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ABSTRACT

Climate change, water scarcity, population growth, rising food prices, and other socioeconomic
repercussions are anticipated to pose a serious danger to agriculture and global food security in the
twenty-first century, especially for the world's poorest residents of arid and subarid countries. We
must concentrate on dry lands in order to significantly boost the production of grains because
agricultural fields with irrigation systems have been fully utilized. It is difficult to use arid areas to
produce sufficient quality grains because of their poor productivity. The most important source of
food in the world is cereal grains, which also play an important part in the global diet of people. In
the semiarid tropics of Africa and Asia, millet is one of the most significant drought-resistant crops
and is a major source of carbohydrates and proteins for the local population. Additionally, millet
grain is currently attracting more interest from food scientists, technologists, and nutritionists due to
its significant contribution to national food security and potential health advantages. The

*Corresponding author: Email: sharancheema708@gmail.com;

Cite as: Cheema, Sharandeep Singh, Vijay Kumar, Anshu, Aditya, and V.D. Ebenezer. 2024. “A Critical Review on Millets
(Superfood of All Time): Importance, Challenges and Opportunities”. Archives of Current Research International 24 (5):745-57.
https://doi.org/10.9734/acri/2024/v24i5750.


https://doi.org/10.9734/acri/2024/v24i5750
https://www.sdiarticle5.com/review-history/118169

Cheema et al.; Arch. Curr. Res. Int., vol. 24, no. 5, pp. 745-757, 2024; Article no.ACRI.118169

phytochemicals found in millet grains have a beneficial impact on human health by reducing
phytates and cholesterol levels. The quest for substitute grains is necessary to relieve the pressure
caused by the frenetic demands on cereals and their uses in numerous industries. The performance
improved when pearl and finger millets were substituted for maize in the diets of several animals. In
terms of poor growth conditions and high nutritional value, millets outperform other grains like wheat
and rice as crops that are climate change compliant. These strategies will aid in the fight against
hunger and malnutrition while also providing monetary benefits to the millet growers and other

stakeholders.
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1. INTRODUCTION

“The world's population is projected to grow to
9.1 billion people by 2050” [1]. “It is obvious that
urgent action is required to ensure increased
food supply and food security considering the
restricted land resources [2,3]. Food security has
grown more important on both the international
and domestic fronts as a result of the global
supply, economic growth, and rising population in
emerging countries. Two of the largest difficulties
facing the modern world are addressing hunger
and feeding the planet's population. Conflicts,
insufficient production of food, imbalances in
supply and demand, and shortages in the supply
of micro- and macronutrients are some of the
causes of this problem causing global instability
in a number of places” [4,5,6]. “The concept of
food security encompasses both sustained
access to wholesome nutrition as well as
consistent access to physical food availability.
Food insecurity is first divided into two categories
by the Food and Agriculture Organization (FAO):
moderate (limited access to food results in
poorer dietary quality, eating patterns, health,
and wellbeing) and severe (running out of food,
experiencing hunger, and having health and
wellbeing at severe risk) security [7]. The threat
of climate change and global warming persists
even while some of these causes of hunger can
be addressed, resulting in a marginal decrease in
the number of people suffering from hunger and
malnutrition from about one billion in 1990-1992
to 850 million in 2010-2012" [1]. “Estimates
indicate that by 2050, 2-3 billion people may
experience hunger and other food and nutritional
insecurities due to the decline in food production
rates and the additional burden of feeding a
population greater than 9 billion” [8]. “Crop vyields,
crop production, and the overall sustainability of
our food systems are all said to be directly
impacted by climate change and rising world
average temperatures [9,10]. At both the macro
and micro levels, ensuring food and nutrition
security for India's enormous and diverse
population is a challenge, and work has been

done on numerous fronts. There is no question
that significant efforts have been undertaken
recently to achieve food and nutrition security in
India, and the advancements made cannot be
disputed. However, unless concerted efforts are
made, food insecurity and malnutrition appear to
be continuing and may get worse in the near
future. So, the goal of sustainable improvement
in food and nutrition security continues to be the
main objective. According to some estimates, a
few places may gain from climate change
because of higher production and yields, but this
would not be enough to feed the growing
population around the world” [11]. “Furthermore,
the majority of scientists concur that crop output
would be severely decreased by the current rates
of global warming and greenhouse gas
emissions [12,13,14]. Therefore, ensuring food
security depends greatly on  reducing
greenhouse gas emissions in order to control
global temperatures. However, one of the main
sources of greenhouse gases like methane in the
environment is the agriculture industry. Intensive
agricultural practices, which are practised in
various parts of the world, typically result in
higher emissions” [15]. “In addition to being a
large source of macronutrients including
carbohydrates, lipids, and proteins, cereal crops
also have a sizable potential to contribute to
global warming. Wheat has the biggest global
warming potential of all the major cereal crops,
with an estimated 4 tonnes CO:2 eg/ha, followed
by rice and maize (an estimated 3.4 tonnes CO:
eg/ha). Additionally, the carbon equivalent
emissions from these crops are considerable,
with an average of 1000, 956, and 935 kg C/ha
for wheat, rice, and maize, respectively” [16].
“They are widely cultivated and the main sources
of nutrition for the entire world's population
despite having greater emission rates [17,18,19].
Other minor cereal crops, including millet and
sorghum, have significantly lower carbon
footprints. This is one of the primary reasons why
millets could be one of the crops that reduce the
global carbon footprint” [20]. “Improved nutritional
security can also be achieved by diversifying the
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agricultural system and using drought-resistant
crops. A class of coarse grain cereals known as
millets can be very helpful in achieving this.
Millets are a group of diverse small-grain cereal
crops grown belonging to the Poaceae grass
family and are considered one of the oldest
cultivated crops. They are composed of up to a
dozen crop species, mostly from developing
nations in Asia and Africa”. “Ninety-seven
percent of millet is produced in developing
nations, making millet significant crops in the
semiarid tropical regions of Asia and Africa” [21].
“Despite significant pressure from
competing crops in terms of regulations and
production support, India is the world's largest
producer of millets, generating approximately
40% of the millets consumed worldwide. In
temperate, subtropical, and tropical latitudes, the
crop is primarily farmed on marginal lands in
arid locations.[ The crop is preferred because of
its yield and brief growth season in hot,
dry conditions. Throughout human history,
millets have played a significant role as a staple
meal, especially in Asia and Africa. Since
millets are Cs plants, they have a much more
efficient photosynthetic system than Cs plants
like rice and wheat. The majority of millet
grains are now commonly referred to as "Nutri-
cereals" because they have higher protein, fibre,
calcium, and mineral contents than the
widely consumed grains of rice and wheat. For
the past 10,000 years, East Asia has been
cultivating them. Millets are native to many
regions of the world, and pearl millet is the
variety that is grown the most widely. It is a
significant crop in India and several regions of
Africa”[22]]. “The most significant species of
millet in terms of cultivated land and contributions
to food security in areas of Africa and Asia is
pearl millet. The most significant varieties include
foxtail, finger, proso, and pearl millet. Pearl millet
accounts for roughly half of the world's millet
production. In developed nations and some
regions of Asia, proso millet is utilized for food
and as bird seed. The crop of foxtail millet is
significant in China and Eastern Europe” [23]. In
the colder, higher-altitude regions of Africa and
Asia, finger millet is widely grown as a food crop
and used as a popular ingredient in traditional
beer. The other species—barnyard, kodo, and
little millets, as well as folios and teff—are
regionally or internationally significant food
grains. The physical traits, qualitative
characteristics, soil, climate requirements, and
growth cycles of the various species vary. The
scientific and common names of various millets
vary depending on the place in which they are

