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Abstract

Millets which are considered superfoods have high nutritious worth when contrasted with different cereals. Finger millet,
which is otherwise called ragi in India possesses a greater part of the area under development and is created in enormous
sums, particularly in South India which serves as a principal food for many rural populations. Ragi contains high nutritional
contents and has more advantages as an endurance crop when compared with other cereals along with numerous
essential amino acids. Because of its high dietary nutritional content, it provides various health benefits like reducing
blood glucose levels, helps with celiac disease, reducing anaemia, and furthermore shows various properties like anti-
cancer, anti-inflammatory, anti-bacterial, and antioxidant which help in maintaining a healthy diet. The potential of ragi
as a nutritional and healthy food source is often overlooked due to insufficient awareness of its diverse culinary
applications. This review concentrates on the health benefits and nutritional value of ragi, as well as its traditional usage

and methods for value addition.
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Since the dawn of civilization, millet has been widely
consumed and has been domesticated for at least 10,000 years
in Eastern Asia. The world produces 30.089 million tonnes of
millet in the year 2021, of which 13.21 million tonnes (43.9%
of global production) are produced in India [1]. India is the
largest producer of millet in the world followed by China,

Africa, Egypt, and Greece [2]. Sorghum, pearl millet, foxtail
millet, proso millet, kodo millet, finger millet, little millet, and
barnyard millet are among the nutrient-dense millets which are
also known as super cereals [3]. They account for more than
58% of global production, however, very few Indians are aware
of their nutritional worth and health benefits [4].
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Fig 3 Production of millet by region

Several developed countries underuse millet. Processing
millet grains into high-value foods and beverages in developing
countries has enormous potential [6]. Millets are nutritionally
comparable to other major cereals and are a good source of
protein, amino acids, micronutrients, phytochemicals, and
minerals such as iron, manganese, copper, phosphorus, sulphur,
magnesium, and zinc [7]. Millets, especially finger millet,
contain polyphenols that not only have antioxidant qualities but
also have antibacterial, anti-inflammatory, antiviral, anticancer,
anti-platelet aggregation, and cataractogenesis inhibitory
actions [8].

Finger millet

Finger millet (Eleusine coracana) is also called Ragi or
Madwa/Mandua [9] or nachani/nachni in India; kaddo in Nepal;
dagussa, tokuso, barankiya in Ethiopia; finger millet, African
millet, koracan in England; wimbi, mugimbi in Kenya [10].
Ragi is the most popular millet in India and Africa and serves
as the principal food for the huge sector of the residents in these
countries [11] which is grown on more than four million
hectares of land worldwide [12] and possesses many therapeutic
properties [13]. It is grown as a rainfed crop in a variety of
adverse soil and climatic conditions [14], and it is cultivated in
the months of February and August and harvested in June or
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January [15]. Ragi accounts for 85% of production in India [16]
which is cultivated over an area of 1.11 million hectares with a
production of 1.98 million tonnes giving an average
productivity of 1661 kg per ha [17]. The seeds of finger millet
vary in diameter from 1 to 2mm which is globose and smooth
[18]. The average weight of 1000 finger millet seeds are
approximately 2.6g [19].

Nutritional profile
Carbohydrates and starch

Finger millet contains a higher amount of carbohydrates
which is a form of non-starchy polysaccharide and dietary fibre
[14]. The amount of carbohydrates in ragi is 729/100g [21] with
1.04% free sugars, and 11.5% non-starchy polysaccharides. The
composition of starch granules contains 80-85% of amylopectin
along with 15-20% of amylase [22]. Ragi grains are rich in
vitamin B complexes such as thiamine, riboflavin, folic acid,
and niacin [23].

Protein

Finger millet contains 7.16g of protein per 100g mostly
all cereals and millets contain the lowest amount of lysine
compared to legumes and animal proteins [24], but finger millet
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Fig 5 Production of ragi from different states of India

Table 1 Amino acid profile of ragi

Amino acid Amount g/100g
Histidine 2.37
Isoleucine 3.70
Leucine 8.86
Lysine 2.83
Methionine 2.74
Cystine 1.48
Phenylaniline 5.70
Threonine 3.84
Tryptophan 0.91
Valine 5.65
Alanine 6.71
Arginine 4.33
Aspartic acid 6.40
Glutamic acid 20.22
Glycine 3.59
Proline 5.42
Serine 481
Tyrosine 3.37

Source: ICMR 2017

Lipids
Finger millet contains a low amount of fat reducing the
health risks [23]. Finger millet grains contain essential fatty

is rich in amino acids, such as methionine, tryptophan and
lysine [25]. It is considered as most balanced millet due to its
presence of amino acids like valine, and threonine. Finger millet
also contains other amino acids which lack in many starchy
millets like isoleucine (4.3 g), leucine (10.8 g), methionine (3.1
g) and phenylalanine (6.0 g) [26].

