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ABSTRACT

Minor millets, often called “orphan crops” or “lost 
crops,” are small-seeded grains that come from plants 
in the Poaceae family. Nutricereals are the food prod-
ucts of commercial importance prepared from these 
small-seeded millets. These nutricereals have a great 
potential to replace the staple food crops since they are 
an excellent source of starch, protein, energy, essential 
fatty acids, minerals, i.e., potassium, calcium, zinc, 
iron, magnesium and especially sulfur containing 

amino acids like methionine and cystine, B group 
vitamins, linoleic acid, tocopherols, phytochemicals 
and dietary fibers. Small-seeded millet-based  fer-
mented food shows high water absorption capacity, 
dispersibility, flowability and wettability, indicating 
good reconstitution properties. Nutraceuticals pre-
pared from small-seeded millets have antioxidant 
properties, preventing  health  problems  such as blood 
pressure, constipation, cholera, fever, cardiovascular 
and risk of heart diseases, thyroid, cancer and tumors.

Keywords  Millets, Health, Antioxidants, Nutraceu-
ticals, Micronutrients.

INTRODUCTION

Minor millets, also called Miracle grains, are an area 
group of small-seeded crops and while nutricereals 
are foodstuffs prepared from these small-seeded mil-
lets of the 30 species, five species of grasses from 20 
genera are well known as minor millets. These crops 
are  short-lived and resource-efficient because they 
use little  water and fertilizer and  emit little CO2 
during  growth. Millets are locally grown health-food 
crops that have extra-health benefits due to being 
a good  source  of  gluten-free protein, high fiber 
content,  low glycemic index and rich in bioactive 
substances. The major and minor nutrients as well 
as dietary  fiber of nutrimillets are good for celiac 
sufferers, and millets free from gluten can be used as a 
substitute for wheat or other gluten-containing grains 
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(Singh et al. 2022). These millets are a better option 
than wheat and rice because these comprise nutrients 
with a high number of polysaccharides, low glycemic 
index, complete proteins, good-quality invisible fat, 
dietary fiber, and noticeably higher amounts of nu-
trients such as calcium, potassium, magnesium, iron, 
manganese, zinc, B-group vitamins and bioactive  
phytochemicals (Sanyal et al. 2021).  Millets are  rich 
in nutrients and antioxidants, thus, they are considered 
to be the best nutritive food. 

Superiority of millets over wholegrains

The  bioactive  composition and Hypoglycemic 
profile make the millets as efficient ingredients for 
new food production (Sharma et al. 2021). The 
plant resources are being depleted at a faster rate, 
thus, there is a essential to discover new substitutes 
to human food. Many underutilized crops, with po-
tential to replace main food crops, are consumed in 
villages and tribal areas. Small-seeded millets are a 
major underutilized crop with nutritional potential 
(Saini et al. 2021). They include vitamins and rare 
minerals, especially sulfur-containing amino acids 
and phytochemicals,  hence, they have been used for 
the preparation of fortified nutricereals. Utilization 
of millet in combination with major food crops has 
developed an emerging zone in the food processing 
industries for food alternatives (Lalitha et al. 2018). 
Millets   contain  more nutrients than rice and wheat 
and they  have huge  potential to provide food, nu-
trition, fodder, fiber, health, livelihood, and ecology. 
In view of all these qualities,  they  are  called as 
Miracle  Grains (Uma and Shivakumar 2020).  Many 
people use them as staple food in world, thus, millets 
are occasionally called as Orphan Crops or even 
Lost Crops  (Shaikanth et al. 2022). The processing 
of antinutritional factors  present in millets, namely 
tannins, phytic acid, trypsin inhibitors and protease 
inhibitors  contribute many health benefits. They  offer 
various health benefits, including helping to lower 
blood sugar levels, support healthy blood pressure, 
reduce the  risk  of cardiovascular diseases, and aid 
in managing thyroid function (Bakshi et al. 2025). 
Considering the nutritional value of millet, various 
millet-based food products, such as bread, snacks, 
baby foods, millet wine, porridge, fast foods and 

millet nutrition powder, can be prepared (Bhatt et 
al. 2023).

