ISSN 2308-4057 (Print)
ISSN 2310-9599 (Online)

Review Article
Open Access @

Foods and Raw Materials. 2024;12(1)

Auvailable online at http:/jfrm.ru/en
https://doi.org/10.21603/2308-4057-2024-1-593
https://elibrary.ru/MYQHZK

Nutritional significance of finger millet and its potential
for using in functional products
Vaibhav Gaikwad', Jaspreet Kaur'®, Prasad Rasane'*®, Sawinder Kaur!®,

Jyoti Singh'®, Ankit Kumar?*®, Ashwani Kumar*®, Nitya Sharma*®,
Chandra Mohan Mehta'®, Avinash Singh Patel®

' Lovely Professional UniversityRﬁR, Phagwara, India
2 Baba Farid Group of Institution, Bhatinda, India
3 Rani Lakshmi Bai Central Agricultural University, Jhansi, India
#Indian Institute of Technology DelhifR®R, New Delhi, India
5 North Carolina State UniversityROR, Raleigh, United States

* e-mail: rasaneprasad@gmail.com

Received 11.01.2023; Revised 06.02.2023; Accepted 07.03.2023; Published online 30.08.2023

Abstract:

Finger millet (Eleusine coracana L.), ragi or mandua, is one of essential minor millets extensively grown in the Indian and
African subcontinents. It is a staple food in India, particularly for people belonging to low-socioeconomic groups. Finger millet
is highly valued for its content of macro- and micronutrients. It is rich in carbohydrates, protein, and fat. Its micronutrients
include calcium (0.38%), dietary fiber (18%), and phenolic compounds (0.3-3%), such as catechin, epicatechin, as well as ferulic,
salicylic, protocatechuic, cinnamic, and hydroxybenzoic acids, etc. Finger millet is also recognized as a source of vital amino
acids, including isoleucine, leucine, methionine, and phenylalanine, which are otherwise deficient in starchy meals. In addition,
finger millet is well appreciated for its pharmacological properties such as anti-diabetic, anti-tumorigenic, anti-atherosclerogenic,
antioxidant, and antimicrobial effects. To improve its nutritional and sensory properties, this grain can be processed by
various traditional and advanced methods (soaking, malting, cooking, fermentation, popping, and radiation). These processing
techniques equally assist in the reduction of anti-nutritional factors (tannins, phytic acid, oxalic acid, protein inhibitors, glucans)
and their inhibitory effects. In this review, we highlighted the nutritional composition, health attributes, and uses of finger millet
for the development of functional food products.

Researchers and producers can further explore the opportunities and scope for utilizing finger millet and develop more products
in the same line to solve the current issues of food and nutrition security.
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INTRODUCTION

Millet is a minor cereal belonging to the Poaceae
grass family that is well known in India as ragi or
mandua [1]. Cultivated in arid and sub-arid regions,
it is considered a poor people’s food [2, 3]. Since time
immemorial, millets have been a well-known food for
humans but in recent years they have been replaced by
wheat and rice [4]. Globally, annual millet production
amounts to 30.73 million tons, including 11.42 million
tones (37% of the global yield) in India alone. India
and Africa are the leading producers of finger millet,

followed by Uganda, Nepal, and China [4]. India is one
of the largest cultivators of millets, especially finger
millet (Eleusine coracana L.), which accounts for about
85% of all minor millets [5]. Karnataka is the leading
state that cultivates 58% of total finger millet production
in India [6].

Finger millet is well recognized for its high nutritio-
nal profile, including protein (6—13%), calcium (0.34%),
dietary fiber (18%), phenolic compounds (0.3-3%), and
minerals (2.5-3.5%). In addition, it is a good source of
a vitamin B complex (thiamine and riboflavin), as well
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as essential amino acids (methionine, isoleucine, leuci-
ne, phenylalanine, etc.) [1, 7-10]. Finger millet contains
30 times as much calcium as rice, namely 344 mg/100 g,
which plays a positive role in bone development and
maintenance, as well as in the functioning of nerves
and muscles [4, 11, 12]. According to studies, finger mi-
llet possesses various medicinal and nutritional pro-
ties. It is well known for its biological properties (anti-
tumorigenic, anti-atherosclerogenic, anti-diabetic, anti-
oxidant, and antimicrobial) mainly due to polyphenols
and dietary fiber [13, 14]. Also, finger millet prevents
oxidation of low-density lipoproteins, hypertension, hy-
percholesterolemia, and diabetes mellitus, as well as
improves gastrointestinal tract functioning and vascular
fragility [8, 15]. Being an aboriginal crop, minor millet
is utilized in formulations of geriatric and weaning
foods, as well as health foods both in natural and malted
forms [16]. Malted finger millet flour can be used to
prepare bread, papad, chips, chapatti, bakery products,
porridge, chakli, idli, biscuits, cookies, and beer, as
well as gruel for new-born babies [17, 18]. Our review
highlights various aspects of finger millet, including its
nutritional composition, various effects of processing, as
well as its utilization for the development of functional
products.

STUDY OBJECTS AND METHODS

For this review, we searched for publications in
Google Scholar, ResearchGate, ScienceDirect, and Pub-
Med. Synonyms and alternative words were identified
and used to obtain current literature in English. Our
major search terms and key words were “millets”,
“millet phytochemicals”, “major bioactive compounds
in finger millets”, “health benefits of millets bioactive
compounds”, “finger millet processing”, and “finger
millet products”. Most of the research articles mentioned
in the manuscript are recent and published between
2012-2019.

RESULTS AND DISCUSSION

Cultivation of finger millet. In Nepal and India,
finger millet is grown on 274 350 hectares of land, yiel-
ding 305 588 million tons with an average productivity
of 1115 kg/ha, as a kharif and rain-fed crop on margi-
nal lands and in hilly regions. Finger millet is primarily
farmed in Africa, widely in Uganda, Kenya, and Tanza-
nia, as well as in Ethiopia, Eritrea, Mozambique, Rwan-
da, Malawi, Sudan, Namibia, Senegal, Niger, Nigeria,
Madagascar, Zambia, Zimbabwe (to a minimal degree),
and India [19]. India, as a leading producer, cultivates
1.98 million tons of finger millet on 1.19 million hectares
of land, with a productivity of 1661 kg/ha [20].

In Asia, the major cultivators are India, Nepal,
Malaysia, China, Japan, Iran, Afghanistan, and Sri
Lanka [21, 22]. In the eastern, central, and western parts
of India (Uttar Pradesh, Bihar, Tamil Nadu, Karnataka,
and Andhra Pradesh), this crop is cycled along with
maize in a mixed cropping system. In the mid and far
western regions, however, it is monocultured [23].
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Finger millet is highly tolerant to biotic and abio-
tic stimuli and is highly adaptable to the local climate.
It can adapt to harsh weather conditions, requiring
minimum inputs, and has higher nutritional charac-
teristics when grown in desert environments [24, 25].
Scientific emphasis has been placed on the crop’s ca-
pacity to grow in warm altitudes, on soils with minimal
moisture and low fertility [26]. Finger millet is a short
plant that needs a minimum day duration of around
12h and flourishes at higher elevations, where other
major grains fail to survive. It can grow between 500
and 2400 m above sea level. On average, it demands
500 mm of yearly rainfall, but it can also withstand
300—4000 mm of precipitation. The crop performs best
in the tropical regions of India and Africa, where the
average maximum temperature approaches 27°C and
the average minimum temperature does not drop be-
low 18°C. Dry weather encourages the harvest of healthy
grains at maturity, whereas rainy weather causes grain
blackening. Finger millet prefers climates where the
average temperature ranges from 11 to 28°C, although
it can also tolerate higher temperatures [20]. The crop
is grown from sea level to higher elevations in the
Himalayas, up to 2400 m above sea level [27].

Finger millet is a desirable crop in an intensive crop-
ping system since it requires less time to grow and can
be farmed in all seasons. The seeds have a long lifespan
(more than five years) and are resistant to storage
pests, which makes them an excellent reserve for food
security crisis periods [28]. Finger millet grows well
in a wide range of soils, including red lateritic soil,
mixed grey soil, and unaltered soils with coarse parent
materials. In the tropics, it is typically grown in reddish-
brown lateritic soils which require proper drainage [29].
However, the crop is more prevalent in sandy loam tex-
tured soils where it receives evenly distributed rainfall.

Finger millet is a drought-resistant and weather-
tolerable crop due to its efficient C4 photosynthetic pa-
thway [28, 30, 31]. It is cultivated in abundance in the
Koraput district of Odisha, accounting for 16% of the
total gross cropped area and 28% of the total area
under cereal crop cultivation. In Koraput, it thrives in
temperatures ranging from 14 to 40°C, with an annual
average rainfall of 1320—1520 mm. In this district, tribal
groups mostly farm local finger millet land races, such
as telugu mandia, dasara mandia, san mandia, and bada
mandia by adopting traditional agronomic ways. Finger
millet can also resist slight moisture stress, though
too much dampness or stagnant water would limit its
growth and yield potential. It also declines the growth
of weeds and resists numerous diseases [32]. In addition,
finger millet appears to be more capable of using rock
phosphate than other grains [33].