grown, and these millets are grown in various
parts of the world and require different growth
conditions (Table 1). “Every day, millions of
people consume rice, wheat, maize, and, to a
lesser extent, millet as their primary sources of
nourishment. The growth pattern of these crops
is determined by temperature and water
availability” [20]. “While wheat is mostly grown in
regions that have restricted water supplies and
suitable temperatures, rice and maize are grown
where there is a plentiful supply of water.
Sorghum and millets are cultivated in regions
with limited water supplies. Due to its resilience
to biotic and abiotic challenges and its large
production on low-quality lands with little input,
millets can even be grown in semi-arid and arid
areas” [24]. Millets could be crucial functional
foods for the prevention of non-communicable
diseases because they are a rich source of
antioxidants, fibre, and essential and non-
essential amino acids, vitamins, and minerals.
This review aims to provide detailed nutritional
composition of millet and its benefits to
humans and livestock, need of growing millets,
various constraints and perspectives associated
with it.

Nutritional Importance: “There are plenty of
chronic diseases and health problems in the
world today. According to the 2016 Global
Nutrition Report, in 129 nations (countries with
data available), 44% of the population suffers
from very serious levels of undernutrition, adult
overweight, and obesity” [25]. “The maijority of
these disorders are caused by nutrient
imbalances in the diet. United Nations Food and
Agriculture Organization estimates that 7.9% of
the world's population, or 795 million people,
were undernourished in 2015. However, more
than 1.9 billion adults under the age of 18 (or
39% of the world's population) were reported to
be overweight, and another 13% to be obese”
[1]. “The World Health Organization has
previously classified obesity-related problems
like diabetes and cardiovascular disease as an
epidemic” [26]. “The majority of undernourished
people in the world reside in India. Globally,
469,000 deaths were attributed to protein energy
malnutrition (PEM), while 84,000 deaths were
attributed to a lack of other essential nutrients as
iron, iodine, and vitamin A” [27]. With a
prevalence incidence of 11% for men and 15%
for women, obesity is a significant public health
issue in India. Because millets are a great source
of several essential elements, they offer an extra
benefit in the fight against nutrient deficiencies in
third-world countries.
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Table 1. Scientific names, common names and growing conditions required for cultivation of different types of Millet around the world

Type of Millets Scientific Name Common Name Growing Conditions References

Pearl Millet Pennisetum typhoides Bulrush millet Dry climates, marginal soils, Rainfall 200-500 mm [28,29]

Finger Millet Eleusine coracona Birds’ food millet or Resist higher temperatures and salt, with a soil pH [30,31]
African millet range of 5 to 8.2 and a moderate amount of rainfall.

Porso Millet Panicum miliaceum Common millet, hog Less water, Rainfall less than 600 mm, average [32,33]
millet, broom corn, temperature 17 -C during daytime

yellow hog, Hershey
and white millet

Foxtail Millet Setaria italic Italian millet, German Less water, short duration [34,35]
millet, or hay millet
Barnyard Millet Echinochloa crusgalli Drought tolerant, rapid maturation rate [36,37]
var. Frumentacea
Kodo Millet Paspalum scorbiculatum High drought resistance, Good yields, period of 80—  [38,39,40]
135 days

Table 2. Nutrient composition of millets in comparison to fine cereals (per 100 g)

Food grain Carbohydrates (g) Protein (g) Fat Energy Crude Mineral Calcium Phosphorus Iron
@) (KCal) fibre (g) matter (g) (mg) (mg) (mg)
Sorghum 72.6 10.4 1.9 349 1.6 1.6 25 222 4.1
Pearl millet 67.5 11.6 5.0 361 1.2 2.3 42 296 8.0
Finger millet 72.0 7.3 1.3 328 3.6 2.7 344 283 3.9
Little millet 67.0 7.7 4.7 341 7.6 1.5 17 220 9.3
Kodo millet 65.9 8.3 1.4 309 9.0 2.6 27 188 0.5
Foxtail millet 60.9 12.3 4.3 331 8.0 3.3 31 290 2.8
Barnyard millet 65.5 6.2 2.2 307 9.8 4.4 20 280 5.0
Proso millet 70.4 12.5 1.1 341 2.2 1.9 14 206 0.8
Wheat (whole) 71.2 11.8 1.5 346 1.2 1.5 41 306 5.3
Rice (raw, milled) 78.2 6.8 0.5 345 0.2 0.6 10 160 0.7
[41]
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Millets contain high amount of calories, protein,
and macronutrients when comparable to regular
cereals. Their high calorie content, together with
calcium, iron, zinc, fats and high-quality proteins,
make them an important part of both animal and
human diets. They are also rich sources of
nutritional fibre and vitamins. Here, is the nutrient
composition of millets:

Carbohydrates: The carbohydrates in pearl
millet grains includes dietary fibre, starch and
soluble sugars. The endosperm of pearl millet
contains glucose in the form of amylase and
amylopectin and is regarded as having a high
starch content. The starch content of different
pearl millet grain genotypes varies from 62.8 to
70.5 % and approximately 71.82 to 81.02 %.
Soluble sugars range from 1.2 to 2.6 %, and
amylose from 21.9 to 28.8 % and amylose from
21.9 to 28.8 %. The starch included in pearl
millet can be employed as bulking, thickening,
and gelling agents for food texture [42]. However,
according to Bhatt et al, [43], the total
carbohydrate content of finger millet ranges from
72 to 79.5 %. Additionally, Wankhede [44] noted
that the detailed profile of the carbohydrates
ranged between 59.5 and 61.2 % for starch, 6.2-
7.2 % for pentosans, 1.4-1.8 % for cellulose, and
0.04-0.6 % for lignin.

