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ABSTRACT ARTICLE HISTORY
Food security has become a major issue around the globe. Even today food is Received 30 March 2023
not accessible to every person of this world. United Nations has set a target Revised 10 July 2023
food for everyone by 2030, but still, we are very far away from the target. ~ Accepted 10 July 2023
Millets are four season crop, which is cultivated globally but post-green KEYWORDS

revolution era, their cultivation has significantly declined due to more accent- Green-revolution; Millets;
uation on rice, wheat and maize. The primary suppliers of carbohydrates on Humanity; Environment;
which humanity is dependent lack essential amino acids and minerals cardinal Food security; Antioxidants

for proper nutrition. This lack of nutrients in diet lifestyles welcomes numerous
diseases like cardiovascular diseases, obesity and diabetes. Millets are unique
for their richness in dietary fibers, antioxidants, protein, carbohydrates and fats.
The present global spectacle of climate alternate has forced us to sustain our
natural resources. In this case, millets are the ones that are cultivated in poor
sails. This review article reviews the beneficiaries of millet in contrast to human
health as certain polyphenols like catechin, and sinapic acid, polyphenols
found in millets have many sustaining health benefits like prevention against
arthritis, cardiovascular diseases, cancer, inflammation, and environment as
compared to our staple grains minimum water requirement, less fertile soils,
less usage of pesticides and fertilizers for millet cultivation provides many
nurturing benefits to our ecosystem. The incorporation of millet into the
daily diet of an individual might help in curing many health complications.

Introduction

An old saying “The rice eater is frictionless like a bird; the one that eats Jowar is powerful like a tiger; one that
eats Ragi remains nirogi.” Since Independence, India has made impressive progress in terms of growth,
education and achieving Universal health care has been a key goal since the IndianConstitution was
drafted. But considering, India’s growing malnutrition problem, both under-nutrition (vitamin,
mineral, and protein deficiencies) and over-nutrition (obesity, metabolic syndrome, and lifestyle
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diseases), there is a growing awareness of the need to move to healthier, more accessible, and
inexpensive diets that include millets. In addition to being naturally gluten-free and nutrient-dense,
millets are also a rich source of protein, essential fatty acids, dietary fiber, and vitamin. Millets are
known as “yesterday’s coarse grains and today’s nutri-cereals. Millets, four-season, tiny seeded turfs,
widely sown as grain crops, are among the ancient foods consumed by humans.!"!

Millets are considered cops of the future as they are resistant to the majority of pests and insects and
could easily be grown in harsher environments like arid and semi-arid zones in most parts of Asia and
Africa. Large populations in the Xeric and steppe climate zones rely on millets as a source of nutrition.
Millets are typically grown in regions where other major crops, such as wheat (Triticum aestivum), rice
(Oryza sativa), and maize (Zea mays), are unable to provide adequate support for sustainable agricultural
production.>” The crop has a number of advantageous characteristics, including rapid maturation,
resistance to stress and drought, and the capacity to be kept for an adequate amount of time without
being damaged by insects.*! Millets have been entirely ignored, especially since the Green Revolution era,
even though the bulk of the world’s population relies on wheat, rice, and maize as their primary source of
nutrition.”) Millets are recognized as “penurious people’s grains” or crop cereals.!®’ These grains are
cultivated because of their significance as both food and animal feed. The crop was previously ignored
because of changes in people’s eating habits and status symbols, but today these nutria crops are making
a powerful upturn in the world’s crop production sectors.”*!

There are different varieties of millets, for instance, sorghum/great millet; pearl millet (Pennisetum glaucum);
foxtail millet (Setaria italica), proso millet (Panicum miliaceum); finger millet (Eleusine corcana); Kodo millet
(Paspalumsetaceum); barnyard millet (Echinochloa spp.); and little millet (Panicum sumatrense).” ! Millets
are incredibly rich in vitamins, minerals, dietary fiber, calcium, and antioxidants. Methionine and cysteine, two
amino acids, are found in significant levels."? In contrast to other cereals, millets contain bioactive components
and a number of bioactive minerals.!*® In terms of the vitamins alpha-tocopherol, thiamine, riboflavin, niacin,
and folic acid, as well as the minerals calcium (Ca), phosphorus (P), magnesium (Mg), potassium (K), iron (Fe),
and manganese (Mn), they are exceptionally abundant in millets.""* Millets provide a plethora of health benefits,
including a reduction in the chance of developing diabetes, obesity,* cancer,"™ difficulties with the gastro-
intestinal tract (GIT),*' and cardiovascular diseases (CVDs).l'”) In addition, millets do not contain gluten, they
may be the best choice for people with celiac disease.!"®!

Millets are processed before ingestion to improve shelf life and nutritional value."” Traditional
clarification methods such as fermenting, malting, flaking, baking, cooking, and puffing are encouraged
to innovate millet-based value-added processed food items.*! Industrial methods that are used for
enhancing these grains are not properly modified as they lead to the loss of important nutrients.”") So,
the researchers should focus on high-yielding varieties of millet so that both the producer and the farmer
can make more money and get better nutrition.!"! Despite hopes that the world would emerge from the
COVID-19 pandemic in 2021 and food security would begin to improve, world hunger rose further in
2021. In 2021, hunger affected 278 million people in Africa, 425 million in Asia and 56.5 million in Latin
America and the Caribbean — 20.2, 9.1, and 8.6% of the population, respectively. While most of the world’s
undernourished people live in Asia, Africa is the region where the prevalence is highest.

Food security is an ongoing problem, and current staple foods are not sufficient to overcome challenges
such as the present COVID-19 pandemic. Though the United Nations have set a goal to remove hunger by
2030 in reality we are very far from achieving this target. Millets have the potential to become new staple
crops, especially in hunger hotspots. The world is facing agrarian as well as nutritional challenges.
Agricultural lands with irrigation facilities have been exploited to the maximum, and hence we need to
focus on dry lands to further increase grain production.”” Owing to low fertility, the utilization of dry lands
to produce sufficient quality grains is a big challenge. Millets as climate change-compliant crops score highly
over other grains like wheat and rice in terms of marginal growing conditions and high nutritional value.
These nutri-cereals abode vitamins, minerals, essential fatty acids, phytochemicals and antioxidants that can
help to eradicate the plethora of nutritional deficiency diseases. Millet cultivation can keep dry lands
productive and ensure future food and nutritional security.””! In light of the fact that the nutritional value
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Figure 1. Millets: health benefits, production, and challenges in India. Data were taken from various issues.’*"!

of the staple grains was insufficient to meet the immediate problems, such as the pandemic era, the
immunological advantages of millets proved to be of great assistance. Figure 1 is exhibiting health benefits,
production, and challenges related to millets in India.

With the declaration 0of 2023 as an “International millet year,” the research in the field of millets has increased
significantly. Within 2-3 months scientific domain have several articles on the processing and health benefits of
millet. So, a detailed study is much needed in this field which emphasizes the bioactive compounds of millets.

The main objective of this current review work was to determine environmental effects of millet.
Another objective was to find the various underlying reasons for the underestimation of highly
nutritious nutria cereals. Another objective was to find what could be the future approach of these
nutria cereals in terms of good disease-free health. One final objective was to find out the strategies for
introducing millet in prevailing agriculture.

Nutria cereals: a boon or bane for the environment

The outcome of an individual’s venture is one of the par-amounts of major global problems. Individual
ventures have generated many environmental problems. Poor government policies, rapid urbanization,
and inadequate agricultural practices have smashed the environment.”*) A polluted environment is
straightaway proportional to the nation’s economy; as a good eco-friendly atmosphere is required for
reliable wealth. And at present, the big challenge our country is facing is to feed the unstoppable enlarging
population with food that is not only nutritious but as an environmental savior.**! Considering the
pandemic situation, the changing environment along with the co-vid problem has seriously impacted
agricultural production which caused socioeconomic insecurities and health problems globally. A large
number of malnourished humans rely on agri-business for wealth, food, and shelter. The above situation
resulted in the value of current climate-resilient and low-yield grains with many traditional agricultural
applications.'””) Here, the founding millets contributed greatly to the malnourished as well as poor
population’s livelihood and food security. Recognizing this, the UN Food and Agriculture Organization
(FAO) has declared 2023 as the “International Year of Millets.”’**) However, millets are making a powerful
comeback and are called “multi-omics” resource generation.”?) More than 5000 plant varieties are
calculated as food plants, less than 20 plant species give the major nation’s food and the three main cereal
crops that are wheat, rice and maize provide approx. 60% of the calories from the daily menu.””? Orphan
crops perform better than the major crops in terms of climatic scenarios. Figure 2 shows a comparison
between the two types of crops i.e., millets and rice/wheat/maize.
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Figure 2. Comparison between two different types of crops.

