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Summary

Millet are one of the most important food crops plays a very important role in the
agriculture and food of many developing countries. They are highly nutritious and most
digestible grains available in the world. Millets are hardy and grow well in dry zones as
rain-fed crops, under marginal conditions of soil fertility and moisture. Millets contain
60-70% carbohydrates, 7-11% proteins, 1.5-5% fat, and 2-7% crude fiber and are also
rich in vitamins and minerals. They are excellent source of vitamin B, magnesium, and
antioxidants. The vast array of biologically active compounds in these crops, including
tannins, phenols, anthocyanin, flavonoids and phytates, may indicate their potential as
therapeutic agents such as anti-microbial effect, antidiabetic, antioxidative etc. Millet is
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an alkaline forming gluten-free grain rich in Vitamin B such as Niacin, folacin,
riboflavin, thiamine and phosphorus that play a key role in energy synthesis in the body.
The present chapter provides detailed information about the botanical description and
distribution, origin, classification and phyto-constituents, nutraceutical values and
health benefits of Millets. On the basis of knowledge provided by the present literature,
it is suggested that Millets might provide alternative climate-smart crops, and as a
nutritious food, fulfil the nutritional needs of global population and to find ways to
consume the millets nutritionally, effectively and to reduce the problems of malnutrition
and other health problems. The urgent and immediate need is to put millets into the
public distribution system. Research institutions must give a new thrust on millet areas
and issues. But such research initiatives must be led by farmers since they offer exciting
perspectives for the research which has to be people-centered and people directed.

1. Introduction

The most striking feature of the planet earth is the existence of life and its diversity.
Biodiversity is the variety and variability of life which includes all the plants and
animals that live and grow on the Earth, all the habitats in which they survive, and all
the natural processes of which they are a part. The earth supports an incredible array of
living things. Plant biodiversity is the most effective resource that has been treasured
from nature within the kind of food, fodder, fibers, shelter, biomass, etc. required for the
survival and sustainability of humankind. Plant diversity helps to take care of
biophysical systems and maintain balance of the earth and climate, thereby stabilizing
the life system on the planet earth. Food is any substance which provides an organism
with energy and nutrients necessary for its health and existence. To maintain good
health humans must consume both energy producing food such as carbohydrates and
fats and a proper balance of the other nutrients like proteins, vitamin, minerals and
water regularly. It is estimated that on a worldwide scale plants directly provide 88
percent of the calories (i.e. carbohydrates and fats) and 80 percent of proteins that
human beings consume; the rest come from animal products.

Plant-based foods are generally classified into fruits, vegetables, legumes, grains, nuts,
and seeds; their derived processed counterparts such as breads, cooked and fermented
vegetables and legumes; and fruit juices, jellies and jams; and their derived
ingredients like seed—derived oils, sugars, and a few herbs and spices. Evidence from
several studies has shown that diets rich in plant foods are protective against several
degenerative diseases such as cancer, cardiovascular ailments, diabetes, metabolic
syndrome and Parkinsons disease, and many others. In the last years, whole grain
cereals have received more significant consideration because of its fiber content and
presence of a mixture of bioactive compounds like antioxidants and phytochemicals.
Presence of natural antioxidants in the plant foods specifically polyphenols, carotenoids,
vitamin C, and tocopherol are known to prevent free radical damage. Studies conducted
by several scientists revealed that the health benefits of whole grains are correlated with
phytochemicals and nutraceutical properties. It was suggested that the health benefits of
whole grains consumption are due of presence of unique bioactive compounds in whole
grains. Grains such as wheat, rice, maize are the basis of daily diets for many
populations worldwide. They are the seeds of plants, mainly belonging to the botanical
groups of cereals, pseudo cereal, millets and legumes. The top crops such as wheat, rice,
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corn, barley, sorghum, oat and millet that feed the planet are cereals and belong to the
Poaceae family.

