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Abstract: This review explores the multifaceted role of multimillets in promoting a healthy lifestyle, focusing
on their processing challenges, nutritional values, nutraceutical properties, antinutritional factors, and the
emergence of biofortified varieties in India. Millets, known for their resilience and adaptability, present both
opportunities and challenges in processing, demanding innovative solutions. Their rich nutritional profile,
including high fiber, essential minerals, and antioxidants, contributes significantly to a balanced diet. The
nutraceutical potential of millets further underscores their therapeutic properties, offering preventive measures
against lifestyle-related health issues. However, the presence of antinutritional factors necessitates careful
consideration. Biofortified millet varieties in India have emerged as a promising solution to enhance
micronutrient content, addressing malnutrition concerns. This review synthesizes current knowledge,
providing insights into the diverse aspects of multimillets and their pivotal role in fostering a healthier lifestyle
in India.

Keywords: Millet Processing Challenges; Nutritional Values; Nutraceutical Properties;
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Introduction:

Millets are small-seeded grasses belonging to the botanical family Poaceae (Hassan et al., 2021).
These crops were grown in a variety of climate and soil and moisture conditions. Dryland/rainfed
agriculture refers to the scientific management of soil and crops in arid terrain without irrigation.
Drylands are defined as areas with an annual rainfall of 750 mm or less and no irrigation facilities for
agricultural cultivation. Millets are the most feasible alternative in dryland situations since they
require little water and can resist bad weather conditions (Chapke et al.,2018). The most important
millets cultivated in Asian and African countries include Bajra (pearl millet), Ragi (finger millet),
Foxtail millet, Little millet, Kodo millet, Proso millet, Barnyard millet. Fonio and tef are specific to
Nigeria and Ethiopia, respectively (Jaybhaye et al., 2014). Millets are an excellent source of fibre,
protein, vitamins, and minerals. All millets have three to five times the nutritional value. Millets have
three to five times the nutritious richness of frequently used rice and wheat. Wheat and rice offer
food security, but millets supply multiple securities such as food, health, nutrition, livelihood, animal
feed, and numerous other benefits, making millets a produce of agricultural security (Ambati and
Sucharitha 2019). Millets have been linked to a variety of health benefits, including, lowering the risk
of cardiovascular disease and stroke, keeping blood sugar levels under control, loss of weight
promotion, enhancing digestion, improving immunity, defending against cancer, inflammation
reduction. Millets are a versatile grain that may be consumed in several ways. They can be cooked in
the same way as rice is, crushed into flour, or popped like popcorn. Millets are an excellent
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complement to any diet and can benefit your general health. Millets production in India (2021-22)
includes sorghum (4.15 MT), pearl millet (9.78 MT), finger millet (1.70 MT), and small millets (0.36
MT). Millets production (2021-22) in India state wise in percentage is as shown in Figure 1.

State wise Millet Production : 2021-22 (4th Adv. Estimate)

Uttarakhand gther
1%

Gujarat
7%

Madhya Pradesh
8%

Figure 1. (Source: apeda.gov.in/milletportal/Production.html).
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Figure 2. (Challenges in popularizing millets).
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Figure 3. (Source: Shobana et al., 2013; Maitra, 2020).
Table 1. Amino acid profile of different millets.
Amino acid | Sorghu | Pearl Finger Foxtail Proso Little Barnyar | Kod
(g/100g) m Mill Mill Mill Mill Mill d o]
et et et et et Millet Mille
t
Isoleucine 2.45 5.1 4.3 4.59 4.1 4.16 2.88 1.88
Leusine 8.32 14.1 10.8 13.60 12.2 6.79 7.25 4.19
Lysine 1.26 0.5 2.2 1.59 1.5 1.14 1.06 1.88
Methionine 0.87 1.0 29 3.06 2.2 1.42 1.33 0.94
Phenylalani 3.06 7.6 6.0 6.27 5.5 2.97 3.62 3.75
ne

Threonine 1.89 3.3 4.3 3.68 3.0 2.12 2.31 1.94
Valine 3.13 4.2 6.3 5.81 5.4 3.79 3.88 2.38

Source: (a) Kamara, et al. (2009); (b) Bagdi et al., 2011; (c) Saldivar (2003); (d) Devi et al. (2011); (e) FAO (2008).