Cultivation of millet

Cereal crops serve an abundant amount of major macro-nutrients and major nutrients which have
a consequential global warming potential.*® The global warming potential of Wheat and rice are around
4 tons of carbon-dioxide eq/ha which is the highest among all the important cereal crops. Wheat and rice
have a carbon emission for around 1000,956 kg C/ha.* In spite of their large discharge values, they are
majorly sown and are the main roots of nutrition for all overpopulation. Although carbon emission footprints
of millets and sorghum are comparably lower.*” So, for being in a safe eco-friendly environment and to
consume safe and nutritious food it is our primary duty to keep our planet cooler, and poison-free because we
know that if our planet warms up, it will lead to climate change and that will worsen our livelihood. So, the
millet could be a great alternative in terms of all situations. Table 1, shows the list of major millets crops, their
common and botanical name, properties, and their origin while Table 2 is the list of minor millet crops.
Table 3 is showing proximate nutritional content of millets, Table 4 is showing a comparison between millets
and staple crops, and Table 5 is showing the nutritive advantages of millet.

Bio-active components of millets

Millet grains hold a good quantity of bio-active compounds that involve polyphenols- (vanillic acid,
sinapic acid, coumaric acid), Flavonoids- (quercitin, luteolin, catechin, myricetin), tannins, photo-
sterols. These components possess numerous health benefits for sustaining a healthy life. Table 6 is
showing bio-active components along with their health benefits.
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Table 1. Major millets crops, their common and botanical name, properties, and their origin.

Millet
(Major Common Botanical Origin
Crop) name name Unique properties Production area in India References
Pearl Bajra Pennisetum  Grow in arid, semi-arid India (311
Millet glaucum regions Production area stands at first all over other
Rich source of vitamin B9 crops
High in omega-3 fatty acids.
Finger  Ragi Eleusine Drought tolerant due to Africa, South Asia (321
Millet coracana efficient antioxidant Production area stands sixth all over other
potential crops
The richest source of calcium
Highest dietary fiber
content.
Proso  Cheena Panicum Late-seeded summer crop.  China, Japan, Africa, India 1331
Millet miliaceum Heat tolerant crop Production area is one-third of the world's
population
Foxtail ~ Kangni Setaria Short life cycle Australia, south-eastern Europe, China. 341
Millet italica High water use efficiency Production area ranks second all over other
crops.

Table 2. Minor millets crops, their common and botanical name, properties and their origin.

Minor Common Origin
Crops Name Botanical Name Unique Properties Production area in India References
Barnyard Sawan Echinochloa spp. tall growing Asia, Japan, China, Korea, India References
Millet capacious fodder 4™ minor crop
India is the largest Producer.
Kodo Millet Cow grass,  Paspalum mainly grown in moist, shady South Asian countries [1635]
Kodo scrobiculatum places. _
long growth duration
Little Millet Samai, kutki  Panicum highly tolerant to moisture stress  India 13el
sumatrense and waterlogging 80% of production is in India
Guinea Bajra, babala Brachiaria potential as a grain crop B 1371
Millet deflexa
Browntop  korale Brachiaria fast maturing cereal crop India [38,39]
Millet ramosa
Sorghum  Bajra Sorghum bicolor extreme drought tolerant crop than America, Australia wol
other cereals In India, its production is in the
fifth position
Catechin

Catechin is a naturally occurring polyphenolic compound belonging to the flavonoid family. The rich
dietary source of catechin is green tea.'” The seed coat part of the millet is found rich in catechin.[**°!
The component has many health benefits that can be exerted through direct and indirect mechanisms.
The direct mechanism includes-Reactive Oxygen Scavenging (ROS) and the metal Chelating ions and the
indirect mechanism includes inhibiting anti-oxidant enzyme inducers, pre-oxidating enzyme inhibitors
and suppressing stress signaling pathways.*?) The free radical scavenging property of the compound is
due to the presence of a phenolic hydroxyl group present in its chemical structure. Hence, catechin
prevents the cells from damage caused by free radicals. The antioxidant activity of these compounds is
also credited to their ability to chelate metal ions that are also included in the formation of free radicals.
Thus, helps in the prevention of oxidative stress and many diseases like- diabetes, cancer, aging, and
cardiovascular diseases.® As indirect anti-oxidants, they undergo protein synthesis and signaling
pathways. Along with that, they regulate anti-oxidant enzymes like Superoxide dismutase (SOD),
Catalase (CAT), and Glutathione peroxidase (GSH) that possess a role in ROS scavenging which in
turn provide health benefits like cataracts, Alzheimer’s diseases, Parkinson’s disease. Catechins can
inhibit pre-oxidant enzymes- cyclooxygenase (COX), Xanthine oxidase (XO), and lipoxygenase. This
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Table 4. Nutritional and anti-nutritional comparison of major staple cereals.

Properties Wheat Rice Maize Millets (pearl millet)
Carbohydrate (g) 64.72 £ 0.74 74.80 + 0.85 64.77 £ 1.58 61.78 + .85
Protein (g) 10.59 + 0.60 09.16 + 0.75 08.80 + 0.49 1.96 £ .26
Fat (g) 1.47 £ 0.05 1.24 +0.08 377 £ 048 543 + .64
Dietary fiber (g) 11.23 £0.77 04.43 £ 0.54 12.24 £ 0.93 11.49 £ .62
Vitamins (pg) 30.09 + 0.07 11.51 £ 0.69 25.81 + 0.44 36.11 + .05
Polyphenol (mg) 80.24 + 0.13 70.08 + 0.02 - 102 £ .01
Minerals calcium (mg) 39.36 + 0.65 10.93 + 0.79 8.94 + 0.61 2735+ .16

Source: Indian Food Composition Tables, NIN — 2017 and *Nutritive value of Indian foods, NIN — 2007

antioxidant property helps in preventing the body from arthritis, and inflammation.”” They modulate
the interaction of the ligand with the receptor like tumor necrosis factor alpha (TNF-a) and also suppress
many oxidative relatives signaling pathways for the inflammation process.'°® Figure 3 is showing the
antioxidant behavior of the bio-active compound Catechin.

Sinapic acid

Sinapic acid is a bio-active phenolic compound that is known to exhibit anti-oxidant, anti-inflammatory,
anti-cancer, anti-mutagenic, neuro-protective and anti-bacterial properties. Inflammation plays an important
role in many chronic complications and Nrf2 contributes to the anti-inflammatory by regulating gene
expression through the antioxidant response element (ARE).”) Nrf2 signaling pathways lead to the inhibi-
tion of many inhibitory mediators and enzymes like cyclooxygenase (COX-2) and inducible nitric oxide
synthase (iNOS). Regulation of these enzymes plays a crucial role in anti-inflammation that leads to
inhibition of TNF-q, IL-1p, and COX-2 that prevents diseases like arthritis, epithelial neoplasms, and mucosa
skeletal system.[m] Matrix metalloproteinases are present in the extracellular matrix and are involved in many
pathological processes like cell proliferation, wound healing, differentiation, apoptosis and tumor-
metastasis.”" Cytokines are basically the peptides that play an important role in cell growth, and immune
function and are included in cell inflammation and wound healing chemokines are a family of cytokines,
which play an important role in the migration of inflammatory cells. These mediators are pro-inflammatory
mediators, exposure to oxidative stress results in the overproduction of cytokines which causes oxidative
stress in target cells. This stress further causes the activation of NF-kB and the activation of the Nrf2 signaling
pathway stops this cycle.m] Figure 4 represents the antioxidant behavior of sinapic acid.

