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ABSTRACT

Today, feeding an exponentially growing population with increasing public health issues and global climate change is a 
significant challenge for many developing countries like India. To counter these issues, either we can increase production, 
spend a considerable amount on the public health sector, or look for other affordable and healthy alternatives such as 
millets. Millets can help tackle health challenges such as obesity, diabetes, and lifestyle problems for gluten-free properties, 
have a low glycemic index, and are high in dietary fiber and antioxidants. This paper reviews the prospects of millets to 
combat climate-change issues and achieve food and nutritional security. This review was done to highlight the nutritional 
values, health benefits, availability, and future prospectus of the millet and its value addition. The findings of the paper 
reveal that millets are ignored since the Green Revolution in India. There is a strong need to develop high value-added 
products from millets to streamline this crop with other staples to increase its consumption, such as a nutrition bar to 
meet modern world needs.
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Introduction 
Agricultural productivity is adversely affected by increased tem-
perature and reduced water supply dueto unpredictable weather 
conditions, with significant production and productivity improve-
ments.[1] Global climate change is hampering agricultural produc-
tion and threatening food security systemsfor numerous arid-zone 
countries worldwide.[2] It is projected that in the coming years, the 
poorurban populations are most vulnerable to food insecurity 
because of climate-change intensifiedproblems such as rising tem-
perature, irregular rainfalls, and floods.[3] A significant challenge 
forthe entire world is how we will feed the forecasted population 
of 2050, that is, 900 crores. It willbe challenging to ensure a healthy 
(includes essential micronutrients) and complete meal (sufficient-
calories) for every individual, which otherwise will lead to mal-
nourishment or Hidden hunger.[4]

India produces approximately 50% of the world’s total 
production of millets; however, India’sarea under produc-
tion has decreased from 18.66 million hectares to 9.11 mil-
lion hectares.Still, approximately 46% of children below the 
age of five are moderate-to-life-threateningunderweight, 38% 
are average-to-severe dwarfed, and roughly 19% are moder-
ate-to-severefutile,[5] resulting in India’s worst performance 
in the Human Development Index (2015) with123rd rank out 
of 162 nations. India spent approximately 0.8–2.4% of gross 
domestic product(GDP) on nutrients malnutrition mitigation. 
Thus, the focus areas must be on identifying cropswith enhanced 
nutraceutical value and enhanced climate-change stress  
tolerance that could betransformed into modern value- 
added products for human consumption.[6] One such significant
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crop is millet in its nutraceutical values, health benefits, and 
climate resilience.[1,7,8] In this line, this paper reviews the 
prospects of millets to combat climate-change issues and 
achieve food and nutritional security.

MILLETS FOR SUSTAINABLE DEVELOPMENT

In many underdeveloped countries, millets are critical staple 
foods due to their climate-resilient nature, such as irregular 
precipitation. Millet comprises the high levels of proteins, 
minerals, vitamins, antioxidants, and diets that shape non-
gluten and non-acid compared to other cereals and are thus 
named nutritious millet “nutricereals.”[9] It is also considered 
the most appropriate hunger crop since it can be conveniently 
reserved for rough times.[10]

An exceptional millet, that is, finger millet, [Figure  1] can 
be cultivated using minimal resources, grow in extreme 
weather conditions, drought-tolerant, and is richer in many 
micronutrients.[7] However, it could not secure its position 
among modern staple crops and was undervalued for a long 
time. Luckily, this species has had its biodiversity reserved. The 
undernourishment, food availability, and decreased agricultural 
output have caused a rise in the need for climate-resilient crops.[11] 
In such a situation, millets have received agricultural researchers’ 
least attention for their exceptional ability to sustain under rising 
temperatures, inferior soil quality, and drought conditions.

Nutritional aspects

Many millets are complex carbohydrates responsible for their 
slow digestion and are also abundant in dietary fiber. They 
contain phenolic compounds and phytochemicals, which 
have culinary properties.[12] Little millet [Figure 2] includes 
840% more fat, 350% richer in fiber, and 1229% more in iron 
content than rice.[13] Since millets are gluten-free, they are 
healthy for a person with allergies to glutinous foods. It will 
be useful as a staple diet for people with celiac conditions.[14] It 
is acknowledged that the prevalence of diabetes mellitus and 
related gastrointestinal system conditions are significantly 
lower in the population who use millets as their dietary 
cereal.[9] Millets prevail in minerals (calcium, potassium, and 
magnesium), dietary fiber, and phenolic content, making 
them superior to other cereals.[15] Kodo millet [Figure 3] with 
10.3% phenolic content is the richest among all small millets 
[as depicted in Table 1].[15]

Millets are rich in carbohydrates (55–80%), relatively lower 
amount of protein than other cereals; fat percentage varies 

Table 1: Phenolic content and reducing capacity of different millets.