Protein: Protein is the second main component
of millet. Pearl millet has 11.6 % protein, which is
more than the 7.2 % in rice, 11.5 % in barley,
11.1 % in maize, and 10.4 % in sorghum [45].
Additionally, Anitha [46] noted that pearl millet
contained 9.79 % protein. The crude protein
content of pearl millet grain is thought to be 8—60
% higher by weight compared to maize [47].
Contrarily, finger millet has about 5-8 % protein
[48] recorded the greatest protein level for finger
millet at nearly 11 %, and [46] documented a
proportion of 6.32 % in finger millet. Furthermore,
Taylor [49] revealed that the amino acid profile of
pearl millet is equivalent to that of wheat, barley
and rice but contains more lysine, threonine,
methionine and cysteine than sorghum and
maize proteins. Moreover, the distribution of
proteins in pearl millet grain is thought to be
similar to that of maize, notably true prolamins,
which are thought to be soluble in alcohol.
Additionally, McIntosh [50] noted a high degree
of critical amino acid balance and endorsed pearl
millet as a crucial source of protein and energy
for people. Additionally, arginine, threonine,
valine, isoleucine, and leucine were discovered
to have greater digestibilities in pearl millet than
in maize. Because finger millet

As millets are gluten-free, they reduce the
discomfort associated with eating normal cereal
grains that contain gluten, which helps to prevent
celiac disease [51]. Sixty percent of the phenolic
acids found in millets are found both in bound
and free forms. Hydroxycinnamic acids are the
most common phenolics in millets, and they are
mostly found in the insoluble-bound portions of
phenolic acids [52]. Hydroxycinnamic acid is
most commonly found in the form of the
antioxidant ferulic acid. Antioxidants are well-
known compounds with anti-inflammatory and
anti-free radical damage effects on the body [53].
Furthermore, it has been found that ferulate
dimers, which have significant antioxidant
activity, are present in millet grains [54,55,56].

Additionally, anthocyanidins, chalcones, amino
phenolics, flavanols, flavones, and flavanones
are among the flavonoids included in millet
grains. Additionally, Dykes [57] state that some
millet cultivars may contain proanthocyanidins,
also referred to as condensed tannins. The
majority of coloured millet varieties contain
significant levels of tannin [58]. Condensed
tannins were found to be primarily responsible for
the grain's colour, which was linked to this
finding. However, the bioavailability of minerals
and proteins may be adversely affected by a high
concentration of condensed tannins [59].

Other health benefits: Sireesha [60] reported
that the aqueous extract of foxtail millet (Setaria
italica) has been shown to have anti-
hyperglycaemic and anti-lipidemic effects in
streptozotocin-induced diabetic rats. The study
found that when diabetic rats were given 300 mg
of Setaria italica seed aqueous extract per
kilogramme (kg) of body weight, their blood
glucose levels significantly decreased (by 70%)
after six hours. They also found that in diabetic
treated rats as opposed to diabetic untreated
rats, there were higher levels of HDL (high-
density lipoproteins) cholesterol and lower levels
of triglycerides, total LDL (low-density
lipoproteins), and VLDL (very low-density
lipoproteins) cholesterol, which is indicative of
the hypolipidemic effect of the aqueous extract.
Dietary protein from Korean foxtail millet has
been shown to improve insulin sensitivity and
lipid levels [61,62]. This experiment
demonstrated a significant drop in insulin levels
in rats given foxtail millet. When Lee [63] looked
into the impact of consuming millet on lipid levels
and C-reactive protein concentration, they
discovered that, contrary to their earlier studies
[62], hyperlipidemic rats fed foxtail millet had
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lower levels of triglycerides. Reduced levels of C
reactive protein, an indicator of inflammation,
were also observed in rats given foxtail millet.
There is evidence that the aqueous and ethanolic
extracts of Kodo millet reduce fasting blood
glucose in a dose-dependent manner [55,64,61].

Dual use of millets as food and feed: Millet
grains are considered unique crops because they
are rich in calcium, dietary fibre, polyphenols,
and protein, among other vital elements [30].
They serve as the main source of food for many
Asian and African countries. The majority of the
millet produced is consumed by humans, with the
remainder going towards making beer, animal
feed, and bird feed. Millet is prepared as a
porridge with a thick or thin consistency in some
parts of Africa, and as couscous in other parts
[65]. Research using whole grain or crushed
grain fed to chickens verified the usefulness of
pearl millet as a feed item for poultry production
[66]. The primary goal of pearl millet production
in Africa and Asia is thought to be grain, with
forage serving as a key secondary product
utilised for animal feed, construction, and fire
[67]. While season-specific crops like wheat and
rice guarantee food security, all-season millets
ensure fodder, nutrition, health, and a
sustainable livelihood [68]. Pearl millet grains
hold considerable potential as a human food
source due to their gluten-free nature and higher
nutritious fibre content than rice. Furthermore,
compared to traditional cereals like wheat and
rye, they include more essential amino acids like
leucine, isoleucine, and lysine and the same
amount of fat as maize cereal [69]. In India, millet
is transformed into the dense bread known as
dosa, where it is commonly used, by combining
millet with other grains. Furthermore, according
to Dias-Martins [70], it's used to make couscous,
sushi, roti, biscuits, and pizza made without
yeast. Another product made from millet is
madua, an Indian beverage made with finger
millet. Also, Oshikundu, a customary alcoholic or
non-alcoholic beverage in Namibia, is made
using millet [71].