Millet is a general term for a wide range of small seeded grasses that are nutritionally
rich and may are used for grain and/or forage in many regions of the world. In India,
commonly grown millets include sorghum, bulrush millet, ragi, Italian millet, little
millet, barnyard millet, proso millet and kodo millet. Millets are important but
underutilized crops in tropical and semiarid regions of the planet which exhibit greater
resistance to pests and diseases, good adaptation to a wide range of environmental
conditions and give good yield of production, can withstand significant levels of
salinity, immune to water logging, drought tolerant, require little inputs during growth
and with increasing world population and decreasing water supplies they represent
important crops for future human use. Millets are highly nutritious, high energy food,
non-glutinous and non-acid forming foods. Millets are considered to be the least
allergenic and most digestible grains available. In recent years, they are considered to be
an important component of processed foods. Compared to rice, especially white rice,
millets release lesser percentage of glucose and over an extended period of our time.
This lowers the risk of diabetes.

Millets are high in minerals like iron, magnesium, phosphorous and potassium. Several
scientists have reported that millets contain high quantity of a-tocopherol, dietary fiber,
total carotenoids, and tryptophan content. Rao et al. (2011) evaluated the nutraceutical
properties of small millets and stated that these millet varieties comprise of vast
amounts of phenolics and other compounds such as tannins, alkaloids, flavonoids and
saponin.

2. Origin and History of Millets

Millets are one of the oldest of cultivated crops. Records of culture for foxtail and proso
millet extend back to 2000 to 1000 BC in China followed by evidence of the cultivation
of millet in the Korean Peninsula dating to the center Jeulmun Pottery Period (around
3,500-2,000BC).In India, cultivation of millets has been mentioned in some of the
oldest Yajurveda texts, identifying foxtail millet (privangava), Barnyard millet (aanava)
and black finger millet (shyaamaka), thus indicating that millet consumption was quite
common, prior to the Indian Bronze Age (4,500BC).

2.1. Sorghum (Sorghum Bicolor (L..) Moench)
Cultivated Sorghum probably originated in East Central Africa, in or near Ethiopia or

Sudan because of the great diversity of types growing in that region. The diversity of
cultivated types decreases towards Southern Africa and Asia.

2.2. Pearl or Cattail Millet (Pennisetum Glaucum (L.) R. Br.)
Pearl millet is native to the Sahel. It has spread across Africa from West to East and
from there to Southern Africa. It was introduced to India in 3000 BC and later to

America, Brazil and Australia. It was originated in the African savannah and grown
since prehistoric times. It is grown extensively in Africa, Asia, India and Middle East as
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a grain. It was introduced into the United States at an early date but was seldom grown
until 1875. It is primarily grown in southern United States as a short lived pasture. It is
preferred over Sudan grass as a forage crop in the south. Varieties planted at
Rosemount, Minnesota produced little or no seed, and their forage yield was low
compared to foxtail varieties.

2.3. Finger Millets (Madua) [Eleusine Coracana (Gaertn)]

According to DeCandolle (1886), finger millet probably originated in India. It might
have originated from yard grass, a grass that grows in many parts of northern India. It is
supposed to have spread from India to Abyssinia and rest of Africa. Vavilov (1951) and
Mehra (1962) consider Eleusine coracana to be of African origin.

2.4. Little Millet (Panicum Sumatrense)

It is native to India and is called Indian millet. The species name is based on a specimen
collected from Sumatra (Indonesia).

2.5. Kodo (Paspalum Scrobiculatum L.)

Kodo millet is a very old crop and it was mentioned in ancient literature of India.
According to some investigators, kodo millets might have originated in South-East
Asia. They have been grown as fodder species in America, Australia and South Africa.

2.6. Foxtail Millet [Setaria Italica (L.) P. Beauvois]

Foxtail millet has probably originated in southern Asia and is the oldest of the cultivated
millets. Its culture slowly spread westward towards Europe. Foxtail millet was rarely
grown in the U.S. during colonial times, but its acreage increased dramatically within
the Great Plains after 1850. However, with the introduction of Sudan grass, acreage
planted to foxtail millet decreased. Today, Italian millet is grown primarily in eastern
Asia.