Source Phenolic content (%) Reducing capacity (%)

Finger millet 7.2±0.57 5.7±1.15
Foxtail millet 2.5±0.56 4.8±1.15
Proso millet 
[Figure 4]

3.4±0.58 2.6±0.20

Kodo millet 10.3±1.15 4±1.73

Figure 1: Finger millet panicles.[9]

Figure 2: Little Millet Panicles.[9]

Figure 3: Kodo millet panicles.[9]
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Millets as fortifying vehicle

Fortification may be the cheapest, easiest, and best way to 
combat nutritional insecurity in India.[24] Finger millet flour 
can effectively be used as a vehicle for zinc fortification 
to derive additional amounts of bioaccessible zinc, with 
reasonably good storage stability, to combat zinc deficiency.[25] 
Supporting nutritional security and millet biofortification 
need to be done for iron and zinc.[26] The millets can be used 
as a fortifying vehicle to improve nutritional security in 
society’s lower strata. It is cheaper than other staple foods and 
is readily available.[27] Millets can serve as a fortifying agent 
for many micronutrients, such as zinc, iron, calcium, and 
vitamins, and can be used in bakery products.[4] Consuming 
iron-rich millet for a regular period of 6-months helps in 
reversing iron deficiency.[28] Finger millet flour is a fortifying 
vehicle for zinc to explore more zinc from grain, which could 
help fight zinc deficiency.[25] Fortifying millet flours with iron 

Table 3: Mineral composition of millets (mg/100 g edible portion, dry weight basis).

K Na Mg Ca P Mn Zn Cu Fe

Pearl Millet 440–442 10.0–12.0 130–137 10–46 350–379 1.15–1.8 2.95–3.1 0.62–1.06 7.49–8.0
Finger Millet 408–570 7.0–11.0 110–137 240–410 240–320 5–5.5 2–2.23 0.4–4 3.9–7.5
Foxtail Millet 250–400 4.6–10 100–130 10–30 270–310 2.19–26 2.14–9 1–3.0 3.26–19
Little Millet 129–370 6–8.1 120–133 12–30 251–260 1.0–20.0 3.5–11 1.0–4.0 13–20
Proso Millet 250–320 8.2–10 117–153 20–23 230–281 0–1.81 1.4–2.4 0.83–5.8 4.0–5.2
Kodo Millet 144–170 4.6–10 130–166 10–31 215–310 1.10–2.9 0.7–1.5 1.6–5.8 0.7–3.6

Table 4: Amino acids content of millets.

Amino acids 
(g/100g)

Foxtail 
millet

Proso 
millet

Pearl 
millet

Finger 
millet

Isoleucine 4.59 4.1 5.1 4.3
Leucine 13.60 12.2 14.1 10.8
Lysine 1.59 1.5 0.5 2.2
Methionine 3.06 2.2 1.0 2.9
Phenylalanine 6.27 5.5 7.6 6.0
Threonine 3.68 3.0 3.3 4.3
Aline 5.81 5.4 4.2 6.3
Histidine 2.11 2.1 1.7 2.3
Tryptophan NA 0.8 1.2 NA

Table 2: Proximate composition and dietary fiber (per 100 g, dry weight basis)

Name Carbohydrate (g) Crude Protein (g) Fat (g) Crude Fiber (g) Ash (g) Energy (kcal)

Finger millet 60.0–80.0 7.0–10.0 1.3–1.8 3.6–4.2 2.6–3.0 328–336
Pearl millet 60.0–76.0 12.0–14.0 4.8–5.7 2–2.5 2.0–2.2 363–412
Foxtail millet 59.0–70.0 11.2–15.0 4.0–7.0 4.5–7.0 2.0–3.5 330–350
Kodo millet 
[Figure 5]

66.0–72.0 8.0–10.0 1.4–3.6 5.0–9.0 4.0–5.0 309–353

Little millet 60.0–75.0 10.0–15.0 5.0–6.0 4.0–8.0 2.5–5.0 329–341
Barnyard millet 55.0–65.0 6.0–13.0 2.0–4.0 9.5–14.0 4.0–4.5 300–310
Proso millet 
[Figure 6]

55.0–70.0 10.0–13.0 1.0–3.5 2.0–9.0 2.0–4.0 330–340

within a range of 1–7% [Table  2]. Millets are the richest 
dietary fiber source among all other cereals.[15]