2. MONETARY BENEFITS OF USING
MILLET

The cost of millet is believed to be 40% cheaper
than that of maize, making it a cheap and gluten-
free cereal [72]. Silva [73] estimated that trade
value of pearl millet was less than or equal to
77.78 % of the price of maize grain. Pearl millet
grain has more protein per grain than maize, it
might allow diets to be formulated without protein

supplements, lowering the price of food and feed
in the process. Aside from that, millet is less
expensive to produce than other cereals like
sorghum and maize. For instance, the water use
of Brazilian pearl millet cultivars is more efficient
than that of sorghum and maize grown in semi-
arid regions of the country (56 + 2.8 kg
DM/ha/mm water vs. 45 £ 1.9 kg DM/ha/mm
water for sorghum; Silva [73] and 21 + 2.4 kg
DM/ha/mm water for the Brazilian maize cultivars
[74]. For instance, the water use of Brazilian
pearl millet cultivars is more efficient than that of
sorghum and maize grown in semi-arid regions
of the country (56 2.8 kg DM/ha/mm water vs. 45
1.9 kg DM/ha/mm water for sorghum [73]; and 21
2.4 kg DM/ha/mm water for the Brazilian maize
cultivars; [74]. In an investigation by Gomes [72],
it was discovered that completely substituting
pearl millet for maize in the diet of feedlot cattle
was the most cost-effective option. The price of
lean and fat cattle, initial weight, final weight, cost
of concentrate, cost of roughage, consumption of
concentrate, and consumption of roughage were
listed as the factors that influenced the financial
indicator [75]. Furthermore, it is reasonable to
believe that millet's positioning as a grain that
competes with maize will shift the supply's
balance and release pressure on maize
consumption, thus, lowering its prices. A different
study by Rao [76] found that the cost of feed
needed to create one kilogram of live weight gain
in chickens fed on maize was higher than the
cost for the same amount of gain in chickens fed
on pearl millet, finger millet, and sorghum.
According to Medugu [77], millet grain feed has
the lowest cost per kg of feed and the lowest cost
of feed per unit weight gain, making broiler
chicken production more affordable and cost-
effective. Wilson [78] found that the annual net
profit from using pearl millet as the only
feedstock was $25,175,000 in comparison to
$23,758,000 for maize feedstocks, a difference
of almost $1.4 million.

Constraints with food security in developing
nations: A condition where people have physical
and financial access to wholesome food that
satisfies their dietary needs is referred to as food
security [79]. The scope of food security
problems is frequently reduced to the availability
of agricultural products like cattle [80]. The
difficulties are thought to be more intricate than
simply increasing the supplies. Several elements,
including urbanization and accessibility, are
among the restrictions [80] listed. The structure
and procedures that govern economies and
societies, as well as institutional failings, are
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frequently mentioned as contributing reasons to
food insecurity [81]. Fraval [82] reported that the
casual intervention to prevent food insecurity is
not always simple, therefore proxies of actions
and a deeper comprehension of the various
potential pathways are crucial for successful
interventions. To overcome these intricate
obstacles, multisectoral strategies and planning
are needed. Pangaribowo [81] stated that the
best strategy to address the problems of food
and nutrition security is to combine the indicators
of food insecurity with the relevant
socioeconomic and environmental variables of a
specific entity. Despite the difficulties facing food
security in developing nations, the importance of
locally grown and underutilized grains like millet
cannot be understated. Some of these problems
cannot be solved by standard grain crops [83].
The expansion of small grains like millet could
worsen poverty among the underprivileged
population, especially in light of recent events
like the extraordinary COVID-19 epidemic [83].
Millets are crops that, in the context of climatic
change, have the potential to endure challenging
circumstances and contribute to the stability of
food security. Padulosi [84] reported that minor
millets like finger, kodo, foxtail, tiny, porso, and
barnyard have the capacity to flourish in a variety
of soils, different climatic conditions, distinct
photoperiods, and in due to their genetic
adaptability. These qualities make millets
suitable for replacing staples like wheat and rice
in difficult climate zones, eventually resulting in
food security in these regions. However, millet is
regarded as a neglected agro-biodiversity,
despite the fact that it has the ability to improve
the food security of underprivileged people in
developing countries [85].

3. EFFECT OF PROCESSING ON THE
ANTIOXIDANT ACTIVITY OF MILLET
GRAINS

It was also found that millet grains' antioxidant
content and activity were affected by several
processing methods, including boiling, soaking,
decortication, and malting. According to Rao [86],
after 96 hours of malting finger millet, the
antioxidant capacity of the fraction containing
free phenolic acids increased twofold, whereas
the fraction containing bound phenolic acids
showed a drop in antioxidant capacity. In a
different study, a growth-promoting media was
developed to boost the germination of millet and
raise the production of a water-soluble protein
that inhibits hydroxyl radicals. The single-factor
test revealed that H202 is necessary for

inhibitory function, according to Li [87]. To further
increase the yield of the water-soluble protein
that inhibits hydroxyl radicals from stress-
germinated millet, the effects of the sprouting
circumstances (temperature, duration, and pH of
stress medium) on the hydroxyl radical inhibition
were also investigated. It was discovered that the
stress medium's pH should be 7.5, the culture
should last for 54 hours, and the temperature
should be 28 °C. Under optimal conditions, the
maximum inhibition of 60.38 percent was
reached [87]. Furthermore, researchers were
able to create flour with a significant DPPH-
scavenging activity after 3 days of foxtail millet
germination [88]. Roasting or boiling kodo or
finger millet reduced its antioxidant activity.
Separating the husk and endosperm of kodo
millet decreased its DPPH quenching activity as

well, and the phytochemicals seemed to
complement one another [64]. It was also
investigated how little millet's antioxidant
properties were affected by germination,

steaming, and roasting. The results showed that
compared to the original sample, the total
phenolic, flavonoid, and tannin contents of small
millet increased by 21.2, 25.5, and 18.9 mg/100
g, respectively [89,90].

However, it was found that the phenolic content
and antioxidant potential of pearl millet grains
were affected by dehulling and hydrothermal
treatments [91]. Oxidation and chemical
degradation during heat treatments such as
boiling, roasting, and frying have resulted in a
decrease in antioxidant activity and levels. The
reduction that came about as a result of
dehulling, however, can be attributed to the
removal of the grains' pericarp layer, which is
known to be rich in polyphenol and antioxidant
compounds. Consequently, in order to maintain
their quality and potential health benefits, millet
grains, their fractions, and food items need to be
processed under optimal conditions. Additionally,
the endogenous enzymes that are converted to
simpler molecules with enhanced antioxidant
activity during germination are responsible for the
rise in antioxidant levels and their activities.

