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Abstract

Millets are a group of small-seeded, hardy cereals cultivated widely in semi-arid regions, known for
their resilience to harsh climates and low water requirements. Millets have gained widespread
recognition as a valuable dietary supplement due to their exceptional health benefits and ability to meet
the nutritional demands of contemporary diets. These ancient grains, cultivated for millennia, are rich
in protein, fiber, vitamins, and essential minerals. Additionally, millets are an outstanding source of
phytochemicals, which possess detoxifying and antioxidant properties. Millet based food and beverages
have been shown to provide health-promoting benefits, including anti-diabetes, anti-obesity,
cardiovascular disease prevention, and immune system booster. The nutritional profile and possible
health advantages of millets are explored in this study, emphasizing their potential as a sustainable and
health-promoting dietary source.
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Introduction

With the increase in global population, food security has become a growing concern.
Ensuring adequate nutrition for everyone requires not only improved cultivation practices
and genetic advancements but also a focus on crop diversification. In this context, millets
emerge as a wholesome and sustainable choice. These nutrient-rich crops are not only vital
for addressing food and nutritional security but are also hardy and resilient, capable of
thriving in harsh environmental conditions. Despite their exceptional climate resilience and
nutritional benefits, research on millets has fallen behind compared to major cereals (Ajeesh
Krishna et al., 2022) . Millets were staple crops in India for millennia, but they were
gradually supplanted by high-yielding wheat and rice cultivars, resulting in their
marginalization (Harish er al., 2024) 1. Millets garnered significant global attention in
2023, designated as the "International Year of Millets." This initiative aimed to raise
awareness and promote both the consumption and production of these nutrient-rich grains.
Millet can serve both nutritional and medicinal purposes, is rich in health-enhancing
phytochemicals, and is regarded as a functional food. Millets are rich in carbohydrates,
proteins, dietary fiber, healthy fats, minerals (such as calcium, potassium, magnesium, iron,
manganese, and zinc), and B vitamins. They also contain bioactive phytochemicals,
including feraxans, lignans, beta-glucan, inulin, resistant starch, sterols, and phenolic
compounds (BAJPAI et al., 2023) 1. Millets offer numerous health benefits, as supported by
epidemiological studies, which show that their consumption can lower the risk of heart
disease, help manage diabetes, enhance digestion, reduce cancer risk, detoxify the body,
boost respiratory health and immunity, increase energy levels, support muscular and neural
health, and protect against degenerative conditions such as metabolic syndrome and
Parkinson's disease (Chandrasekara and Shahidi, 2011) !4, Millets are more nutritious than
rice and wheat, providing affordable sources of minerals, protein, and vitamins, making them
a valuable dietary option for improving the well-being of poor communities in the Asia-
Pacific region (Huang et al., 2023) 2. With their unexploited grain yield potential and
nutritional advantages, millets are poised to become essential food crops of the future,
particularly in challenging rainfed regions (Yang et al., 2012) 61,
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Promoting millet consumption is crucial to boosting their
demand as food, animal feed, and industrial raw materials,
which can be achieved through targeted policies and
awareness campaigns.

Classification of millets
Generally, millets can be classified in two major classes
(Table: 1) basically based on their grain size, e.g., Major
millets and minor millets.

Table 1: List of major and minor millets

Major Millets Minor Millets
Sorghum (Jowar) Foxtail millet (Kakum)
Pearl millet (Bajra) Proso millet (Cheena)
Finger millet (Ragi) Kodo millet (Kodo)
Barnyard millet (Sawa)
Little millet (Kutki)