Classification of millets

Based on the grain size, millets have been classified 
as major millets and small grain millets. According to 
Ratnavathi and Tonapi (2022), sorghum, pearl millet, 
finger millet, foxtail millet, Kodo millet, little millet, 
Proso  millet and  barnyard  millet  were included in 
the millet group.  The major millets include sorghum 
and pearl millet, whereas the small millets include 
finger millet, foxtail millet, barnyard millet, little mil-
let Kodo millet, and Proso millet. Singh et al. (2020) 
reported that finger millet (Mandua), foxtail millet 
(Kangni), little millet (Kutki), Kodo millet, barnyard 
millet (Jhangora),  and Proso millet (Cheena) are the 
most important cultivated small millet species.

Nutritional importance of minor millets

Millets are also referred to as Cereals of the Future 
owing to their sustainability and environmental 
impact (Sharma and Gujral 2019). They are high in 
macro- and micronutrients, and their mineral and 
essential amino acid profile overtake other important 
grains such as wheat and rice (Maitra et al. 2020). 

Millets are also rich in magnesium, calcium, 
manganese, tryptophan, phosphorus, B complex 
vitamins and fiber. The antioxidant property of these 
micronutrients are essential for the human body 
(Singh et al. 2020). These millets are highly nutritious 
owing to the occurrence of starch, protein, dietary 
fiber, and vital minerals, i.e. as potassium, calcium, 
zinc, iron, magnesium, and B group vitamins (Anitha 
et al. 2021). The dietary fibers, minerals (calcium, 
potassium and magnesium), and phenolic substances 
present in millet make them superior to other cereals 
(Himanshu et al. 2021). They are highly nutritious, 
non-acid-forming, and gluten-free (Saini et al. 2021). 
The UN General Assembly designated 2023 as the 
International Year of Millets to emphasize the impor-
tance of these nutrient-dense crops (Poshadri et al. 
2023).  Millets, particularly finger millet or ragi, are 
an  excellent source of calcium, containing around 
364 mg per 100 grams nearly ten times the amount 
found in wheat or rice (Achinna et al. 2023).
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Health benefits 

The significance of millets in health is shown in Fig. 
1. Millet flour can be incorporated into the diets of 
diabetic and celiac patients due to gluten-free nature 
(Bhatt et al. 2023). The consumption of millets pre-
vents post-translational diseases such as cancer and 
celiac (Sanyal et al. 2021). Medical practitioners 
have noticed fewer cases of duodenal ulcers among 
regular millet consumers (Patroti et al. 2017). They 
provide sustenance for intestinal bacteria as a pro-
biotic source (Mir et al. 2019). Traditional Chinese 
medicine regards millet as helpful in alleviating 
nausea and dysentery.  Millet porridge is believed to 
support digestive health by harmonizing the stomach 
and intestines, boosting energy in cases of deficien-
cy, and enhancing appetite. It assistances in treating 
indigestion, gastric and digestive ulcers (Lin et al. 
2020). The  high fiber profile of millet improves health 
and nutrition (Saini et al. 2021). The consumption 
of millets or whole grains with pulses is associated 
with a reduction in non-communicable diseases, as 
they possess dietary fiber, minerals, phenolics, and 
antioxidants (Mounika and Hymavathi 2021). The 
dietary fiber of millets can bulk up and absorb more 
water (Chaturvedi et al. 2022). Food prepared from 
millet moves through the intestines more slowly, 
thereby reducing inflammatory bowel disease (Saini 
et al. 2021). 

Millets also help in controlling blood sugar, 
thyroid and blood pressure, in spite of these signif-
icant properties, the consumption of millets is still 
declining. The oil of millet is rich in tocopherols and 
linoleic acid with antioxidative properties (Sanyal 
et al. 2021). Numerous studies have reported that 
Polyphenols found in millets possess antioxidant, 
anti-cancer, anti-inflammatory, antiviral and neuro-
protective properties. These compounds contribute 
to the prevention and management of various health 
conditions, including cancer, heart disease, diabetes, 
hypertension, high cholesterol, inflammatory disor-
ders, metabolic syndrome and neurodegenerative 
diseases like Parkinson’s (Anitha et al. 2022). The 
antioxidants of millets help flush out harmful free 
radicals from the body and maintain several health 
issues in the bay. Millets are also recognized as im-
munity boosters (Shaikanth et al. 2022). 