Nutritional composition of finger millet. Finger
millet is well known for its high contents of calcium,
dietary fiber, and phenolic compounds [8]. It is also a
good source of carbohydrates, proteins, vitamins, and
iron [34]. Chandra ef al. compared the nutritional com-
position of finger millet, wheat, maize, sorghum, and
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rice [1]. They found that finger millet was superior to the
other cereals with respect to dietary fiber, calcium, and
some micronutrients. The husk of finger millet is a rich
source of phenolic compounds, minerals, and dietary
fiber [35]. The nutritional profile of finger millet is
presented in Table 1.

Carbohydrates. The total carbohydrate content of
finger millet has been reported to be in the range of
72-79.5%, consisting of free sugars (1.04%), starch
(65.5%), and non-starchy polysaccharides or dictary fiber
(11.5%) [40]. The dietary fiber content is much higher
in finger millet (11.5%) than in brown rice, polished
rice, and all other millets, namely foxtail, little, kodo,
and barnyard millet. The carbohydrate content of finger
millet is comparable to that of wheat but lower than
that of polished rice. However, the starch content of
finger millet is lower in amylose (16%) than that of the
other millets. Also, finger millet starch has the highest
set back viscosity (560 BU) followed by cooling which
further favors retrogradation [3].

Protein. According to Ambre et al., the protein con-
tent of finger millet depends on its varieties and ranges

Table 1 Nutritional components of finger millet

Constituents Amount References
Moisture, g/100 g 7.15-13.1 [36]
Carbohydrate, g/100 g 72.6-83.3 [8,36]
Protein, g/100 g 6.0-8.2 [24,37]
Lipid, g/100 g 1.8-3.5 [36, 38]
Dietary fiber, g/100 g 15.0-22.0 [24, 36]
Minerals, mg/100 g:

Calcium 220-398 [7,24, 36, 39]
Phosphorous 130-250

Sodium 49

Potassium 430-490

Magnesium 78-201

Iron 3.30-14.89

Manganese 17.61-48.43

Zinc 2.3

Vitamins, mg/100 g:

Retinol 6.0 [3, 24, 36]
Thiamine 0.20-0.48

Riboflavin 0.12-0.19

Niacin 1.00-1.30

Ascorbic acid 1.0

Amino acids, g/100 g:

Isoleucine 4.4 [7,24, 36, 37]
Leucine 6.6-9.5

Methionine 2.5-3.1

Phenylalanine 4.1-5.2

Valine 4.9-6.6

Threonine 3442

Lysine 2.2

Tryptophan 1.1-1.5

Fatty acids, %:

Oleic acid 49 [14]
Linoleic acid 25

Palmitic acid 25
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from 5 to 12% [16]. Swami et al. had malted finger mil-
let for 8, 12, 16, 20, and 24 h and reported that longer
germination times led to higher protein contents (14—
17.5%) [41]. By induced hydrolytic activity, the germi-
nation of finger millet seeds increased the nutritional
value [42]. Finger millet is a rich source of amino acids,
including methionine (3.1 g), isoleucine (4.4 g), leucine
(9.5 g), and phenylalanine (5.2 g) [43]. Of all amino acids
present in finger millet, 44.7% are essential, such as
methionine and tryptophan. Their content is higher than
the required 33.9% of essential amino acids in the FAO’s
reference protein [16].

Finger millet is mainly valued for its content of
methionine, which is lacking in the diets of millions
of poor people who mainly depend on starchy staples
along with cassava, plantain, polished rice, or maize
meals [44]. Finger millet’s protein composition looks
comparatively well-balanced because it has more lysine,
threonine, and valine than other millet grains.

Minerals. Among all cereals and millets, finger
millet comprises the highest calcium and potassium
amounts of 344 and 408 mg, respectively [3]. Singh and
Raghuvanshi reported a huge variation in the mineral
content of finger millet, depending mainly on genetic
factors and environmental conditions [45]. Yet, the
importance of minerals in human nutrition cannot be
overestimated [11].

Lipids. Kumar et al. reported that the lipid content
in millets is comparable to that of wheat and rice
(2.0 and 2.7%, respectively) and ranges from 1.43 to
6.0 g/100 g [38]. Finger millet lipids carry 70-72% of
neutral lipids (primarily triglycerides and traces of
sterols), 10—12% of glycolipids, 5-6% of phospholipids,
46—62% of oleic acid, 8-27% of linoleic acid, 20-35%
of palmitic acid, and traces of linolenic acid. Finger
millet has the lowest lipid content among all varieties.
This could be one of the major factors contributing to its
long-life properties, compared to other varieties [3].

Vitamins. Micronutrients present in finger millet,
including vitamins, are required for the typical de-
velopment and self-maintenance of human body. Vita-
mins are divided into two major groups, fat-soluble and
water-soluble [13]. Most of the probiotic food consists
of fatty acids, vitamins, and other vital nutrients that en-
hance the body’s resistance against pathogenic microor-
ganisms [2]. Thapliyal and Singh stated that the fermen-
tation of finger millet enhances the concentration of
vitamins, including riboflavin (0.60 mg/100 g), panto-
thenic acid (1.6 mg/100 g), and niacin (4.2 mg/100 g) [8].

Anti-nutrients. Being a good source of vital nut-
rients, finger millet also comprises several antinut-
ritional factors that significantly affect its nutritional
value. They lead to poor digestion of proteins and a
low bioavailability of carbohydrates and minerals such
as calcium, iron and, copper. Major antinutritional
factors present in finger millet include tannins, poly-
phenols, flavonoids, HCN, phytates, oxalic acid, diges-
tive enzyme inhibitors (amylase inhibitor function,
trypsin inhibitory activity), and goitrogens [40, 46].



Gaikwad V. et al. Foods and Raw Materials. 2024,12(1):110—123

Phytates and tannins are two major anti-nutrients
that reduce the bioavailability of vital nutrients,
which can be eliminated by employing food proces-
sing methods such as fermentation and germination.
Kumari et al. reported that non-processed brown finger
millet had a higher radical quenching activity than the
processed one and postulated that tannins and phytic
acid were responsible for the activity [12, 47]. The seed
coat of finger millet contains quite a few phytochemicals
which might also have health benefits [3]. The brown
variety of finger millet was found to exhibit the hig-
hest level of phenolic compounds, compared to other
varieties [3].

Health benefits of finger millet. Finger millet is
well known for its health-beneficial properties, such
as hypoglycemic effects, as well as antioxidant and
antimicrobial activities [48]. Kumari et al. reported
that the non-processed brown finger millet had a higher
radical quenching activity than the processed one due
to tannins and phytic acid [12, 47]. Apart from that,
finger millets exhibit several health-beneficial effects.
In particular, they lower glucose and cholesterol levels
and have neuro-protective, antioxidant, wound-healing,
and anti-cataractogenesis properties [35]. Tatala et al.
reported an improved status of hemoglobin in children
who were given finger millet-based food [49]. As it is a
gluten-free grain, it is highly beneficial for those who
are suffering from celiac disease [43]. Lee et al. found
that finger millet may prevent the risk of cardiovascular
diseases by reducing the plasma triglycerides levels in
hyperlipidemic rats [50].

Effects of processing on finger millet. Finger millet
is pulverized in order to prepare food products, such
as roti, kazhi, and kanji with health-promoting proper-

Table 2 Effects of processing on finger millet

ties [3]. Table 2 illustrates the effects of different pro-
cessing methods on the functional and nutritional qua-
lities of finger millet. Figure 1 represents various proces-
sing methods for developing functional products from
finger millets. A brief account of processing methods
and quality characteristics is given below.

Soaking. Soaking is a process where finger millet
grains are steeped in distilled water overnight at a room
temperature of about 30—60°C, followed by the discar-
ding of the water and cleaning of finger millet grains
thoroughly by using clean water to remove unwanted
particles. Afterwards, they are dried and then milled at
60°C for 90 min to reduce the moisture content [42, 59].
During the soaking, the water needs to be changed once
or twice in order to prevent the excessive growth of
microorganisms [51]. Rajasekhar et al. reported that af-
ter soaking, finger millet had an increase in true den-
sity, porosity, hardness and angle of repose, as well as
a decrease in longitudinal and lateral diameter, spheri-
city, surface area, 1000 kernel weight, bulk density, co-
lor (L*, a*, b*), and terminal velocity [60]. Ocheme and
Chinma observed a slight increase in protein, ash, dry
matter, water absorption capacity, hygroscopicity, and
swelling ability of millet flour resulting from soaking
and germination, as well as a decrease in fat, phytic acid,
gelation capacity, and viscosity [61].