Nutritional and health benefits of millets

Pearl millet: Pearl millet (Pennisetum glaucum) offers a
rich nutritional profile comparable to other cereals, with
certain superior attributes. It provides substantial energy
value of approximately 17 MJ/kg and contains high-quality
proteins ranging from 9.5 to 14.41 g/100 g. The lipid
content is moderate, varying between 4.8 and 7.1 g/100 g.
Pearl millet is also a significant source of minerals,
including calcium (16-46 mg/100 g), iron (4-11.2 mg/100 g)
and zinc (2.95-7.1 mg/100 g) (Hassan et al., 2021; Pei et al.,
2022) 22421 Tn addition to these macronutrients, it is rich in
dietary fiber, ranging between 8 and 11.3 g/100 g and
includes vital micronutrients such as vitamins and trace
minerals, which play a critical role in enhancing gut health
and metabolism. Among all millet varieties, pearl millet is
distinguished by its high protein content, surpassed only by
foxtail and proso millet. It also has the highest fat content,
dietary fiber and energy value, making it a valuable food
source for malnourished populations in Africa and Asia
(Hassan et al., 2021; Satyavathi et al., 2021) 2251, Despite
its numerous benefits, pearl millet contains antinutritional
factors like polyphenols, tannins and phytic acid, which
range from 354 to 796 mg/g. These compounds can limit
nutrient  bioavailability. Additionally, goitrogenic
polyphenols, such as C-glycosylflavones (C-GFs) like
glucosyl orientin, glucosyl vitexin and vitexin, are also
present and have been associated with iodine deficiency and
goiter (Boncompagni et al., 2018) °). On the positive side,
pearl millet is a rich source of bioactive compounds that
exhibit antioxidant, antidiabetic, antimicrobial,
hypocholesterolemic  and  hypoglycemic  properties.
However, the flour of pearl millet (PMF) is prone to
rancidity due to the presence of an active lipase enzyme,
which hydrolyzes glycerides into free fatty acids, especially
under moist and oxidative conditions (Pawase et al., 2019)
[411. To enhance the shelf life and stability of pearl millet
flour, various processing methods such as roasting,
fermentation, germination, microwaving and hydrothermal
treatments have been developed. These methods also
improve the flour's functionality and nutritional profile.
Pearl millet is widely used in both traditional products (e.g.,
raabadi, chapatti and fura) and modern innovations such as
bakery items, pasta and extruded foods (Ali et al., 2023;
Jalgaonkar et al., 2022) 13261,
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Sorghum: Sorghum (Sorghum bicolor) is recognized as a
highly nutritious cereal crop, cultivated in India, the United
States, and several African nations. The grain serves as a
major food source in Africa and India and as a vital
livestock feed in developed countries. Sorghum contains 8-
18% protein, 70-80% carbohydrates and approximately 6.7
g of dietary fiber per 100 g, along with various essential
minerals. Its primary carbohydrate component is starch,
located mainly in the endosperm and partially in the
pericarp, which provides slow-digesting energy suitable for
sustained activities (Huang et al., 2022) 4. Additionally, it
contains fructosan, a trisaccharide contributing to its
carbohydrate profile. The protein content of sorghum
comprises albumins, globulins, glutelins and kafirins, with
the latter being hydrophobic and protease-resistant,
providing structural integrity and resilience against
environmental stresses (Mohajeri et al., 2015) 3. Sorghum
is also gluten-free, making it suitable for individuals with
gluten intolerance. Its lipid profile includes linoleic acid
(18:2), oleic acid (18:1), palmitic acid (16:0), linolenic acid
(18:3) and stearic acid (18:0), with linoleic and oleic acids
occurring in high proportions (Serrano et al., 2023) P!1. Rich
in dietary fiber, sorghum supports digestive health, regulates
blood sugar levels, lowers cholesterol and promotes satiety.
It also provides B-complex vitamins, such as thiamine and
riboflavin, essential for metabolism, along with niacin for
improved digestion, skin health and neurofunction. Essential
minerals like phosphorus, magnesium, iron and copper
contribute to bone health, red blood cell production, nerve
function and overall well-being. Trace amounts of zinc,
calcium and potassium further enhance its nutritional
profile. Moreover, sorghum contains unique antioxidants,
including 3-deoxy anthocyanins, which help reduce
inflammation and may lower cancer risks. The grain's
nutritional content varies based on variety, cultivation
practices and processing methods, with grain sorghum
generally containing higher protein and lipid levels than
sweet sorghum (Olawole et al., 2019) B8, These attributes
make sorghum a versatile and nutrient-dense addition to a
balanced diet.