Processing techniques like soaking, germination, 
fermentation and puffing improve the nutritional qual-
ity of millets. These methods enhance digestibility 
and lower the levels of antinutrients present in the 
grains (Handa et al. 2017). Multiple studies have 
shown that millet provides notable protective effects 
in relation to Lacto bacillus (Forgani et al. 2018). 

Diabetes 

Millets rich in fiber cause slow release of glucose into 

Fig. 1. Millet’s role in health.
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the bloodstream during digestion, hence, hypergly-
cemia (diabetes) has  been reported among regular 
millet consumers (Patroti et al. 2017).  Small millets 
have great potential for use in different food schemes 
due to their nutritional quality and economic impor-
tance and are considered to have therapeutic value 
against illnesses such as diabetes (Karuppasamy et 
al. 2020). Millets have a low glycemic index (GI) and 
gluten-free  property which is best suited for patients 
(Kumar et al. 2021).  The  consumption  of millet  
helps to prevent post-translational diseases such as 
diabetes (Sanyal et al. 2021). The consumption of 
millet rich in fiber decreases the susceptibility of dia-
betes  and  slows  down  the  absorption and digestion  
processes  (Singh  et  al. 2022). 

Constipation 
	
Epidemiological studies reported 14% global con-
stipation (Camilleri et al. 2017). This rate increases 
modestly with age. It is almost double as high (17.4 
vs. 9.2%) in females than in males (Le-Leiko et al. 
2020). The recent studies have confirmed that the 
intestinal  microbiota plays an important role in health  
and  affects  many  physical  activities including gas-
trointestinal activity  (Barbara  et al. 2016, Dimidi 
et al. 2017). Diet plays  a crucial role in shaping the 
composition of the  microbiota (Jia et al. 2020). Gut 
activity is influenced by gastrointestinal microbiota, 
nervous and immune systems, fermentation  products 
and  mucus  secretion.  Chronic  constipation  is a 
characteristic indication of gut motility disorders 
(Scott et al. 2021). Millet grains contain approxi-
mately 65% carbohydrates, in the form of dietary 
fiber and  non-starchy polysaccharides, which help 
in  the  prevention of constipation (Patroti et al. 
2017). Constipation extremely  affects  life  and 
work productivity  and  poses  a  substantial  medical  
and economic burden, more so than irritable bowel 
syndrome and type 2 diabetes (Tomita et al. 2021). 
 

Dietary  fiber  promotes  health by the improv-
ing intestinal bacterial flora (Gill et al. 2021). Millet 
porridge  contains  23.86% amylose, which serves 
as a key component in the formation of resistant 
starch and increases Butyrivibrio, Desulfovibrio and 
Clostridium cellulolyticum bacteria, which can de-
grade  hemicellulose  and cellulose.  It also enhances 

the levels of short-chain fatty acids like acetate and 
butyrate in the colon (Palevich et al. 2019). Millet 
porridge helps in increasing water content of feces 
and prevents constipation, shortening the period of 
the initial melena excretion, promoting gastric emp-
tying, refining the rate of gastrointestinal impulsion, 
increasing the levels of Bifidobacterium and Lacto 
bacillus and  decreasing the levels of Bacteroides, 
Enterococcus and Escherichia coli in the intestine. 
These  results illustrate  that millet porridge  can 
modify the content of intestinal flora and  quicken 
intestinal motility (Chen et al. 2022).