Millets face several challenges in gaining popularity among both growers and consumers. One
key issue is the lack of awareness regarding the nutritional benefits and versatility of millets, leading
to their underutilization as a staple food. Additionally, the limited market demand for millets in
many regions discourages farmers from cultivating them due to uncertainty in selling their produce.
Traditional farming practices associated with millets often result in lower yields and reduced
profitability compared to more commonly grown crops using modern agricultural methods.
Moreover, the need for specialized processing techniques and infrastructure for millets presents
obstacles to their adoption. Negative perceptions of millets as "poor man's food" or livestock feed
need to be addressed to encourage wider consumption. Monoculture farming, commonly practiced
in modern agriculture, focuses on large-scale cultivation of a single crop for efficiency and uniformity.
However, this approach may not align with millet cultivation due to millets' specific growth
requirements. Millets, characterized by diverse species such as pearl millet, foxtail millet, and finger
millet, thrive in varied environmental conditions and exhibit resilience to pests and diseases. Unlike
the intensive inputs often associated with monoculture, millets benefit from agroecological diversity,
making them better suited to mixed cropping systems. Therefore, the specialized needs of millet
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cultivation necessitate a departure from the conventional monoculture model in order to optimize
yield and sustainability in agricultural practices. Furthermore, the scarcity of accessible and enticing
millet-based recipes hinders consumer adoption. The trend towards urbanization and convenience
foods, often based on refined grains, poses a challenge, as millet-based products are less readily
available and convenient. Government policies and subsidies that favor other crops over millets can
also impact the economic viability of millet production. Overcoming these obstacles requires
comprehensive efforts to raise awareness, modernize cultivation practices, invest in processing
infrastructure, and change perceptions to make millets a more popular and sustainable dietary choice
for growers and consumers alike.

Nutritional Composition of Millets:

Nutritionally, millets offer comparable, and at times even superior, energy value, protein, and
macro nutrient contents in comparison to traditional cereals. They play a significant role in both
human and animal diets due to their elevated levels of energy, calcium, iron, zingc, lipids, and high-
quality proteins. Furthermore, millets serve as abundant sources of dietary fiber and micronutrients
(Hassan et al.,2021).

The composition of sorghum grain is similar to that of corn, except for lower oil content. The
grain contains 8 to 12% protein, 65 to 76% starch, and approximately 2% fiber. The germ, a rich source
of 0il (28% of the germ), also has high levels of protein (19%) and ash (10%) (Gyan-Chand et al., 2017).
Sorghum is also good source of minerals such as calcium (11-586 mg/100), phosphorus (167-751
mg/kg), iron (0.90-20 mg/100 gm) (Makokha et al., 2002). Vitamins present in sorghum per 100 gms
are 0.09 mg Vit By, 0.14 mg Vit Bz, 2.8 mg Vit Bs (Widowati & Luna, 2022).

Pearl millet, also known as Bajra, is an important millet grown in tropical and
semi-arid regions of the world. Its amino acid composition has a significant impact
on the nutritional quality of its protein. It is high in energy, low in starch, has a low

glycemic index, and is gluten-free (Shruthi et.al., 2018). 100 grams of Bajra contains 360 calories,
12 grams of protein, 5 grams of fat, 1 gram of fiber, 67 grams of carbohydrates, 42 milligrams of
calcium, 242 milligrams of phosphorus, and 8 milligrams of iron (Malik , 2015).