Finger millet: Finger millet (Eleusine coracana) is a highly
nutritious cereal, rich in calcium, minerals, and dietary fiber.
Carbohydrates form a significant component of ragi, ranging
between 72% and 79.5% (Pore & Magar, 1979) 4. Starch
constitutes the majority of these carbohydrates, ranging
from 59.4% to 70.2% (Joshi & Katoch, 1990; Bhatt., 2003;
Wankhede et al., 1979) 1?7- 8 39 Additionally, residual
amylose accounts for 15% to 20%, while amylopectin
makes up 80%-85% of (the starch (Pore & Magar, 1979;
Antony et al., 1996; Nirmala et al., 2000) “+ 3 361 Non-
starch polysaccharides contribute 20%-30% of the total
carbohydrates in ragi (Nirmala et al., 2000) %), The high
fiber content in millets, including ragi, is associated with
hypoglycemic effects due to the slow absorption and
assimilation of complex carbohydrates, leading to reduced
postprandial blood sugar levels (Geetha & Easwaran, 1990)
(201 Protein is the second most abundant component in ragi,
ranging from 5.6% to 12.7%. Approximately 71% of its
protein is digestible (Ravindran, 1991; Rao, 1994; Mbithi-
Mwikya et al., 2000) 474331 Essential amino acids, which
play a crucial role in protein functionality, constitute 44.7%
of the total amino acids in finger millet (Mbithi-Mwikya et
al., 2000) ™. The amino acid profile of ragi is well-
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balanced, with a high essential-to-non-essential amino acid
ratio. Except for lysine, the essential amino acid content
exceeds the recommended values for children aged 2-5
years. Unique among cereals, ragi contains tryptophan,
along with balanced levels of valine, threonine and lysine
(Ravindran, 1992) 6 It also includes proline, valine,
isoleucine, leucine and phenylalanine in higher proportions
compared to arginine and glycine. Significant protein
fractions include albumins and globulins. Ragi has a notable
fat content, varying between 1.2% and 2.1%, depending on
the variety (Patil et al., 2023) B! Its lipid composition
includes free lipids, bound lipids, structural lipids and
phospholipids. Key fatty acids include oleic acid, palmitic
acid and linoleic acid, with unsaturated fatty acids
comprising 74.4% of the total lipid content, while saturated
fatty acids account for 25.6% (Sridhar & Lakshminarayana,
1994) B4, Finger millet also provides essential nutrients,
including isoleucine (4.4 g), leucine (9.5 g), methionine (3.1
g) and phenylalanine (5.2 g), which are scarce in other
starchy grains (Dykes & Rooney, 2006) ['7l. Moreover, it is
a good source of minerals such as calcium, iron, potassium,
magnesium and zinc, as well as B vitamins like niacin,
pyridoxine and folic acid (Hulse et al., 1980) 2%,

Proso millet: Proso millet (Panicum miliaceum) is a
nutritionally rich cereal with significant health benefits. It is
a valuable source of macronutrients, including proteins and
dietary fibers, as well as essential micronutrients such as
magnesium, phosphorus, potassium, and trace minerals
(Pilat et al., 2016) ™. Proso millet proteins play a critical
role in cholesterol metabolism, improving HDL cholesterol
levels and insulin sensitivity, as highlighted by Park et al.
(2011) 281, These properties make it beneficial for managing
cardiovascular diseases (CVDs) and diabetes. Additionally,
it contains phytochemicals like phenolic acids, polyphenols,
and flavonoids that exhibit antioxidant and anti-
inflammatory properties (Chandrasekara & Shahidi, 2011;
Bora et al., 2018) % 191 The high antioxidant capacity of
proso millet, attributed to its phenolic acids such as ferulic,
syringic, and chlorogenic acids, protects against oxidative
stress and chronic diseases, including cancer (Zhang et al.,
2014; Aburai et al., 2007) ©> 1, Studies indicate its dietary
fibers enhance satiety, improve gut health, and reduce the
risk of lifestyle diseases like obesity and breast cancer (Cade
et al., 2007; Fardet, 2010) "' 181, Furthermore, it has been
shown to reduce triglycerides and C-reactive protein levels
in hyperlipidemic models, demonstrating its potential in
combating hyperlipidemia and associated risks (Lee et al.,
2010) B, Proso millet is also known for its nutrigenomic
effects, particularly in producing short-chain fatty acids
(SCFAs) and improving skeletal health through
oligosaccharides acting as prebiotics (Asharani et al., 2009;
Amadou et al., 2013) & 4 Its liver-protective properties
were demonstrated in studies where proso millet protein
suppressed liver injury caused by D-galactosamine
(Nishizawa et al., 2002) B7. Collectively, proso millet
stands as a nutritionally superior cereal with vast potential
for enhancing human health and addressing global
nutritional challenges.