Cardiovascular health

Millets  are  rich  in  potassium and magnesium, 
which help lower blood pressure and decrease the 
risk of heart attacks, particularly in cases of ath-
erosclerosis, by functioning as natural vasodilators. 
Millets also favor the development of cell structures 
due to phosphorus richness. Reducing blood pressure 
and optimizing  the  circulatory  system are the best 
ways to protect  cardiovascular  health  (Kimeera and 
Sucharitha  2019). Millets containing a high propor-
tion  of non-starchy  polysaccharides  and dietary 
fiber help lower  blood  cholesterol, thus lowering the  
frequency  of cardiovascular disease (Patroti et al. 
2017). Niacin from millet can help decrease choles-
terol in the blood stream ;  thus, regular consumption 
of whole grains rich in fiber decreases cardiovascular 
disease (Singh et al. 2022).

Sorghum (sorghum bicolor)

Sorghum is considered a promising food security 
crop and a remarkably rich source of bioactive com-
ponents, including phenolic acids, flavonoids and 
tannins (Sleem et al. 2024).  Sorghum is an excellent 
source of fat-soluble vitamins such as D, E and K, 
as well as B-complex vitamins including thiamine, 
riboflavin and pyridoxine, though it does not con-
tain vitamin B12 (De Morais-Cardoso et al. 2017). 
Various anthocyanins have been identified by Zhu 
(2018) in sorghum including 5-methoxyluteolinidin 
(0 to 154 mg/g), luteolinidin (ranging from 0 to 282 
mg/g), apigeninidin (0 to 166 mg/g) and 7-methoxy-
apigeninidin (0 to 137 mg/g). Sorghum’s potential 
health benefits are largely attributed to its abundance 



758

of phytochemicals, including tannins, phenolic acids, 
anthocyanins, phytosterols, and polycosanols. These 
compounds are rich in bioactive phenolics such as 
ferulic acid, gallic acid, vanillic acid, luteolin, api-
genin, and 3-deoxyanthocyanidins (Xu et al. 2021).
 

Sorghum provides slow-digesting starch, which 
may benefit satiety and attenuate glycemic response. 
Sorghum also contains a unique array of polyphe-
nols, which  are  associated  with  protection  against  
chronic  diseases linked to oxidative stress and 
inflammation  (Awika  2016).  Sorghum possesses 
stronger antioxidant properties compared to many 
other cereals, which is linked to a lower risk of de-
veloping certain cancers, cardiovascular conditions, 
diabetes  and obesity  (de Morais-Cardoso et al. 2017). 
Phenolics in sorghum exhibit numerous protective 
effects against multiple chronic diseases. Sorghum 
phenolics can maintain gastrointestinal homeostasis  
and  enhance  the microbial diversity and richness.  
Furthermore, sorghum phenolics exhibited GI anti-
cancer effects. Sorghum intake reduces intestinal ox-
idative stress and inflammatory mediators in humans 
(Sleem et al. 2024).

Proso millet (Panicum miliaceum L.)

It is regarded as the most extensively grown millet 
crop in regions such as the Northwestern United 
States, Northern China, Eastern Asia, Mongolia, 
Manchuria, Japan, India and parts of Eastern and 
Central Russia (Zhang et al. 2016). This crop is 
known for its resilience to drought and its ability to 
thrive in high-temperature  conditions  (Habiyaremye 
et al. 2017) and Proso millet is a nutrient-dense grain, 
packed with minerals, dietary fiber, polyphenols, 
proteins, and essential vitamins. Being naturally 
gluten-free, it is well-suited for individuals with 
gluten intolerance. It contains a significant amount of 
lecithin, which contributes to maintaining a healthy 
nervous system. Additionally, it is a rich source of 
vitamins such as niacin, B-complex vitamins and 
folic acid, along with key minerals like phosphorus, 
calcium,  zinc  and  iron and essential amino acids 
including methionine and cysteine. It possesses a 
low glycemic index and reduces the danger of type-2 
diabetes (Das et al. 2019). Proso millet in regular diets 
can lower cholesterol, TNFα, phytate, and increase 

HDL and adiponectin levels, which can reduce the 
risks of hormone-dependent cancers, CVD, and breast 
cancer (Habiyaremye et al. 2017). Proso millet con-
tains beta-carotene, which is converted into vitamin 
A in the body. This contributes to health, immune 
function and cell growth (Ahamed et al. 2019).

