to 
the addition of ragi flour to the biscuit formulation. Kaur et al (2020) did a similar study in which finger millet biscuits were 

acceptable upto 50% level of replacement of wheat flour. It was also found to be superior to 100% wheat flour biscuit in terms 

of micronutrient and fibre content. 

Table 8:  Nutritive value of the control muffins (C) and ragi muffins (F2) 

Formulation Energy 
(kcal) 

CHO(g) Protein(g) Fat(g) Fibre(g) Ca(g) P(g) Fe(g) 

C 839 116.3 12.96 35.76 0.3 27.8 175.4 2.88 

F2 829 115.34 11.1 35.94 1.94 260.3 256.4 3.48 

From the Table 8, we can observe that the amount of energy, carbohydrate and protein content of the control muffins, C 

(100% Refined wheat flour) are marginally higher compared to that of the ragi muffins F2 (50% Refined wheat flour + 50% 

Ragi flour), the fat content is comparable, while the amount of fibre, calcium, phosphorus and iron content are superior in the 
ragi muffins compared to that of the control muffins. The higher amount of fibre and mineral content in F2 muffins can be 

attributed to the addition of ragi flour to the muffin formulation. The results are congruent with that of Shipra et al. (2017) where 

muffins formulation with the ratio of wheat flour to finger millet flour being 40:60 scored the highest in terms of sensory 
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attributes. These muffins also had higher amount of energy, calcium, iron and fibre, but lower carbohydrate content per 100g 
of the product compared to the muffins made with other formulations.  

Table 9: Nutritive value of the control crackers (C) and ragi crackers (F4) 

Formulation Energy 
(kcal) 

CHO(g) Protein(g) Fat(g) Fibre(g) Ca(g) P(g) Fe(g) 

C 457.5 77.2 12.5 12 1.5 98 324.2 5.6 

F4 451.5 76.6 11.3 12 2.5 194.3 372.8 5.9 

From the Table 9, we can observe that the amount of energy, carbohydrate and protein content of the control crackers, C 

(100% Refined wheat flour) are marginally higher compared to that of the ragi biscuits F4 (70% Refined wheat flour + 30% 

Ragi flour), the fat and iron content are comparable, while the amount of fibre, calcium, phosphorus content are superior in the 

ragi crackers compared to that of the control crackers. The higher amount of fibre and mineral content in F4 crackers can be 
attributed to the addition of ragi flour to the cracker formulation. Athawale et al.(2015) also developed crackers formulated with 

wheat flour, finger millet and flaxseeds in the ratio 3:1:1 which showed high acceptability as well as high nutrient content in 

terms of dietary fibre, calcium and PUFA. 

Table 10: Nutritive value of the control laddoos (C) and ragi laddoos (F1) 

Formulation Energy 
(kcal) 

CHO(g) Protein(g) Fat(g) Fibre(g) Ca(g) P(g) Fe(g) 

C 1145 75.6 27.2 82.5 13.7 67.2 448.6 5.12 

F1 1110 83.9 18.4 79.03 9.3 246.6 427.6 5.02 

From the Table 10, we can observe that the amount of energy, protein, fat, fibre and phosphorus content of the control 

laddoos, C (100% Gram flour) are higher compared to the ragi laddoos F1 (40% Gram flour + 60% Ragi flour), the iron content 
is comparable, while the amount of carbohydrate and calcium content are superior in the ragi laddoos compared to that of the 

control laddoos. The higher amount of calcium content in F1 laddoos can be attributed to the addition of ragi flour to the laddoo 

formulation. In a similar study done by Shekar et al.  (2019), laddoos made with finger millet were highly acceptable and 
provides 63 mg of calcium per 50g of laddoos. 

Table 11: Nutritive value of the control chikkis (C) and ragi chikkis (F1) 

Formulation Energy 
(kcal) 

CHO(g) Protein(g) Fat(g) Fibre(g) Ca(g) P(g) Fe(g) 

C 1099 119.6 25.6 57.5 2.8 169.6 430 6.2 

F1 1075 124.2 23.7 53.7 2.9 204 458.3 6.6 

From the Table 11, we can observe that the amount of protein and fat content of the control chikkis, C (100% Nuts) are higher 

compared to that of the ragi chikkis F1 (90% Nuts+10% Ragi seeds), the energy content is marginally higher in control, the 

fibre and iron content are comparable, while the amount of carbohydrate, calcium and phosphorus content are superior in the 
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ragi chikkis compared to that of the control chikkis. Yadav et al. (2019), developed ragi flour incorporated chikkis, in which 5% 
ragi flour in corporate chikkis were the most acceptable. In terms of nutrient content, it was found to have low carbohydrate 

and high protein, iron, ash and total solid content.  

CONCLUSION 

From the present study, it can be concluded that products developed from finger millet have high acceptability score compared 

to the control products. Their nutritive value was also found to be higher than that of the control products in terms of 
micronutrient content. They were found to be rich in minerals like calcium, phosphorus, iron and fibre and low in calories, 

carbohydrate, fats and protein. Therefore value addition of products from finger millet will not only bring to people’s awareness 

to the existence of this nutrient rich cereal, but it will also encourage its consumption by the masses as a healthier alternative 
to the conventional food products especially among the health conscious and those suffering from diseases such as diabetes, 

cardiovascular diseases, obesity, osteoporosis, malnutrition and anaemia, owing to its rich micronutrient and fibre content.  
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