Polyphenols (flavonoids and phenolic acids)

Millets like finger millet, kodo, foxtail and barnyard millet are rich in flavonoids and phenolic acids which
have high nutritional values in our diets. Various pieces of literature have shown that this phenolic acid and
flavonoids could be extracted by organic solvents (methanol, ether, ethanol, etc.). Further, various investiga-
tions have supported the nutritional benefits of these compounds for instance when these were given to mice
along with food it showed changes in the metabolism. It was found that these biomolecules impacted the
inflammatory factor, tumor necrosis factor, and also insulin secretion and signaling pathway. In cell lines, it
has shown a positive effect on apoptosis and enzymatic activity. Figure 5 is showing the extraction of
flavonoids and phenolic acids from various millets and their effect on the experimental animals or cell lines.

Processing of millet

Millet processing is one of the major steps because millets in the form of whole cereal grains cannot be
consumed uncooked form. To enhance the nutritive value and the survival life of the cereal, the millets
are processed by various methods. The major components of millets are — the pericarp, endosperm
and germ. Processing usually includes initial methods (dehulling, milling, wetting) and subsidiary
methods (fermentation, weaning/malting, parboiling, extrusion). Basically, the first step of processing
the cereals is to separate them from their inedible portion also called offal.”*”*!
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Table 6. Bio-active components along with their health benefits.

Bioactive Chief Millet
component Examples source Benefits References
Polyphenols  Hydroxycinnamic acids protocatechuric, Finger millet Prevents Arthritis, inflammation, (59
vanillic acidHydroxybenzoic acids- (BRAN LAYER) epithelial neoplasms, and neuro-
coumaric acid, snapic, ferulic acid degenerative orders.
Flavonoids Quercitin, catechin, tricin, luteolin, myricetin Pearl millet, Cyro-protective, anti-inflammation, (60l
Finger millet, anti-cancerous potential
Sorghum
(SEED COAT)
Tannins Polymers of flavon-3-ol Barnyard millet Rich in phosphorus (P), calcium o1l
(SEED COAT) (Ca)-osteo-malacia in adults,

Proso, foxtail
millet

Phyto-sterols  b-sito sterol, campestrol, stigmasterol

rickets in children

Prevents CVDs, heart attack, stroke [62]

Dehulling or decortication is the process that is used for offal (outer husk) removal from the
grain.””) Due to dehulling, there is a significant decrease in the availability of iron, zinc, and calcium. In
addition to this, there is a reduction in the mineral content also.”* In the case of milling, there is
a reduction in the size of the grain along with the removal of bran.!”®! By applying this processing
technique, a significant reduction in the vitamins and minerals has been noticed.””! Another proces-
sing method is fermentation where a particular bacterial/or yeast strain is grown over the mineral
grain under optimized conditions. By applying fermentation as a processing method a lowering in the
bioaccessibility of the nutrient has been found whereas an increase in the total phenolic content was
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observed.”>”®] Malting is another method of processing that includes a combination of a series of
steps like germination, drying, toasting, and sieving.””! From the various pieces of literature, it has
been observed that during malting the antioxidant properties and total phenolic content increase in
the millet while the tannin content decreases. In the extrusion method of processing, millets are
plasticized and cooked in an enclosed barrel with a single or two screws. The extrusion method
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De-hulling

Parboiling

Types of
processing of
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Figure 6. Steps involved in the processing of the millet.

involves feed transport, mixing, and forming as a unit operation. Due to the extrusion method, the
total flavonoid content of the millet decreases. This method also results in an increase in the break-
down of the lower compounds from the higher compounds. In the case of the parboiling method of
processing either while or dehulled grains having defined moisture content is mixed with hot sand.
This method of millet processing has resulted in increased micronutrient and phenolic content while
reduction in the protein’s digestibility. The steps involved in the processing of millet are shown below
in Figure 6, while Figure 7 shows the inference on nutritional values after the processing millet of
millet. There are several pieces of literature where it has been shown that the processing of millet leads
to the loss of several important nutritional values.

Recently, Gowda and their group have shown that the processing methods of millets change the
nutritional composition of millets. Here the investigators have mentioned the role of baking, germina-
tion, malting, soaking, fermentation, etc. in the inference of the nutritional value of millets.*"!

Recently, a team led by Kaur showed the effect of popping and malting processing methods on the
physicochemical, antioxidant, and antinutrient features of millet flour. Here the investigators took five
genotypes each of finger, and pearl millet, and sorghum and analyzed them after popping and malting
processing. All the nutritional features were studied in raw, popped, and malted millet flours. Further, the
investigators observed that after popping there was an increase in the crude protein and energy, while after
malting both values got decreased. In addition to this investigator also observed that the crude fiber content
decreased significantly in all the samples of popped and malted flours in comparison to raw flours. After
the processing of the raw millets, the total soluble carbohydrates increased significantly. The investigators
also observed an increase in the enzymatic activities of lipoxygenase and a-amylase after the malting of the
millet flours. Moreover, in comparison to raw flour, the alkaloids and antioxidants (FRAP, DPPH, and
ascorbic acid) increased after processing while the starch and amylose decreased. Moreover, investigators
also observed an increase in the total phenols and tannins and a lowering of antinutrients like phytic acid,
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Figure 7. Inference on nutritional properties changes during different processing methods adapted from."”!

saponins, and oxalic acid after processing. Finally, the investigators concluded that the homemade proces-
sing technique (popping and malting) is effective in the improvement of the nutritional composition and
antioxidant potential and in lowering the down of anti-nutritional compositions in all the millet variants.
The investigators further suggested the consumption of raw and processed pearl millet genotype PC-166 in
poor communities requiring nutritional feed, as this genotype was found suitable in terms of nutritional
and antioxidant potential. Moreover, the authors also concluded that processed millet flours could, be
suitable for the preparation of value-added materials.”” The summarized results of this investigation are
shown in Figure 8.

Supply chain of millets

The supply chain of millets involves five major aspects that are producers (farmers), FPOs
(aggregators or facilitators of the produce), processors (have own processing unit), retailers
(mandis, harts, local market), and finally the consumers (people living in both rural and urban
areas). Due to the lack of availability of efficient machinery for the processing of millets, which is
increasing the processing cost and low-quality end product the supply chain is disrupted.
Moreover, due to a lack of suitable market strategies to generate demand for value addition in
the farm gate and other setups in the sphere. This requires the need for suitable strategies to
promote the production of millet.

Strategies and government policies for uplifting millets

Mainstreaming millets in publicly funded programs that are introducing millets in the Public Distribution
System, making millets a part of (ICDS) Integrated child development care. Enhancing the role of the
private sector that is encouraging millet-based startups, providing seed support to the diversified products,
and more involvement of big companies like Britannia, (ITC) Imperial Tobacco Company in the promo-
tion of millets.
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Figure 8. Nutritional changes on the processed millet after popping and malting.

Planning for introducing millets into daily life

The modernized sedentary lifestyle related to many health problems had forced people toward healthy
and nutritious diets. Considering this in mind, millets are wonderful alternatives in terms of nutrition
as well as a healthy lifestyle. Millets are a storehouse of nutrition. After, the green revolution, suddenly
the millet’s use decreased because the aim of the revolt was securing the food surety, neglecting food
insecurity. The disadvantage of neglecting the millet led to several health issues worldwide. Presently,
millets are in a huge is the huge count of millet-based eatables and drinks devoured in many parts of
many countries. They are known as whole-grain foods, floor-based foods, and alcoholic and nonalco-
holic beverages.[s()] Table 7 is showing the application of millet in various dishes.

Uplifting of millet: strategies and approaches

Being multifunctional, the upliftment of millets is necessary. Figure 9 represents the multifunctional uses of millet.
There are several ways by which millet utilization in the daily diet could be uplifted which needs equal contribution
from the government, researchers, and marketing agencies. Figure 10 represents the strategies for uplifting millet.