Pearl millet (Pennisetum glaucum (L.)
 
It is called as Bajra, and is mainly cultivated in 
Gujarat, Rajasthan, Maharashtra, Haryana and Ut-
tar Pradesh.  The iron content in pearl millet (6.42 
mg/100 g) was higher than that in other staple cere-
als. It comprises crude fiber, dietary fiber, minerals, 
and vitamins (Poshadri et al. 2019). Pearl millet 
has been labeled as a nutricereal due to antioxidant 
properties and high fatty acid, protein, fiber, and 
mineral contents (Kumar et al. 2018). Pearl millet is 
also  nutritionally superior and rich in micronutrients, 
and can mitigate malnutrition and hidden hunger 
(Satyavathi et al. 2021). Vitamin E and B-complexes 
are also present along with folate, magnesium, iron, 
copper and zinc. It has more energy than any other 
millet and contains a huge quantity of calcium and 
unsaturated fats (Saini et al. 2021).  Insoluble fiber 
helps in the reduction of excessive bile juice in the 
human digestive tract because excessive bile juice in 
the tract leads to gallstones (Shweta  2015).

Foxtail or Italian millet (Setaria italica)

Foxtail millet (Setaria italica L.) has been cultivated 
in China for over 8,000 years and is primarily found 
in Northern regions of China and India (Sachdev et al. 
2021). It is also commonly known around the world 
as Italian millet or German millet (Senevirathne et al. 
2021), and is extensively cultivated in the semi-arid 
and arid areas of Asia and Africa, as well as in some 
other economically developed countries of the world 
where it is more commonly used as feed for birds 
(Sharma and Niranjan 2017). The yellow-seeded 
cultivars of foxtail are medicinally used as astringent, 
digestive, emollient and stomachic agents, while 
the white-seeded cultivars of foxtail millet act as 
refrigerants and is utilized in managing conditions 
like cholera and fever and its green seeds are known 
for their diuretic properties. It is also used to treat 
dyspepsia and poor digestion. Foxtail millet, with a 
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sweet nutty flavor delivering a plethora of nutrients, 
is easy to digest and is allergy-free. Its protein con-
tent is twice as high as that of rice. Minerals such as 
iron and copper are also present in it (LaLonde and 
Jadeja  2018).  Foxtail millet has many health benefits, 
including antihypertensive (Chen et al. 2017). It is 
considered as healthy food as encourages gastrointes-
tinal health in China. Millets provide gastric mucosal 
protection (Lin et al. 2020).

Finger millet (Eleusine coracana)

Finger millet is commonly referred to as small millet 
(Ragi). This salt-tolerant plant is regarded as a major 
cereal crop following maize and is extensively culti-
vated in regions such as Eastern and Central Africa, 
India and Uganda (Satish et al. 2016). It is unique 
among cereal crops, namely barley, rye and oats, 
with higher nutritional content and has outstanding 
properties as a subsistence food crop, which is rich 
in protein (6–13%), minerals 2.5–3.5%, calcium 
(0.34%), dietary fibers (18%), phenolics (0.3–3%), 
and phytates (0.48%) (Chandra et al. 2016). Finger 
millet flour is used as a vehicle for zinc fortification to  
derive  an  additional amount of bio-accessible zinc 
with  good  storage  stability  and  zinc  deficiency 
combating power. They are tasty, with a nut-like fla-
vor, and are high in B-complex vitamins, including 
niacin, thiamine, and riboflavin (Patroti et al. 2017). 
Finger millet is popular because of its nutritional 
benefits. Its flakes are mostly used in baby food items 
because of presence of minerals, i.e., calcium, iron, 
and zinc (Kumar et al. 2020) and have high antiox-
idant activity; however, they contain less protein 
(6-8%) and fat (1.5-2%). Its grains have excellent 
malting properties and are widely known for their 
used as weaning food (Ambre et al. 2020). 

