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Abstract: 

Millets, a group of small-seeded grasses, are emerging as functional foods 

with numerous health benefits. With the world facing challenges in 

agriculture and nutrition, millets offer a promising solution due to their 

resilience in marginal growing conditions and high nutritional value. Millets 

are an abundant source of essential macronutrients and micronutrients, 

branched-chain amino acids (BCAAs) that are essential for muscle growth 

and repair. The phytochemicals present in millets, such as phytosterols, 

polyphenols, and phytoestrogens, act as antioxidants, immunomodulators, and 

detoxifying agents, potentially preventing age-related diseases like 

cardiovascular conditions, type-2 diabetes, and cancer. Different millets 

contain diverse phenolic groups with potent antioxidant capacity. The 

nutritional characteristics and processing techniques of four common Indian 

millets - Finger millet, Kodo, Sorghum and Pearl millets are discussed in 

view of their potential as functional foods for promoting good health. Millets 

contain resistant starch, that acts as prebiotic, promoting the growth of 

beneficial bacteria in the gut and reducing inflammation, helps in the 

production of desirable metabolites such as short-chain fatty acids in the 

colon, especially butyrate, which helps to stabilize colonic cell proliferation 

and thus contributing to overall health. Although millets contain higher levels 

of antinutrients, some of these compounds also offer antioxidant properties. 

The use of processing techniques like debranning, soaking, germination, 

fermentation, and autoclaving can reduce antinutrient content and enhance the 

bioavailability of essential nutrients and proteins. Future research in the realm 

of Indian millets could focus on optimizing processing techniques, exploring 

health impacts, and transforming antinutrients for potential benefits in 

combating malnutrition and food security. 

Keywords: Indian Millets, Phytochemicals, Micronutrients, 

Functional food, Food security 
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Introduction: 

Millets are among the oldest known foods to humans and could be the earliest cereal grain used for domestic 

purposes. They have been staple foods for people living in semi-arid regions of Asia and Africa for 

centuries, where other crops do not thrive. Millets have also been consumed widely in Asia and India since 

ancient times (Karuppasamy, 2015).  These small-grained cereal crops are highly nutritious and can be 

grown under marginal or low-fertility soils with minimal use of fertilizers and pesticides (B Venkatesh 

et.al, 2018).  Millets are classified into three types based on their grain size: major millets (Sorghum, Pearl, 

Finger millet), minor millets (Foxtail, Kodo, Barnyard, Little, and Proso millet), and pseudo-millets 

(Amaranth, Buckwheat millet) (Sanjay et. al, 2022).  Although millets are used for human consumption in 

most developing countries, they have mainly been limited to animal feed in developed countries. 

(Karuppasamy, 2015) 

Millets are often referred to as "Nutri-Cereals" because they are highly nutritious compared to commonly 

grown cereals like wheat, rice, or corn. They contribute to human and animal health, including that of 

mothers and their young (FAO, 2022). Millets were declared nutri-cereals by the Indian government in 

April 2018 (Sanjay et. al, 2022).Millets are a rich source of fiber, minerals, and B-complex vitamins. Their 

high fiber content and presence of anti-nutritional factors like phytates and tannins affect mineral 

bioavailability. Millets act as prebiotics, feeding the micro-flora in our inner ecosystem. Millets are also rich 

in health-promoting phytochemicals like polyphenols, lignans, phytosterols, phyto-estrogens, and 

phytocyanin. These function as antioxidants, immune modulators, detoxifying agents, etc., and hence protect 

against age-related degenerative diseases like cardiovascular diseases (CVD), diabetes, cancer, etc 

(Dayakar Rao et. al, 2017; B Venkatesh et.al, 2018). They have resistance to pests and diseases, a short 

growing season, and productivity under drought conditions (Saleh et. al 2013) However, despite these 

extraordinary qualities and capacities of millet farming systems, the area under millet production has been 

decreasing over the last five decades and rapidly after the green revolution period. (Karuppasamy, 2015). 