Antinutrient profile of millets

In addition to the bioactive compounds, millets also produce antinutrients which are mainly phytochem-
icals produced by plants for their defense. These antinutrients affect nutrient absorption, which results in
reduced nutritional bioavailability and utilization. Investigators have shown that when millets are con-
sumed, uncooked, then these antinutritional phytochemicals may become detrimental or may pose serious
health issues like micronutrient malnutrition, nutritional deficiency and bloating. Majority of the plant and
plant products have antinutrients like phytates, oxalates, trypsin, tannins, and chymotrypsin inhibitors.
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Table 7. Millet-based dishes.

Types of food Dish Millets used References
Whole grain food Kichadi, porridge Little millet, finger millet, kodo millet, sorghum. 81
Foods made from flour Chapatis, dosa, idli, dumplings, Pearl millet, finger millet, foxtail millet, and little 131821
couscous millet
Alcoholic beverages ~ Opaque beers, busa, chhang, katikalla Pearl millet, finger millet, proso millet 172,831
Non-alcoholic Togwa, oskikundu Finger millet, pearl millet and malted sorghum 12984]
beverages

Figure 9. Represents the multifunctional uses of millet.

One of the major drawbacks of millets is that in comparison to rice and wheat millets have higher
antinutrient factors. When such antinutritional factors decrease the decreased bioavailability of minerals
and proteins due to metal chelation and enzyme inhibition. Finger millets were reported to have
polyphenols, tannins (0.61%), phytates (0.48%), trypsin inhibitors and oxalic acid which may interfere
with the bioavailability of micronutrients and protein digestibility. Several investigators reported that pearl
millet has goitrogenic compounds (derivatives of phenolic flavonoids, such as C-glycosyl flavones) and
their metabolites responsible for producing off odors in flours during storage.2*>5¢!

Significance of millets

The present study signifies the importance of millets in contrast to humans as well as our environment. The
bioactive components such as polyphenols like vanillic acid, coumaric acid, siapic acid, flavonoids like
coumaric acid, myristic acid, tannins, phytosterols like campesterol, and stigmasterol prevents inflamma-
tion, arteriosclerosis, cancer, osteomalacia, arthritis, and other degenerative diseases. Moreover, the study
emphasizes the better nutritional composition of millet compared to our staple grains rice and wheat. The
study also highlights the usage of millet as a savior of our environment against pollution, conserving our
natural resources. Furthermore, accepting and accelerating the use of millet and millet-based food items
like chapatis, idlis, chilla, sweets, and many other recipes would help in achieving stupendous health
benefits.*” -5
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Figure 10. Represents the strategies for Uplifting millet.

Conclusion

Whilst a grain called millets has legacy honor in India, still more emphasis has been given to rice, wheat and
maize production. Millets are small grain crops, cultivated on degraded poor soils. Over-reliance on cereals post-
green-revolution has completely left these grains unnoticed. These grains are still regarded as orphan crops.
Delinquent to the rapid sedentary habits and altering lifestyle, the necessity of healthy nutrition is missing which
leads to the onset of many health ailments like diabetes, cardiovascular diseases, obesity, gastrointestinal
disorders and malnutrition. Millet cultivation would provide twofold benefits. As they would help in conserving
resources by limiting the use of water, and the fertility of the soil and would help in ameliorating health benefits
to society. These grains are a highly rich source of carbohydrates, proteins, vitamins, fats, minerals, and
antioxidants. These grains are abundant in polyphenols like coumaric acid, sinapic acid, catechins, and
tocopherols which have many health benefits against many degenerative diseases. So, the addition of these
grains to the daily diet will help in drawing stupendous health benefits. Furthermore, the unification of millet-
based food items in international, national and state-level feeding programs will genuinely help to bridle the
subsisting nutrient deficiencies in developing nations. Increasing the use of these grains for a healthy lifestyle,
gluten-free substitute, farmer beneficiaries, and conservation of natural resources, there is an urgent need for
developing the processing technologies that will help in upgrading the shelf life of millets. Moreover, educating
the population about consuming these grains for a healthy, disease-free life. Advancement in these nutritious,
high-value grains will increase the immunity, health, and socio-economic status of the population.

Acknowledgments

The authors extend their appreciation to the Deanship of Scientific Research at King Khalid University (KKU) for
funding this research through the Research Group Program Under the Grant Number: (R.G.P.2/513/44). This work was
supported by the Mid-Career Researcher Program (grant no. 2020R1A2C3004237) through the National Research
Foundation of the Republic of Korea. The authors acknowledge the support provided by the Mody University of Science
and Technology, Lakshmangarh, Rajasthan, India.



INTERNATIONAL JOURNAL OF FOOD PROPERTIES ‘ 1837

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data availability statement

All the data are included within the article only.

References

(1]

Abbasi, Y. F; See, O. G; Ping, N. Y.; Balasubramanian, G. P.; Hoon, Y. C; Paruchuri, S. Diabetes Knowledge,
Attitude, and Practice Among Type 2 Diabetes Mellitus Patients in Kuala Muda District, Malaysia — a Cross-
Sectional Study. Diabetes Metab. Syndr: Clin. Res. Rev. 2018, 12, 1057-1063. DOI: 10.1016/j.dsx.2018.06.025.
Ahmed, S. M. U;; Luo, L.; Namani, A.; Wang, X. J; Tang, X. Nrf2 Signaling Pathway: Pivotal Roles in Inflammation.
Biochim. et Biophys. Acta (BBA) - Mol. Basis Dis. 2017, 1863(2), 585-597. DOI: 10.1016/j.bbadis.2016.11.005.
Alam, M. A,; Subhan, N.; Hossain, H.; Hossain, M.; Reza, H. M.; Rahman, M. M.; Ullah, M. O. Hydroxycinnamic
Acid Derivatives: A Potential Class of Natural Compounds for the Management of Lipid Metabolism and
Obesity. Nutr. Metab. 2016, 13(1), 27. DOI: 10.1186/s12986-016-0080-3.

Amadou, L; Gounga, M. E.; Le, G. W. Millets: Nutritional Composition, Some Health Benefits and Processing -
AReview. Emir. ]. Food Agric. 2013, 25(7), 501-508. DOI: 10.9755/ejfa.v25i7.12045.

Ayele, A.; Tarekegn, K. The Impact of Urbanization Expansion on Agricultural Land in Ethiopia: A Review.
Environ. Socio-econ. Studies. 2020, 8(4), 73-80. DOI: 10.2478/environ-2020-0024.

Babele, P. K; Kudapa, H.; Singh, Y.; Varshney, R. K; Kumar, A. Mainstreaming Orphan Millets for Advancing Climate
Smart Agriculture to Secure Nutrition and Health. Front Plant Sci. 2022, 13. DOI: 10.3389/fpls.2022.902536.

Bora, P.; Ragaee, S.; Marcone, M. Characterisation of Several Types of Millets as Functional Food Ingredients. Int.
J. Food Sci. Nutr. 2019, 70(6), 714-724. DOI: 10.1080/09637486.2019.1570086.

Braicu, C.; Ladomery, M. R;; Chedea, V. S.; Irimie, A.; Berindan-Neagoe, I. The Relationship Between the
Structure and Biological Actions of Green Tea Catechins. Food Chem. 2013, 141(3), 3282-3289. DOI: 10.1016/
j.foodchem.2013.05.122.

Carvalho, D. O.; Gongalves, L. M; Guido, L. F. Overall Antioxidant Properties of Malt and How They are
Influenced by the Individual Constituents of Barley and the Malting Process. Comprehensive Rev. Food Sci. Food
Safety. 2016, 15(5), 927-943. DOI: 10.1111/1541-4337.12218.

Catassi, C.; Verdu, E. F.; Bai, J. C.; Lionetti, E. Coeliac Disease. Lancet. 2022, 399(10344), 2413-2426. DOI: 10.
1016/S0140-6736(22)00794-2.

Chen, C. Sinapic Acid and Its Derivatives as Medicine in Oxidative Stress-Induced Diseases and Aging. Oxid.
Med. Cell Longev. 2016, 2016, 1-10. DOI: 10.1155/2016/3571614.

Dawson, I. K.; Powell, W.; Hendre, P.; Ban¢i¢, J.; Hickey, J. M.; Kindt, R.; Hoad, S.; Hale, I; Jamnadass, R. The
Role of Genetics in Mainstreaming the Production of New and Orphan Crops to Diversify Food Systems and
Support Human Nutrition. New Phytol. 2019, 224(1), 37-54. DOI: 10.1111/nph.15895.