Finger millet is a nutrient-rich grain that is high in carbohydrates, protein, and fiber. It contains
1.04% free sugars, 65.5% starch, 11.5% non-starchy polysaccharides, and 11.5% dietary fiber. Finger
millet also has a higher protein content than sorghum and pearl millet, at 52%. It is also a good source
of the sulfur-containing amino acids methionine and cystine, which are not as abundant in other
grains (Vagdevi et al.,2022.). Finger millet has a high calcium content (344 mg %) is eight times more
iron and phosphorus-rich than pearl millet (3.9 mg %), and contains a range of trace minerals and
vitamins (Gopalan et al., 2009).

Proximate composition (%) of foxtail millet contains moisture content (10.8 + 0.02), ash (2.3
+0.06), crude fibre (6.2 +0.01), crude carbohydrate (65 +0.02), crude fat (4.5 +£0.01), crude protein (11.2
+0.05) (Patangare et al.,2019). Foxtail millet has a good amount of calcium (31 mg/100 g) and
phosphorus (290 mg/100 g). Also, it contains essential amino acid (mg/g of N) Arginine (220),
Histidine (130), Lysine (140), Tryptophan (60), Phenyl Alanine (420), Methionine (180), Cystine (100),
Threonine (190), Leucine (1040), Isoleucine (480), Valine (430). It is also good source of Vitamins
(mg/100 g) Thiamin (0.59), Niacin (3.2), Riboflavin (0.11),Vit A (carotene) (32), Folic Acid (15), Vit Bs
(0.82), Vit B+ (31) (NIN, 2007).

Nutritional composition of proso millet per 100 gms contains protein (12.5 gm), carbohydrates
(70.4 gm), fat (3.1 gm), dietary fibre (14.2 gm), mineral matter (1.9 gm), calcium (14 mg), phosphorus
(206 mg), iron (10 mg) (saha et al., 2016). Proso millet protein is 80% digestible in vitro and consists
mostly of prolamine. In terms of fatty acids, this proso comprises around 60% linoleic acid and 14%
oleic acid. Methanolic extracts of proso exhibited good antioxidant properties, with polyphenol
content of 29 g/100 g and carotenoids level of 74 g/100 g. In terms of anti-nutrient action, proso millet
appears to lack protease inhibitory activity when compared to pearl millet, foxtail millet, and finger
millet; however, chymotrypsin inhibitors have been found out (Mathanghi et al.,2020).
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Kodo millet has a higher percentage of crude fibre (9%) than wheat (1.2%). It gives 353 Kcal
energy per 100 gms of grain. Kodo millet contains 66.6% carbohydrate, 2.4% minerals, 1.4% fat, and
2% ash. Iron content of Kodo millet ranges from 25.86 ppm to 39.60 ppm (Chandel et al., 2014). Kodo
millets include vitamins B3, B6, and folic acid, along with minerals which includes calcium,
potassium, magnesium, and zinc. It is also high in essential amino acids such as lysine, threonine,
valine, and sulfur-containing amino acids, with a leucine-to-isoleucine ratio of roughly 2.0 (Bunkar
et al.,2021).

Barnyard millet is a versatile crop. It is a good source of protein that is easily absorbed, as well
as an excellent source of dietary fibre. The carbohydrate content of barnyard millet is low and slowly
digested, making it a natural gift for humans. It comprises protein (6-13 g), carbs (55-65.5 g), fat (2-4
g), crude fibre (9.5-14 g), mineral matter (3.8-4.5 g), calcium (11-27.1 mg), phosphorous (280-340 mg),
iron (15-19.5 mg), starch (51-62%) and 398 kcal/100 g energy. Total dietary fibre content in barnyard
millet is high (12.5%) (Kaur & Sharma,2020).

The proximate composition of the little millet grains is that the protein content ranged from
6.87+0.09 to 7.26 + 0.1 g/100 g, fat from 4.64+0.03 to 4.70 +0.03 to 78.53+0.12 g/100g, carbohydrates from
69.70+4.22 to 78 g, and ash from 4.74+0.45 to 5.75+ 0.17,indicating there is no significant difference
between the nutritional composition among the different coloured hulled grains. Mineral content in
little millet include iron (3.09 mg/100 gm), calcium (24.99 mg/100 gm) and zinc (2.69 mg/100 gm)
(Kamatar et al.,2013; Hymavathi et al.,2020). 351.65 kcal were determined to be present in 100 grams
of little millet flour (Shrilekha et al.,2019).