4. CHALLENGES
PERSPECTIVES

AND FUTURE

The information discussed above demonstrates
that millet grains were similar to other grains like
wheat, rice, and maize despite their high
nutritional content and possible health benefits.
Additionally, although millet grain has been
shown to improve its nutritional value and
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edibility through processing methods such
soaking, fermentation, malting, and
fortification/supplementation, its  household
usage remains mostly limited to rural

populations. This is due to the lack of state-of-
the-art millet processing methods that can
provide large quantities of safe, manageable,
ready-to-cook, or ready-to-eat commodities and
meals that can be used to feed a large number of
people in urban settings [92]. However, the need
for food, fuel, and other requirements rises along
with the global population. Therefore, there will
be pressure on society to either alter its current
crop-consumption patterns or boost agricultural
output [93]. Crop diversification needs to be
encouraged at the national and household levels
in addition to higher yields. Offering more
conventional and wholesome whole-grain and
multigrain substitutes for refined carbohydrates is
a vital component of therapeutic dietary
modification and promoting the consumption of
minor-grain meals [23]. It is commonly known
that gluten protein plays a crucial part in
producing excellent yet manageable baked
goods and other grain-based foods that require
elastic and extensible dough. However,
considering that millet grains are gluten-free and
based on the outcomes of several laboratory
testing, it appears that they are not ideal for
making pure-millet bread and other solid food
products that are simple to handle. In order to
encourage the use of millet grains, it appears
that using it as a substitute for wheat in
composite flours, complementary foods, and food
blends is the best way to create nutrient-dense,
"healthy," and secure food products that are of
high caliber and can be stored for a long time.
Additionally, there is a need for cutting-edge
processing technology for decortication, milling,
and other preparation procedures of millet grain
food in order to make high-quality products on a
commercial scale for urban consumers. In return,
it is necessary to produce millet cultivars with
high essential amino acid content and maintain a
steady supply of premium millet grains for
industrial needs. Future research studies should
assess the nutritional value and potential health
advantages of millet grains and their fractions in
animal and human models to support efforts to
promote their use as food.

5. CONCLUSIONS

There is a lot of potential for millets to increase
food and nutritional security. It follows those
millets, along with wheat and rice, should be
included in the list of staple foods. Even in harsh

environments like drought, millets grow well;
certain wild types can even flourish in wetlands
and inhabited regions. They are rich in minerals
(calcium, iron, copper, magnesium, and other
elements), B vitamins, antioxidants, and low-
glycaemic index. They are also free of gluten.
Millets are nutrient-dense and climate change-
resistant crops because of these remarkable
characteristics. These not only give farmers an
extra source of income, but they can also
improve the general health of the community.
Initiatives for research and development as well
as the establishment of policies are therefore
necessary; some of them have already been
carried out internationally, notably in India,
whereas others must be done. Minor millets are
highly nutritious and have a simple cultivation
technique, but the scientific community needs to
pay more attention to them. Scientists refer to
them as "orphan cereals" since they are often
overlooked. However, novel processing and
preparation methods are needed to improve the

millet diet's qualty and enhance the
bioavailability of the micronutrients. More
research is needed on the metabolism,

bioavailability, and health advantages of millet
grains and all of its constituent parts in people.
We'll examine the existing dietary inadequacies
in underdeveloped countries in terms of protein,
calcium, and iron by the inclusion of millet-based
foods in international, national, and state-level
feeding programmes.

DISCLAIMER (ARTIFICIAL INTELLIGENCE)

Author(s) hereby declare that NO generative Al
technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image
generators have been used during writing or
editing of manuscripts.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. FAO. The State of Food Insecurity in the
World 2015. Food and Agricultural
Organization of the United Nations; 2015.
Available:http://www.fao.org/ world food
situation/csdb/en/

2. Adeola O, Orban JI. Chemical composition
and nutrient digestibility of pearl millet
(Pennisetum glaucum) fed to growing pigs.

752



10.

11.

Cheema et al.; Arch. Curr. Res. Int., vol. 24, no. 5, pp. 745-757, 2024; Article no.ACRI.118169

Journal of Cereal Science. 1995;22(2):177-
184.

Bachar K, Mansour E, Khaled AB, Abid M,
Haddad M, Yahya LB, ElI Jarray N,
Ferchichi A. Fiber content and mineral
composition of the finger millet of the Oasis
of Gabes Tunisia. Journal of Agricultural
Science. 2013;5(2):219.

SC M, VP V, MJ, I3 Kumar IP. Millets-A
Powerhouse for Food Security and
Combating Malnutrition. J. Exp. Agric. Int.
2023;45(10):44-50.
Available:https://journaljeai.com/index.php/
JEAl/article/view/2199

Kanojia S, Gomadhi G, Kamalasundari S,
Malathi G, Krishnaveni SA, Ramasamy M,
Dhanalakshmi K, Chitra K, Debnath A.
Exploring  Millet  Grains:  Nutritional
Benefits, Processing Advancements, and
Future Directions for Food Security and
Health Improvement. Eur. J. Nutr. Food.
Saf. 2024;16(5):101-8.
Available:https://journalejnfs.com/index.ph
p/EJNFS/article/view/1426

Kumar A, Tomer V, Kaur A, Kumar V,
Gupta K. Millets: A solution to agrarian and
nutritional challenges. Agriculture and
Food Security. 2018;7(1):1-5.

Food and Agriculture Organization. The
state of food security and nutrition in the
world: Safeguarding against economic
slowdowns and downturns. Rome, Italy;
20109.

Wheeler T, Von Braun J. Climate change
impacts on global food security. Science.
2013;341(45):508-513.

Chandrasekara A, Shahidi F.
Bioaccessibility and antioxidant potential of
millet grain phenolics as affected by
simulated In vitro digestion and microbial
fermentation. Journal of Functional Foods.
2012;4(1):226-237.

Eshak ES, Iso H, Date C, Kikuchi S,
Watanabe Y, Wada Y, Wakai K,
Tamakoshi A. Dietary fiber intake is

associated with reduced risk of mortality
from cardiovascular disease
among Japanese men and women. The
Journal of Nutrition. 2010;140(8):1445-
1453.

Downing TE, Barrow EM, Brooks RJ,
Butterfield RE, Carter TR, Harrison PA,
Hulme M, Olesen JE, Porter JR,
Schellberg J. Quantification of uncertainty
in climate change impact assessment. In
Climate Change, Climatic Variability and
Agriculture in  Europe; Environmental

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

753

Change Institute: Oxford, UK. 2000;415—
434,

Florence SP, Urooj A, Asha MR, Rajiv J.
Sensory, physical and nutritional qualities
of cookies prepared from pearl millet
(Pennisetum typhoideum). Journal of Food
Processing and Technology. 2014;5(10):
377.