Foxtail millet: Foxtail millet (Setaria italica), a highly
nutritious and underutilized crop, surpasses commonly
consumed cereals like wheat and rice in nutritional value. It
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is a rich source of essential nutrients, including
carbohydrates, proteins (10%-15%), dietary fiber (6%-8%),
crude fat (7%-8%) and minerals such as iron, calcium and
zinc (Sharma & Niranjan, 2017; Muthamilarasan et al.,
2016) 1% 31, Foxtail millet contains significant amounts of
essential amino acids, including methionine and cysteine, as
well as sulfur-containing amino acids, which are crucial for
human health. Its resistant starch content, ranging from 13%
to 15%, makes it an ideal choice for diabetic individuals.
Chen et al. (2013) "5 and Yang et al. (2013) %% conducted
extensive analyses of foxtail millet, reporting crude fat
content between 4.4 and 7.3 g/100 g, total carbohydrates
ranging from 65.59 to 83.8 g/100 g, and protein content
varying from 9.5 to 20.58 g/100 g. Additionally, its gluten-
free nature and slightly higher fat content contribute to its
nutritional superiority. Foxtail millet also contains
polyphenols, phenolic acids, tannins and flavonoids, which
provide antioxidant properties and support the immune
system (Devi et al, 2011) 6! Moreover, its lipids,
including linoleic acid and tocopherols, enhance its health
benefits (Liang et al., 2010) P2 Collectively, these
attributes highlight foxtail millet as a sustainable and health-
promoting cereal grain with the potential to address global
nutritional challenges.

Barnyard millet: Barnyard millet (Echinochloa spp.) is a
nutritionally superior grain compared to other major and
minor millets, offering a rich composition of dietary fiber,
protein, iron, zinc, calcium, magnesium, fat, vitamins and
essential amino acids (Singh er al., 2010; Saleh et al., 2013;
Chandel et al., 2014a) 553412 1t has a lower carbohydrate
content (51.5-62.0 g/100 g) compared to other millets,
making it a favorable choice for managing blood sugar
levels (Saleh et al., 2013) . With crude fiber content
ranging from 8.1% to 16.3%, barnyard millet promotes a
slower release of sugars into the bloodstream, beneficial for
glycemic control (Ugare et al., 2014) 7). Research indicates
that resistant starch in barnyard millet can help lower blood
glucose levels, serum cholesterol, and triglycerides, as
demonstrated in animal studies (Kumari & Thayumanavan,
1998) P91, Clinical studies have also confirmed its low
glycemic index in patients with type 2 diabetes (Ugare et al.,
2014) B7. The protein content (11.2%-12.7%) is notably
higher than that of other cereals and in barnyard millet the
iron content (15.6-18.6 mg/100 g) is significantly elevated,
making it ideal for addressing iron deficiency and anemia,
particularly in women (Saleh et al., 2013; Renganathan et
al., 2017; Vanniarajan et al., 2018) 4% 4. 581 Additionally,
the lower phytate content (3.30-3.70 mg/100 g), which
decreases further upon dehulling, enhances mineral
bioavailability (Panwar et al., 2016) *¥. The grain also
contains high levels of polyphenols and carotenoids, which
provide antioxidant, anti-inflammatory and antimicrobial
properties, contributing to its ethnomedical uses in
managing various health conditions (Kim et al., 2011;
Panwar et al., 2016) ?® 1. These nutritional and health-
promoting attributes position barnyard millet as an excellent
food choice for overall physical and nutritional well-being.

