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Millets are termed as “yesterday’s coarse grains and today’s nutri-cereals.” Millets are considered to be “future
crops” as they are resistant to most of the pests and diseases and adapt well to the harsh environment of the arid

and semi-arid regions of Asia and Africa.
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| 1. Introduction

Millets are termed as “yesterday’s coarse grains and today’s nutri-cereals.” Millets are considered to be “future
crops” as they are resistant to most of the pests and diseases and adapt well to the harsh environment of the arid
and semi-arid regions of Asia and Africa [LI. Millets are small-seeded grains, the most common and important for
food being sorghum (Sorghum bicolor L.), pearl millet (Pennisetum glaucum), finger millet (Eleusine carocana), teff
(Eragrostis tef), proso millet (Panicum miliaceum), kodo millet (Paspalum scrobiculatum), foxtail millet (Setaria
italica), little millet (Panicum sumatrense) and fonio (Digitaris exilis) Xl. After decades of negligence, nutri-cereals
are making a strong comeback in the Indian cereal’s production segment. India dominates the global production of
millets with a total share of about 40.62% and an estimated production of about 10.91 million tonnes during 2018—
2019 [ Although India ranks first in nutri-rich millet production and second in rice and pulses across the globe, it
also—unfortunately—ranks second in child malnutrition incidences. India is home to more than one-third of the
world’s malnourished children Bl. By contrast, the country has also become a hub for diabetic and overweight
populace, putting the country under a double burden of malnutrition . The majority of millets are three to five
times more nutritious than most cereals (rice, Oryza sativa; wheat, Triticum aestivum; maize, Zea mays) in terms of
vitamins, fiber, proteins, and minerals (calcium and iron) and are gluten-free; hence, they are known as
“superfoods” [&. The nutri-rich millets are the viable solution to reduce the rising incidences of malnutrition and

metabolic disorders and can enhance the nutrition and food security of the country.

Millets are a highly nutritious crop and contain considerable amounts of vitamins and minerals. Millets are a good
source of energy, dietary fiber, slowly digestible starch, and resistant starch, and thus provide sustained release of
glucose and thereby satiety 281, Compared to cereals, millets are a good source of protein- and sulphur-containing
amino acids (methionine and cysteine) and have a better fatty acid profile B2, However, millets contain a limited
amount of lysine and tryptophan, which varies with the cultivar. Millets are rich in vitamin E and vitamin B and in
minerals such as calcium, phosphorus, magnesium, manganese, potassium, and iron 2. The abundant nutrients
of millets provide multiple benefits such as reducing the incidence of cancer 229 obesity and diabetes 11,

cardiovascular diseases 12231 gastrointestinal problems 24! migraine, and asthma W2l Consumption of millets
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helps manage hyperglycemia due to their lente carbohydrate and high dietary fiber content, thus making millets a
perfect food for the diabetic populace BI13. Therefore, millets play an important role in the modern diet as a
potential source of essential nutrients, especially in underdeveloped and developing countries 18 Although millets
have a diversified and high food value, their consumption, especially by the Indian populace, has not reached a
significant level due to various factors, depicted in Figure 1. Recently, these grains have been slowly fueling the

start-up revolution to improve nutri-rich food availability and create employment.
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Figure 1. Millets: health benefits, production, and challenges in India. Data taken from various issues 171,

Millets are usually processed before consumption to remove the inedible portions, extend the shelf life, and
improve nutritional and sensory properties. Primary processing techniques such as dehulling, soaking, germination,
roasting, drying, polishing and milling (size reduction) are followed to make millets fit for consumption. At the same
time, modern or secondary processing methods such as fermenting, parboiling, cooking, puffing, popping, malting,
baking, flaking, extrusion, etc., are used to develop millet-based value-added processed food products . Although
these processing technigques aim to enhance the digestibility and nutrient bioavailability, a significant amount of

nutrients are lost during subsequent processing [2€!.