The decline in demand has led to a considerable reduction in millet production in India (Dayakar Rao et. al, 

2017). With diabetes, hypertension, and cardiovascular disease becoming more prevalent, millets have 

returned as a viable option for a healthy lifestyle and can reduce the incidence of these lifestyle diseases (B 

Venkatesh et.al, 2018).  With respect to the rise in global warming, millets could become valuable crops in 

the long run owing to their adaptation to a wide range of climatic and ecological conditions, where major 

crops like rice and wheat could not survive (Pragyani et. al, 2019). In light of the challenges of global food 

and nutrition security, the United Nations General Assembly declared 2023 the International Year of Millets 

(IYM) at its 75th session in March 2021. (FAO, 2021) 

Millets as functional food: 

The world is grappling with agricultural and nutritional challenges, with over 800 million individuals 

undernourished and more than 2 billion experiencing chronic deficiencies in essential nutrients. While 

addressing these issues through food-based solutions is a significant challenge, it offers a potentially 

sustainable, cost-effective, and feasible approach to combating malnutrition. (Kumar et al., 2018; Kumar 

et al., 2021). Functional foods refer to dietary items that not only provide energy and nutrients but also 

modulate specific bodily functions and reduce the risk of disease(Donato-Capel et al.,2014). Millets, like 

wheat and rice, boast high nutritional quality and serve as excellent functional foods with multiple health 

benefits. (Pragyani et. al, 2019). In this article, we will delve into the functional components of millets in 

greater detail.  

 

https://jazindia.com/


INDIAN MILLETS (FINGER MILLET, KODO, SORGHUM AND PEARL MILLET): POTENT FUNCTIONAL FOODS AND 

PROCESSING SCOPES 

 

2014 
Available online at: https://jazindia.com 

Functional components of millets: 

Carbohydrates 

Millet grains, comprising about 65% carbohydrates, notably non-starchy polysaccharides and dietary fiber, 

help prevent constipation, lower cholesterol, and regulate glucose release during digestion. Regular millet 

consumption is linked to reduced cardiovascular disease, duodenal ulcers, and diabetes risk. (Rao. Et al., 

2017) 

Dietary fibre: Millet's fiber content prevents constipation and lowers the risk of bowel disorders like colon 

cancer. Its swelling properties reduce glucose absorption in the small intestine, aiding in managing non-

insulin-dependent diabetes mellitus. Additionally, it binds bile salts, promoting cholesterol excretion and 

reducing food toxin toxicity in the gut. (B Venkatesh et.al, 2018; Rao. Et al., 2017)                                       

Resistant Starch: Resistant starch (RS) is starch that resists digestion as it passes through the gut. (Nugent, 

2005). Resistant starch boosts colon-friendly bacteria, bolstering gut health and lowering the risk of 

conditions like inflammatory bowel disease and colon cancer. (Topping et al., 2001). Resistant starch 

fermentation yields short-chain fatty acids with anti-inflammatory properties, curbing body-wide 

inflammation. Additionally, it can lower the glycemic index of foods, aiding in blood sugar regulation, 

especially valuable for those with diabetes or at risk of the condition. (Higgins et al., 2004, Hamer et al., 

2008).  

 

Table 1: Fibre and Starch content of millets and cereals (Longvah et al., 2017) 

Proteins 

Protein, a vital macronutrient in our diet, serves multiple structural and functional purposes within the body. 

Furthermore, protein-based ingredients play diverse technological roles in processed foods, influencing 

properties such as texture, color, and flavor. Food-derived proteins also provide essential amino acids while 

contributing to the technological aspects of food production, as highlighted by Loveday, S. M. in 2019. 
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Table 2: Composition of amino acids of millets compared to other traditional cereal crops. (All values are 

expressed as mg/100g edible portion) (Longvah et al., 2017) 

Source of Quality Proteins: Branched Chain Amino Acids – BCAAs 

Millets, including finger millet, pearl millet, sorghum, and kodo millet, are excellent sources of branched-

chain amino acids (BCAAs), with leucine being the most abundant in all of them(Gowda et al., 2022).  

Branched chain amino acids (BCAAs) like leucine, isoleucine, and valine are unique for their muscle-

focused metabolism, distinct from other amino acids processed in the liver. They play key roles in regulating 

protein synthesis, insulin secretion, and brain metabolism (Seugnet, 2022). Isoleucine, an essential BCAA, 

supports immune system function, growth, protein and fatty acid metabolism, and glucose transport. It 

enhances immune responses by activating host defense peptides, aiding in immune defense against 

pathogens (Gu et al., 2019). Leucine supplementation, within a specific dosage range, has been found to 

counteract muscle loss in sarcopenia, particularly when combined with adequate vitamin-D intake 

(Martínez-Arnau et al., 2019).  