Kodo millet: Kodo millet (Paspalum scrobiculatum) is
recognized as a nutrient-dense cereal grain, often referred to
as a "nutria-cereal" due to its rich composition of vitamins,
minerals, and essential phytochemicals. It is particularly
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abundant in essential amino acids, including lysine,
threonine, valine, and sulfur-containing amino acids like
methionine and cysteine, though it is deficient in tryptophan
(Ravindran, 1992; Antony et al., 1996) 531, The grain is an
excellent source of vitamin B3, vitamin B6, and folic acid,
along with essential minerals such as calcium, potassium,
magnesium, and zinc. The protein content of Kodo millet is
approximately 8.3%, with glutelin as the primary protein
component (Sudharshana et al., 1988) P It contains a
notably high crude fiber content of 9%, significantly
exceeding that of wheat, which contains just 1.2% (Devi et
al., 2011) %! Kodo millet provides about 353 kcal of energy
per 100 grams, with its carbohydrate content accounting for
66.6%, fat content at 1.4%, mineral content at 2.4% and ash
content at 2% (Chandel et al., 2014a) ['?!. Furthermore, the
iron content in Kodo millet ranges from 25.86 to 39.60 ppm,
making it a valuable source of dietary iron (Chandel et al.,
2014b) 31 These nutritional properties highlight Kodo
millet’s potential in improving diet quality and addressing
nutrient deficiencies.

Little millet: Little millet (Panicum sumatrense) is a
nutritious grain with several health advantages, making it an
ideal supplement to a well-balanced diet. It is a good source
of macronutrients, with about 7.7 grams of protein and 7.6
grams of dietary fiber per 100 grams, which help with
muscle maintenance and digestive health (Sushmita et al.,
2020) 561 Little millet also contains vital minerals such as
iron (9.3 mg/100 g), calcium (17 mg/100 g), phosphorus
(250 mg/kg), and magnesium (118 mg/kg), all of which are
required for oxygen transport, bone strength, and numerous
metabolic activities (Kumari et al., 2022) P9, This millet is
especially high in B vitamins, particularly niacin (vitamin
B3), which promotes energy metabolism and general health
(Gahalawat et al., 2024) U9 It also includes phenolic
compounds and flavonoids with antioxidant capabilities,
which serve to counteract oxidative stress and protect the
body from chronic illnesses. Its low glycemic index and
high fiber content make it ideal for controlling blood sugar,
lowering the risk of diabetes, and aiding digestion.

Conclusion

Millets are becoming increasingly popular in diets, which is
in line with current initiatives to adopt sustainable, healthier
lifestyles. Because of their many culinary uses, millets are a
popular option for those who are concerned about their
health and support sustainable eating. They are emerging as
a key component of initiatives to solve global nutritional
issues and promote ecologically sustainable farming systems
as awareness of their advantages rises. People may improve
their own health and the health of the earth by including
millets in their regular meals, guaranteeing future
generations a more nourishing and sustainable future.
Despite its numerous health advantages, bioavailability of
nutrients and the presence of anti-nutritional substances
remain significant issues of millets that should be addressed
via more investigation. Last but not least to promote long-
term health and nutritional benefit, this study emphasizes
the need of reintroducing millets into modern diets as a
functional food and advocates for their inclusion in dietary
guidelines and food policy. Achieving this will require
increased investment in millet research and support
comparable to that provided for wheat and rice.

https://www.biochemjournal.com

References

1. Aburai N, Esumi Y, Koshino H, Nishizawa N, Kimura
K. Inhibitory activity of linoleic acid isolated from
proso and Japanese millet toward histone deacetylase.
Bioscience, Biotechnology, and  Biochemistry.
2007;71:2061-2064.

2. Ajeesh Krishna TP, Maharajan T, Ceasar SA.
Improvement of millets in the post-genomic era.
Physiology and Molecular Biology of Plants.
2022;28(3):669-685.

3. Ali A, Jalgaonkar K, Patil RT, Gupta R. Processing
interventions for quality enhancement of pearl millet-
based foods. @ Food  Research  International.
2023;163:112106.