Among all millets, the finger millet contains the highest amount 
of potassium (K) (408–570  mg) and calcium (Ca) (240–
410 mg), with a significant amount of sodium (Na) and copper 
(Cu) among all the other millets. Little millet is richest in iron 
(Fe) (13–20 mg); contains a significant amount of manganese 
(Mn) (1–20 mg) and zinc (Zn) (3.5–11 mg), [Table 3].[15]

Millets typically contain large quantities of essential amino 
acids, especially methionine and cysteine.[16] [Table 4] shows 
that cereals and millets also contain small amounts of amino 
acids, such as lysine and tryptophan.[12,14]

Health benefits of millets

Millets are a good source of phytochemicals for minor 
low-density lipoprotein, cancer risk, high phytochemicals, 
and antioxidants.[17] Epidemiological research revealed 
a reduced risk of cardiovascular disease and diabetes in 
people using finger millet in their diet.[18] Intake of foods 
such as millets rich in fiber decreases the risk of diabetes 
and slows the absorption and digestion process.[19] Barnyard 
millet [Figure 7] reduces blood glucose levels and serum 
cholesterol.[20] Intake of foods such as millets rich in fiber 
decreases the risk of diabetes and slows the absorption and 
digestion process.[19,21] Regular consumption of whole grains 
rich in fiber decreases cardiovascular disease.[22] Barnyard 
millet reduces blood glucose levels and serum cholesterol.[20] 
The phenolic content and fiber present in small millets and 
sorghum [Figure 8] help reduce esophageal cancer risk.[23]
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Health needs and prospects of value-addition to millets

These days, a large population is focused on herbal and 
healthier food options and readily spending money to 
improve health conditions.[30] However, the consumption 
rate has dropped drastically over the years.[31] That is 
why a gap between the production and value-addition of 
millets exists; hence, international and national research 
bodies have taken the initiative to fill this gap between the 
production and utilization of millets.[32] Millets possess 
medicinal properties, so there is a need to process them 
into value-added products to align with various nutritional 
security programs.[33] Recently, the nutraceutical sector 
of the food trade is unfolding and designer foods such as 
nutrition bars have found their place in this competitive 
industry.[32] The inclusion of underutilized food sources in 
developing new value-added products is ingenious.[30] These 
days, the world is looking toward millets to use in high-end 
consumer products as an alternative for unhealthy snacks, 
which were otherwise used only in traditional ways.[1] One 

Figure 4: Proso millet grain.[9]

Figure 5: Kodo millet grain.[9]

Figure 6: Proso Millet Panicles.[9]

Figure 7: Baarnyard millet panicles.[9]

Figure 8: Sorghum Millet Panicles.[9]

can be helpful in the battle against iron deficiencies. Finger 
millet and sorghum grains seem to fit as carriers for iron 
fortification.[29]
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such high-end consumer food is snack bars/nutrition bars/
food bars.[34]

CEREAL BAR: THE FUTURE FOODS

Cereal bars are an important part of our diet and are 
being consumed not only as a breakfast meal but at 
any time during the day. Multicomponent cereal bars 
have a strong market capability to offer good health 
assistance to the public.[35] Cereal bar consumed as a 
replacement for morning breakfast-snacks helps mood 
and memory.[36] During the past few years, healthy cereal 
bars have achieved more prominence and success in the 
snacks industry, and nowadays, the sector provides a 
broad range of bars with various labels.[37] Commercially, 
available bars such as Yogabar Breakfast Protein Bar, 
Kellogg’s Frosties Bar, Horlicks Multicereal Nutrition 
Bar, Mojo Bar, General Mills Nature Valley Granola Bar, 
RiteBite Max Protein Daily Nutrition Bar, and Muscle 
Blaze Protein Energy Bar are widely known to Indian 
customers.[38]

Cereal bars market potential

Indian food industries are focused on fulfilling the need for 
safe and healthy foods for consumers. This trend includes the 
market of convenience or functional foods by exploring local, 
sustainable raw materials, aimed to create a regional market 
that is safe, nutritious, and healthy for the environment as 
well.[39,40] The consumer’s eating habits have changed with time; 
a hectic lifestyle leads to eating away from home and unhealthy 
snacking patterns. Nutritional bars are a perfect replacement for 
a regular diet for such people.[41] However, scientists/developers 
need to know consumers’ specific requirements, especially for 
functional foods, to prosper in the market.[42] This business 
provides enormous opportunities for expansion.[43]