| 2. Nutritional Profile of Millets

The nutritional content of food is an important factor in the maintenance of a human body's metabolism and
wellness. The nutritional content is critical for developing and maximizing the human genetic potential. Millet's
nutrition is comparable to major staple cereals (rice, wheat, and maize), since they are an abundant source of
carbohydrates, protein, dietary fiber, micronutrients, vitamins and phytochemicals. Millets provide energy ranging
from 320-370 kcal per 100 g of consumption (Table 1). Millets have a larger proportion of non-starchy
polysaccharides and dietary fiber compared to staple cereals and comprise 65—-75% carbohydrates. Millets with
high dietary fiber provide multiple health benefits such as improving gastrointestinal health, blood lipid profile, and
blood glucose clearance. Millets with minimal gluten and low glycemic index are healthy options for celiac disorder
and diabetes X9, Millets are also rich in health-promoting phytochemicals such as phytosterols, polyphenols,
phytocyanins, lignins, and phyto-oestrogens. These phytochemicals act as antioxidants, immunological

modulators, and detoxifying agents, preventing age-related degenerative illnesses such as cardiovascular
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diseases, type-2 diabetes, and cancer . A study 2% reported that millets contain about 50 different phenolic
groups and their derivatives with potent antioxidant capacity, such as flavones, flavanols, flavononols, and ferulic
acid. A significant amount of phenolic components, which are important antioxidants in millets, are found in
bounded form in proso and finger millet and in free form in pearl millet 2. Another study 22 reported that proso
millet comprises various phytochemicals such as syringic acid, chlorogenic acid, ferulic acid, caffeic acid, and p-
coumaric. It has also been reported that almost 65% of the phenolics are present in the bound fraction. The
presence of these phytochemicals and important antioxidants indicates the potential benefits of millets to human
health. A detailed summary of the nutritional profile of selected Indian millets is discussed below and highlighted
in Table 1.

e Proso millet has a higher nutritional value when compared with staple cereals as it contains a higher
concentration of minerals and dietary fiber (Table 1). Proso millet is a rich source of vitamins and minerals such
as iron (Fe), calcium (Ca), potassium (K), phosphorus (P), zinc (Zn), magnesium (Mg), vitamin B-complex,
niacin, and folic acid. Proso millet contains essential amino acids in significantly higher quantities, except for
lysine, the limiting amino acid. However, proso millet has an almost 51% higher essential amino acid index than
wheat [23]. Moreover, the products prepared from proso millet exhibit a lower glycemic response than staple
cereal-based products. A review reported that products prepared from proso millet show a significantly lower

glycemic index (GI) compared to wheat- and maize-based products 24,

» Pearl millet shows an energy value comparable to the staple cereals. Pearl millet contains a lesser amount of
carbohydrates than the staple cereals, and it mainly contains high amylose starch (20—-22%), and the insoluble
dietary fiber fraction helps in exhibiting a lower glycemic response. Pearl millet protein is gluten-free and
contains a higher prolamin fraction, making it suitable for people with gluten sensitivity. The amino acid score in
pearl millet is good; however, it is poor source of lysine, threonine, tryptophan, and other sulphur-containing
amino acids (22251, pear| millet is high in omega-3 fatty acids and also important nutritional fatty acids such as
alpha-linolenic acid, eicosapentaenoic acid, and docosahexaenoic acid. It also contains other micronutrients

such as Fe, Zn, copper (Cu), K, Mg, P, manganese (Mn), and B-vitamins 22,

» Kodo millet provides an energy value similar to the other millets and staple cereals. However, with the exception
of finger millet, the protein content of kodo millet is lower than that of other selected millets and it provides
gluten-free protein (Table 1). Kodo millets contains high amounts of vitamins and minerals, especially B-
complex vitamins, B6, niacin and folic acid, Fe, Ca, Mg, K, and Zn. Kodo millet is very easy to digest and thus

can be beneficial for infant and geriatric product formulation.