Fats 

Pearl millet grains have a relatively higher fat content (1.5% to 6.8%) compared to other millets. The 

dominant fatty acids in pearl millet include palmitic acid, stearic acid, and linolenic acid, with lower 

amounts of oleic and linoleic acids. About 75% of the fatty acids in pearl millet are unsaturated, with 

linoleic acid being notably high at 46.3%. (Patni, D., & Agrawal, M., 2017). In contrast to other minor 

cereals like pearl millet, barnyard millet, and foxtail millet, finger millet has a lower fat content, ranging 

from 1.3% to 2%. The primary fatty acids in finger millet are oleic acid, palmitic acid, and linoleic acid, 

with a small amount of linolenic acid. Saturated and unsaturated fatty acids make up 25.6% and 74.4% of 

total fatty acids, respectively. Finger millet seeds are particularly rich in linoleic and α-linolenic acids, 

essential for proper central nervous system function. (Abioye, V. F. et al., 2022). Sorghum and Kodo millets 

have relatively low-fat content, with an average lipid content ranging from 3% to 6%. The predominant fatty 

acids in sorghum are unsaturated fatty acids, including oleic acid, linoleic acid, and palmitoleic acid, with 

small amounts of saturated fatty acids such as palmitic acid and stearic acid. (Girard, A. L., & Awika, J. 

M., 2018; Sridhar, R., & Lakshminarayana, G., 1992) 

Vitamins 

https://jazindia.com/


INDIAN MILLETS (FINGER MILLET, KODO, SORGHUM AND PEARL MILLET): POTENT FUNCTIONAL FOODS AND 

PROCESSING SCOPES 

 

2016 
Available online at: https://jazindia.com 

Finger millet, kodo millet, and pearl millet are nutrient-rich grains with vital water-soluble vitamins, 

including niacin (B3), riboflavin (B2), and folic acid. These vitamins are essential for various bodily 

functions and must be obtained from external sources since the body cannot store them. (Ramashia et al., 

2019; Uebanso et al., 2020; Patni & Agrawal, 2017). Finger millet stands out for its high content of both 

fat-soluble and water-soluble vitamins, including vitamin A and B complex, whereas pearl millet is 

particularly rich in thiamine, niacin, and riboflavin (Patni & Agrawal, 2017). Sorghum, is a notable source 

of essential B-vitamins like niacin and vitamin B6, vital for energy metabolism and cellular functions. It also 

provides folates, vitamin K1, and carotenoids, playing key roles in DNA synthesis, blood clotting, and 

immune function. (Vitamin K, 2020). Millets are notable sources of several essential B-vitamins. Thiamine 

(B1) supports nerve and muscle function and carbohydrate metabolism (Uebanso et al., 2020). Riboflavin 

(B2) plays a critical role in maintaining healthy skin, eyes, and the nervous system while aiding in various 

cellular processes. Niacin (B3) is vital for digestive system, skin, and nerve function, and it participates in 

numerous enzymatic reactions in the body (Ramashia et al., 2019). Millets also provide vitamin B6, 

essential for red blood cell production and brain function, and folate (B9), crucial for fetal development and 

various metabolic processes (Uebanso et al., 2020). Furthermore, millets contain vitamin E, serving as 

antioxidants to protect cells, and sorghum stands out with its high vitamin K content. These diverse millet 

grains offer a spectrum of water-soluble vitamins essential for overall health. 

 

Table 3: Vitamins Composition of millets and cereals (All values are expressed per 100g edible portion) 

(Longvah et al., 2017) 

Minerals 

Millets are rich source of macro as well as micro minerals. Calcium, a vital mineral for bone health, muscle 

function, and nerves, can reduce colorectal cancer risk (>1000mg/day diet). It may also lower pregnancy-

related hypertensive disorders (Theobald, 2005; Kana Wu et al., 2002; Hofmeyr et al., 2018). 