Dayakar, B.; Bhaskarachary, R. K; Arlene, G. D.; Sudha, C. G;; Vilas, D.; Tonapi, A. Nutr. Health Benefits Millets. n.d.
Devi, P. B.; Vijayabharathi, R.; Sathyabama, S.; Malleshi, N. G.; Priyadarisini, V. B. Health Benefits of Finger
Millet (Eleusine Coracana L.) Polyphenols and Dietary Fiber: A Review. J. Food Sci. Technol. 2014, 51(6),
1021-1040. DOI: 10.1007/s13197-011-0584-9.

Devi, R.; Kaur, T.; Guleria, G.; Rana, K. L;; Kour, D.; Yadav, N.; Yadav, A. N.; Saxena, A. K. Chapter 9 - Fungal
Secondary Metabolites and Their Biotechnological Applications for Human Health. In New and Future
Developments in Microbial Biotechnology and Bioengineering; Rastegari, A. A., Yadav, A. N. Yadav, N., Eds,;
Elsevier, 2020; pp. 147-161. DOIL: 10.1016/B978-0-12-820528-0.00010-7.

Dykes, L.; Rooney, L. W. Sorghum and Millet Phenols and Antioxidants. J. Cereal Sci. 2006, 44(3), 236-251. DOL:
10.1016/j.jcs.2006.06.007.

Frona, D.; Szenderdk, J.; Harangi-Rékos, M. The Challenge of Feeding Theworld. Sustainability (Switzerland).
2019, 11(20), 5816. DOI: 10.3390/su11205816.

Gari, J. A. Girl With Fonio Rev. African Millet Diversity. n.d. https://www.fao.org/fileadmin/templates/esw/esw_
new/documents/Links/publications_other/6_millets.pdf

Gessaroli, M.; Frazzoni, L.; Sikandar, U.; Bronzetti, G.; Pession, A.; Zagari, R. M.; Fuccio, L.; Forchielli, M. L.
Nutrient Intakes in Adult and Pediatric Coeliac Disease Patients on Gluten-Free Diet: A Systematic Review and
Meta-Analysis. Eur. J. Clin. Nutr. 2023. DOI: 10.1038/s41430-023-01280-0.

Giridharan, B.; Sakthivel, V.; Vedamanickam, R.; Anandan, P.; Bupesh, G.; Vasanth, S. Study of Millet and
Non-Millet Diet on Diabetics and Associated Metabolic Syndrome Antiinflammatory Drugs View Project Study


https://doi.org/10.1016/j.dsx.2018.06.025
https://doi.org/10.1016/j.bbadis.2016.11.005
https://doi.org/10.1186/s12986-016-0080-3
https://doi.org/10.9755/ejfa.v25i7.12045
https://doi.org/10.2478/environ-2020-0024
https://doi.org/10.3389/fpls.2022.902536
https://doi.org/10.1080/09637486.2019.1570086
https://doi.org/10.1016/j.foodchem.2013.05.122
https://doi.org/10.1016/j.foodchem.2013.05.122
https://doi.org/10.1111/1541-4337.12218
https://doi.org/10.1016/S0140-6736(22)00794-2
https://doi.org/10.1016/S0140-6736(22)00794-2
https://doi.org/10.1155/2016/3571614
https://doi.org/10.1111/nph.15895
https://doi.org/10.1007/s13197-011-0584-9
https://doi.org/10.1016/B978-0-12-820528-0.00010-7
https://doi.org/10.1016/j.jcs.2006.06.007
https://doi.org/10.1016/j.jcs.2006.06.007
https://doi.org/10.3390/su11205816
https://www.fao.org/fileadmin/templates/esw/esw_new/documents/Links/publications_other/6_millets.pdf
https://www.fao.org/fileadmin/templates/esw/esw_new/documents/Links/publications_other/6_millets.pdf
https://doi.org/10.1038/s41430-023-01280-0

1838 (&) PRIYAETAL.

(23]
[24]

(25]

of Millet and Non-Millet Diet on Diabetics and Associated Metabolic Syndrome, Biomedicineonline.Org
Biomedicine. 2020.

Godfrey, W. H.; Kornberg, M. D. The Role of Metabolic Enzymes in the Regulation of Inflammation. Metabolites.
2020. DOLI: 10.3390/metabo10110426.

Habiyaremye, C.; Matanguihan, J. B.; D’Alpoim Guedes, J.; Ganjyal, G. M.; Whiteman, M. R.; Kidwell, K. K;
Murphy, K. M. Proso Millet (Panicum Miliaceum L.) and Its Potential for Cultivation in the Pacific Northwest,
U.S.: A Review. Front Plant Sci. 2017. DOI: 10.3389/fpls.2016.01961.

Hariprasanna, K. Kodo Millet, Paspalum Scrobiculatum L. Millets Sorghum. 2017, 199-225. DOI: 10.1002/
9781119130765.ch8.

Hotz, C.; Gibson, R. S. Traditional Food-Processing and Preparation Practices to Enhance the Bioavailability of
Micronutrients in Plant-Based Dietsl1. J. Nutr. 2007, 137(4), 1097-1100. DOI: 10.1093/jn/137.4.1097.

Jain, N.; Arora, P.; Tomer, R.; Mishra, S. V.; Bhatia, A.; Pathak, H.; Chakraborty, D.; Kumar, V.; Dubey, D. S;
Harit, R. C,, et al. Greenhouse Gases Emission from Soils Under Major Crops in Northwest India. Sci. Total
Environ. 2016, 542, 551-561. DOI: 10.1016/j.scitotenv.2015.10.073.

Jali, M. V; Kamatar, M. Y,; Jali, S. M.; Hiremath, M. B.; Naik, R. K. Efficacy of Value Added Foxtail Millet
Therapeutic Food in the Management of Diabetes and Dyslipidamea in Type 2 Diabetic Patients. Recent Res. Sci.
Technol. 2012, 4, 3-04.

John, D. A; Babu, G. R. Lessons from the Aftermaths of Green Revolution on Food System and Health. Front.
Sustain. Food Syst. 2021, 5. DOI: 10.3389/fsufs.2021.644559.

Kaushal, P.; Kumar, N. Processing of Cereals. In Agro-Processing and Food Engineering: Operational and
Application Aspects; Sharma, H. K. Kumar, N., Eds.; Springer Singapore: Singapore, 2022; pp. 415-454. DOL
10.1007/978-981-16-7289-7_10.

Kitabatake, N.; Gimbi, D. M.; Oi, Y. Traditional Non-Alcoholic Beverage, Togwa, in East Africa, Produced from Maize
Flour and Germinated Finger Millet. Int. J. Food Sci. Nutr. 2003, 54(6), 447-455. DOI: 10.1080/09637480120092053.
Kobayashi, E. H.; Suzuki, T.; Funayama, R.; Nagashima, T.; Hayashi, M.; Sekine, H.; Tanaka, N.; Moriguchi, T.;
Motohashi, H.; Nakayama, K.; et al. Nrf2 Suppresses Macrophage Inflammatory Response by Blocking
Proinflammatory Cytokine Transcription. Nat. Commun. 2016, 7(1). DOI: 10.1038/ncomms11624.
Krishnamoorthy, S.; Kunjithapatham, S.; Manickam, L. Traditional Indian Breakfast (Idli and Dosa) with
Enhanced Nutritional Content Using Millets. Nutr. Diet. 2013, 70, 241-246. DOI: 10.1111/1747-0080.12020.
Kumar, A.; Tomer, V.; Kaur, A; Kumar, V.; Gupta, K. Millets: A Solution to Agrarian and Nutritional Challenges.
Agric. Food Secur. 2018a, 7(1), 31. DOI: 10.1186/s40066-018-0183-3.

Choudhary, N.; Dhingra, N.; Gacem, A.; Yadav, V. K; Verma, R. K;; Choudhary, M.; Bhardwaj, U.; Chundawat,
R. S.; Algahtani, M. S; Gaur, R. K,, et al. Towards Further Understanding the Applications of Endophytes:
Enriched Source of Bioactive Compounds and Bio Factories for Nanoparticles. Front Plant Sci. 2023, 14. DOI: 10.
3389/pls.2023.1193573.

