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Millets: An overview- A treatise on healthy option 

in daily diet 

 
Ahire Nikita Sanjay, Ganesh Basarkar and Vaibhav Buchake 

 
Abstract 

Millets are nutri-cereals have excellent nutrient content contains proteins, vitamins, essential fatty acids, 

dietary fibres, minerals such as zinc, iron, potassium, calcium, magnesium. They help in consign health 

benefits like blood pressure management, regulation of blood sugar level, thyroid, cardiovascular and 

celiac disease. This review aims to collect information available in the existing literature, both online and 

offline, on the detailed information about millets, including their pharmaceutical applications as a novel 

excipients in formulation development, health, recent millets production status in India and market 

availability. Health benefits aim their nutritional value and attempts to present the collected data in an 

easily documented model with the given nutritional benefits of millets. Their nutritional value must make 

an effort to encourage peoples to add millets in their diet and pharmaceutical applications of millets as 

novel pharmaceutical excipients as a part of formulation to replace synthetic excipients with natural one 

leads to reduce cost of formulation. 
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Introduction 

Millets are the cereals of grass family Poaceae, They are small seeded grasses, many from 

them adapted to tropical and in arid climates, and they are characterized according to their 

ability to thrive in less fertile soil [1]. Millets are classified into three types on the basis of their 

grain size. Major millets i.e. Sorghum (Jowar), Pearl (Bajra), Finger (Ragi/Mandua) millet, 

Minor millets i.e.Foxtail (Kangi/Kakum), Kodo (Kodon), Barnyard (Sanwa), little (Kutki) and 

Proso (Cheena) millet. Pseudo millets i.e. Amaranth (Ramdana), Buckwheat (kuttu) millet [2]. 

Pseudo millets are not part of Poaceae botanical family but they are nutritionally similar to 

other type of millets. Millets were declared nutri-cereals by Indian government in April 2018. 

Mr.VilasTonapi director, Indian Institute of Millets Research (IIMR). He stated that the year 

2023 has been designated as International year of millets and every effort willl be made to 

expand countries millet cultivation and consumption. It has been cultivated for thousands of 

years and used all over the world. Most of the world’s commercial millet is produced in India, 

China, Greece, Africa and Egypt. However, even in rural areas part of millet are used as food, 

such as finger millet, pearl millet, sorghum etc. 

and the remaining part is used as livestock feed. Dr.Khadar Vali is a nutritionist, he is also 

known as “Millets man of India” suggests millet containing diet. He has been promoting the 

use of ‘Siridhanya’ or positive grains or rich grains to achieve good health (Barnyard Millet, 

Kodo Millet, Little Millet, Foxtail Millet and Browntop Millet). Millets are non-glutinous and 

they having many 

nutraceutical and health promoting benefits due to high fibre content act as probiotics. Lower 

cholesterol due to the presence of niacin content. Millets consumption triglycerides and C-

reactive proteins, however preventing cardiovascular diseases. Fibres also increase transit time 

of food in gut, which helps in reducing the risk inflammatory bowel disease and act as 

detoxifying agent in the body. A calories restricted diet, moderately lower in carbohydrates, 

helpful in lowering insulin resistance and other metabolic abnormalities in overweight 

individual [3-8]. 
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Fig 1: Different type of millets 
 

3. Classification of millets 

 

 
 

Fig 2: Classification of millets 

 

Major millets 

Sorghum bicolor (Sorghum) 

Sorghum bicolor, also known as great millet, belonging to the 

family Poaceae, originated in Africa. Sorghum is major cerel 

in the semi-arid region of the world. It is an important food 

and feed crop [9]. The USA is major producer of sorghum, but 

the grains is consumed as human food in very less extent, 

while in the semi-arid tropics of Africa and India the grain 

forms the staple diet for large populations. There are total 30 

species of sorghum. S. bicolor is cultivated for grain and 

forage. Sorghum is gluten-free cereal, nowadays play 

significant role for individuals having celiac disease and 

gluten intolerance. Sorghum grains play vital role in tumour 

development inhibition due to the presence of phenolic 
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compounds like flavonoids [10]. The starches and sugars 

present in sorghum released in slow rate assign comparison 

with another cereal [11] and hence it could be beneficial for 

patients suffering from diabetes [12]. 