Food and Agriculture Organization of the
United Nations. Technical Note: FAO
Methodology to Estimate the Prevalence of

Undernourishment; FAO: Rome, Italy;
2012.
Gopalan C, Rama Sastri BV,

Balasubramanian SC. Nutritive value of
Indian foods. Hyderabad: National Institute
of Nutrition; 2003.

Olesen JE, Bindi M. Consequences of
climate change for European agricultural
productivity, land use and policy. European
Journal of Agronomy. 2002;16(4):239-262.
Jain N, Arora P, Tomer R, Mishra SV,
Bhatia A, Pathak H, Chakraborty D, Kumar
V, Dubey DS, Harit RC, Singh JP.
Greenhouse gases emission from soils
under major crops in Northwest India.

Science of the Total Environment.
2016;542:551-561.
Hegde PS, Chandra  TS. ESR

spectroscopic study reveals higher free
radical quenching potential in kodo millet
(Paspalum scrobiculatum) compared to
other millets. Food Chemistry. 2005;92(1):
177-182.

Himanshu K, Sonawane SK, Arya SS.
Nutritional and nutraceutical properties of
millets: A review. Clin. J. Nutr. Diet. 2018;
1(1):1-10.

Kunyanga CN, Imungi JK, Vellingiri V.
Nutritional evaluation of indigenous foods
with potential food-based solution to
alleviate hunger and malnutrition in Kenya.
Journal of Applied Biosciences. 2013;67:
5277-5288.

Prasad PV, Staggenborg SA. Growth and
production of sorghum and millets. Soils,
Plant Growth and Crop Production. 2009;
2(9):186:193

Vinoth A, Ravindhran R. Biofortification in
millets: A sustainable approach for
nutritional security. Frontiers in Plant
Science. 2017;8:29-31.

Lu H, Zhang J, Liu KB, Wu N, Li Y, Zhou
K, Ye M, Zhang T, Zhang H, Yang X, Shen
L. Earliest domestication of common millet
(Panicum miliaceum) in East Asia
extended to 10,000 vyears ago.



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Cheema et al.; Arch. Curr. Res. Int., vol. 24, no. 5, pp. 745-757, 2024; Article no.ACRI.118169

Proceedings of the National Academy of
Sciences. 2009;106(18):7367-7372.

Singh P, Raghuvanshi RS. Finger millet for
food and nutritional security. African
Journal of Food Science. 2012;6(4):77-84.
Awika JM. Major cereal grains production
and use around the world. In Advances in
Cereal Science: Implications to Food
Processing and Health  Promotion;
American Chemical Society: Washington,
DC, USA. 2011;1-13.

IFPRI. Global Nutrition Report: Malnutrition
Becoming the “New Normal” Across the
Globe; 2016.

WHO. Obesity and overweight Fact sheet
N°311"; 2015.
Available:http://www.who.int/mediacentre/f
actsheets/fs311/en/. Accessed 23 Jan
2018

Von Grebmer K, Bernstein J, Hossain N,
Brown T, Prasai N, Yohannes Y. Global
hunger index: The inequalities of hunger.

International Food Policy Research
Institute; 2017.
Guigaz M. Memento Del'agronome;

CIRAD-GRET and Ministereder Affaires
Etrangeres: Montpellier, France; 2002.
Nambiar VS, Dhaduk JJ, Sareen N, Shahu

T, Desai R. Potential  functional
implications of pearl millet
(Pennisetumglaucum) in  health and
disease. Journal of Applied

Pharmaceutical Science. 2011;10:62-67.
Devi PB, Vijayabharathi R, Sathyabama S,
Malleshi NG, Priyadarisini VB. Health
benefits of finger millet (Eleusine coracana
L.) polyphenols and dietary fiber: A review.
Journal of Food Science and Technology.
2014;51:1021-1040.

Cheik AO, Aly S, Yaya B, Alfred TS, Et de
la Terre V. A comparative study on
nutritional and technological quality of
fourteen (14) cultivars of pearl millets
[Pennisetum glaucum (L) Leeke] in Burkina
Faso. Pakistan Journal of Nutrition. 2006;
5(6):512-521.

Zarnkow M, Mauch A, Burberg F, Back W,
Arendt EK, Kreisz S, Gastl M. Proso millet
(Panicum miliaceum L.) a sustainable raw
material for the malting and brewing
process: A review. Brewing Science. 2009;
62(8):119-140.

Martinez-Ballesta MC, Dominguez-Perles
R, Moreno DA, Muries B, Alcaraz-Lopez C,
Bastias E, Garcia-Viguera C, Carvajal
MJAFSD. Minerals in plant food: Effect of
agricultural practices and role in human

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

754

health. A  review. Agronomy for
Sustainable Development. 2010;30(2):295-
309.

Vetriventhan M, Upadhyaya HD,
Anandakumar CR, Senthilvel S, Parzies
HK, Bharathi A, Varshney RK, Gowda
CLL. Assessing genetic diversity, allelic
richness and genetic relationship among
races in ICRISAT foxtail millet core
collection. Plant Genetic Resources.
2012;10(3):214-223.

Rooney LW, Miller FR, Mertin JV. Variation
in the structure and kernel characteristics
of sorghum. In Proceedings of the
International Symposium on Sorghum
Grain Quality. 1981;28:143-162.

Zhang JP, Zhang JP, Liu TS, Zhang JP,
Liu TS, Zheng J, Zhang JP, Liu TS, Zheng
J, Jin Z, Zhang JP. Cloning and
characterization of a putative 12-
oxophytodienoic acid reductase cDNA
induced by osmotic stress in roots of foxtail
Millet: Full-length research paper. DNA
Sequence. 2007;18(2):138-144.

Shobana S, Sreerama YN, Malleshi NG.
Composition and enzyme inhibitory
properties of finger millet (Eleusine
coracana L.) seed coat phenolics: Mode of
inhibition of a-glucosidase and pancreatic
amylase. Food Chemistry. 2009;115(4):
1268-1273.

Arendt E, Dal Bello F. eds. Gluten-free
cereal products and beverages. Elsevier;
2011.