Kumar, S.; Bhati, J; Saha, A,; Lal, S. B.; Pandey, P. K;; Mishra, D. C.; Farooqi, M. S.; Kumar, A.; Chaturvedi, K. K.; Rai, A.
CerealEstdb: A Comprehensive Resource for Abiotic Stress-Responsive Annotated EST's with Predicted Genes, Gene
Ontology, and Metabolic Pathways in Major Cereal Crops. Front. Genet. 2022, 13. DOIL: 10.3389/fgene.2022.842868.
Lambert, J. D.; Hong, J.; Yang, G.; Liao, J.; Yang, C. S. Inhibition of Carcinogenesis by Polyphenols: Evidence
from Laboratory Investigations. Am. J. Clin. Nutr. 2005, 81(1), 2845-291S. DOI: 10.1093/ajcn/81.1.284S.

Lata, C; Gupta, S.; Prasad, M. Foxtail Millet: A Model Crop for Genetic and Genomic Studies in Bioenergy
Grasses. Crit. Rev. Biotechnol. 2013, 33(3), 328-343. DOI: 10.3109/07388551.2012.716809.

Lee, S. H,; 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. Nutr. Res. 2010, 30(4), 290-296. DOI:
10.1016/j.nutres.2010.04.007.

Lerner, A.; Freire de Carvalho, J.; Kotrova, A.; Shoenfeld, Y. Gluten-Free Diet Can Ameliorate the Symptoms of
Non-Celiac Autoimmune Diseases. Nutr. Rev. 2022, 80(3), 525-543. DOI: 10.1093/nutrit/nuab039.

Liaqat, L; Ali, N. M; Arshad, N.; Sajjad, S.; Rashid, F.; Hanif, U.; Ara, C,; Ulfat, M.; Andleeb, S.; Awan, U. F,, et al.
Gut Dysbiosis, Inflammation and Type 2 Diabetes in Mice Using Synthetic Gut Microbiota from Diabetic
Humans. Brazilian J. Biol. 2023, 83. DOI: 10.1590/1519-6984.242818.

Mabharajan, T.; Antony Ceasar, S.; Ajeesh Krishna, T. P.; Ignacimuthu, S. Finger Millet [Eleusine Coracana (L.)
Gaertn]: An Orphan Crop with a Potential to Alleviate the Calcium Deficiency in the Semi-Arid Tropics of Asia
and Africa. Front. Sustain. Food Syst. 2021, 5. DOI: 10.3389/fsufs.2021.684447.

Maitra, S;; Patro, T. S. S. K; Reddy, A.; Hossain, A.; Pramanick, B.; Brahmachari, K; Prasad, K; Santosh, D. T.; Mandal, M.;
Shankar, T., et al. Chapter 9 - Brown Top Millet (Brachiaria Ramosa L. Stapf; Panicum Ramosum L.)—A Neglected and
Smart Crop in Fighting Against Hunger and Malnutrition. In Neglected and Underutilized Crops; Farooq, M.
Siddique, K. H. M. Eds;Academic Press:2023; pp. 221-245. DOI: 10.1016/B978-0-323-90537-4.00012-0

Majid, A,; G, P. C. Millet Derived Bioactive Peptides: A Review on Their Functional Properties and Health
Benefits. Crit. Rev. Food Sci. Nutr. 2020, 60(19), 3342-3351. DOI: 10.1080/10408398.2019.1686342.

Malathi, B.; Appaji, C.; Rajender Reddy, G.; Dattatri, K.; Sudhakar, N. Growth Pattern of Millets in India. Indian
J. Agric. Res. 2016, 50(4), 382-386. DOI: 10.18805/ijare.v50i4.11257.


https://doi.org/10.3390/metabo10110426
https://doi.org/10.3389/fpls.2016.01961
https://doi.org/10.1002/9781119130765.ch8
https://doi.org/10.1002/9781119130765.ch8
https://doi.org/10.1093/jn/137.4.1097
https://doi.org/10.1016/j.scitotenv.2015.10.073
https://doi.org/10.3389/fsufs.2021.644559
https://doi.org/10.1007/978-981-16-7289-7_10
https://doi.org/10.1007/978-981-16-7289-7_10
https://doi.org/10.1080/09637480120092053
https://doi.org/10.1038/ncomms11624
https://doi.org/10.1111/1747-0080.12020
https://doi.org/10.1186/s40066-018-0183-3
https://doi.org/10.3389/fpls.2023.1193573
https://doi.org/10.3389/fpls.2023.1193573
https://doi.org/10.3389/fgene.2022.842868
https://doi.org/10.1093/ajcn/81.1.284S
https://doi.org/10.3109/07388551.2012.716809
https://doi.org/10.1016/j.nutres.2010.04.007
https://doi.org/10.1016/j.nutres.2010.04.007
https://doi.org/10.1093/nutrit/nuab039
https://doi.org/10.1590/1519-6984.242818
https://doi.org/10.3389/fsufs.2021.684447
https://doi.org/10.1016/B978-0-323-90537-4.00012-0
https://doi.org/10.1080/10408398.2019.1686342
https://doi.org/10.18805/ijare.v50i4.11257

(44]

(50]

(51]

(52]

(53]

(54]

(55]
[56]

(57]

INTERNATIONAL JOURNAL OF FOOD PROPERTIES ‘ 1839

Meena, R. P; Joshi, D.; Bisht, J. K; Kant, L. Global Scenario of Millets Cultivation. In Millets and Millet
Technology; Kumar, A., Tripathi, M. K., Joshi, D. Kumar, V., Eds.; Springer Singapore: Singapore, 2021; pp.
33-50. DOI: 10.1007/978-981-16-0676-2_2.

Muthamilarasan, M.; Prasad, M. Small Millets for Enduring Food Security Amidst Pandemics. Trends Plant Sci.
2021, 26(1), 33-40. DOI: 10.1016/j.tplants.2020.08.008.

Nambiar, V. S.; Sareen, N.; Shahu, T.; Desai, R.; Dhaduk, J. J.; Nambiar, S. Potential Functional Implications of
Pearl Millet (Pennisetum Glaucum) in Health and Disease, J. Appl. Pharm. Sci. 2011, 1(10), 62-67.

Nanje Gowda, N. A; Siliveru, K; Vara Prasad, P. V.; Bhatt, Y.; Netravati, B. P.; Gurikar, C. Modern Processing of Indian
Millets: A Perspective on Changes in Nutritional Properties. Foods. 2022, 11(4), 499. DOI: 10.3390/foods11040499.
Nishizawa, N.; Fudamoto, Y. The Elevation of Plasma Concentration of High-Density Lipoprotein Cholesterol in Mice Fed
with Protein from Proso Millet. Biosci. Biotechnol., Biochem. 1995, 59(2), 333-335. DOI: 10.1271/bbb.59.333.

Ogden, A. J; Abdali, S.; Engbrecht, K. M; Zhou, M.; Handakumbura, P. P. Distinct Preflowering Drought
Tolerance Strategies of Sorghum Bicolor Genotype RTx430 Revealed by Subcellular Protein Profiling. IJMS. 2020,
21(24), 9706-9717. DOI: 10.3390/ijms21249706.

Oghbaei, M.; Prakash, J.; Yildiz, F. Effect of Primary Processing of Cereals and Legumes on Its Nutritional
Quality: A Comprehensive Review. Cogent. Food Agric. 2016, 2(1). DOI: 10.1080/23311932.2015.1136015.
Paschapur, A. U,; Joshi, D.; Mishra, K. K;; Kant, L.; Kumar, V.; Kumar, A. Millets for Life: A Brief Introduction. In
Millets and Millet Technology; Kumar, A., Tripathi, M. K., Joshi, D. Kumar, V., Eds.; Springer Singapore:
Singapore, 2021; pp. 1-32. DOI: 10.1007/978-981-16-0676-2_1.

Popova, A.; Mihaylova, D. Antinutrients in Plant-Based Foods: A Review. Open Biotechnol. J. 2019, 13(1), 68-76.
DOI: 10.2174/1874070701913010068.