Milling or grinding. Generally, finger millet is
pulverized to obtain flour for food products. Firstly, fin-
ger millet it cleaned to remove foreign particles, such
as stalks, stones, chaffs, etc. Then, it is passed through
abrasive or friction mills to remove the non-edible cel-
lulose tissue. Sometimes, decortication or pearling are
also used to dehusk the finger millet grain [14]. During
the milling process, grains undergo different operations

Processing Effects References

Soaking Enhances the bioavailability of minerals, improves digestibility, nutritional value [51,52]
and sensory attributes

Milling or grinding Influences the yield by separating out glumes (non-edible cellulosic tissue) [1]
Leads to the loss of fiber and phytochemicals when grain is milled to obtain flour [46]

Popping or puffing Improves the nutritional value by inactivating some of the anti-nutritional factors [13,51]
Enhances aroma (due to the Maillard reaction), color, taste, and appearance of processed
raw materials

Malting Improves digestibility, lowers down anti-nutrients, and enhances nutritional value [53]

Cooking Enhances soluble phenolic acids and inactivates heat-labile anti-nutritional factors [54, 55]
Makes food more palatable, safe, and suitable for consumption

Fermentation Reduces anti-nutritional factors, leads to biochemical changes, decreases pH, and increase [2, 51]
total sugar
Helps preserve food products

Drying Increases protein content, digestibility, bioavailable micronutrients, desired moisture [18]
content, and color retention

Roasting Increases the bio-availability of minerals like calcium and iron Increases the shelf life [8,9]
of food

Decortication/Dehulling  Reduces polyphenolic pigments and phytate content [17,56]
Decreases the total mineral content but increases the bio-accessibility of calcium, iron,
and zinc

Extrusion Modifies texture and other physical properties, gelatinization of starch [57]

and denaturation of protein, starch fragmentation
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Figure 1 Processing techniques for finger millet products [3, 14, 58]

such as cleaning, sorting, hulling, branning, and kil-
ning [62]. About 10% of water is added to help the re-
moval of fibrous husk. Generally, milling is used to
remove the fibrous bran or the seed coat of millet
grains. During this process, some phytochemicals like
tannins and phytates become lower, enhancing the
bioavailability of iron [45]. Finger millet is usually mil-
led by roller or hammer mills, while a centrifugal shel-
ler can also be used to dehull/decorticate small millets.
There is no uniformity in the size of particles when
milling in a hammer mill, so it is not suitable for the
preparation of stiff and thin porridge with rough texture.
However, it can be used to prepare baked or smooth-
textured foods [63].

Popping or puffing. Popping is a process where
starch is gelatinized and expanded. For this, finger mil-
let grains are kept at high temperature for a short time,
which results in vapor production and expansion of
endosperm [64]. This technique can also reduce anti-
nutritional factors in finger millet. In addition, it is
less expensive and easy to use [40]. Both popping
and puffing are the oldest traditional methods of coo-
king grains. The popping of finger millet grains inac-
tivates some antinutrients and enhances protein and
carbohydrate digestibility (Table 2). Popped millets also
have improved color, taste, appearance, and aroma. For
puffing, extra water is added during the conditioning
process to increase moisture up to the limit of 18-20%,
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which is then kept for 4—6 h under normal temperature.
After conditioning, the puffing process is carried out
by agitation on a hot sand layer at about 230-250°C
for a short time. A highly desired aroma develops in
the millet due to the sugar present in the aleurone layer
from the reaction with amino acids that causes the
Maillard reaction. Modern air puffing machines can be
the best solution for sand particles sticking to the pro-
duct [51].

There are various types of popping and puffing
methods, including sand and salt treatment, hot air
popping, gun puffing, popping in hot oil, conventional
method, and microwave heating [64]. A decrease in the
calcium content and an increase in the iron content
have been observed during the popping of finger
millet, whereas the amount of anti-nutritional factors,
such as trypsin inhibitor and oxalic acid, decreased
gradually. Thus, popping of finger millet results in lo-
wered anti-nutritional factors and increased nutritional
content [65].

Malting. Shahidi and Chandrasekara reported chan-
ges in the composition of free and bound polyphenol
contents in the malted finger millet [43]. Malting can
gradually help lower anti-nutritional factors, as well as
enhance the nutrient content [38, 53]. Sprouting of finger
millets at 30°C for 48 h improves protein digestibility
and reduces oxalate, phytic acid, and tannin contents
by 45, 46, and 29%, respectively. Germination is a tradi-
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tional process in which dehusked grains are steeped in
distilled water for 2-24 h and then incubated at 30°C for
48 h [59].

In a study by Hithamani and Srinivasan, finger millet
grains were soaked overnight in distilled water [66]. On
the following day, the grains were removed from wa-
ter and kept under normal temperature for 48 h, with wa-
ter sprayed over them perodically. The germination
process is stopped by drying the germinated grain in a
hot-air oven. The drying time and temperature play an
important role because they not only affect enzymatic
activity but also help in developing the color and flavor
of compounds [67]. Kumar et al. reported that malting
enhanced the bio accessibility of iron and manganese
in millet by 300 and 17%, respectively [38]. Malting in-
creases the nutrient content by inducing hydrolytic ac-
tivity. Banusha and Vasantharuba reported that malting
gradually increased the reducing sugar and free amino
acid contents [42].

Germination of finger millets, which has been used
for hundreds of years, helps soften the kernel structure
and enhance nutrient contents. It also increases the con-
tents of vitamins, minerals, essential amino acids, and
carbohydrates, thus enhancing the useful optical pro-
perties of the grains [68]. Malting of finger millet in-
creases the vitamin C content, phosphorus availability,
as well as synthesizes lysine and tryptophan [69].

Cooking. Cooking is a processing method which in-
volves boiling of finger millet grains in water until their
structure becomes soft. It is the most commonly used
traditional method of food processing which aids in re-
ducing anti-nutritional factors (e.g., tannin content by
30%) and also makes the food palatable [54]. Also,
cooking decreases the microbial load and thus enhances
the sensory properties of cooked grains [34]. Porridge
can be prepared by mixing boiled water with flour [18].
Cooking was found to increase the resistant starch con-
tent in finger millet, as compared to other processes [3].

Fermentation. As reported by Ilango and Antony,
the fermentation of finger millet led to the breakdown
of long-chain fatty acids and starch molecules [70].
The pH value dropped by 2.1 units and the contents of
lactic and acetic acids rapidly increased by 6.5 and 3.7%,
respectively. Also, the total fat content reduced by 42.9%,
which helped lower the phytic acid content by 72 and
54% in 96 and 72 h, respectively. Finger millet is a
rich source of calcium as it is, but its contents of iron,
manganese, and calcium can be further increased by fer-
mentation [71].

Fermentation is more effective than malting in re-
ducing phytic acid since it enhances the chemical and
physiological accessibility of micronutrients in the body
and reduces anti-nutritional factors such as phytates
and tannins. The nutritional value of millet grains be-
comes higher due to an increase in the bioavailability
of nutrients [71]. Fermentation is widely employed all
over the world, as it significantly increases the shelf life
of food products. Fermented products have more in-
tense sensory characteristics such as aroma, taste, and
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flavor [63]. It is the most effective and oldest method
to increase the shelf life of products, i.e., food preser-
vation [54].

Drying. In a study by Emmambux and Taylor, germi-
nated finger millet was dried at temperature ranging bet-
ween 40 and 70°C using a fluidized bed dryer [18]. This
process increased the protein content, digestibility, and
bioavailability of micronutrients. The flour made from
dried sprouted finger millet can be utilized to prepare
papad, noodles, bread, and several other Indian dishes,
such as idli, chakli, and porridge. A decrease in the
lightness of finger millet seeds was observed [15]. Finger
millet can be dried by bed dryers, drum dryers, and in
the sun. In sun drying, which is a traditional method,
grains are generally spread and kept under sunlight for
a specific period of time. After drying, the grains can be
stored in bags for 5-10 years. These grains are highly ef-
fective in preventing disease, but they are very small and
not easy to handle, which is a major obstacle [52, 72].

Roasting. Roasting of finger millet grains enhances
the contents of carbohydrates and ash, increases the
bio-availability of minerals (calcium and iron), and
reduces moisture, fat, protein, phenols, and antioxidant
activity [9]. Roopa and Premavalli reported an increase
in resistant starch, which reduced in all the other
processing methods [73]. Chandrasekara et al. revealed
a decrease in the free radical quenching activity during
the roasting process [74]. In another study, roasting
caused higher total phenolics, protein, and amylose
contents, as well as a lower moisture content [75].
The food products from roasted finger millet grains
contained the highest amount of resistant starch (3.1%),
compared to other products [3]. In India, sand roas-
ting is quite a popular method, which is mainly perfor-
med by street vendors to prepare various types of food
products [76].

Decortication or dehulling. Before consumption, fin-
ger millet grains undergo dehulling and debranning pro-
cesses which remove large portions of husk and bran [36].
Centrifugal shellers can be used to dehull or decorticate
small millets [63].

Extrusion. Extrusion involves the development of
a food material using high pressure and mechanical
shear [77]. A study by Kumar et al. reported a reduction
in phytates and tannins during the extrusion cooking
or HTST, as well as an increase in the bioavailability
of minerals [38]. Another study revealed that the ext-
ruded products had high cold paste viscosity, but their
cooked paste viscosity was significantly lower [78].
The extruded products exhibited a greater digestibility
of protein, but there was no difference in the in-vitro
carbohydrate digestibility [77].

Utilization of finger millet in functional products.
Finger millet can be used in a variety of ways and it can
be a great substitute for other starchy grains such as rice.
Nowadays, finger millet is being popularized in India for
its functional characteristics [79].