Nutraceutical Properties of Millets:

Millets are widely acknowledged for their rich content of bioactive compounds and potential
functional properties (Okwudili et al., 2017). A significant group of key phenolic compounds,
including gallic acid, tannins, gentisic acid, protocatechuic acid, caffeineic acid, vanillic acid, syringic
acid, ferulic acid, paracoumaric acid, transcinnamic acid, and 5 n-alkyl-resorcinols, can be found in
various millet grain types (Pradeep & Sreerama, 2018; Nithiyanantham et al., 2019).

Sorghum is a rich source of various phytochemicals, with the exception of white sorghum,
including tannins, phenolic acids, anthocyanins, phytosterols, and policosanols. These
phytochemicals have a significant impact on human health. Sorghum fractions exhibit potent
antioxidant activity, particularly in vitro, when compared to other cereals or fruits. Ferulic acid is the
predominant bound phenolic acid in sorghum, along with other beneficial phenolic acids like
syringic, protocatechuic, caffeic, p-coumaric, and sinapic acids (Shen et al., 2018). The unique
phenolic composition of sorghum offers potential health benefits, including oxidative stress
management and potential anti-tumor properties (Gonzalez-Montilla et al., 2012).

Pearl millet offers numerous health benefits, including its anti-allergic properties as a gluten-
free option suitable for individuals with celiac disease. It also shows promise in anti-cancer potential
and diabetes management due to its low glycemic index. The presence of lactic acid bacteria makes
it a source of probiotic therapy, and it has a positive impact on various health aspects, including heart
health, asthma, migraine prevention, weight management, and gallstone reduction (Malik, 2015).

Finger millet is rich in phenolic compounds, particularly benzoic acid derivatives, known for
their antioxidant properties (Rao & Muralikrishna, 2002). It contains a wide range of phytochemicals
with various benefits, including antioxidants, anti-fungal properties, immunomodulation,
detoxification, and protection against degenerative disorders (Rao & Muralikrishna, 2002; Rao et al.,
2011; Saleh et al., 2013).

Kodo millets are rich in polyphenolic compounds, such as gallic acid, tannins, and various
phenolic acids (Bunkar et al., 2021). They exhibit significant antioxidant activity, protecting against
oxidative stress and aiding in maintaining normal glucose levels for type 2 diabetics (Hegde and
Chandra, 2005). Foods rich in phenolic acids show antimutagenic, antiglycemic, and antioxidant
properties, suggesting potential for health-related products (Friedman, 1997; Shobana et al., 2007).

Foxtail millets are abundant in phytochemicals like phytic acid and phenolic acids (chlorogenic
acid, syringic acid, caffeic acid, ferulic acid, and p-coumaric acid) (Sharma et al., 2018). They offer
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diuretic properties, support gall bladder function, regulate blood sugar, and cholesterol levels, reduce
inflammation, and promote overall digestive well-being, particularly for those with gluten
sensitivities (Mansur et al., 1996; Verma et al., 2020).

Barnyard millet is recognized for its positive impact on human health due to its phytochemical
content, including phenolic acids, flavonoids, and tannins (Panwar et al., 2016). Regular consumption
of barnyard millet has been associated with reduced glycemic index in type 2 diabetic individuals. It
offers potential benefits for allergic conditions, biliousness, constipation, and anemia (Ugare et al.,
2014; Srinivasan et al., 2019).

Proso millet protein (PMP) has been linked to cholesterol metabolism, increasing adiponectin
and high-density lipoprotein (HDL) cholesterol levels without affecting low-density lipoprotein
(LDL) cholesterol (Nigro et al., 2014). Proso millet's antioxidant benefits are attributed to polyphenols,
lignin, phytic acids, and condensed tannins, which provide antioxidant protection. It also contains
compounds like -linolenic acid, policosanol, melatonin, phytosterols, and para-amino benzoic acid,
which hold potential nutraceutical properties (Mathanghi et al., 2020). Methanolic extracts from proso
millet and Japanese millet exhibit anti-tumor properties, making them valuable for potential cancer
prevention (Aburai et al., 2007).