Rakha, A.; Umar, N,; Rabail, R; Butt, M. S; Kieliszek, M.; Hassoun, A.; Aadil, R. M. Anti-Inflammatory and
Anti-Allergic Potential of Dietary Flavonoids: A Review. Biomed. Pharmacother. 2022, 156, 113945. DOI: 10.
1016/j.biopha.2022.113945.

Ren, X,; Yin, R; Hou, D.; Xue, Y.; Zhang, M.; Diao, X;; Zhang, Y.; Wu, J.; Hu, J; Hu, X,, et al. The
Glucose-Lowering Effect of Foxtail Millet in Subjects with Impaired Glucose Tolerance: A Self-Controlled
Clinical Trial. Nutrients. 2018, 10(10), 1509. DOI: 10.3390/nu10101509.

Renganathan, V. G.; Vanniarajan, C.; Karthikeyan, A.; Ramalingam, J. Barnyard Millet for Food and Nutritional
Security: Current Status and Future Research Direction. Front. Genet. 2020, 11. DOI: 10.3389/fgene.2020.00500.
Riccardi, G.; Rivellese, A. A. Effects of Dietary Fiber and Carbohydrate on Glucose and Lipoprotein Metabolism
in Diabetic Patients. Diabetes Care. 1991, 14(12), 1115-1125. DOI: 10.2337/diacare.14.12.1115.
Rodriguez-Ramiro, I.; Martin, M. A.; Ramos, S.; Bravo, L.; Goya, L. Comparative Effects of Dietary Flavanols on
Antioxidant Defences and Their Response to Oxidant-Induced Stress on Caco2 Cells. Eur. J. Nutr. 2011, 50(5),
313-322. DOI: 10.1007/s00394-010-0139-2.

Rotela, S.; Borkar, S.; Borah, D. A. Health Benefits of Millets and Their Significance as Functional Food: A
Review. Pharma. Innov. 2021, 10(5), 158-162. DOI: 10.22271/tpi.2021.v10.i5¢.6192.

Ryan, E.; Galvin, K.; O’Connor, T. P.; Maguire, A. R.; O’Brien, N. M. Phytosterol, Squalene, Tocopherol Content
and Fatty Acid Profile of Selected Seeds, Grains, and Legumes. Plant Foods Human Nutr. 2007, 62(3), 85-91.
DOI: 10.1007/s11130-007-0046-8.

Sang, S.; Idehen, E.; Zhao, Y.; Chu, Y. Emerging Science on Whole Grain Intake and Inflammation. Nutr. rev.
2020, 78(Supplement_1), 21-28. DOI: 10.1093/nutrit/nuz079.

Sanjana Reddy, P. Pearl Millet, Pennisetum glaucum (L.) R. Br. Millets Sorghum. 2017, 49-86. DOI: 10.1002/
9781119130765.ch2.

Sanjana Reddy, P.; Satyavathi, C. T.; Khandelwal, V; Patil, H. T.; Gupta, P. C,; Sharma, L. D.; Mungra, K. D; Singh, S. P,;
Narasimhulu, R; Bhadarge, H. H.; et al. Performance and Stability of Pearl Millet Varieties for Grain Yield and
Micronutrients in Arid and Semi-Arid Regions of India. Front Plant Sci. 2021, 12, 12. DOIL: 10.3389/fpls.2021.670201.
Satyavathi, C. T.; Ambawat, S.; Khandelwal, V.; Srivastava, R. K. Pear] Millet: A Climate-Resilient Nutricereal for
Mitigating Hidden Hunger and Provide Nutritional Security. Front Plant Sci. 2021, 12. DOI: 10.3389/fpls.2021.659938.
Sharma, N.; Niranjan, K. Foxtail Millet: Properties, Processing, Health Benefits, and Uses. Food Rev. Int. 2018, 34
(4), 329-363. DOI: 10.1080/87559129.2017.1290103.

Shekhar, S.; Prasad, A. S.; Banjare, K; Kaushik, A.; Mannade, A. K; Dubey, M.; Patil, A;; Premi, V;
Vishwakarma, A. K.; Sao, A.; et al. LMTdb: A Comprehensive Transcriptome Database for Climate-Resilient,
Nutritionally Rich Little Millet (Panicum Sumatrense). Front Plant Sci. 2023, 14. DOI: 10.3389/fpls.2023.1106104.
Shobana, D. R.; Nazni, P. Effect of Processing on the Characteristics Changes in Barnyard and Foxtail Millet.
J. Food Process. Technol. 2016a, 07(3). DOI: 10.4172/2157-7110.1000566.

Sicakova, A. Methods of Strengthening the Grains of Recycled Aggregates. IOP Conf. Ser Mater. Sci. Eng. 2022,
1252, 012057. DOI: 10.1088/1757-899x/1252/1/012057.

Sukumaran Sreekala, A. D.; Anbukkani, P.; Singh, A.; Dayakar Rao, B.; Jha, G. K. Millet Production and
Consumption in India: Where Do We Stand and Where Do We Go? Natl. Acad. Sci. Lett. 2023, 46(1), 65-70.
DOI: 10.1007/s40009-022-01164-0.


https://doi.org/10.1007/978-981-16-0676-2_2
https://doi.org/10.1016/j.tplants.2020.08.008
https://doi.org/10.3390/foods11040499
https://doi.org/10.1271/bbb.59.333
https://doi.org/10.3390/ijms21249706
https://doi.org/10.1080/23311932.2015.1136015
https://doi.org/10.1007/978-981-16-0676-2_1
https://doi.org/10.2174/1874070701913010068
https://doi.org/10.1016/j.biopha.2022.113945
https://doi.org/10.1016/j.biopha.2022.113945
https://doi.org/10.3390/nu10101509
https://doi.org/10.3389/fgene.2020.00500
https://doi.org/10.2337/diacare.14.12.1115
https://doi.org/10.1007/s00394-010-0139-2
https://doi.org/10.22271/tpi.2021.v10.i5c.6192
https://doi.org/10.1007/s11130-007-0046-8
https://doi.org/10.1093/nutrit/nuz079
https://doi.org/10.1002/9781119130765.ch2
https://doi.org/10.1002/9781119130765.ch2
https://doi.org/10.3389/fpls.2021.670201
https://doi.org/10.3389/fpls.2021.659938
https://doi.org/10.1080/87559129.2017.1290103
https://doi.org/10.3389/fpls.2023.1106104
https://doi.org/10.4172/2157-7110.1000566
https://doi.org/10.1088/1757-899x/1252/1/012057
https://doi.org/10.1007/s40009-022-01164-0

1840 PRIYA ET AL.

[69]

(70]

(71]

(72]

(73]

(74]

Tadele, Z. Drought Adaptation in Millets. In Abiotic and Biotic Stress in Plants; Shanker, A. K. Shanker, C., Eds.;
IntechOpen: Rijeka, 2016; Ch. 26. DOI: 10.5772/61929.

Tan, D.; Adedoyin, F. F; Alvarado, R.; Ramzan, M.; Kayesh, M. S.; Shah, M. I. The Effects of Environmental
Degradation on Agriculture: Evidence from European Countries. Gondwana Res. 2022, 106, 92-104. DOL: 10.
1016/.gr.2021.12.009.

Taylor, J. R. N.; Duodu, K. G. Effects of Processing Sorghum and Millets on Their Phenolic Phytochemicals and
the Implications of This to the Health-Enhancing Properties of Sorghum and Millet Food and Beverage Products.
J. Sci. Food Agric. 2015, 95(2), 225-237. DOI: 10.1002/jsfa.6713.

Taylor, J. R. N.; Emmambux, M. N. 6 - Gluten-Free Foods and Beverages from Millets. In Gluten-Free Cereal
Products and Beverages; Arendt, E. K. Dal Bello, F., Eds.; Academic Press: San Diego, 2008; 119-V. DOI: 10.1016/
B978-012373739-7.50008-3.