Shweta M. Pearl millet nutritional value
and medicinal uses. International Journal
of Advance Research and Innovative Ideas
in Education. 2015;1(3):2395-2398.
Ravindran GJFC. Studies on millets:
Proximate composition, mineral
composition, and phytate and oxalate
contents. Food Chemistry. 1991;39(1):99-
107.

Hariprasanna K, Gomashe S, Ganapathy
KN, Patil JV. Millets for ensuring nutritional
security; 2014.

Hadimani NA, Muralikrishna G,
Tharanathan RN, Malleshi NG. Nature of
carbohydrates and proteins in three pearl
millet varieties varying in processing
characteristics and kernel texture. Journal
of Cereal Science. 2001;33(1):17-25.

Bhatt A, Singh V, Shrotria PK, Baskheti
DC. Coarse grains of Uttaranchal:
Ensuring sustainable food and nutritional
security. Indian farmer’s Digest. 2003;
7(1):34-38.



44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Cheema et al.; Arch. Curr. Res. Int., vol. 24, no. 5, pp. 745-757, 2024; Article no.ACRI.118169

Wankhede DB, Shehnaj A, Raghavendra
Rao MR. Carbohydrate composition of
finger millet (Eleusine coracana) and foxtail
millet (Setaria Italica). Qualitas Plantarum.
1979;28:293-303.

Jha A, Tripathi AD, Alam T, Yadav R.
Process optimization for manufacture of
pearl millet-based dairy dessert by using
response surface methodology (RSM).
Journal of Food Science and Technology.
2013;50:367-373.

Anitha S, Govindaraj M, Kane-Potaka J.

Balanced amino acid and higher
micronutrients in  millets complements
legumes for improved human dietary

nutrition. Cereal Chemistry. 2020;97(1):74-
84.

Burton GW, Wallance AT, Radice KO.
Chemical composition during maturation
and nutritive value of pearl millet. Crop
Science. 1972;12(2):187-188.

Chethan S, Malleshi NG. Finger millet
polyphenols: Optimization of extraction and
the effect of pH on their stability. Food
Chemistry. 2007;105(2):862-870.

Taylor JRN. In: Wrigley C, Corke H,
Walker CE, 2004. Millet, encyclopaedia in
grain science. 2004;2:253-256.

Mcintosh GH, Noakes M, Royle PJ, Foster
PR. Whole-grain rye and wheat foods and
markers of bowel health in overweight
middle-aged men. The American Journal
of Clinical Nutrition. 2003;77(4):967- 974.
Saleh AS, Zhang Q, Chen J, Shen Q.
Millet grains: Nutritional quality,
processing, and potential health benefits.
Comprehensive Reviews in Food Science
and Food Safety. 2013;12(3):281-295.
Liang S, Liang K. Millet grain as a
candidate antioxidant food resource: A
review. International Journal of Food
Properties. 2019;22(1):1652-1661.

Lobo V, Patil A, Phatak A, Chandra N.
Free radicals, antioxidants and functional
foods: Impact on human health.
Pharmacognosy Reviews. 2010;4(8):118-
126

Emiola LO, De la Rosa LC.
Characterization of pearl millet nonstarchy
polysaccharides. Journal of Food Science.
1981;46(3):781-785.

Singh RB, Khan S, Chauhan AK, Singh M,
Jaglan P, Yadav P, Takahashi T, Juneja
LR. Millets as functional food, a gift from
Asia to Western World. In the Role of
Functional Food Security in Global Health.
2019;457-468.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

755

Sridhar R, Lakshminarayana G. Contents
of total lipids and lipid classes and
composition of fatty acids in small millets:
Foxtail (Setaria italica), proso (Panicum
miliaceum), and finger (Eleusine
coracana). Cereal Chemistr. 1994;71:355-
359.

Dykes L, Rooney LW. Sorghum and millet
phenols and antioxidants. Journal of
Cereal Science. 2006;44(3):236-251.
McDonough CM, Rooney LW, Serna-
Saldivar SO. In: Kurl K, Ponte JG Jr,
editors. The millets in handbook of cereal
science and Technology, second edition,
revised and expanded, chapter 4. New
York: Marcel Dekker Inc; 2000.

Chavan UD, Shahidi F, Naczk M.
Extraction of condensed tannins from
beach pea (Lathyrusmaritimus L.) as
affected by different solvents. Food
Chemistry. 2001;75(4):509-512.

Sireesha Y, Kasetti RB, Nabi SA, Swapna
S, Apparao C. Antihyperglycemic and
hypolipidemic activities of Setaria italica

seeds in STZ diabetic rats.
Pathophysiology. 2011; 18(2):159-
164.

Ullah I, Ali M, Faroogi A. Chemical and
nutritional properties of some maize (Zea
mays L.) varieties grown in NWFP,
Pakistan. Pakistan Journal of Nutrition.
2010;9(11):1113-1117..

Choi YY, Osada K, Ito Y, Nagasawa T,
Choi MR, Nishizawa N. Effects of dietary
protein of Korean foxtail millet on plasma
adiponectin, HDL-cholesterol, and insulin
levels in genetically type 2 diabetic mice.
Bioscience, Biotechnology, and
Biochemistry. 2005;69(1):31-37.

Lee SH, Chung IM, Cha YS, Park Y. Millet
consumption decreased serum
concentration of triglyceride and C-reactive
protein but not oxidative status in
hyperlipidemic rats. Nutrition Research.
2010;30(4):290-296.

Hegde PS, Chandra  TS. ESR
spectroscopic study reveals higher free
radical quenching potential in kodo millet
(Paspalum scrobiculatum) compared to
other millets. Food Chemistry. 2005;92:
177-82.

Obilana AB. Overview: Importance of
millets in Africa. World (all cultivated millet
species). 2003;38:28-34

Cisse RS, Hamburg JD, Freeman ME,
Davis AJ. Using locally produced millet as
a feed ingredient for poultry production in



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Cheema et al.; Arch. Curr. Res. Int., vol. 24, no. 5, pp. 745-757, 2024; Article no.ACRI.118169

Sub-Saharan Africa. Journal of Applied
Poultry Research. 2017;26(1):9-22.
Andrews DJ, Kumar KA. Pearl millet for
food, feed, and forage. Advances in
Agronomy. 1992;48:89-139.
Shivananjappa M. Meats are malady and
millets are magical. Journal Nutrition and
Food Technology. 2018;1(1):14-15.
ICRISAT. Smart food millet recipes; 2016.
Available:http://www.icrisat.org/PDF/ Food-
Booklet-Millet.pdf. Accessed 16 May 2020
Dias-Martins AM, Pessanha KLF, Pacheco
S, Rodrigues JAS, Carvalho CWP.
Potential use of pearl millet (Pennisetum
glaucum (L) R. Br) In Brazil: Food
security, processing, health benefits and
nutritional  products. Food Research
International. 2018;109:175-186.