Little millets are rich in beneficial antioxidants like polyphenols, phenolic compounds, tannins,
and flavonoids. Their low glycemic index and high fiber content contribute to stable blood sugar
levels and weight management. They also contain significant magnesium, aiding in regulating blood
pressure and potentially offering benefits against depression, especially among the elderly (Indirani
& Devasena, 2021; Bhat et al., 2017).

Antinutritional Factors:

Certain compounds found in millet are recognized as antinutritional factors, potentially
hindering the body's absorption of essential nutrients. Common antinutritional elements in millet
include phytates, tannins, and oxalates, which can be minimized through appropriate processing and
cooking methods. Anti-nutrients can be especially detrimental to individuals with high cereals and
grains consumption. Several studies suggest that some anti-nutrients may, when consumed in
moderation, reduce the risk of diseases like inflammation, coronary heart disease, and breast cancer
(Patterson Carol Ann et al., 2016; Lépez Ana et al.,2013). The following are the antinutritional factors
found in millets:

Phytic acid, a primary phosphorous storage compound, makes minerals less bioavailable in
cereals, legumes, nuts, and seeds. It negatively affects the absorption of essential minerals like Zn2+,
Fe2+/3+, Ca2+, and Mg2+, with levels varying based on growth and processing conditions phytate's
impact on mineral bioavailability (Fekdu & Ratta, 2014). Some biofortified varieties like Dhanashakti,
ICMH 1201, and ICTP-8203 have been developed to counteract this effect (Samtiya et al., 2021).

Polyphenols in millet, with a content ranging from 502.78 to 767.54 mg/100g, are essential for
health, exhibiting antioxidant properties and potential benefits against diseases such as obesity,
cancer, and heart diseases. However, excessive polyphenol intake can inhibit iron absorption and
negatively affect gut microbiota. Furthermore, certain polyphenols have been associated with
potential carcinogenic or genotoxic effects at high concentrations (Cory et al., 2018; Duda-Chodak A.
2012) .

Tannins, abundant polyphenols in food and beverages, have multifunctional properties but can
reduce the nutritional value of food. Excessive tannin consumption can harm the gastrointestinal
tract and hinder iron absorption. In India, daily tannin intake of 1.5 to 2.5g is safe, but higher amounts
may lead to anemia, osteoporosis, and cancer. Tannins find industrial use due to their antioxidant
and antibacterial properties, with various types like gallotannins and ellagitannins present in
different foods and beverages. They are advantageous for some industries but can reduce the
palatability of food products due to their astringency (Sharma et al., 2019; Narasinga Rao &
Prabhavathi, 1982)

Various enzyme inhibitors, such as protease inhibitors, alpha-amylase inhibitors, and trypsin
inhibitors, are crucial components in plants, protecting them against pests and microbes. These
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inhibitors, mainly found in seeds and tubers, play essential roles in regulating protein function and
herbivore defense. They impact protein digestion in the small intestine, affecting the bioavailability
of sulfur-containing amino acids. Furthermore, protease inhibitors can interfere with various
biological processes in mammals, including apoptosis, blood clotting, and inflammation. While there
is a need to reduce protease inhibitor content in foods, they hold biotechnological potential as
insecticides, anticancer agents, and anti-bacterial substances. Alpha-amylase inhibitors also have
industrial applications, such as in brewing, baking, and potentially managing diabetes (Samtiya et
al., 2021; Mehrabadi et al., 2012)

Various processing methods, such as decortication (removing outer layers), heating, soaking,
germination (sprouting), and fermentation, have been traditionally employed to mitigate the
presence of antinutritional factors in millets. These techniques are effective in reducing compounds
like phytates, tannins, and oxalates that can hinder nutrient absorption. Decortication removes outer
layers rich in antinutrients, while soaking, germination, and fermentation activate enzymes that
break down these compounds, making the nutrients more bioavailable. These strategies are essential
for enhancing the nutritional quality of millets and other plant-based foods (Samtiya et al., 2021).