Magnesium, involved in 600+ enzymatic reactions, is crucial for bone health, insulin sensitivity, and heart 

health. It fights inflammation, reducing heart disease and cancer risk. Additionally, it eases anxiety and 

depression symptoms (Nielsen, 2018; Veronese et al., 2014; Rosanoff et al., 2016; Gobbo et al., 2013; 

Boyle et al., 2017). Phosphorus is vital for energy metabolism, bone health, and cell signaling. It's essential 

for hormonal activation, maintaining bone density, and cardiovascular health (Takeda et al., 2012; Tucker 

et al., 1999; Kestenbaum et al., 2005). Potassium maintains fluid balance, muscle and nerve function, and 
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regulates blood pressure, reducing cardiovascular risks and promoting bone health (Whelton et al., 1997; 

He et al., 2008; Weaver, 2013) 

Iron is crucial for oxygen transport, energy production, brain function, immune support, and pregnancy 

(Moustarah et al., 2019; Zimmermann et al., 2007; Beard, 2001; Lozoff, 2007). Manganese supports 

connective tissue, metabolic processes, brain function, and immunity (Al-Fartusie et al., 2017; Keen et al., 

2000; Irani et al., 2018; Wu et al., 2021). Selenium, an antioxidant, aids thyroid function, enhances 

immunity, reduces inflammation, and may protect against certain cancers and cardiovascular disease 

(Rayman, 2012; Beck et al., 2003; Kryscio et al., 2017). Zinc, crucial for DNA synthesis, immune 

function, wound healing, and mood regulation, prevents infections, aids fertility, and supports mental health 

(Prasad, 2008; Maret et al., 2006; Wessels et al., 2017). 

 

Table 4: Mineral content of Cereals and millets. (Longvah et al., 2017) 

Polyphenols/Phenolic compounds 

Plants produce phenolic compounds as secondary metabolites, vital for biological functions and defense 

against environmental stress. These compounds offer numerous health benefits, including antioxidants, 

antiallergic, antiviral, anti-inflammatory, and antimutagenic properties. Millets contain both free and 

conjugated forms of phenolic acids derived from hydroxybenzoic and hydroxycinnamic acids. Additionally, 

millets include various flavonoids like anthocyanidins, flavanols, flavones, flavanones, chalcones, and 

aminophenolic compounds. The content and composition of these compounds vary among different grain 

parts and millet types. (Czajkowska-González et al. 2021; Shahidi et al. 2013). Gallic, proto-catechuic, p-

hydroxybenzoic, gentisic, vanillic, and syringic are some of the hydroxybenzoic acids that have been found 

in whole millet grains. There have been reports of chlorogenic, caffeic, trans-cinnamic, p-coumaric, sinapic, 

trans-ferulic, and cis-ferulic acids in millet grains. (Shahidi et al., 2013). Phenolic acids are present in the 

endosperm, pericarp, testa, and aleurone layer of all sorghums and millets. The phenolic acids found in 

sorghum and millets are (i) hydroxybenzoic acids, including gallic, protocatechuic, p-hydroxybenzoic, 

gentisic, vanillic, and syringic; and (ii) hydroxycinnamic acids, including ferulic, caffeic, p-coumaric, 

cinnamic, and sinapic. (Dykes & Rooney, 2006) 
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Table 5: Total content of phenolic acids (mcg/g ) of sorghum, kodo, finger and pearl millet. Adapted from 

(Xiong et al., 2019)  and (Shahidi and Chandrasekara, 2013) 

Health Benefits of Millets: 

Millets have several health benefits and can be a suitable option for individuals with certain health 

conditions and deficiencies. Millets are a gluten-free choice for people with coeliac disease or gluten 

intolerance, as they naturally lack gluten, a protein commonly found in grains. (Jnawali, P et al., 2016). 

Their high protein content can combat protein-energy malnutrition (PEM) by delivering essential amino 

acids, enhancing overall nutrition and health, particularly in vulnerable populations. (Saleh, A. S et al., 

2013). Millets are packed with essential micronutrients like iron, iodine, zinc, calcium, and magnesium. 