Kumar A, Tomer V, Kaur A, Kumar V,
Gupta K. Millets: A solution to agrarian and
nutritional challenges. Agriculture and
Food Securit. 2018;7(1):1-15.

Gomes PC, Rodrigues MP, Albino LFT,
Rostagno HS, Gomes MFM, Mello HHDC,
Brumano G. Determination of chemical
composition and energy value of millet
and their use in rations of broilers from 1 to
21 days of age. RevistaBrasileira de
Zootecnia. 2008;37:1617-1621.

Silva RMD, Taveira RZ, Restle J, Fabricio
EDA, Camera A, Maysonnave GS, Bilego
UO, Pacheco PS, Vaz FN. Economic
analysis of the risk of replacing corn grains
(Zea mays) with pearl millet grains
(Pennisetum glaucum) in the diet of feedlot
cattle. Ciéncia Rural. 2020;13:50.

Dos Santos RD, Pereira LGR, Neves ALA,
Azevé JAG, De Moraes SA, Costa CTF.
Agronomic  characteristics of maize
varieties for silage production in the
submédio Sao Francisco river valley. Acta
Scientiarum-Animal Sciences. 2010;32(4):
367-373.

Silva GAH, Restle J, Missio RL, Bilego UO,
Fernandes JJR, Rezende PLP, Medeiros
Da Silva, R., Pereira MLR, Lino FA.
Milhetoem substituicioao milhonadieta de
novilhos confnados. Semina Ciéncias
Agrérias. 2020;35(20):77-94.

Rao SV, Sunder GS, Panda AK, Reddy
MR, Raju MVLN, Praharaj NK. Utilization
of different millets replacing maize in
colored broiler chicken diet. Indian Journal
of Animal Nutrition. 2002;19(4):353-358.
Medugu CI, Kwari ID, Igwebuike J, Nkama
I, Mohammed ID, Hamaker B.
Performance and economics of production

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

756

of broiler chickens fed sorghum or millet as
a replacement for maize in the semi-arid
zone of Nigeria. Agriculture and Biology
Journal of North America. 2010;1(3):321-
325.

Wilson JP, McAloon AJ, Yee W,
McKinney J, Wang D, Bean SR.
Biological and economic feasibility of pearl
millet as a feedstock for ethanol
production. Issues in new crops and new
uses. 2007;56-9.

World Food Summit. The world free from
hunger. Rome; 1996.

Hatab A, Cavinato MER, Lagerkvist CJ.
Urbanization, livestock systems and food
security in developing countries: A
systematic review of the literature. Food
Security. 2019;11(2):279-299.
Pangaribowo EH, Gerber N, Torero M.
Food and nutrition security indicators: A
review; 2013.

Fraval S, Yameogo V, Ayantunde A,
Hammond J, De Boer 1J, Oosting SJ, Van
Wijk MT. Food security in rural Burkina
Faso: The importance of consumption of
Own-farm sourced food versus purchased
food. Agriculture and Food Security. 2020;
9(1):1-17.

Muthamilarasan M, Prasad M. Small
millets for enduring food security amidst
pandemics. Trends in Plant Science. 2021,
26(1):33-40.

Padulosi S, Mal B, Ravi SB, Gowda J,
Gowda KTK, Shanthakumar G, Yenagi N,
Dutta M. Food security and climate
change: Role of plant genetic resources of
minor millets. Indian Journal of Plant
Genetic Resources. 2009;22(1):1-16.

Gari JA. Review of the African millet
diversity. In International workshop on
Fonio, food security and livelihood among
the rural poor in West Africa. 2002;19-
22.

Rao MVSST, Muralikrishna G. Evaluation
of the antioxidant properties of free and
bound phenolic acids from native and
malted finger millet (Ragi,
Eleusinecoracana Indaf-15). Journal of
Agricultural and Food Chemistry. 2002;
50(4):889-892.

Li J, Chen Z, Yao H, Xu Y. Optimization of
stress  medium  enhance  hydroxyl
radical inhibition by water-soluble protein
from germinated millet. LWT-Food Science
and Technology. 2007;40(9):1630-1636.
Coulibaly A, Chen J. Evolution of energetic
compounds, antioxidant capacity, some



89.

90.

91.

Cheema et al.; Arch. Curr. Res. Int., vol. 24, no. 5, pp. 745-757, 2024; Article no.ACRI.118169

vitamins and minerals, phytase and
amylase activity during the germination of
foxtail millet. American Journal of Food
Technology. 2011;6(1):40-51.

Pradeep SR, Guha M. Effect of processing
methods on the nutraceutical and
antioxidant properties of little millet
(Panicum sumatrense) extracts. Food
Chemistry. 2011;126(4):1643-1647.
Vadivoo AS, Joseph R, Meenakshi
Ganesan N. Genetic variability and
diversity for protein and calcium contents
in finger millet (Eleusine coracana (L.)
Gaertn) in relation to grain color. Plant
Foods for Human Nutrition. 1998;52:353-
364.

Chandrasekara A, Shahidi F.
Determination of antioxidant activity in free

92.

93.

and hydrolyzed fractions of millet grains
and characterization of their phenolic
profiles by HPLC-DAD-ESI-MSn. Journal
of Functional Foods. 2011;3(3):144-158.

Ushakumari SR, Latha S, Malleshi NG.
The functional properties of popped,
flaked, extruded and roller-dried foxtail
millet (Setaria Italica). International Journal
of Food Science and Technology. 2004;
39(9):907-915.

Licker R, Johnston M, Foley JA, Barford C,
Kucharik CJ, Monfreda C, Ramankutty N.
Mind the gap: How do climate and
agricultural management explain the ‘yield
gap’of croplands around the world? Global
Ecology and Biogeography. 2010;19(6):
769-782.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are
solely those of the individual author(s) and contributor(s) and not of the publisher and/or the editor(s).
This publisher and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions or products referred to in the content.

© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/118169

757


https://www.sdiarticle5.com/review-history/118169