Biofortification of Millets

Over 850 million people worldwide are adversely affected by undernourishment, with low-
income nations like Africa facing a significant risk of micronutrient deficiencies, including Ca (54%),
Zn (40%), Se (28%), I (19%), and Fe (5%). This particularly impacts mothers and young children in
impoverished regions. A pivotal strategy to combat global malnutrition is the biofortification of
various crop varieties, offering a sustainable and long-term solution by providing micronutrient-rich
crops. Biofortification involves enhancing nutrient content in food crops through biotechnology and
traditional breeding, making these crops more accessible to undernourished and low-income families
with limited access to diverse diets, supplements, and fortified foods. Additionally, biofortified crops
possess increased bioavailability, benefiting the population's nutritional health (UN 2006; Joy et al.,
2014).

In India, biofortification efforts have yielded several nutrient-rich millet varieties. Among them,
in the Pearl Millet category, there are hybrids like HHB 299 (rich in iron - 73.0 ppm, zinc - 41.0 ppm),
AHB 1200Fe (rich in iron - 73.0 ppm), AHB 1269Fe (rich in iron - 91.0 ppm, zinc - 43.0 ppm), ABV 04
(open-pollinated variety, rich in iron - 70.0 ppm, zinc - 63.0 ppm), Phule Mahashakti (rich in iron -
87.0 ppm, zinc - 41.0 ppm), RHB 233 (rich in iron - 83.0 ppm, zinc - 46.0 ppm), and RHB 234 (rich in
iron - 84.0 ppm, zinc - 46.0 ppm). These varieties were developed through collaborative efforts by
various agricultural universities and research institutions and offer higher nutrient content compared
to popular varieties. In the Finger Millet category, varieties like VR 929 (Vegavathi, rich in iron - 131.8
ppm) and CFMV1 (Indravati, rich in calcium - 428 mg/100g, iron - 58.0 ppm, zinc - 44.0 ppm) provide
increased nutritional value compared to conventional options. Additionally, CFMV 2 (rich in calcium
- 454 mg/100g, iron - 39.0 ppm, zinc - 25.0 ppm) in the same category was developed. Little Millet is
represented by CLMV1 (pure line variety, rich in iron - 59.0 ppm, zinc - 35.0 ppm). These biofortified
millet varieties aim to address nutrient deficiencies and enhance the nutritional quality of diets,
particularly in regions where millets are a staple food (Yadava et al.,2020).

Conclusion

This diverse group of grains, which includes sorghum, pearl millet, finger millet, foxtail millet,
proso millet, kodo millet, and barnyard millet, carries unique nutritional profiles brimming with
bioactive compounds, essential minerals, and beneficial phenolic compounds that extend their role
beyond basic nutrition. Consuming multimillets offers a practical strategy to proactively address
lifestyle diseases. These grains exhibit a lower glycemic index compared to refined grains, promoting
better blood sugar control and aiding in weight management through improved satiety and digestive
health. The vitamins and minerals they contain, such as magnesium and potassium, can positively
impact cardiovascular health by regulating blood pressure and reducing the risk of heart disease.
While millets may have antinutritional factors, innovative processing methods like decortication,
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soaking, germination, and fermentation effectively address these challenges, enhancing their
nutritional value. Additionally, biofortification initiatives have yielded nutrient-rich millet varieties,
providing a sustainable solution to combat global malnutrition and alleviate nutrient deficiencies in
underprivileged populations. Embracing multimillets as a dietary staple represents a practical and
promising approach to enhancing overall health, particularly in regions where these grains are
traditionally consumed. It lays the foundation for a healthier and more nourished future,
underscoring their potential in the fight against lifestyle diseases.
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