Bakery products. Cookies. Abioye et al. prepared
cookies using blends of wheat flour, germinated finger
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millet, and African yam bean [80]. The cookies were
rich in nutrients and functional characteristics of the
flour, but low in anti-nutritional factors. In another stu-
dy, multigrain cookies were formulated with finger
millet and sorghum in various proportions. The coo-
kies containing 60% of fructo-oligosaccharides, 20%
of finger millet, and 30% of sorghum showed good ac-
ceptability [81]. Sharma et al. evaluated the nutritio-
nal and sensory characteristics of finger millet-based
cookies [82]. The samples with 30 and 50% of finger
millet showed good acceptability and had a higher con-
tent of fiber and minerals, such as calcium, phospho-
rus, copper, and zinc. In another study, cookies were
prepared from malted finger millet and wheat flour
mixture (4:1) where jaggery melted in milk was intro-
duced [83]. The cookies were baked at 170°C for 15 min.

Muffins. Two samples of muffins were prepared from:
1) plain finger millet (60%) and wheat flour (40%) and
2) malted finger millet (20%) and wheat flour (80%).
The sensory acceptance of the former sample was 8.4
and the overall acceptability of the latter was 8.5. The
shelf life of the muffins was estimated as 3 days at am-
bient temperature and 6 days at refrigerated tempera-
ture. The sensory properties of finger millet degraded
during the storage period. Those muffins which were
stored in aluminum foil at refrigerated temperature
showed good quality, as compared to those stored in
polypropylene bags at ambient temperature [84]. Muff-
ins are very popular snacks mostly consumed by child-
ren. Finger millet flour can easily replace wheat flour,
without any loss in taste or other characteristics. Fur-
thermore, the addition of finger millet flour enhances
the nutritional content of muffins [84]. Thus, the utiliza-
tion of finger millets in bakery products is a healthy
choice [51].

Bread. Bread is a very good source of nutrients that
has a positive impact on human health. Its nutrient con-
tent can be enhanced by incorporating cereal grain
flour [85]. Millet has been called a “nutri-cereal” for
its nutrient content. Generally, wheat flour is used in
breadmaking but finger millet could substitute for wheat
flour because of its composition. Kaur et al. reported
that the bread prepared from a blend of finger millet and
wheat flour showed similar sensory scores [86]. Another
study evaluated the sensory and textural properties of
bread samples from composite flour [87]. Malted finger
millet and red kidney bean were used to substitute
20 and 100 g of wheat flour, respectively. The results
confirmed that the bread sample with malted finger
millet had a better sensory score and textural attributes
than the one with red kidney bean. However, the latter
showed a better mineral and nutrient content than the
former. Finger millet bread or hot porridge is commonly
eaten with banana juice or sugar in the eastern and
northern parts of Uganda [79].

Cake. In the bakery industry, cake is one of the
most popular products among consumers. Malted finger
millet and wheat flour were used in different ratios
to formulate a cake [69]. The samples fortified with
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malted ragi flour were richer in minerals (calcium, iron,
phosphorus) and crude fiber than the control sample.
The sensory score was found to be the same at a ratio
of 50:50. The cake with 70% of malted finger millet
showed the highest mineral and fiber content, but had
lower sensory characteristics due to the loss of spongi-
ness and increased intensity of brown color. In another
study, finger millet (nagli rava) was mixed together
with butter milk to prepare batter. Subsequently, jaggery
syrup, white butter, and baker’s yeast were added, while
the flavor was enhanced with cardamom. Fermentation
was achieved after 1 and the cake was baked at 180°C
for 20 min [83].

Biscuits. Biscuits were prepared from two com-
positions of finger millet and wheat flour, 60:40 and
70:30 w/w. The quality of dough and biscuits was
evaluated and their hardness was measured by the
textural profile analysis. According to the results, the
samples with the 60:40 ratio of finger millet and wheat
flour were harder than those with the 70:30 ratio,
because wheat flour makes the dough more adhesive.
Another study reported the advantages of the 60:40 ratio
of finger millet and wheat flour [88]. During milling,
malting, and decortication of finger millet grain, the outer
layer of a seed coat forms a by-product. Krishnan et al.
reported that the seed coat matter contained 9.5-12% of
protein, 2.6-3.7% of fat, 40-48% of dietary fiber, 3-5%
of polyphenols, and 700-860 mg/100 g of calcium [89].
Seed coat matter can be used in flour blends to prepare
biscuits. According to the sensory evaluation, 20% of
malted millet, hydrothermally processed millet, and 10%
of seed coat matter could be used in composite biscuit
flour.

Alcoholic beverages. Beer. Beer is known as doro,
hwahwa, mhamba, or utshwala in various regions of
Zimbabwe. Opaque beer is a popular alcoholic beve-
rage in the southern part of Africa [90]. Millet beer
ranges in alcohol content and taste between ethnic
groups. For traditional brewing processes, mostly Bul-
rush (Pennisetum typhoideum) and finger millet malts
are preferred [91]. Opaque beer is generally produced
from millet with a high level of tannins. Malted finger
millet and barley flour are blended together in various
proportions (100:0, 50:50, and 0:100) for beer brewing.
Gull et al. reported that the optimal conditions for beer
production were a 68:32 ratio of finger millet and barley,
a kilning temperature of 50°C, and a slurry ratio of
1:7 [14]. There are various cultivars of finger millet such
as brown, light brown, and white [12, 36, 63]. In South
Africa, mainly brown cultivar is used for brewing of
traditional opaque beer [52].

Extruded products. Noodles. Blends of finger millet
flour (30-50%) and refined wheat flour were used to
develop noodles for diabetic patients. The sensory
analysis showed that noodles prepared with 30% of
finger millet flour had better acceptance than the other
samples [92]. Two ratios of finger millet flour and rice
flour (50:50 and 100:0) were used to prepare noodles.
Water was added to increase moisture up to 35% and
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to cause pellets to form. Pellets were steamed to make
sheets and form noodles by extrusion. Afterwards, the
noodles were sterilized at 100°C and dried. The samples
with both ratios of finger millet and rice flours showed
good acceptance, but the sample with 100% of finger
millet flour had better acceptability in color than the one
with 50% of finger millet flour. Noodles can be packed
in PET/LDPE bags for more than 1.5 years without any
deterioration [93].

Fermented products. Dosa. Dosa is an Indian break-
fast food. Sinthiya prepared dosa from finger millet flour
and horse gram [94]. It was inexpensive and had a high
protein content. Fermentation was carried out for 24 h
in different proportions. The results showed a decrease
in pH by 2.4 in 16 h. Fermented dosa showed higher sen-
sory acceptance. Also, the study showed that dosa might
help in overcoming malnutrition. In another study, finger
millet, rice, and urad dal flours (2:2:1) were mixed with
jaggery syrup and dry yeast to make batter which was
fermented for 10 h with the adding of salt [83].

Koozh. Koozh is a popular fermented beverage. Ge-
nerally, it is produced in rural India by traditional
methods. Rich in nutrients, it also carries some health-
promoting properties. Koozh is considered a unique fer-
mented food because it undergoes fermentation twice,
before and after cooking. Also, it takes two days to pro-
cess [70]. Koozh is generally prepared from finger
millet and it is well known for its flavor and nutritious
value. In south India, it is consumed every day for break-
fast [95].

Weaning food. The sprouting of finger millet is
an important process in the preparation of infant food.
Hejazi and Orsat stated that sprouted finger millet
and amaranth grains enhanced the availability and di-
gestibility of protein, which is an essential nutrient for
infants’ growth [53]. Nowadays, micronutrient defi-
ciency is a global issue. Finger millet grain is popular
in eastern and northern Uganda as a highly nutritious
food. Finger millet bread or hot porridge is eaten with
banana juice or sugar [79]. Different processes during
the preparation of weaning food, such as roasting, help
enhance the bioavailability of iron [8, 45]. Finger millet
has special properties which make it an excellent source
of nutrients, compared to other grains. It is a rich food
due to its malting characteristics. Malted finger millet
has been traditionally used to develop infant food and
beverages either with milk or lukewarm water with the
addition of sugar [51, 69].

Chapatti (roti). Dough is prepared from finger mil-
let flour, water, a pinch of salt, and oil. To make
chapatti, the dough is kneaded into small balls, which
are flattened and then put over a hot pan. Shobana et al.
stated that the wheat chapatti had a better digestibility
index than the finger millet chapatti [3]. The latter had
a resistant starch content of about 4.5%. Sharma et al.
prepared chapatti from a blend of finger millet and
wheat flours (3:1) [82]. The blended flour showed higher
levels of phenols and higher antioxidant activity than
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wheat flour. The chapatti from blended flour had a high
level of starch which was slow in digestion.

Panghal et al. found that the chapatti prepared from
finger millet flour (40%) and wheat flour had poor dough
sheeting and handling properties [96]. Moreover, it was
low in the level of redness and phenolic content. A 7:3 ra-
tio of finger millet and wheat flours was considered
suitable for the preparation of chapatti, although the
color of chapatti was still slightly dark. Finger millet
flour incorporated into the dough improved the taste of
chapatti. In addition, it efficiently controls the level of
sugars in diabetic patients. Its fiber content can also help
solve the problem of constipation [16].