Source: Indian Institute of Millets Research [20]
Fig 4 Pictures of finger millet
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Fig 6 Area utilized to harvest ragi in India

acids such as linolenic acid (1.3-4.4 mg/100g) and palmitic
acids (21.1-24.7mg/100g) which are beneficial for the
development of brain and neural tissue. It also contains other
fatty acids like oleic acid (49.8mg/100g) and linoleic acid
(24.2mg/100g) [15].

Fibre

Finger millet contains 3.6g of dietary fibre per 100g and
contains 22% of higher fibre when compared with other millets
[26]. Finger millet contains five layered testae which is the main
reason for the presence of high dietary fibre content [15]. The
fibre is bulky and will be digested slowly giving the consumer
satisfaction with low calories [27].

Micronutrients

The total mineral content of ragi is 2.7% [19]. Ragi is
highly enriched with calcium, and it is also a rich source of other
micronutrients like iron, magnesium, sodium, phosphorus,
copper, and potassium. The germ, aleurone layer and pericarp
are the richest portion of minerals [20]. Ragi also contains
vitamins which are required by the human body for regular
functioning and self-maintenance [23]. These grains possess
water and fat-soluble vitamins [20] which are rich in thiamine,
niacin, riboflavin, and tocopherol including vitamin C, but
vitamin C is absent in dried grains [23].
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Table 2 Nutritional composition of ragi

Macronutrients Amount (g/100g)
Carbohydrates 66.82
Protein 7.16
Fat 1.92
Insoluble fibre 9.51
Soluble fibre 1.67

Total fibre 11.18

Micronutrients Amount (mg/100g)
Thiamine (B1) 0.37
Riboflavin (B2) 0.17
Niacin (B3) 1.34
Pantothenic acid (Bs) 0.29
Pyridoxine (Bs) 0.05
Vitamin-E 0.16
Calcium 364
Iron 4.62
Magnesium 146
Manganese 3.19
Phosphorus 210
Potassium 443
Sodium 4.25
Zinc 2.53

Source: ICMR 2017

Health benefits
Blood glucose lowering effect

The phytochemicals present in finger millet slow the
digestion process controlling blood sugar levels in the body
[20]. The phenolic seed coat of finger millet functions as an
inhibitor to reduce postprandial hyperglycaemia by limiting the
activity of enzymes like amylase and alpha-glucosidase which
are crucial for the digestion of complex carbohydrates [28].
High fibre content reduces digestion in the human body which
directly helps in reducing blood sugar levels [26]. Therefore,
Regular consumption of finger millet helps in administrating

unusual disorders of our body by regulating the proper blood
glucose level [19].

Role in celiac disease

Gluten  consumption  causes  immune-mediated
enteropathy known as celiac disease in people who are
genetically susceptible [28]. Millets are naturally gluten-free, so
they are a very good choice for people who are suffering from
celiac disease [19], especially finger millet is an excellent
choice when compared with wheat and other common cereal
grains [29].

Improvement in haemoglobin status

Finger millet is a very good source of iron and is used in
diets to get recovery from anaemic conditions [20]. Finger
millet is beneficial for people who contain low haemoglobin
levels [26] and supplementing infants with germinated finger
millet-rich foods showed a significant improvement in
haemoglobin levels [30].

Other health benefits

Ragi has a rich nutritional profile and hence it shows
numerous therapeutic effects [19]. The body is relaxed naturally
by consumption of finger millet; hence it is used to treat
depression, anxiety, migraines, and insomnia [20]. Finger millet
is also reported as a good antioxidant in the dermal wound
healing process in diabetes [28] and helps in good health,
ageing, and metabolic syndrome [20]. Finger millet also shows
anti-inflammatory activity, anti-bacterial activity, and anti-
microbial activity [30]. Since ragi also possess a high calcium
profile it also helps in strengthening bones [19]. Consuming
green finger millet is beneficial for patients who are suffering
from heart problems, liver disorders, blood pressure, and
asthma [20] and for pregnant women since it enhances lactation
[31]. After sprouting vitamin C increases in finger millet which
results in easy uptake of iron into the bloodstream [26].

Health
benefit
S

Fig 7 Health benefits of ragi
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Traditional utilization of finger millet

Finger millet is a staple in South Indian kitchens. The
dishes prepared in Indian kitchens are finger millet onion
chapati, finger millet laddu, finger millet murukku, soft mudde,
finger millet rawa chocolate pudding, finger millet vermicelli
kheer, finger millet vermicelli upma, and finger millet cake
[20]. The traditional foods which are prepared in India are roti,
kazhi (ragi balls), and kanji (thin porridge) [30]. Many varieties
like chapatis, chakli, cheela, khichri, papads, noodles,

vermicelli, and many local dishes are made with the help of ragi
[9]. These ragi/finger millet grains can also be utilized for
preparing baking goods, flour, certain weaning foods for
infants, and alcoholic and non-alcoholic beverages [23].