They can play a role in fortifying staple cereals with these vital nutrients, making them a valuable addition 

to a nutritious diet. (Shashi, B. K et al., 2007; Shobana, S et al., 2009). Their low energy density (low 

glycemic index), reduced palatability, and high volume can promote a feeling of fullness, aiding in weight 

management. This is crucial because obesity is a significant risk factor for various diseases, including type 2 

diabetes, cardiovascular issues, and cancer. (Santaliestra et al., 2016). Millets are rich in viscous soluble 

fiber, which enhances intraluminal viscosity, slows down gastric emptying time, and increases nutrient 
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absorption in the small intestine (Tieri et al., 2020). Studies have also shown that the consumption of millets 

is inversely related to obesity. The effect of soluble fiber – β glucan present in millets such as sorghum and 

pearl decreases serum have been shown to reduce plasma triglycerides, LDL cholesterol, and C-reactive 

protein, markers of inflammation and predictors of cardiovascular events (Rasaneet al., 2015). Other 

compounds like antioxidants, lectins, saponins, phytic acid, phenolics and amylase inhibitors all have been 

shown to alter the risk of CVD. Millets, with their dietary fiber, can slow glucose release into the 

bloodstream, reducing glycemic load and benefiting those with diabetes. Furthermore, millets' protein 

concentrates, rich in antioxidants, may enhance insulin sensitivity, providing additional advantages for 

individuals managing diabetes. (Shobana, S et al., 2009; Jenkins, D. J. A et al., 1986). Phenolic extracts 

from various millet varieties have demonstrated anti-cancer properties, including inhibiting lipid 

peroxidation, DNA damage, and suppressing colon cancer cell growth. These attributes may contribute to 

millets' potential cancer-fighting bene (Chandrasekara, A., & Shahidi, F. 2011; Shan, S et al., 2014). 

Methanolic extract of finger millet has been shown to inhibit glycation and cross-linking of collagen, and 

scavenge free radicals, which may have potential anti-aging effects (Hegde, P. S et al., 2002). Protein 

extracts and polyphenols from millets have exhibited anti-fungal and antibacterial activity against 

microorganisms such as Bacillus cereus and Aspergillus niger, indicating potential anti-microbial properties 

of millets (Viswanath, V et al., 2009). Polyphenols and flavonoids in finger millet scavenge reactive 

oxygen species, inhibit nitric oxide production, and prevent sorbitol accumulation. These actions may lower 

the risk of ocular diseases, including diabetes-induced cataracts. (Chethan, S. 2008; Shobana, S et al., 

2010). 

Extraction: 

Processing methods significantly impact the nutritional properties of millets, including Kodo millets. These 

grains contain anti-nutrients like polyphenols, tannins, phosphorus, and phytic acids, which can hinder the 

absorption of important micronutrients like iron, calcium, and zinc (Balasubramanian, 2013). Germinating 

millet grains through malting can increase nutrient bioaccessibility. It boosts iron bioaccessibility by 300% 

and manganese by 17% by reducing phytic acid content through phytase activity (Platel et al., 2010). 

Soaking and sprouting decrease anti-nutrient levels, especially phytic acid and tannins. Longer germination 

further reduces anti-nutrients due to enzyme activity (Handa et al., 2017; Hussain et al., 2011). Boiling and 

Pressure Cooking effectively reduce anti-nutrients, particularly tannins. High-temperature short-time 

processing and extrusion cooking also lower phytates and tannins while enhancing mineral bioavailability 

(Pushparaj & Urooj, 2011). Fermentation lowers anti-nutrient levels and enhances protein digestibility by 

reducing phytic acid, tannins, and polyphenols (Budhwar et al., 2020). Irradiation inhibits anti-nutrients, 

leading to improved protein digestibility (Sharma & Niranjan, 2018). Some processing methods, like 

debranning, may lead to the loss of germ, bran, and antioxidants, affecting millet's nutritional value 

(Deshpande et al., 2015). Dehulling, heat treatments, and fractionation can alter antioxidant activity and 

phytate content (Saleh et al., 2013). 

Conclusion: 

Millets, ancient grains with global agricultural and dietary significance, offer a multitude of nutritional and 

environmental advantages. Packed with fiber, vitamins, minerals, and antioxidants, they cater to diverse 

dietary needs, being gluten-free with a low glycemic index. Consumption can aid weight management, 

enhance digestion, and reduce diabetes and heart disease risk. Millets require less water than major grains 

like wheat and rice and thrive in various ecological zones. This resilience makes them an eco-friendly choice 

for sustainable agriculture, especially in regions grappling with water scarcity and climate change. Millets 

hold promise in addressing today's challenges, from improving nutrition and health to ensuring food security 
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and combating climate change. Continued research and support for millet cultivation and utilization are 

essential for a sustainable and nutritious food source for a growing global population. 
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