2.7. Barnyard or Japanese Millet (Sawan) [Echinochloa Crusgalli (L.) P. Beauvois]

It is a domesticated relative of the seed, barn grass. It is grown for grain in Australia,
Japan and other Asian countries. In the United States, it is grown primarily as forage.

2.8. Proso Millet (Cheena) (Panicum Miliaceum L.)

It was first grown along the eastern seaboard and was later introduced into the Dakotas
where it later was grown on considerable acreage. In North Dakota acreage has ranged
from 50,000 to 100,000 acres while in Minnesota only a couple of thousand
acres are grown. Proso millet is grown within the Soviet Union, China, India and
Western Europe. It was introduced into the U.S. from Europe during the 18™ century.

©Encyclopedia of Life Support Systems (EOLSS)



MEDICINAL AND AROMATIC PLANTS OF THE WORLD - Phyto Chemistry of Millets and Few Staple Cereals - Dr. Maneesha
Singh

2.9. Brown Top Millet (Panicum Ramosum)

It is a native of India and was introduced into the United States in 1915. It is grown in
south eastern United States for hay or pasture; bird and quail feed plantings on game
preserves. It is sometimes sold to Minnesota sportsmen for this purpose. Seed and
forage yields of brown top millet are low in Minnesota tests and it didn’t compete well
with weeds.

3. Distribution

Millets are hardy and grow well in dry zones as rain-fed crops, under marginal
conditions of soil fertility and moisture. They account for India as the top most
producers of millets followed by Nigeria for the year 2000 and 2009. In India, eight
millets species (Sorghum, Pearl millet, Finger millet, Foxtail millet, Kodo millet, Proso
millet, Barnyard millet and little millet) are commonly cultivated under rain fed
conditions. Further, in each of the millet growing areas at least 4 to 5 species are
cultivated either as primary or allied crop in combination with the pulses, oilseeds,
spices and condiments. For instance, while pearl millet and sorghum are primary crop
and allied crops respectively in the desert regions of Rajasthan, in the eastern parts of
Rajasthan and Guyjarat it is the opposite. Similarly, sorghum is sown as major crop in the
Telangana, Andhra Pradesh, Maharashtra and parts of Central India, while it is
considered as fodder crop in some of the Southern regions.

3.1. Sorghum [Sorghum bicolor (L..) Moench]

It 1s the fourth in importance among the world’s leading cereals being cultivated over an
area of about 43.7 million hectares with a production of about 62.8 million tones.
Among the Sorghum growing countries, India ranks first in acreage but second in
production, USA being the largest producer in the world. Other important growing
countries are China, Nigeria, Sudan and Argentina. In regards to average yield,
Argentina ranks first (4375 kg per hectare) followed by USA (4370 kg per hectare).
Whereas the average yield of sorghum in India is only 852 kg per hectare. Maharashtra,
Andhra Pradesh, Karnataka, Madhya Pradesh, Gujarat, Tamil Nadu, Rajasthan and
Uttar Pradesh are the important Sorghum growing states.

3.2. Pearl or Cattail millet [Pennisetum glaucum (L.) R. Br.]

It is a crop grown mostly in tropical climate. It is widely grown in Africa and Asia. The
important pearl millet growing countries are India, China, Nigeria, Pakistan, Sudan,
Egypt, Arabia and Russia. In India, it is grown over an area of 8.9 million hectares with
total production of 5.7 million tones. Pearl millet is grown over everywhere except in
high rainfall areas like Assam, West Bengal and Orissa. States of Rajasthan,
Maharashtra, Gujarat, Uttar Pradesh and Haryana account for 87%of total area.