4. Amadou I, Gounga ME, Le GW. Millets: nutritional
composition, some health benefits & processing-A
review. Emirates Journal of Food and Agriculture.
2013;25:501-508.

5. Antony U, Sripriya G, Chandra TS. Effect of
fermentation on the primary nutrients in finger millet
(Eleusine coracana). Journal of Agriculture and Food
Chemistry. 1996;44:2616-2618.

6. Asharani VT, Jayadeep A, Malleshi NG. Natural
antioxidants in edible flours of selected small millets.
International Journal of Food Properties.
2009;13(1):41-50.

7. Bajpai P, Ravichandran R. The Potential of Millet
Grains: A Comprehensive Review of Nutritional Value,
Processing Technologies, and Future Prospects for
Food Security and Health Promotion. Journal of Cereal
Research. 2023;15(2).

8. 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.

9. Boncompagni E, Orozco-Arroyo G, Comino C, Guérin
G. Antinutritional factors in pearl millet grains: Phytate
and goitrogens content variability and molecular
characterization of genes involved in their pathways.
PLoS ONE. 2018;13(10):e0205208.

10. Bora P, Das P, Bhattacharyya R, Saikia A. Effect of
processing on the phytochemical content & antioxidant
capacity of proso millet (Panicum miliaceum L.) milled
fractions. International Journal of Chemical Studies.
2018;6(4):18-22.

11. Cade JE, Burley VJ, Greenwood DC. UK Women’s
Cohort Study Steering Group. Dietary fibre & risk of
breast cancer in the UK Women’s Cohort Study.
International Journal of Epidemiology. 2007;36(2):431-
438.

12. Chandel G, Meena R, Dubey M, Kumar M. Nutritional
properties of minor millets: neglected cereals with
potentials to combat malnutrition. Current Science.
2014;107:1109-1111.

13. Chandel U, Mankotia BS. Combining Ability in Local
and CIMMYT Inbred Lines of Maize (Zea mays L.) for
Grain Yield and Yield Components Using Line x Tester
Analysis. SABRAO Journal of Breeding and Genetics.
2014;46(2).

14. Chandrasekara A, Shahidi F. Antiproliferative potential
and DNA scission inhibitory activity of phenolics from
whole millet grains. Journal of Functional Foods.
2011;3(3):159-170.

~279~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Chen J, Ren X, Zhang Q, Diao X, Shen Q.
Determination of protein, total carbohydrates and crude
fat contents of foxtail millet using effective
wavelengths in NIR spectroscopy. Journal of Cereal
Science. 2013;58:241-247.

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.
2011;51(6):1021-1040.

. Dykes L, Rooney LW. Sorghum and millet phenols and

antioxidants. Journal of Cereal Science.
2006;44(3):236-241.

Fardet A. New hypotheses for the health-protective
mechanisms of whole-grain cereals: What is beyond
fibre? Nutrition Research Reviews. 2010;23(1):65-134.
Gahalawat P, Lamba N, Chaudhary P. Nutritional and
health benefits of millets: a review article. Journal of
Indian System of Medicine. 2024;12(1):4-11.

Geetha C, Easwaran PP. Hypoglycemic effect of millet-
incorporated breakfast items on non-insulin-dependent
diabetic patients. Indian Journal of Nutrition and
Dietetics. 1990;316.

Harish MS, Bhuker A, Chauhan BS. Millet production,
challenges, and opportunities in the Asia-pacific region:
a comprehensive review. Frontiers in Sustainable Food
Systems. 2024;8:1386469.

Hassan ZM, Sujatha K, Nallusamy S, Asif M. The
nutritional use of millet grain for food and feed: A
review. Agriculture and Food Security. 2021;10:1-11.
Huang H, Huang J, Wu Y, Zhuo W, Song J, Li X, et al.
The improved winter wheat yield estimation by
assimilating GLASS LAI into a crop growth model
with the proposed Bayesian posterior-based ensemble
Kalman filter. IEEE Transactions on Geoscience and
Remote Sensing. 2023;61:1-18.