CURRENT STATUS OF MILLET BASED BARS 
AND FUTURE POTENTIAL

Various bars developed using millets in different forms 
throughout the period are discussed in this section. Sorghum 
flour-based bar was developed by which provided 4.12  mg 
of iron as sorghum is a rich source of iron and dietary fiber. 
Anemia in adolescents is rising as they mostly consume fat-
rich snacks.[44] A high-energy (386.6 Kcal) and high-fiber 
(9%) bar were developed as a convenience food for a dietary 
supplement for consumers of all age groups, and enhanced 
protein content is observed for millet accompanied by 
Moringa seed.[45] Popped sorghum and sorghum-based Kissra 
were the primary source of fiber in the bar.[46] Two different 
variants were developed using foxtail millet and pearl millet 
[Figure 9] in other portions as a meal replacement bar and a 
protein bar. Millets were chosen for product development to 

target high-end consumers to enhance the urban population.
[32] Millets were incorporated in the form of flakes in a 
probiotic fruit bar designed to meet health needs. Millets 
can also act as a raw material in the probiotic range of 
products with good sensory and nutritional properties.[47] 
For increased availability and utilization of millets as a ready-
to-eat product, a cereal bar with balanced nutrients was 
developed. Millets were incorporated in popped pearl millet 
with other grains and nutraceutical value.[48] Foxtail millet 
[Figure 10], barnyard millet [Figure 11], and finger millet 
can be incorporated as flakes to develop a cereal bar rich 
in carbohydrates (56.3%) and energy (404 Kcal/100  g), to 
fulfill the nutrients need of adolescent female athletes. These 
bars are tested as microbiologically safe for consumption.[49] 
A low glycemic index (37.6) cookie bar incorporated with 
foxtail millet (15%) can be developed as diabetic food that 
may reduce the risk of obesity and diabetes mellitus in the 
Indonesian population.[34]

Figure 9: Pearl Millet Panicles.

Figure 10: Foxtail millet panicles.
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millet [Figure 14]) and other local ingredients. A sports bar is 
a replacement of snacks in between meals for athletes to meet 
their energy needs and provided high energy (400 Kcal/100 g), 
carbohydrates (72.5%), and protein (13.7%).[50] Foxtail millet 
(20–30%) can be incorporated with cereals and legumes to 
produce a nutribar for nutrition supply to malnourished 
children. This nutribar contains a balanced percentage of all 
vital nutrients, that is, 40% fat, 30% carbs, 18% protein, and 
5% fiber.[51] Sorghum flour can be used along with peanut 
butter and cocoa butter as a major ingredient to develop a 
protein-rich snack bar that can provide approximately 25% of 
protein and 9% dietary fiber. These bars can be recommended 
for supplementary nutrition programs across the globe, 
especially in developing countries like India who is spending 
11,000 crores rupees, a considerable share of GDP in similar 
programs like Mid-Day-Meal.[52,53] Pearl millet [Figure 15] can 
be incorporated in the development of protein bar up to 30%, 
increasing the consumption rate of pearl millet as a functional 
food in the ready-to-eat food category.[54]

Figure 14: Foxtail millet grain.

Figure 13: Sorghum Millet grain. Figure 15: Pearl millet grain.

Figure 11: Barnyard millet grain.

Figure 12: Little Millet grain.

A low-cost sports bar can be developed with the incorporation 
of a mix of four different millets (35–50% of little millet 
[Figure 12], sorghum [Figure 13], pearl millet, and foxtail 
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In 2018, the Indian Nutritional bars market was valued at 70.43 
crores. Forecasted data show that it will be worth 346.15 crores 
by 2024 by advancing with a compound annual growth rate of 
more than 30%. The meal-replacement bars market is expected 
to see a boom shortly. India is one of the prominent markets 
in the Asia Pacific region (growing fastest in the world) and 
China due to the large population of the countries.[55]

CONCLUSION

In times of climate change, when we need climate resilience, 
our forgotten foods have the potential to become foods of the 
future, given their adaptable ecological behavior. This review 
suggests that there is an urgent need to process millets to high-
end value-added products to increase its consumption among 
youth. One such low-cost product could be a millet-based food 
bar to meet nutritional needs. This product is an instant food 
product and having a huge market potential and can address 
modern world issues. Global agencies such as FAO and USFDA 
are also working toward changing the deep-rooted perception 
that millets are menial to other staple crops like wheat, even 
after significant proof that millets are loaded with higher 
health aids. In this row, millets have been declared as “Nutri 
Cereals” in the year 2018 by the Government of India to step-
up the consumption, which will help farmers get better income. 
However, more research and government focus are needed to 
highlight the nutritional values, health benefits, availability, and 
future prospectus of the millet and its value addition.
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