» Foxtail millet has a greater nutritional value compared to major cereals such as wheat and rice due to its
copious dietary fiber content, resistant starch, vitamins, minerals, and essential amino acids, except for lysine
and methionine, but it is richer than most cereals. Among the selected millets, foxtail millet contains the highest
protein (Table 1). Foxtail millet also contains a high amount of stearic and linoleic acids, which helps in

maintaining a good lipid profile.
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» Finger millet has the highest carbohydrate content among the selected millets. However, carbohydrates consist
primarily of slowly digestible starch, dietary fiber, and resistant starch and thus offer a low glycemic index
compared to most common cereals such as rice and wheat (28, Finger millet contains around 7% protein (Table
1), which is less than that of other millets, but it has a good amino acid score and contains more threonine,
lysine, and valine than other millets. Subsequently, micronutrients such as Ca, Fe, Mg, K, and Zn, as well as B-

vitamins, especially niacin, B6, and folic acid, are abundantly available.

e The nutritional value of little millet is comparable to other cereal and millet crops. It contains around 8.7%
protein and balanced amino acids, and it is a rich source of sulphur-containing amino acids (cysteine and
methionine) and lysine, which is lacking in most cereals 24, It is generally considered to induce a lower
glycemic response due to the presence of abundant dietary fiber, resistant starch, and slowly digestible starch
(28] |t is also a good source of micronutrients such as Fe, P, and niacin. Recently, many value-added products
have been prepared using little millet to capitalize on the health benefits of little millet.

Table 1. Nutritional profile of millets in comparison with cereals (per 100 g).

Energy Protein Carbohydrate Starch Dietary Fiber Minerals Ca P

Grains Fat(g)

(kcal)  (9) (@) (9) (@) (9) (mg) (mg)

Sorghum 334 10.4 67.6 59 1.9 10.2 1.6 27 222
Pearl millet 363 11.6 61.7 55 5 11.4 2.3 27 296
Finger millet 320 7.3 66.8 62 1.3 11.1 2.7 364 283
Proso millet 341 12.5 70.0 - 1.1 - 1.9 14 206
Foxtail millet 331 12.3 60.0 - 4.3 - 3.3 31 290
Kodo millet 353 8.3 66.1 64 1.4 6.3 2.6 15 188
Little millet 329 8.7 65.5 56 5.3 6.3 1.7 17 220
Barnyard millet 307 11.6 65.5 = 5.8 = 4.7 14 121
Maize 334 115 64.7 59 3.6 12.2 1.5 8.9 348
Wheat 321 11.8 64.7 56 1.5 11.2 1.5 39 306
Rice 353 6.8 74.8 71 0.5 4.4 0.6 10 160

Source: Indian Foo Clompo ition T fles and nutritive value of Indian foods 22301,

| 3. Antinutrient Pro llets

Antinutrients are phytochemical compounds that plants produce naturally for their defense. These antinutritional
factors hinder nutrient absorption, leading to reduced nutrient bioavailability and utilization B, When consumed
uncooked, products containing antinutrients and chemical compounds may be detrimental or even pose health

issues in humans, such as micronutrient malnutrition, nutritional deficiency, and bloating. Plant-based foods mainly
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contain antinutrients such as tannins, phytates, oxalates, trypsin, and chymotrypsin inhibitors B2, One of the
disadvantages of millets is a higher concentration of antinutritional factors compared to wheat and rice. Finger
millet contains polyphenols, tannins (0.61%), phytates (0.48%), trypsin inhibitors, and oxalates, which may interfere
with the bioavailability of micronutrients and protein digestibility. The goitrogenic compounds in pearl millet are
derivatives of phenolic flavonoids, such as C-glycosyl flavones, and their metabolites are responsible for the
development of off-odors in the flour during storage 331, Antinutritional factors due to metal chelation and enzyme
inhibition capacity decrease nutrients bioavailability, mainly of minerals and proteins. However, in recent years,
antinutritional factors such as polyphenolic compounds have been reported as nutraceuticals for their contribution
to antioxidant properties . Most secondary metabolites that function as antinutrients may cause extremely
detrimental biological reactions, while others are actively used in nutrition and pharmacologically active drugs. The
need of eliminating antinutrients is fulfilled by pretreatment or processing techniques of food grains, such as
debranning, soaking, germination, fermentation, and autoclaving. These methods add value to food by enhancing

the bioavailability of a few cations such as Ca, Fe, and Zn and also the proteins absorption [,
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