Triki, T.; Tlahig, S.; Benabderrahim, M. A,; Elfalleh, W.; Mabrouk, M.; Bagues, M.; Yahia, H.; Belhouchette, K;
Guasmi, F.; Loumerem, M., et al. Variation in Phenolic, Mineral, Dietary Fiber, and Antioxidant Activity Across
Southern Tunisian Pearl Millet Germplasm. J. Food Qual. 2022, 2022, 1-11. DOI: 10.1155/2022/1437306.
Tye-Din, J. A.; Daveson, A. ]J. M; Goel, G.; Goldstein, K. E; Hand, H. L.; Neff, K. M.; Popp, A.; Taavela, J;
Maki, M.; Isola, J., et al. Efficacy and Safety of Gluten Peptide-Based Antigen-Specific Inmunotherapy (Nexvax2)
in Adults with Coeliac Disease After Bolus Exposure to Gluten (RESET CeD): An Interim Analysis of
a Terminated Randomised, Double-Blind, Placebo-Controlled Phase 2 Study. Lancet Gastroenterol. Hepatol.
2023, 8(5), 446-457. DOI: 10.1016/S2468-1253(22)00428-9.

Ugare, R; Chimmad, B.; Naik, R; Bharati, P.; Itagi, S. Glycemic Index and Significance of Barnyard Millet
(Echinochloa Frumentacae) in Type II Diabetics. J. Food Sci. Technol. 2014, 51(2), 392-395. DOI: 10.1007/
s13197-011-0516-8.

White, L. E;; Bannerman, E.; Gillett, P. M. Coeliac Disease and the Gluten-Free Diet: A Review of the Burdens;
Factors Associated with Adherence and Impact on Health-Related Quality of Life, with Specific Focus on
Adolescence. J. Hum. Nutr. Diet. 2016, 29(5), 593-606. DOI: 10.1111/jhn.12375.

Woomer, J. S.; Adedeji, A. A. Current Applications of Gluten-Free Grains - a Review. Crit. Rev. Food Sci. Nutr.
2021, 61(1), 14-24. DOI: 10.1080/10408398.2020.1713724.

Yang, R; Shan, S.; Zhang, C; Shi, J.; Li, H.; Li, Z. Inhibitory Effects of Bound Polyphenol from Foxtail Millet Bran
on Colitis-Associated Carcinogenesis by the Restoration of Gut Microbiota in a Mice Model. J. Agric. Food.
Chem. 2020, 68(11), 3506-3517. DOI: 10.1021/acs.jafc.0c00370.

Yano, A.; Takakusagi, M.; Oikawa, K.; Nakajo, S.; Sugawara, T. Xanthophyll Levels in Foxtail Millet Grains According
to Variety and Harvesting Time. Plant Prod. Sci. 2017, 20(1), 136-143. DOIL: 10.1080/1343943X.2016.1246347.
Yousaf, L; Hou, D.; Liagat, H.; Shen, Q. Millet: A Review of Its Nutritional and Functional Changes During
Processing. Food Res. Int. 2021, 142, 110197. DOI: 10.1016/j.foodres.2021.110197.

Zaveri, N. T. Green Tea and Its Polyphenolic Catechins: Medicinal Uses in Cancer and Noncancer Applications.
Life Scie. 2006, 78(18), 2073-2080. DOI: 10.1016/.1fs.2005.12.006.

Kumar, S.; Kotwal, N. Millets (Shrianna) and Lifestyle Diseases: A Healing Touch. Med ] Armed Forces India,
2023, 79(3), 249-252. DOI: 10.1016/j.mjafi.2023.04.001.

Tagade, A.; Sawarkar, A. N. Valorization of Millet Agro-Residues for Bioenergy Production Through Pyrolysis:
Recent Inroads, Technological Bottlenecks, Possible Remedies, and Future Directions. Bioresources Technol.
2023, 384, 129335. DOI: 10.1016/j.biortech.2023.129335.

Senghor, Y.; Balde, A. B;; Manga, A. G. B;; Aftholder, F.; Letourmy, P.; Bassene, C.; Kanfany, G.; Ndiaye, M.; Couedel,
A, Leroux, L. et al. Intercropping Millet with Low-Density Cowpea Improves Millet Productivity for Low and
Medium N Input in Semi-Arid Central Senegal. Heliyon. 2023, 9(7), €17680. DOI: 10.1016/j.heliyon.2023.e17680.
Choudhary, N; Tandi, D.; Verma, R. K; Yadav, V. K,; Dhingra, N.; Ghosh, T.; Choudhary, M.; Gaur, R. K;; Abdellatif,
M. H.; Gacem, A. et al. A Comprehensive Appraisal of Mechanism of Anti-CRISPR Proteins: An Advanced Genome
Editor to Amend the CRISPR Gene Editing. Front Plant Sci. 2023, 14. DOI: 10.3389/fpls.2023.1164461.

Wang, W.; Duan, F.; Zhang, J.; Nie, Y.; An, C.-B. Gender Differences in Millet Consumption in Arid Inner Asia
During the Iron Age Documented by Stable Isotopes: A Case Study from Shihuyao, Xinjiang. Quat Sci Rev. 2023,
312, 108187. DOI: 10.1016/j.quascirev.2023.108187.

Zhu, Y.; Xie, F.; Ren, J; Jiang, F.; Zhao, N.; Du, S. Structural Analysis, Nutritional Evaluation, and Flavor
Characterization of Parched Rice Made from Proso Millet. Food Chem. X. 2023, 19, 100784. DOL: 10.1016/j.fochx.
2023.100784.

Dharshini, S. S.; Meera, M. Effect of Popping and Milling on Physical, Chemical, Structural, Thermal Properties
and Angle of Repose of Amaranth Seed (Amaranthus Cruentus L.) and Finger Millet (Eleusine Coracana L.
Gaertn) from Udhagamandalam. Applied Food Research. 2023, 3(2), 100306. DOI: 10.1016/j.afres.2023.100306.
Sachdev, N.; Goomer, S.; Singh, L. R; Pathak, V. M.; Aggarwal, D.; Chowhan, R. K. Current Status of Millet Seed
Proteins and Its Applications: A Comprehensive Review. Appl Food Res. 2023, 3(1), 100288. DOI: 10.1016/j.afres.
2023.100288.


https://doi.org/10.5772/61929
https://doi.org/10.1016/j.gr.2021.12.009
https://doi.org/10.1016/j.gr.2021.12.009
https://doi.org/10.1002/jsfa.6713
https://doi.org/10.1016/B978-012373739-7.50008-3
https://doi.org/10.1016/B978-012373739-7.50008-3
https://doi.org/10.1155/2022/1437306
https://doi.org/10.1016/S2468-1253(22)00428-9
https://doi.org/10.1007/s13197-011-0516-8
https://doi.org/10.1007/s13197-011-0516-8
https://doi.org/10.1111/jhn.12375
https://doi.org/10.1080/10408398.2020.1713724
https://doi.org/10.1021/acs.jafc.0c00370
https://doi.org/10.1080/1343943X.2016.1246347
https://doi.org/10.1016/j.foodres.2021.110197
https://doi.org/10.1016/j.lfs.2005.12.006
https://doi.org/10.1016/j.mjafi.2023.04.001
https://doi.org/10.1016/j.biortech.2023.129335
https://doi.org/10.1016/j.heliyon.2023.e17680
https://doi.org/10.3389/fpls.2023.1164461
https://doi.org/10.1016/j.quascirev.2023.108187
https://doi.org/10.1016/j.fochx.2023.100784
https://doi.org/10.1016/j.fochx.2023.100784
https://doi.org/10.1016/j.afres.2023.100306
https://doi.org/10.1016/j.afres.2023.100288
https://doi.org/10.1016/j.afres.2023.100288

	Abstract
	Introduction
	Nutria cereals: a boon or bane for the environment
	Cultivation of millet
	Bio-active components of millets
	Catechin
	Sinapic acid
	Polyphenols (flavonoids and phenolic acids)


	Processing of millet
	Supply chain of millets
	Strategies and government policies for uplifting millets

	Planning for introducing millets into daily life
	Uplifting of millet: strategies and approaches
	Antinutrient profile of millets
	Significance of millets

	Conclusion
	Acknowledgments
	Disclosure statement
	Data availability statement
	References