Papad. According to a report by Verma and Patel,
papad is prepared using 60% of finger millet flour in
Karnataka [51]. First, the flour is cooked in distilled
water until it gets gelatinized. Then, the dough is pre-
pared by adding water. It is rolled, flattened, cut into
shapes of a desirable size, and then dried until required
moisture. In India, papad is a very popular snack and it
is as thin as wafers. Generally, it has a round shape and
is consumed roasted. The moisture content of papad is
about 14—15%. Papad prepared from a blend of finger
millet and soy flours can be stored for up to two months.
In a study by Kazi and Auti, finger millet grains were
soaked for 16 h and germinated for 48 h. They were
then dried at room temperature to reduce moisture and
ground into fine powder. To enhance the flavor of papad,
malted flour and cumin seeds were added to boiling
water. The mixture was stirred until it became thicker in
consistency and sun-dried for 2 days [83].

Porridge. Porridge is a staple food mainly consumed
in southern India, especially in rural areas. Porridge is
prepared by mixing finger millet flour with water to
attain a dough-like consistency [47]. Porridge made
from different varieties of finger millets had a reduced
content of phenolic compounds (by 41%) and tannins
(by 35%), while its iron and zinc bio-accessibility was
6 and 13%, respectively [55]. Finger millets were roasted
at various temperatures and during different times to
prepare porridge. Ambre et al. reported that longer
time and higher temperature decreased viscosity by 50—
60% [16]. Mainly brown and white cultivars were used
to prepare porridge [36, 52].

Non-food uses. Finger millet is an unconventional
crop that can be used not only to formulate nutritious
foods but also as an excellent source of biomass for
bioethanol production. Finger millet seeds are mainly
utilized in the production of ethanol, while African
countries mostly use them for beer production [97].
Finger millet straw and agricultural waste can be con-
verted into bioethanol. The current problems of global
warming, turbulent oil prices, and environmental pol-
lution have prompted most of consumers around the
world to sharply increase their use of “green” fuels.
Bioethanol is commonly derived from the conversion
of carbon-based feeds. However, bioethanol from bio-
sources is the main alternative to fossil fuels for road
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transport vehicles [98]. Finger millet straw can be used
for feeding Mandya sheep or any other animals [99].

Future prospects for research. Our literature re-
view shows that finger millet is an excellent source of
nutrients and health-benefitting properties, which are
comparable to those of major cereals such as wheat, rice,
and maize. Its edible content and nutritional value can
be increased by various processing technologies such
as soaking, fermentation, germination, popping, and
puffing. The use of finger millet grain is lower in some
rural areas compared to urban areas. This is due to the
lack of innovative millet-processing technologies to
provide easy-to-handle, ready-to-cook, or ready-to-eat
products and meals on a commercial scale.

Finger millet is not only used as a coarse grain, but
it is also considered a nutrient grain, or a nutrient crop,
and a possible solution to food and nutrition security
globally. Its high nutritional value and tolerance towards
various biological and azotic stresses make it an excel-
lent crop for the currently growing population in the
conditions of climate change.

A super grain can be created in the future by ge-
netically combining various agriculturally important
traits of the finger millet genus. Advanced finger millet
varieties can be cultivated through different types of
breeding and genetic modification to enhance the crop’s
nutritional composition. The production of finger millet
can be improved with modern agricultural practices and
a timely management of the crop’s condition.

CONCLUSION

Finger millet is a promising raw material for obtai-
ning food products with a high nutritional value. In
addition to meeting the food requirements of the po-
pulation, it has a large number of nutritional (vitamins,
minerals, fatty acids, calcium, antioxidants) and medi-
cinal properties. Its nutritional and functional properties
were found to be superior to those of other cereal grains.
Processing and value-addition technologies have made
it possible to process and prepare functional products
for both rural and urban consumers. In rural areas, the
utilization of finger millet as a food product is still
limited, so it needs to be widely popularized. Specially
formulated region-specific and group-specific foods can
help promote millet consumption and thereby improve
the nutritional intake of consumers.

CONTRIBUTION

Vaibhav Gaikwad, Jaspreet Kaur and Prasad Rasane
designed and planned the research, and wrote the ma-
nuscript. Sawinder Kaur and Jyoti Singh created
the tables and figures, as well as interpreted the da-
ta. Ankit Kumar, Ashwani Kumar, Nitya Sharma,
Chandra Mohan Mehta and Avinash Singh Patel re-
viewed and modified the manuscript.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Chandra D, Chandra S, Pallavi, Sharma AK. Review of finger millet (Eleusine coracana (L.) Gaertn): A power
house of health benefiting nutrients. Food Science and Human Wellness. 2016;5(3):149—155. https://doi.org/10.1016/
j-fshw.2016.05.004

. Abd Salem MH, Hippen AR, Salem MM, Assem FM, El-Aassar M. Survival of probiotic Lactobacillus casei and
Enterococcus fecium in Domiati cheese of high conjugated linoleic acid content. Emirates Journal of Food and
Agriculture. 2012;2(24):98-104.

. Shobana S, Krishnaswamy K, Sudha V, Malleshi NG, Anjana RM, Palaniappan L, et al. Finger millet (Ragi, Eleusine
coracana L.): A review of its nutritional properties, processing, and plausible health benefits. Advances in Food and
Nutrition Research. 2013;69:1-39. https://doi.org/10.1016/B978-0-12-410540-9.00001-6

. Sakamma S, Umesh KB, Girish MR, Ravi SC, Satishkumar M, Bellundagi V. Finger millet (Eleusine coracana
L. Gaertn.) production system: Status, potential, constraints and implications for improving small farmer’s welfare.
Journal of Agricultural Science. 2018;10(1):162—179. https://doi.org/10.5539/jas.v10nlp162

. Divya GM, Krishnamurthy KN, Gowda DM. Growth and instability analysis of finger millet crop in Karnataka.
Mysore Journal of Agricultural Science. 2013;47(1):35-39.

. Mushtari Begum J, Begum S, Pandey A. Nutritional evaluation of finger millet malt. International Journal of Science,
Environment and Technology. 2016;5(6):4086—4096.

. Palanisamy BD, Rajendran V, Sathyaseelan S, Bhat R, Venkatesan BP. Enhancement of nutritional value of finger
millet-based food (Indian dosa) by co-fermentation with horse gram flour. International Journal of Food Sciences and
Nutrition. 2011;63(1):5-15. https://doi.org/10.3109/09637486.2011.591367

. Thapliyal V, Singh K. Finger millet: Potential millet for food security and power house of nutrients. International or
Research in Agriculture and Forestry. 2015;2(2):22-33.

. Singh N, David J, Thompkinson DK, Seelam BS, Rajput H, Morya S. Effect of roasting on functional and phy-
tochemical constituents of finger millet (Eleusine coracana L.). The Pharma Innovation Journal. 2018;7(4):
414-418.

118


https://doi.org/10.1016/j.fshw.2016.05.004
https://doi.org/10.1016/j.fshw.2016.05.004
https://doi.org/10.1016/B978-0-12-410540-9.00001-6
https://doi.org/10.5539/jas.v10n1p162
https://doi.org/10.3109/09637486.2011.591367

Gaikwad V. et al. Foods and Raw Materials. 2024,12(1):110—123

10. Zyaynitdinov DR, Ewteew AV, Bannikova AV. Properties of polyphenols and xylooligosaccharides obtained
biotechnologically from processed millets. Food Processing: Techniques and Technology. 2021;51(3):538-548.
(In Russ.). https://doi.org/10.21603/2074-9414-2021-3-538-548

11. Soetan KO, Olaiya CO, Oyewole OE. The importance of mineral elements for humans, domestic animals and plants —
A review. African Journal of Food Science. 2010;4(5):200-222.

12. Devi PB, Vijayabharathi R, Sathyabama S, Malleshi NG, Priyadarisini VB. Health benefits of finger millet (Eleusine
coracana L.) polyphenols and dietary fiber: A review. Journal of Food Science and Technology. 2011;51(6):1021—
1040. https://doi.org/10.1007/s13197-011-0584-9

13. Yang X, Wan Z, Perry L, Lu H, Wang Q, Zhao C, ef al. Early millet use in northern China. Proceedings of the National
Academy of Sciences. 2012;109(10):3726—3730. https://doi.org/10.1073/pnas.1115430109

14. Gull A, Gulzar Ahmad N, Prasad K, Kumar P. Technological, Processing and nutritional approach of finger millet
(Eleusine coracana)—A mini review. Journal of Food Processing and Technology. 2016;7. https://doi.org/10.4172/2157-
7110.1000593

15. Shingare SP, Thorat BN. Effect of drying temperature and pretreatment on protein content and color changes during
fluidized bed drying of finger millets (Ragi, Eleusine coracana) sprouts. Drying Technology. 2013;31(5):507-518.
https://doi.org/10.1080/07373937.2012.744033

16. Ambre PK, Sawant AA, Sawant PS. Processing and value addition: A finger millet review. Journal of Pharmacognosy
and Phytochemistry. 2020;9(2):375-380.