3.3. Finger Millet (Eleusine coracana (L.) Gaertn)

Finger millet is widely cultivated in India, Africa, Ceylon, Malaysia, China and Japan. It
is the most important small millet in the tropics (12% of global millet area) and is
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cultivated in more than 25 countries in Africa (eastern and southern) and Asia
(from Middle Eastto Far East) predominantly. In India, it is an important crop of
Karnataka, Andhra Pradesh, Tamil Nadu, Maharashtra, Orissa, Bihar, Uttar Pradesh and
Himachal Pradesh.

3.4. Little Millet (Panicum sumatrense Roth ex Roem. & Schult)

Little millet is an important crop grown for food and feed in the tribal belt of Madhya
Pradesh, Chhattisgarh and Andhra Pradesh in India. It is described as a fast growing,
short duration cereal, which may withstand both drought and water logging.

3.5. Kodo Millet (Paspalum scrobiculatum L..)

Kodo millet is grown as a cereal in India only. In India, it is grown in Andhra Pradesh,
Maharashtra, Karnataka, Tamil Nadu and Uttar Pradesh. In Uttar Pradesh, it is grown
mostly in Gorakhpur, Basti, Gonad, Deoria, Mirzapur and Sitapur districts. Kodo
millet may be a long duration crop and grows well in shallow also as deep soils.

3.6. Foxtail Millet (Setaria italica (L.) Beauv.)

Foxtail millet ranks second in among the millet produced globally world’s total
production of millets. The annual production of foxtail millet was estimated to be five
million tons with China being the main producer (3.7 million tons). It is mainly grown
on poor or marginal soils in southern Europe and in temperate, subtropical, and tropical
Asia. It can grow over a good range of altitudes starting from water level to 2000 m
above mean water level. Foxtail millet is fairly tolerant to drought; it can escape some
droughts due to early maturity. Due to its short life cycle, it is often grown as a short-
term crop. It is also cultivated as a land crop under marginal and sub-marginal lands. It
requires water within the later stages of the crop growth but cannot tolerate water

logging.
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systems].
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Hegde P. S., Rajasekaran N. S., Chandra T. S. (2005). Effects of the antioxidant properties of millet
species on oxidative stress and glycemic status in alloxan induced rats. Nutr. Res. 25, 1109—1120. [This
research paper presents the beneficial role of a millet-based diet in protecting against oxidative stress and
maintaining glucose levels].

Hegde P.S., Chandra T.S. (2005). ESR spectroscopic study reveals higher free radical quenching potential
in kodo millet (Paspalum scrobiculatum) compared to other millets. Food Chem 92,177— 182. [The results
of this research paper indicate that finger millet is a potent source of antioxidant compounds.

Himanshu K., Chauhan M., Sonawane S.K., Arya S.S. (2018). Nutritional and Nutraceutical Properties of
Millets: A Review. Clin J Nutr Diet 1(1), 1-10. [This review article highlights on millets as one of the
underutilized groups of cereal grains. In spite of the presence of high nutritional and nutraceuticals
components, these are still considered as food of poor people].

Jacotet-Navarro M., Laguerre M., Fabiano-Tixier A.S., Mathieu T., Feuillere N., Antoine B., Chemat F.
(2018). What is the best ethanol-water ratio for the extraction of antioxidants from rosemary? Impact of
the solvent on yield, composition, and activity of the extracts. Electrophoresis. 2018.
https://doi.org/10.1002/elps.201700397.[The results of this research paper showed the type of solvent
used for extraction of phyto-constituents and yield of total extract].

Joshi B. N, Sainani M. N., Bastawade K. B., Deshpande V. V., Gupta V. S., Ranjekar P. K. (1999). Pearl
millet cysteine protease inhibitor. Evidence for the presence of two distinct sites responsible for anti-
fungal and antifeedant activities. Eur. J. Biochem 265, 556—563. [This research paper revealed that pearl
millet cysteine protease inhibitor (CPI) shown to possess anti-fungal activity in addition to its anti-feedant
(protease inhibitory) activity].