Value added products

Apart from the traditional dishes and recipes, ragi flour
can be incorporated into many other recipes to improve its
nutritional and sensory quality.

Noodles
Chakkali/ murukku (snack deep fried in oil)

Idli/ Fermented streamed cake.

Kanji/ thin porridge

Dosa/ fermented pancake

Roti/ unleavened flat bread
Finger millet balls

Source: Shobana et al. [28]

Fig 8 Traditional dishes prepared by using ragi

Pasta

Murali and Prabhasankar [32] developed healthier pasta
by incorporating sprouted ragi flour and raw banana flour in the
proportions 10%, 20% and 30% and also one sample with 15%
ragi flour and 15% banana flour and studied the nutritive value
of the pasta and concluded that the 20% level of banana and ragi
flour was moderately accepted but the combination of 15% ragi
flour and 15% banana flour was more potent in nutritional
attributes by increased dietary fibre and mineral content and
also anti-oxidant level was improved but the protein content of
the pasta was decreased because banana flour and ragi flour was
low in protein when compared with semolina.

Source: IIMR 2023
Fig 9 Pasta made using ragi

Cupcakes
Mane and Kadam [11] developed cupcakes
supplementing ragi with different proportions such as 100:0,

70:30, 60:40 and 50:50 and evaluated the quality by
organoleptic evaluation method, concluding the partial
replacement of Maida i.e., 60:40 ratio is proven acceptable with
overall acceptability of 7.5 enriching the product with calcium
and iron.

Biscuits

Kaur et al. [33] developed biscuits using finger millet
which is underutilized but great with its mineral content. A total
of twelve cultivars were screened out for calcium content and
the best cultivar which had the highest content of calcium was
selected and was utilized to supplement biscuits in different
proportions (0, 25, 50, and 75%). The results concluded that the
calcium and crude fibre content was increased when
supplemented and evaluation of sensory parameters concluded
that finger millet can be successfully substituted up to 50% in
wheat flour while preparing biscuits.

Cake

Desai et al. [34] developed a cake incorporating malted
ragi flour in different compositions with other ingredients and
evaluated the nutritional and sensory characteristics of the cake.
The different compositions of refined wheat flour and malted
ragi flour are 80:20, 60:40, 50:50, 40:60, and 30:70. As
compared to the control sample, the ragi flour sample was found
to be enhanced with minerals like calcium, iron, and
phosphorus as well as crude fibre. The cake with the ratio of
30:70 of refined wheat flour and ragi flour had the highest
mineral and fibre content, but the sensory parameters are low
due to loss of sponginess and the colour difference, but the
composition of 50:50 showed the same sensory scores as of
control sample.

Vermicelli noodles
Lande et al. [35] developed a nutrient-rich vermicelli by
the addition of wheat and malted ragi flour in various
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compositions i.e., 90:10, 80:20, 70:30, 60:40 and 50:50 to
improve the quality of vermicelli and evaluated nutritional and
sensory qualities of the compositions. The results concluded
that the proportion of 70:30 had a similar score to the control
sample with increased amounts of protein, fibre and minerals
like iron, calcium, and phosphorus.

Fig 10 Vermicelli noodles

made using ragi Fig 11 Cookies made using ragi

Source: IIMR 2023

Cookies

Rana et al. [36] developed cookies in which Maida is
substituted with sprouted ragi millet flour at 0, 5, 10, 15, 20, and
25% levels and nutritional with sensory quality parameters are
evaluated and observed the decrease in carbohydrates, proteins,

fat, and energy values but also observed a significant increase
in mineral content like iron, calcium, and phosphorus. The
results concluded that the supplementation of sprouted ragi
flour showed overall acceptability of 7.61 in 25% substituted
cookie. Hence, the cookie can be substituted with 25% of
sprouted ragi flour to improve the nutritional quality of the
cookies.

CONCLUSION

Cereals and millets are the major products of our diet in
India. Finger millet which is the staple food in the southern part
of India is still underutilized by other parts of the country due
to a lack of knowledge and its sensory parameters. Finger millet
which is nutritious is richer in protein fat and minerals
especially iron and calcium when compared with rice. Finger
millet has numerous health benefits due to its fibre content and
presence of calcium and iron help in bone strengthening for
both children and adults. Various traditional dishes can be seen
but the value addition of composite flours is being developed in
many countries and is being accepted. Hence, this study
concludes that being a nutritious millet and easily assessable to
people of both rural and urban, finger millet can be incorporated
into their diet by both traditional dishes and the addition of flour
into regular or fancy dishes.
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