17. Krishnan R, Dharmaraj U, Malleshi NG. Influence of decortication, popping and malting on bioaccessibility of calcium,
iron and zinc in finger millet. LWT — Food Science and Technology. 2012;48(2):169—174. https://doi.org/10.1016/
jlwt.2012.03.003

18. Naushad Emmambux M, Taylor JRN. Morphology, physical, chemical, and functional properties of starches from
cereals, legumes, and tubers cultivated in Africa: A review. Starch — Stirke. 2013;65(9-10):715-729. https://
doi.org/10.1002/star.201200263

19. Dida MM, Devos KM. Finger millet. In: Kole C, editor. Heidelberg: Springer Berlin; 2006. pp. 333-343. https://
doi.org/10.1007/978-3-540-34389-9 10

20. Sood S, Joshi DC, Chandra AK, Kumar A. Phenomics and genomics of finger millet: current status and future prospects.
Planta. 2019;250:731-751. https://doi.org/10.1007/s00425-019-03159-6

21. Chandrashekar A. Finger millet: Eleusine coracana. Advances in Food and Nutrition Research. 2010;59:215-262.
https://doi.org/10.1016/S1043-4526(10)59006-5

22.Dass A, Sudhishri S, Lenka NK. Integrated nutrient management to improve finger millet productivity and soil
conditions in hilly region of Eastern India. Journal of Crop Improvement. 2013;27(5):528-546. https://doi.org/10.
1080/15427528.2013.800828

23. Adhikari BN, Pokhrel BB, Shrestha J. Evaluation and development of finger millet (Eleusine coracana L.) genotypes
for cultivation in high hills of Nepal. Farming and Management. 2018;3(1):37-46.

24. Gull A, Jan R, Nayik GA, Prasad K, Kumar P. Significance of finger millet in nutrition, health and functional products:
A review. Journal of Environmental Science, Computer Science and Engineering and Technology. 2014;3(3):1601—
1608.

25.Lata C. Advances in genomics for enhancing abiotic stress tolerance in millets. Proceedings of the Indian National
Science Academy. 2015;81(2):397—417. https://doi.org/10.16943/ptinsa/2015/v81i2/48095

26. Shukla A, Lalit A, Sharma V, Vats S, Alam A. Pearl and finger millets: The hope of food security. Applied Research
Journal. 2015;1(2):59-66.

27.So00d S, Gupta AK, Kant L, Pattanayak A. Assessment of parametric andnon-parametric methods for selecting
stable and adapted fnger millet (Eleusine coracana (L.) Gaertn.) genotypes in sub-mountainous Himalayan region.
International Journal of Basic and Applied Agricultural Research. 2015;13:283-288.

28. Rurinda J, Mapfumo P, van Wijk MT, Mtambanengwe F, Rufino MC, Chikowo R, et al. Comparative assessment of
maize, finger millet and sorghum for household food security in the face of increasing climatic risk. European Journal
of Agronomy. 2014;55:29-41. https://doi.org/10.1016/j.¢ja.2013.12.009

29. Goron TL, Bhosekar VK, Shearer CR, Watts S, Raizada MN. Whole plant acclimation responses by finger millet to
low nitrogen stress. Frontiers in Plant Science. 2015;6. https://doi.org/10.3389/fpls.2015.00652

30. Upadhyaya HD, Gowda CLL, Pundir RPS, Gopal Reddy V, Singh S. Development of core subset of finger millet

germplasm using geographical origin and data on 14 quantitative traits. Genetic Resources and Crop Evolution.
2006;53:679-685. https://doi.org/10.1007/s10722-004-3228-3

119


https://doi.org/10.21603/2074-9414-2021-3-538-548
https://doi.org/10.1007/s13197-011-0584-9
https://doi.org/10.1073/pnas.1115430109
https://doi.org/10.4172/2157-7110.1000593
https://doi.org/10.4172/2157-7110.1000593
https://doi.org/10.1080/07373937.2012.744033
https://doi.org/10.1016/j.lwt.2012.03.003
https://doi.org/10.1016/j.lwt.2012.03.003
https://doi.org/10.1002/star.201200263
https://doi.org/10.1002/star.201200263
https://doi.org/10.1007/978-3-540-34389-9_10
https://doi.org/10.1007/978-3-540-34389-9_10
https://doi.org/10.1007/s00425-019-03159-6
https://doi.org/10.1016/S1043-4526(10)59006-5
https://doi.org/10.1080/15427528.2013.800828
https://doi.org/10.1080/15427528.2013.800828
https://doi.org/10.16943/ptinsa/2015/v81i2/48095
https://doi.org/10.1016/j.eja.2013.12.009
https://doi.org/10.3389/fpls.2015.00652
https://doi.org/10.1007/s10722-004-3228-3

Gaikwad V. et al. Foods and Raw Materials. 2024,12(1):110—123

31. Parashuram DP, Gowda J, Satish RG, Mallikarjun NM. Heterosis and combining ability studies for yield and

yield attributing characters in finger millet (Eleusine coracana (L.) Gaertn.). Electronic Journal of Plant Breeding.
2011;2:494-500.

32. Samarajeewa KBDP, Horiuchi T, Oba S. Finger millet (Eleucine corocana L. Gaertn.) as a cover crop on weed control,
growth and yield of soybean under different tillage systems. Soil and Tillage Research. 2006;90(1-2):93-99. https://
doi.org/10.1016/j.still.2005.08.018

33. Neshamba SM. Variability for drought tolerance in finger millet (Eleusine coracana (L.) Gaertn.) accessions from
Zambia. Master of Science thesis. University of Zambia; 2010

34. Khamgaonkar SG, Singh A, Chand K, Shahi NC, Lohani UC. Processing technologies of Uttarakhand for lesser
known crops: An overview. Journal of Academic Industry Research. 2013;1(8):447-452.

35. Shobana S. Investigations on the carbohydrate digestibility of finger millet (Eleusine coracana) with special reference
to the influence of its seed coat constituents. Doctoral dissertation. University of Mysore; 2009. 283 p.

36. Ramashia SE, Anyasi TA, Gwata ET, Meddows-Taylor S, Jideani AIO. Processing, nutritional composition and
health benefits of finger millet in sub-saharan Africa. Food Science and Technology. 2019;39(2):253-266. https://
doi.org/10.1590/1st.25017

37.Amadou I, Gounga ME, Le G-W. Millets: Nutritional composition, some health benefits and processing — A review.
Emirates Journal of Food and Agriculture. 2013;25(7):501-508. https://doi.org/10.9755/¢jfa.v25i7.12045

38. Kumar A, Tomer V, Kaur A, Kumar V, Gupta K. Millets: a solution to agrarian and nutritional challenges. Agriculture
and Food Security. 2018;7. https://doi.org/10.1186/s40066-018-0183-3

39. Ambati K, Sucharitha KV. Millets-review on nutritional profiles and health benefits. International Journal of Recent
Scientific Research. 2019;10(7):33943-33948.

40. Singh E, Sarita. Potential functional implications of finger millet (Eleusine coracana) in nutritional benefits, processing,
health and diseases: A review. International Journal of Home Science. 2016;2(21):151-155.

41. Swami SB, Thakor NJ, Gurav HS. Effect of soaking and malting on finger millet (Eleusine coracana) grain. Agricultural
Engineering International: CIGR Journal. 2013;15(1):194-200.

42.Banusha S, Vasantharuba S. Effect of malting on nutritional contents of finger millet and mung bean. American-
Eurasian Journal of Agriculture and Environmental Science. 2013;13(12):1642—1646.

43. Shahidi F, Chandrasekara A. Millet grain phenolics and their role in disease risk reduction and health promotion:
A review. Journal of Functional Foods. 2013;5(2):570-581. https://doi.org/10.1016/].j{f.2013.02.004

44.Lande SB, Thorats S, Kulthe AA. Production of nutrient rich vermicelli with malted finger millet (Ragi) flour.
International Journal of Current Microbiology and Applied Sciences. 2017;6(4):702—710. https://doi.org/10.20546/
jjcmas.2017.604.086

45. Singh P, Raghuvanshi RS. Finger millet for food and nutritional security. African Journal of Food Science.
2012;6(4):77-84. https://doi.org/10.5897/ajfsx10.010

46. Nakarani UM, Singh D, Suthar KP, Karmakar N, Faldu P, Patil HE. Nutritional and phytochemical profiling of
nutracereal finger millet (Eleusine coracana L.) genotypes. Food Chemistry. 2021;341. https://doi.org/10.1016/
j.foodchem.2020.128271

47.Kumari D, Chandrasekara A, Shahidi F. Bioaccessibility and antioxidant activities of finger millet food phenolics.
Journal of Food Bioactives. 2019;6:100—109. https://doi.org/10.31665/jfb.2019.6187

48. Chethan S, Malleshi NG. Finger millet polyphenols: Characterization and their nutraceutical potential. American
Journal of Food Technology. 2007;2(7):582—592. https://doi.org/10.3923/ajft.2007.582.592

49. Tatala S, Ndossi G, Ash D, Mamiro P. Effect of germination of finger millet on nutritional value of foods and effect
of food supplement on nutrition and anaemia status in Tanzania children. Tanzania Journal of Health Research.
2007;9(2):77-86. https://doi.org/10.4314/thrb.v9i2.14308

50.Lee SH, Chung I-M, Cha Y-S, Park Y. Millet consumption decreased serum concentration of triglyceride and
C-reactive protein but not oxidative status in hyperlipidemic rats. Nutrition Research. 2010;30(4):290-296. https://
doi.org/10.1016/j.nutres.2010.04.007