Kamath, M.V. and Belavady, B. (1980). Unavailable carbohydrates of commonly consumed Indian foods.
Journal of Science of Food and Agriculture 31, 194-202. [This research paper describe that the total
dietary fibre in pearl millet (20.4 percent) and finger millet (18.6 percent) was higher than that in sorghum
(14.2 percent), wheat (17.2 percent) and rice (8.3 percent)].

Lee S.H., Chung .M., Cha Y.S., Park Y. (2010). Millet consumption decreased serum concentration of
triglyceride and C-reactive protein but not oxidative status in hyperlipidemic rats. Nutr Res 30, 290-296.
[This research article describes the significance of whole grain consumption on lipid profiles, antioxidant
status, and the inflammation state of hyperlipidemic rat].

Lorenz K. (1983) Tannins and phytate content in proso millets (Panicum miliuceum). Cereal Chem
60,424-6. [In this article, Phytate and tannin contents of 24 proso millets (Panicum miliaceum) were
determined. Phytate content ranged from 0.17 to 0.47% and tannins from 0.055 to 0.178% catechin
equivalents].

Mabhalingam Govindaraj, Kedar Nath Rai, Binu Cherian, Wolfgang Helmut Pfeiffer, Anand Kanatti and
Harshad Shivade (2019). Breeding biofortified Pearl Millet varieties and hybrids to enhance millet
markets for human nutrition. Agriculture 9, 2-11.[This review article describe about the open-pollinated
varieties (Dhanashakti) and hybrids (ICMH 1202, ICMH 1203 and ICMH 1301) of pearl millet with a
high grain yield and high levels of iron (70-75 mg kg—1 ) and zinc (3540 mg kg—1 ) densities developed
and released first in India].

Manach, C., Mazur, A., & Scalbert, A. (2005). Polyphenols and prevention of cardiovascular diseases.
Current Opinion in Lipidology 16, 77-84. [This review article describe the significance of polyphenols as
the most abundant dietary antioxidants and its role in the prevention of degenerative diseases such as
cardiovascular diseases].

Mathanghi S.K. and Sudha K.( 2012). Functional and phytochemical properties of finger millet (Eleusine
coracana L.) for health. IJPCBS 2(4), 431-438. [This research paper focusses on Finger millet (Eleusine
coracana) as one of the minor cereals known for several health benefits and some of the health benefits
are attributed to its polyphenol and dietary fiber contents].

Mbithi-Mwikya S., Camp J. V., Yiru Y., Huyghebaert A. (2000). Nutrient and antinutrient changes in
finger millet (Eleusine coracana) during sprouting. LWT Food Sci. Technol. 33, 9—14. [This research
article highlight about nutrient and antinutrient changes during seed germination of finger millets. During
seed germination, antinutrient level decreases with increase in sugar content].
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Mishra V., Yadav N., Pandey S., Puranik V. (2015). Bioactive components and nutritional evaluation of
underutilized cereals. Ann Phytomed 3(2), 46-9. 21. [This research paper highlights on the bioactive and
nutritional composition of foxtail and kodo millets. This study revealed the presence of polyphenols
having antioxidant effects].

Muralikrishna G., Paramahans S.V., Tharanathan R.N. (1082). Carbohydrate makeup of minor millets.
Starch 34, 397-401. [According to this research paper, Starchy and non-starchy carbohydrates of samai,
sanwa and panivaragu have been isolated and characterized. Starch isolated exhibited single stage
swelling, moderate solubility in water, but a very high solubility in DMSO, and non-ionic character
similar to several starches from Leguminoseae].

Ndiku H. M. & Ngule M.C. (2015). Comparative study on the antibacterial and chemical constituents of
Pennisetum glaucum (Pearl millet) and Zea mays (Maize). International Journal of Nutrition and
Metabolism 7(4), 46-51. [The findings of this research paper justify the value of nutritional and
therapeutic traditional foods in developing enomies].