Huang Y, Tian L, Yang Q, Zhang M, Liu G, Yu S, et
al. Nitrogenous fertilizer levels affect the
physicochemical properties of sorghum starch. Foods.
2022;11(22):3690.

Hulse JH, Laing EM, Pearson OE. Sorghum and the
millets: Their composition and nutritive value.
Academic Press; 1980.

Jalgaonkar K, Chavan UD, Patil DV. Advances in pearl
millet processing for improved nutrition and storage.
Journal of Cereal Science. 2022;103:103362.

Joshi HC, Katoch KK. Nutritive value of millets: A
comparison with cereals and pseudocereals. Himalayan
Research and Development. 1990;9:26-28.

Kim JY, Chang JK, Park B-R, Han S-I, Choi K-J, Kim
S-Y, et al. Physicochemical and antioxidative
properties of selected barnyard millet (Echinochloa
utilis) species in Korea. Food Science and
Biotechnology. 2011;20:461-469.

Kumari KS, Thayumanavan B. Characterization of
starches of proso, foxtail, barnyard, kodo, and little
millets. Plant Foods for Human Nutrition. 1998;53:47.
Kumari P, Singh YV, Yadav R, Vinay K, Chandan KH,
Reddy KRC. Analytical study of little millets and
therapeutic effect of little millets based on its
components in type 2 diabetes mellitus. International
Journal of Herbal Medicine. 2022;10(5):11-14.

Lee SH, Chung IM, Cha YS, Parka Y. Millet
consumption decreased serum concentration of

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

~ 280~

https://www.biochemjournal.com

triglyceride and C-reactive protein but not oxidative
status in hyperlipidemic rats. Nutrition Research.
2010;30:290-296.

Liang S, Yang G, Ma Y. Chemical characteristics and
fatty acid profile of foxtail millet bran oil. Journal of the
American Oil Chemists' Society. 2010;87:63-67.
Mbithi-Mwikya S, Ooghe W, Van Camp J, Ngundi D,
Huyghebaert A. Amino acid profiles after sprouting,
autoclaving, and lactic acid fermentation of finger
millet and kidney beans. Journal of Agricultural and
Food Chemistry. 2000;48(8):3081-3085.

Mohajeri L, Moradi P, Hemmatinejad N. Protease
resistance of sorghum kafirin: Implications for nutrition
and food security. Food Chemistry. 2015;180:276-82.
Muthamilarasan M, Mangu VR, Zandkarimi H, Prasad
M, Baisakh N. Structure, organization and evolution of
ADP-ribosylation factors in rice and foxtail millet and
their expression in rice. Scientific = Reports.
2016;6:24008.

Nirmala M, Rao MS, Muralikrishna G. Carbohydrates
and their degrading enzymes from native and malted
finger millet. Food Chemistry. 2000;69(2):175-80.
Nishizawa N, Sato D, Ito Y, Nagasawa T, Hatakeyama
Y, Choi MR. Effects of dietary protein of proso millet
on liver injury induced by D-galactosamine in rats.
Bioscience, Biotechnology, and  Biochemistry.
2002;66:92-96.

Olawole TD, Olalere AT, Adeyemi OA, Okwumabua
O, Afolabi IS. Tannin and antioxidant status of
fermented and dried Sorghum bicolor. Rasayan Journal
of Chemistry. 2019;12:523-530.

Panwar P, Dubey A, Verma AK. Evaluation of
nutraceutical and antinutritional properties in barnyard
and finger millet varieties grown in Himalayan region.
Journal of Food Science and Technology.
2016;53:2779-87.

Patil P, Singh SP, Patel P. Functional properties and
health benefits of finger millet (Eleusine coracana L.):
A review. The Journal of Phytopharmacology.
2023;12(3):196-202.

Pawase TK, Patil AR, Sonawane SK. Characterization
of rancidity and improvement strategies in pearl millet
flour. Journal of Food Processing and Preservation.
2019;43(5):e13977.

Pei F, Shi Y, Wang X, Zhang C. Nutritional evaluation
of pearl millet in food systems: A review. Food
Chemistry. 2022;373:131453.