51.Verma V, Patel S. Value added products from nutri-cereals: Finger millet (Eleusine coracana). Emirates Journal of
Food and Agriculture. 2013;25(3):169—176. https://doi.org/https://doi.org/10.9755/¢ejfa.v25i3.10764

52.Sood S, Kumar A, Babu BK, Gaur VS, Pandey D, Kant L, et al. Gene discovery and advances in finger millet
[Eleusine coracana (L.) Gaertn.] genomics — An important nutri-cereal of future. Frontiers in Plant Science. 2016;7.
https://doi.org/10.3389/fpls.2016.01634

53. Hejazi SN, Orsat V. Malting process optimization for protein digestibility enhancement in finger millet grain. Journal
of Food Science and Technology. 2016;53(4):1929—-1938. https://doi.org/10.1007/s13197-016-2188-x

120


https://doi.org/10.1016/j.still.2005.08.018
https://doi.org/10.1016/j.still.2005.08.018
https://doi.org/10.1590/fst.25017
https://doi.org/10.1590/fst.25017
https://doi.org/10.9755/ejfa.v25i7.12045
https://doi.org/10.1186/s40066-018-0183-3
https://doi.org/10.1016/j.jff.2013.02.004
https://doi.org/10.20546/ijcmas.2017.604.086
https://doi.org/10.20546/ijcmas.2017.604.086
https://doi.org/10.5897/ajfsx10.010
https://doi.org/10.1016/j.foodchem.2020.128271
https://doi.org/10.1016/j.foodchem.2020.128271
https://doi.org/10.31665/jfb.2019.6187
https://doi.org/10.3923/ajft.2007.582.592
https://doi.org/10.4314/thrb.v9i2.14308
https://doi.org/10.1016/j.nutres.2010.04.007
https://doi.org/10.1016/j.nutres.2010.04.007
https://doi.org/https
http://doi.org/10.9755/ejfa.v25i3.10764
https://doi.org/10.3389/fpls.2016.01634
https://doi.org/10.1007/s13197-016-2188-x

Gaikwad V. et al. Foods and Raw Materials. 2024,12(1):110—123

54.Kakade SB, Hathan BS. Finger millet processing: Review. International Journal of Agriculture Innovations and
Research. 2015;3(4):1003—-1008.

55. Gabaza M, Shumoy H, Louwagie L, Muchuweti M, Vandamme P, du Laing G, et al. Traditional fermentation and
cooking of finger millet: Implications on mineral binders and subsequent bioaccessibility. Journal of Food Composition
and Analysis. 2018;68:87-94. https://doi.org/10.1016/j.jfca.2017.05.011

56. Jaybhaye RV, Pardeshi IL, Vengaiah PC, Srivastav PP. Processing and technology for millet-based food products:
A review. Journal of Ready to Eat Food. 2014;1(2):32-48.

57. Tumuluru JS, Sokhansanj S, Bandyopadhyay S, Bawa AS. Changes in moisture, protein, and fat content of fish and
rice flour coextrudates during single-screw extrusion cooking. Food and Bioprocess Technology. 2012;6:403—415.
https://doi.org/10.1007/s11947-011-0764-7

58. Ushakumari SR. Technological and physico-chemical characteristics of hydrothermally treated finger millet. Doctoral
dissertation. University of Mysore; 2009. 282 p.

59. Shimray CA, Gupta S, Venkateswara Rao G. Effect of native and germinated finger millet flour on rheological and
sensory characteristics of biscuits. International Journal of Food Science and Technology. 2012;47(11):2413-2420.
https://doi.org/10.1111/j.1365-2621.2012.03117.x

60. Rajasekhar M, Edukondalu L, Smith DD, Veeraprasad G. Changes in engineering properties of finger millet (PPR-
2700, Vakula) on hydrothermal treatment. The Andhra Agricutlural Journal. 2018;65(2):420—429.

61. Ocheme OB, Chinma CE. Effects of soaking and germination on some physicochemical properties of millet flour for
porridge production. Journal of Food Technology. 2008;6(5):185—188.

62.Rasane P, Jha A, Sabikhi L, Kumar A, Unnikrishnan VS. Nutritional advantages of oats and opportunities for its
processing as value added foods — A review. Journal of Food Science and Technology. 2015;52(2):662—675. https://
doi.org/10.1007/s13197-013-1072-1

63. Rathore S, Singh K, Kumar V. Millet grain processing, utilization and its role in health promotion: A review. Internatio-
nal Journal of Nutrition and Food Sciences. 2016;5(5):318-329. https://doi.org/10.11648/j.ijnfs.20160505.12

64. Mishra G, Joshi DC, Panda BK. Popping and puffing of cereal grains: A review. Journal of Grain Processing and
Storage. 2014;1(2):34-46.

65. Chauhan ES, Sarita. Effects of processing (germination and popping) on the nutritional and anti-nutritional properties
of finger millet (Eleusine coracana). Current Research in Nutrition and Food Science Journal. 2018;6(2):566-572.
https://doi.org/10.12944/crnfsj.6.2.30

66. Hithamani G, Srinivasan K. Effect of domestic processing on the polyphenol content and bioaccessibility in finger
millet (Eleusine coracana) and pearl millet (Pennisetum glaucum). Food Chemistry. 2014;164:55-62. https://
doi.org/10.1016/j.foodchem.2014.04.107

67.Hiibner F, Arendt EK. Germination of cereal grains as a way to improve the nutritional value: A review.
Critical Reviews in Food Science and Nutrition. 2013;53(8):853—-861. https://doi.org/10.1080/10408398.2011.
562060

68. Pushparaj FS, Urooj A. Influence of Processing on dietary fiber, tannin and in vitro protein digestibility of pearl millet.
Food and Nutrition Sciences. 2011;2(8):895-900. https://doi.org/10.4236/fns.2011.28122

69. Desai AD, Kulkarni SS, Sahoo AK, Ranveer RC, Dandge PB. Effect of supplementation of malted ragi flour on
the nutritional and sensorial quality characteristics of cake. Advance Journal of Food Science and Technology.
2010;2(1):67-71.

70. Ilango S, Antony U. Assessment of the microbiological quality of koozh, a fermented millet beverage. African Journal
of Microbiology Research. 2014;8(3):308-312. https://doi.org/10.5897/ajmr2013.6482

71. Makokha AO, Oniang’o RK, Njoroge SM, Kamar OK. Effect of traditional fermentation and malting on phytic acid
and mineral availability from sorghum (Sorghum bicolor) and finger millet (Eleusine coracana) Grain varieties grown
in Kenya. Food and Nutrition Bulletin. 2002;23(3):241-245. https://doi.org/10.1177/15648265020233s147

72. Usai T, Nyamunda BC, Mutonhodza B. Malt quality parameters of finger millet for brewing commercial opaque beer.
International Journal of Science and Research. 2013;2(9):146—-149.

73. Roopa S, Premavalli K. Effect of processing on starch fractions in different varieties of finger millet. Food Chemistry.
2008;106(3):875-882. https://doi.org/10.1016/j.foodchem.2006.08.035

74. Chandrasekara A, Naczk M, Shahidi F. Effect of processing on the antioxidant activity of millet grains. Food Chemistry.
2012;133(1):1-9. https://doi.org/10.1016/j.foodchem.2011.09.043

121


https://doi.org/10.1016/j.jfca.2017.05.011
https://doi.org/10.1007/s11947-011-0764-7
https://doi.org/10.1111/j.1365-2621.2012.03117.x
https://doi.org/10.1007/s13197-013-1072-1
https://doi.org/10.11648/j.ijnfs.20160505.12
https://doi.org/10.12944/crnfsj.6.2.30
https://doi.org/10.1016/j.foodchem.2014.04.107
https://doi.org/10.1016/j.foodchem.2014.04.107
https://doi.org/10.1080/10408398.2011.562060
https://doi.org/10.1080/10408398.2011.562060
https://doi.org/10.4236/fns.2011.28122
https://doi.org/10.5897/ajmr2013.6482
https://doi.org/10.1177/15648265020233s147
https://doi.org/10.1016/j.foodchem.2006.08.035
https://doi.org/10.1016/j.foodchem.2011.09.043

Gaikwad V. et al. Foods and Raw Materials. 2024,12(1):110—123

75. Mahajan H, Gupta M. Nutritional, functional and rheological properties of processed sorghum and ragi grains. Cogent
Food and Agriculture. 2015;1(1). https://doi.org/10.1080/23311932.2015.1109495

76.Kora AJ. Applications of sand roasting and baking in the preparation of traditional Indian snacks: nutritional
and antioxidant status. Bulletin of the National Research Centre. 2019;43. https://doi.org/10.1186/s42269-019-
0199-2

77. Brahma S, Martinez I, Walter J, Clarke J, Gonzalez T, Menon R, et al. Impact of dietary pattern of the fecal donor on
in vitro fermentation properties of whole grains and brans. Journal of Functional Foods. 2017;29:281-289. https://doi.
org/10.1016/5.j{f.2016.12.042

78. Dharmaraj U, Malleshi NG. Changes in carbohydrates, proteins and lipids of finger millet after hydrothermal
processing. LWT — Food Science and Technology. 2011;44(7):1636—1642. https://doi.org/10.1016/j.1wt.2010.
08.014