Nirgude M., Babu B. K., Shambhavi Y., Singh U. M., Upadhyaya H. D., Kumar A. (2014). Development
and molecular characterization of genic molecular markers for grain protein and calcium content in finger
millet (Eleusine coracana (L.) Gaertn.). Mol. Biol. Rep. 41, 1189—-1200. [In this study, authors have
developed 36 EST-SSR primers for the opaque2 modifiers and 20 anchored-SSR primers for calcium
transporters and calmodulin for analysis of the genetic diversity of 103 finger millet genotypes for grain
protein and calcium contents].

Obadoni, B.O. and Ochuko, P.O. (2001). Phytochemical studies and comparative efficacy of the crude
extracts of some homeostatic plants in Edo and delta States of Nigeria. Global Journal of Pure and
Applied Science 8, 203-208. [In this research paper it was observed that T. cucumerina pulp contained an
appreciable number of nutrients and secondary metabolites which qualify it as a good substitute to S.
lycopersicum].

Oyaizu M (1986): Studies on product of browning reaction prepared from glucose amine. Jpn J Nutr 44:
307-315.[This paper is generally describe the methodology of the reducing power of tannic acid.

Palanisamy Bruntha Devi, Rajendran Vijayabharathi, Sathyaseelan Sathyabama, Nagappa Gurusiddappa
Malleshi, Venkatesan Brindha Priyadarisini (2014). Health benefits of finger millet (Eleusine coracana
L.) polyphenols and dietary fiber: a review. J Food Sci Technol 51(6), 1021-1040. [This review deals
with the nature of polyphenols and dietary fiber of finger millet and  their role with respect to the
health benefits associated with millet].

Purewal S.S. (2014). Phytochemical analysis of the ethanolic extracts of different pearl millet
(Pennisetum glaucum) varieties. J Nat Prod Plant Resour 4(5), 19-23. [This research paper deals with the
phytochemical analysis of different pearl millet varieties which revealed the presence of phenols,
flavonoids, flavonon, tannins coumarins and reducing sugar].

Raboy V. (2009). Approaches and challenges to engineering seed phytate and total phosphorus. Plant Sci.
177, 281-296. [This research paper provide the information about phytic acid which functions as an
antinutrient and is not efficiently utilized by monogastric animals (poultry, swine, fish), which creates
phosphorus management and environmental impact problems in animal production].

Rai K. N., Yadav O. P., Rajpurohit B. S., Patil H. T., Govindaraj M., Khairwal 1. S. (2013). Breeding
pearl millet cultivars for high iron density with zinc density as an associated trait. J. SAT Agric. Res. 11,
1-7. [This research paper deals with development and cultivation of hybrids having higher Fe and Zn
levels and enhance their consumption to better address various health problems associated  with  the
deficiencies of these micronutrients].

Rajasekaran N.S, Nithya M., Rose C., Chandra T.S. (2004). The effect of finger millet feeding on the
early responses during the process of wound healing in diabetic rats. Biochim Biophys Acta 1689, 190—
201. [In the present study the role of finger millet feeding on skin antioxidant status, nerve growth factor
(NGF) production and wound healing parameters in healing impaired early diabetic rats is reported].

Rao B.R., Nagasampige M.H., Ravikiran M. (2011).Evaluation of nutraceutical properties of selected
small millets. J. Pharm Bioall Sci 3, 277-9.[This study was conducted to evaluate the nutraceutical
properties and nutritional value of grains of four selected small millets viz. finger millet, foxtail millet,
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proso millet and khodo millet. All the four millets tested contain large quantities of phenolics and other
compounds which prevent deterioration of human health].

Rao M.V.S.S.T.S, and Murali Krishna G. (2004). Structural analysis of arabionoxylans isolated from
native and malted finger millet (Eleusine coracana). Carbohydr Res 339, 2457- 2463. [In this research
paper, the structural analysis of arabinoxylans oligosaccharide showed that it contained 8 xylose and 6
arabinose residues, substituted at C-3 (monosubstituted) and at both C-2 and C-3 (di substituted)].