Pilat B, Ogrodowska D, Zadernowski R. Nutrient
content of puffed proso millet (Panicum miliaceum L.)
& amaranth (Amaranthus cruentus L.) grains. Czech
Journal of Food Sciences. 2016;34:362-9.

Pore MS, Magar NG. Nutrient composition of hybrid
varieties of finger millet (Eleusine coracana). Indian
Journal of Agricultural Sciences; 1979.

Rao PU. Evaluation of protein quality of brown and
white ragi (Eleusine coracana) before and after
malting. Food Chemistry. 1994;51(4):433-436.
Ravindran G. Seed proteins of millets: Amino acid
composition, proteinase inhibitors and in vitro
digestibility. Food Chemistry. 1992;44(1):13-17.
Ravindran G. Studies on millets: Proximate and mineral
composition, phytate, and oxalate contents. Food
Chemistry. 1991;39(1):99-107.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com

48. Renganathan VG, Vanniarajan C, Nirmalakumari A,
Raveendran M, Thiyageshwari S. Cluster analyses for
qualitative and quantitative traits in barnyard millet
(Echinochloa frumentacea (Roxb. Link)) germplasm.
Bioscan. 2017;12:1927-31.

49. Saleh A, Zhang Q, Chen J, Shen Q. Millet grains:
Nutritional quality, processing, and potential health
benefits. Comprehensive Reviews in Food Science and
Food Safety. 2013;12:281-95.

50. Satyavathi CT, Chavan UD, Mahendrakar MD, Gupta
R. Pearl millet: A nutritional grain for food and feed.
Agriculture for Sustainable Development.
2021;9(1):20-30.

51. Serrano C, Sapata M, Oliveira MC, Soares A, Pereira
C, Abreu RM, et al. Encapsulation of sorghum leaf red
dye: Biological and physicochemical properties and
effect on stability. Foods. 2023;12(8):1646.

52. Sharma N, Niranjan K. Foxtail millet: Properties,
processing, health benefits and uses. Food Reviews
International. 2017;34(4):329-363.

53. Singh KP, Mishra HN, Saha S. Moisture-dependent
properties of barnyard millet grain and kernel. Journal
of Food Engineering. 2010;96:598-606.

54. Sridhar R, Lakshminarayana G. Lipid content and fatty
acid composition of small millets: Foxtail, proso, and
finger millet. Cereal Chemistry. 1994;71:355-359.

55. Sudharshana L, Monteiro PV, Ramachandra G. Studies
on the proteins of Kodo millet (Paspalum
scrobiculatum). Journal of the Science of Food and
Agriculture. 1988;42(4):315-323.

56. Sushmita VP, Lakshmi J, Lakshmi K. Nutrient
composition of little millet varieties; 2020.

57. Ugare R, Chimmad B, Naik R, Bharati P, Itagi S.
Glycemic index and significance of barnyard millet
(Echinochloa frumentacae) in type Il diabetics. Journal
of Food Science and Technology. 2014;51:392-395.

58. Vanniarajan C, Anand G, Kanchana S, Arun Giridhari
V, Renganathan VG. A short duration high yielding
culture - Barnyard millet ACM 10145. Agricultural
Science Digest: A Research Journal. 2018;8:123-126.

59. Wankhede DB, Shehnaj A, Raghavendra Rao MR.
Carbohydrate composition of finger millet (Eleusine
coracana) and foxtail millet (Setaria italica). Qualitas
Plantarum. 1979;28:293-297.

60. Yang XS, Wang LL, Zhou XR, Shuang SM, Zhu ZH,
Li N, et al. Determination of protein, fat, starch and
amino acids in foxtail millet (Setaria italica [L.]
Beauv.) by Fourier transform near-infrared reflectance
spectroscopy. Food Science and Biotechnology.
2013;22(6):1495-1500.

61. Yang X, Wan Z, Perry L, Lu H, Wang Q, Zhao C, ef al.
Early millet uses in northern China. Proceedings of the
National Academy of Sciences. 2012;109(10):3726-
3730.

62. Zhang L, Liu R, Niu W. Phytochemical and
antiproliferative activity of proso millet. PLoS One.
2014;9(8):e104058.

~ 281~


https://www.biochemjournal.com/