Barnyard millet 

Echinochloa esculenta is cultivated in the marginal 
lands of Andhra Pradesh and Uttarakhand, and is the 
richest source of calcium, which is about 10 times that 
of rice or wheat. The iron content in barnyard millet 
is also higher (5.0 mg/100 g) than that in other staple 
cereals. It comprises minerals, vitamins, crude fiber, 
and dietary fiber (Poshadri et al. 2019), thus, its intake 
reduces blood glucose and serum cholesterol levels. 

Barnyard millet contains approximately 15.6 to 18.6 
mg of iron per 100 grams of grain and the grain has 
a relatively low phytate content, ranging from 3.30 
to 3.70 mg per 100 grams (Renganathan et al. 2017, 
Panwar et al. 2016). 

Little millet (Panicum sumatrense)

Little millet is tetraploid species (2n = 4x = 36) of 
minor millets and is cultivated for its grain (Das et 
al. 2020). The crop is loaded with nutrients, such as 
dietary  fiber,  protein and minerals like iron 32.20 
ppm and zinc 32.40 ppm (Vetriventhan et al. 2021). 
Little millet is a nutrient-dense gluten-free grain. 
It contains fiber, minerals, and antioxidants, offers 
a range of health benefits, making it suitable for 
individuals with gluten sensitivity or celiac disease. 
Its consumption reduces diabetes, cardiovascular 
disease and cancer, aiding digestion and blood sugar 
regulation (Singh and Chaudhary 2023).

Buckwheat millet (Fagopyrum esculentum Mo-
ench)

Buckwheat is most popular millets and is called as 
Kuttu. It is diabetic-friendly and frequently consumed 
during the fasting period of Navratra. It is beneficial 
for cardiovascular health, for those who wish to lose 
weight, and for those suffering from blood pressure, 
gallstones, asthma, and breast cancer. Buckwheat is 
a storehouse of gluten-free nutrients, with profuse 
health benefits because of the presence of various 
bioactive compounds such as fatty acids, polyphenols, 
flavonoids, proteins, polysaccharides, saponins, and 
trace elements present in it (Choton et al. 2021). 
Buckwheat is a gluten-free crop known to contain 
carbohydrates, dietary fiber, proteins, omega 3, ome-
ga-6, important amino acids, phenolics  and vitamins. 
Moreover, it also comprises essential elements, such 
as zinc, copper, iron, phosphorus, manganese and 
magnesium, as well as a good quantity of antioxi-
dants and tannins (Ahmad et al. 2018). The proteins 
in buckwheat have high biological value because of 
a well-balanced amino acid with a good quality of 
lysine (Mahata 2018). Buckwheat and millets are un-
derutilized food crops that have received widespread 
attention, particularly with regard to the development 
of nutrient-rich health foods, owing to their numer-



760

ous nutritional, medicinal and antioxidant properties 
(Kumari et al. 2020).

Amaranth (Amaranthus caudatus L. & Amaran-
thus cruentus L.)

Amaranth has regained attention as a valuable food 
crop due to its resilience to drought, heat, pests and 
diseases, along with its impressive nutritional profile 
found in both its seeds and leaves. The grain is rich 
in dietary fiber and contains minimal saturated fats. 
Its oil is particularly notable for including beneficial 
fatty acids such as oleic, linoleic and linolenic acids. 
Additionally, the lipid portion of amaranth is rich 
in antioxidants like tocopherols, flavonoids, antho-
cyanins and other phenolic compounds, which help 
neutralize lipid peroxyl radicals. Its seeds are high 
in protein content and contain essential amino acids 
that are beneficial for human health. It possesses high 
levels of lysine and cysteine (Joshi and Verma 2020). 
The protein content in its grains has been claimed to 
be very close to the levels recommended by the FAO/
WHO because of the balance in the amino acid profile. 
The protein content in its leaves varies from 17.2 to 
32.6% based on the dry weight for various species 
(Murya and Pratibha 2018). Amaranth grains have 
been found to provide alternative ingredients for the 
development of food products other than wheat and 
other cereals for celiac patients (Martínez-Villaluenga 
et al. 2020).  		
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