Ravirajsinh N. Jadeja, (2019). Beneficial role of phytochemicals on oxidative stress and age —related
diseases. Biomed Research International 16, [This review provide an overview information on  the
natural compounds, mainly phytochemicals, with antioxidant potential protective effects on age-related
diseases such as metabolic syndrome, diabetes, cardiovascular disease, cancer, neurodegenerative disease,
and chronic inflammation, and possibly lower side effects, when compared to other drugs].

Saleh A. S. M., Zhang Q., Chen J., Shen Q. (2013). Millet grains: nutritional quality, processing, and
potential health benefits. Compr. Rev. Food Sci. Food Saf. 12 281-295. [This review article describes
purpose of evaluation of nutritional quality and potential health benefits of millet grains. Millet grain is
receiving interest from food scientists, technologists, and nutritionists because of their important
contribution to national food security and potential health benefits].

Sarita and Singh E. (2016). Potential of Millets: Nutrients Composition and Health Benefits. Journal of
Scientific and Innovative Research 5(2): 46-50. [This study undertakes to concern and developing specific
agenda for millets which must be recognized as an important food and introduce the millets as a nutritious
food, fulfillment of the nutritional need of global population and combat malnutrition because of rich in
phytochemicals and micronutrients , having nutraceutical properties].

Scalbert A., Manach C., Morand C., Remesy C., & Jimenez L. (2005). Dietary polyphenols and the
prevention of diseases. Critical Reviews in Food Science and Nutrition 45, 287-306. [This review article
focusses on polyphenols as an antioxidants in the diet and are widespread constituents of fruits,
vegetables, cereals, dry legumes, chocolate, and beverages, such as tea, coffee, or wine. It’s role in the
prevention of cardiovascular diseases, cancers, neurodegenerative diseases, diabetes, or osteoporosis].

Sen S. and Dutta S. K. (2012). Evaluation of anticancer potential of Ragi Bifunctional Inhibitor (RBI)
from Eleusine coracana on Human Chronic Myeloid Leukemia cells. The European Journal of  Plant
Science and Biotechnology 6 (2), 103-108. [This investigation being the first report on the anti-
proliferative potential of RBI from edible ragi seeds, might provide a future preventive as well as curative
natural solution for chronic myeloid leukemia].

Sharma S., Saxena J. (2016). Phytochemical screening and quantitative estimation of total phenolic
content and total flavonoid content of grains of Paspalum scrobiculatum. Asian J Pharm Clin Res 9(6),
73-76.[This research paper revealed the antidiabetic property, wound healing capacity of kodo millets
and several phenolic and flavonoids have been identified in it. The study on kodo millet can further be
done to ascertain its efficacy against target diseases].

Shivran A. C. (2016). Biofortification for nutrient-rich millets, in Biofortification of Food Crops eds.
Singh U., Praharaj C. S., Singh S. S., Singh N. P., editors. (New Delhi: Springer) 409—420. [This research
paper highlights the productivity and short growing season under dry and high temperature. Bio
fortification in millets is beneficial to reduce micronutrient deficiency in the developing world].

Singh N., Meenu G., Anamika Sekhar and Jayanthi Abraham (2015). Evaluation of antimicrobial and
anticancer properties of finger millet (Eleusine coracana) and pearl millet (Pennisetum glaucum) extracts.
The Pharma Innovation Journal 3 (11), 82-86. [From this research paper, it was inferred that millet
polyphenols of millets could be used as a natural source of antimicrobials and antioxidants, especially for
minimizing the risk of diseases arising from oxidative deterioration and also cytotoxic effects].

Shobana S., Sreerama Y.N., Malleshi N.G. (2009). Composition and enzyme inhibitory properties of
finger millet (Eleusine coracana L.) seed coat phenolics: mode of inhibition of a glucosidase and
pancreatic amylase. Food Chem 115, 1268—1273. [This study indicate the therapeutic potentiality of
millet phenolics in the management of postprandial hyperglycemia].