79. Kannan S. Finger millet in nutrition transition: an infant weaning food ingredient with chronic disease preventive
potential. British Journal of Nutrition. 2010;104(12):1733—1734. https://doi.org/10.1017/s0007114510002989

80. Abioye VF, Olatunde SJ, Elias G. Quality attributes of cookies produced from composite flours of wheat, germinated
finger millet flour and African yam bean. International Journal of Research — Granthaalayah. 2018;6(11):172—183.
https://doi.org/10.5281/zenodo. 1845427

81.Handa C, Goomer S, Siddhu A. Effects of whole-multigrain and fructoligosaccharide incorporation on the quality and
sensory attributes of cookies. Food Science and Technology Research. 2010;17(1):45-54. https://doi.org/10.3136/
Fstr.17.45

82. Sharma B, Gujral HS, Solah V. Effect of incorporating finger millet in wheat flour on mixolab behavior, chapatti
quality and starch digestibility. Food Chemistry. 2017;231:156—164. https://doi.org/10.1016/j.foodchem.2017.03.
118

83.Kazi T, Auti SG. Calcium and iron rich recipes of finger millet. IOSR Journal of Biotechnology and Biochemistry.
2017;3(3):64-68.
84.Rajiv J, Soumya C, Indrani D, Venkateswara Rao G. Effect of replacement of wheat flour with finger millet flour

(Eleusine corcana) on the batter microscopy, rheology and quality characteristics of muffins. Journal of Texture
Studies. 2011;42(6):478—489. https://doi.org/10.1111/j.1745-4603.2011.00309.x

85.Onyango C, Noetzold H, Bley T, Henle T. Proximate composition and digestibility of fermented and extruded uji
from maize—finger millet blend. LWT — Food Science and Technology. 2004;37(8):827—832. https://doi.org/10.1016/
7 lwt.2004.03.008

86. Kaur KD, Jha A, Sabikhi L, Singh AK. Significance of coarse cereals in health and nutrition: A review. Journal of Food
Science and Technology. 2012;51(8):1429—-1441. https://doi.org/10.1007/s13197-011-0612-9

87.Bhol S, Bosco SJD. Influence of malted finger millet and red kidney bean flour on quality characteristics of
developed bread. LWT — Food Science and Technology. 2014;55(1):294-300. https://doi.org/10.1016/j.1wt.2013.
08.012

88.Saha S, Gupta A, Singh SRK, Bharti N, Singh KP, Mahajan V, et al. Compositional and varietal influence of
finger millet flour on rheological properties of dough and quality of biscuit. LWT — Food Science and Technology.
2011;44(3):616—621. https://doi.org/10.1016/j.1wt.2010.08.009

89.Krishnan R, Dharmaraj U, Sai Manohar R, Malleshi NG. Quality characteristics of biscuits prepared from
finger millet seed coat based composite flour. Food Chemistry. 2011;129(2):499-506. https://doi.org/10.1016/
j.foodchem.2011.04.107

90. Mgonja MA, Lenné JM, Manyasa E, Sreenivasaprasad S. Finger millet blast management in East Africa. Creating
opportunities for improving production and utilization of finger millet. Andhra Pradesh: International Crops Research
Institute for the Semi-Arid Tropics; 2007. 196 pp.

91.Bvochora JM, Zvauya R. Biochemical changes occurring during the application of high gravity fermentation
technology to the brewing of Zimbabwean traditional opaque beer. Process Biochemistry. 2001;37(4):365-370.
https://doi.org/10.1016/s0032-9592(01)00224-2

92. Shukla K, Srivastava S. Evaluation of finger millet incorporated noodles for nutritive value and glycemic index.
Journal of Food Science and Technology. 2011;51(3):527-534. https://doi.org/10.1007/s13197-011-0530-x

93. Dissanayake BDMPB, Jayawardena HS. Development of a method for manufacturing noodles from finger millet.
Procedia Food Science. 2016;6:293-297. https://doi.org/10.1016/j.prof00.2016.02.058

94.Vaishnavi Devi N, Sinthiya R. Development of functional product from finger millet (Eleusine coracana).
International Journal of Research — Granthaalayah. 2018;6(2):109—119. https://doi.org/10.29121/granthaalayah.v6.i2.
2018.1551

122


https://doi.org/10.1080/23311932.2015.1109495
https://doi.org/10.1186/s42269-019-0199-2
https://doi.org/10.1186/s42269-019-0199-2
https://doi.org/10.1016/j.jff.2016.12.042
https://doi.org/10.1016/j.jff.2016.12.042
https://doi.org/10.1016/j.lwt.2010.08.014
https://doi.org/10.1016/j.lwt.2010.08.014
https://doi.org/10.1017/s0007114510002989
https://doi.org/10.5281/zenodo.1845427
https://doi.org/10.3136/Fstr.17.45
https://doi.org/10.3136/Fstr.17.45
https://doi.org/10.1016/j.foodchem.2017.03.118
https://doi.org/10.1016/j.foodchem.2017.03.118
https://doi.org/10.1111/j.1745-4603.2011.00309.x
https://doi.org/10.1016/j.lwt.2004.03.008
https://doi.org/10.1016/j.lwt.2004.03.008
https://doi.org/10.1007/s13197-011-0612-9
https://doi.org/10.1016/j.lwt.2013.08.012
https://doi.org/10.1016/j.lwt.2013.08.012
https://doi.org/10.1016/j.lwt.2010.08.009
https://doi.org/10.1016/j.foodchem.2011.04.107
https://doi.org/10.1016/j.foodchem.2011.04.107
https://doi.org/10.1016/s0032-9592(01)00224-2
https://doi.org/10.1007/s13197-011-0530-x
https://doi.org/10.1016/j.profoo.2016.02.058
https://doi.org/10.29121/granthaalayah.v6.i2.2018.1551
https://doi.org/10.29121/granthaalayah.v6.i2.2018.1551

Gaikwad V. et al. Foods and Raw Materials. 2024,12(1):110—123

95. Thirumangaimannan G, Gurumurthy K. A study on the fermentation pattern of common millets in Koozh prepara-
tion — A traditional South Indian food. Indian Journal of Traditional Knowledge. 2013;12(3):512-517.

96. Panghal A, Khatkar BS, Yadav DN, Chhikara N. Effect of finger millet on nutritional, rheological, and pasting
profile of whole wheat flat bread (chapatti). Cereal Chemistry. 2019;96(1):86—94. https://doi.org/10.1002/cche.
10111

97.Yemets Al, Blume RYa, Rakhmetov DB, Blume YaB. Finger millet as a sustainable feedstock for bioethanol production.
The Open Agriculture Journal. 2020;14(1):257-272. https://doi.org/10.2174/1874331502014010257

98. Larson NI, Story M, Wall M, Neumark-Sztainer D. Calcium and dairy intakes of adolescents are associated with their
home environment, taste preferences, personal health beliefs, and meal patterns. Journal of the American Dietetic
Association. 2006;106(11):1816—1824. https://doi.org/10.1016/j.jada.2006.08.018

99. Arun PN, Chittaragi B, Prabhu TM, Siddalingamurthy HK, Suma N, Gouri MD, et al. Effect of replacing finger millet
straw with jackfruit residue silage on growth performance and nutrient utilization in Mandya sheep. Animal Nutrition
and Feed Technology. 2020;20(1):103—109. https://doi.org/10.5958/0974-181x.2020.00010.4

ORCID IDs

Jaspreet Kaur (@https://orcid.org/0000-0003-3718-5734

Prasad Rasane ‘“https://orcid.org/0000-0002-5807-4091
Sawinder Kaur @https://orcid.org/0000-0002-4500-1053

Jyoti Singh @https://orcid.org/0000-0003-0838-6393

Ankit Kumar @https://orcid.org/0000-0001-9124-0269
Ashwani Kumar @https://orcid.org/0000-0001-6315-5710
Nitya Sharma “@https://orcid.org/0000-0002-0203-6061
Chandra Mohan Mehta “https://orcid.org/0000-0001-7261-9732
Avinash Singh Patel (@https://orcid.org/0000-0002-8520-7670

123


https://doi.org/10.1002/cche.10111
https://doi.org/10.1002/cche.10111
https://doi.org/10.2174/1874331502014010257
https://doi.org/10.1016/j.jada.2006.08.018
https://doi.org/10.5958/0974-181x.2020.00010.4
https://orcid.org/0000-0003-3718-5734
https://orcid.org/0000-0003-3718-5734
https://orcid.org/0000-0002-5807-4091
https://orcid.org/0000-0002-5807-4091
https://orcid.org/0000-0002-4500-1053
https://orcid.org/0000-0002-4500-1053
https://orcid.org/0000-0003-0838-6393
https://orcid.org/0000-0003-0838-6393
https://orcid.org/0000-0001-9124-0269
https://orcid.org/0000-0001-9124-0269
https://orcid.org/0000-0001-6315-5710
https://orcid.org/0000-0001-6315-5710
https://orcid.org/0000-0002-0203-6061
https://orcid.org/0000-0002-0203-6061
https://orcid.org/0000-0001-7261-9732
https://orcid.org/0000-0001-7261-9732
https://orcid.org/0000-0002-8520-7670
https://orcid.org/0000-0002-8520-7670