Shukla A., Lalit A., Sharma V. and Alam A. (2015). Screening of phytoconstituents and antimicrobial
activity of hexane extract of Pennisetum glaucum (L.) R. Br. and Eleusine coracana (L.) Gaertn. Applied
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Research Journal 1(7), 384-387. [This paper revealed that the selected millets have good antimicrobial
activities against the studied microorganisms].

Singleton, V.L.; Rossi, J.A. (1965). Colorimetry of total phenolics with phosphomolyb
dicphosphotungstic acid reagents. Am. J. Enol. Vitic. 16, 144-158 [In this paper, several details  of the
assay of total phenolic substances have been investigated and an improved procedure developed. The
improvements include the use of Folin-Ciocalteu reagent rather than the Folin-Denis reagent, gallic acid
as a reference standard, and a more reproducible time-temperature color development period].

Siwela M., Taylor J.R.N., de Milliano W.A.J., Duodu K.G. (2010). Influence of phenolics in finger millet
on grain and malt fungal load, and malt quality. Food Chem 121, 443—449. [This research paper focusses
on phenolics in finger millet grain which influence its malt quality positively by contributing to
attenuation of the fungal load on the germinating grain].

Steven A. Weber & Dorian Q. Fuller (2006). Millets and their role in early agriculture millets and their
role in early agriculture. Pragdhara 18. Paper presented in the International Seminar on the "First
Farmers in Global Perspective’, Lucknow, India, 18-20. [This paper explores the occurrence of early
millets in the archaeobotanical record and demonstrates how millets need to be better incorporated into
interpretive models regarding early agriculture].

Subramanian V., Jambunathan R., Suryaprakash S. (1981). Sugars of pearl millet [Pennisetum
americanum (L.) Leeke] grains. J Food Sci 46, 1614-5. [This research paper describe the sugars in the
grains of nine pearl millet cultivars were fractionated through a Biogel column].

Tahsin Kazi, Sanjay Gajanan Auti (2017). Screening of higher mineral containing finger millet landraces
from Maharashtra. International Journal of Food Science and Nutrition 2(3), 21-25.[ In this study millet
variability implies that the screened germplasm could serve as a source for breeding new varieties with
improved nutritional traits or could be highly recommended to meet specific dietary requirements].

Van-Burden, T.P. and Robinson, W.C. (1981). Formation of complexes between protein and Tannic acid.
Journal of Agricultural Food Chemistry 1, 77. [This paper highlights that tannin and protein forms
soluble and insoluble complexes].

Viswanath V., Urooj A., Malleshi N.G. (2009). Evaluation of antioxidant and antimicrobial properties of
finger millet polyphenols (Eleusine coracana). Food Chem 114, 340-346. [From this paper it was
inferred that the polyphenols were responsible for the microbial activity and seed coat of millets were
utilize as an alternative natural antioxidant and food preservative].

Wankhede D.B., Shehnaj A., Rao M.R. (1979). Carbohydrate composition of finger millet (Eleusine
coracana) and foxtail millet (Seturia italica). Qual Plant Foods Hum Nutr 28,293-303. [This research
paper describes Carbohydrate make-up of different varieties (i.e., Hamsa, Purna and Indof) of Finger
millet (Eleusine coracana) and Foxtail millet (Setaria italica). According to this study, all the millets
contain about 63 to 70% total carbohydrates of which, based on the whole grains, free sugars account for
0.46 to 0.69%, starch 56.0 to 61.0% cellulose 0.70 to 1.80%, pentosans 5.50 to 7.20%].

Zhang L., Liu R., Niu W. (2014). Phytochemical and antiproliferative activity of Proso Millet. PLoS ONE
9(8), 1-11. [This research paper reported the phytochemical content, antioxidant activity and
antiproliferative properties of three diverse varieties of proso millet].
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