 

Pennisetum glaucum (Pearl millet) 

Pennisetum glaucum, also known as Bajra, originated in 

tropical western Africa. It is placed closed to the genus 

cenchrus on the basis of spikelet’s that are arranged groups 

surrounded by involucre [13, 14]. It is member of family 

Poaceae. Pearl millet is the most popular millet, contributing 

for 95% of total production [72, 73]. Pearl millet crop mostly 

cultivated in Gujarat, Haryana, Maharashtra, Rajasthan and 

Uttar Pradesh states in India. It is an important coarse grain 

cereal and forage crop of arid and semi-arid tropics of the 

Indian subcontinent and many several Africa regions [15]. It 

consists of more than 8000 species belonging to about 60 

genera, genus Pennisetum includes approximately 140 species 

that are distributed in tropics and subtropics [16]. Recently 

pearl millet introduced as a grain crop in south-eastern coastal 

plain of the United States, where it has been used as summer 

forage. 

 

Eleusine coracana (Finger millet) 

Eleusine coracana, also known as ragi, member of family 

Poaceae. Originated in highlands of Eastern Africa. Finger 

millet is the sixth most widely grown crop in the world, serve 

as primary food for rural communities [75]. It is widely 

cultivated in Africa and India. There are total 10 species of 

Eleusine coracana under the genus Eleusine Gaertn., 

different studies confirmed that the Eleusine coracana was 

originated from E. Indica and E. Floccifolia genomes and 

selected for cultivation from wild type of E. Africana [17, 18]. 

Research suggest that whole grains and cereal fibre 

consumption are inversely associated with BMI, total 

cholesterol, waist circumstances, metabolic syndrome, 

mortality from cardiovascular disease, insulin resistance and 

in case of type2 diabetes [4-6]. 

 

Minor millets 

Panicum italicum L (Foxtail millet) 

Panicum italicum L., is originated in china, at present foxtail 

millet is cultivated in 26 countries and rank second in world 

production of millet. In terms of it’s yielding ability, Foxtail 

millet ranks 4th among all millets [19]. It is world’s second-

largest millet crop used for food cultivated in India, China, 

Africa, USA, Russia and some parts of Europe [74]. Foxtail 

millet contains inclusive health benefiting components such 

starch, dietary fibres, proteins, fat, minerals and vitamins [20]. 

 

Paspalum scrobiculatum (Kodo millet) 

Paspalum scrobiculatum, commonly known as kodo or koda 

millet. It belongs to the family gramineae, originated from 

Africa. Kodo millet crop mainly grown in the Deccan region 

and evaluation extends to the foothills of Himalayas. It is 

domesticated in India 3000 years ago [78]. Millet having rich 

dietary fibre and minerals like antioxidants, iron [21]. 

 

Echinochloa esculenta (Barnyard millet) 
Echinochloa esculenta is a species of grass in the family 

Poaceae and subfamily Panicoideae [22]. Barnyard millet is 

one of the oldest domesticated millet in the semi-arid tropics 

of Asia and Africa, there are around 35 species in those two 

main species E. utilis. Esculenta (Japanese barnyard millet 

and E. Frumentacea (Indian Barnyard Millet) are cultivated in 

Asia particularly in north-eastern parts of India, China, Nepal, 

Japan, Korea, and Pakistan [23]. It is fastest growing crop 

having 6weeks harvesting period [77]. Barnyard millet crop has 

wide adaptability and occupies a special place in marginal 

rainfed areas because of its short life cycle. 

 

Panicum sumatrense (Little millet) 

Panicum sumatrense is a grass species of millet belonging to 

family Poaceae. Little millet was domesticated in India’s 

Eastern Ghats, where it became a prominent part of the tribal 

diet and it moved to Sri Lanka, Nepal and Myanmar [79]. 

cultivation of millets mainly observed in the states of 

Karnataka, Madhya Pradesh, Andhra Pradesh, Tamil Nadu, 

Odisha, Gujrat, Maharashtra, and Chhattisgarh. Little millet is 

also one of the rich source of nutrients. 

 

Panicum miliaceum (Proso millet) 

Panicum miliaceum is a grain crop with genus Panicum, 

popularly known as broomcorn millet, member of family 

Poaceae. It is short-season crop grow in drier regions of 

Africa, Australia, Asia, Europe and North America [76]. It is 

largely cultivated in China, India, Nepal, Russia, Ukraine, 

Belarus, the Middle East, Turkey, Romania and United States. 

It was introduced in North America in 1878 by the German – 

Russian immigrants [24, 25]. Proso millet is rich in all nutrients 

contains high lecithin, which supports the neural health 

system. It is also the excellent source of vitamin (Vitamin-B 

complex, niacin, folic acid), essential amino acids 

(methionine, cysteine) and minerals like (P, Ca, Zn, Fe). 

Proso millet possess low glycemic index hence, beneficial for 

patients suffering from type-2 diabetes. 

 

Pseudo millets 

Amaranthus caudatus (Amaranth) 

Amaranthus caudatus, member of family Amaranthaceae. It is 

also gluten-free pseudo cereal, mainly cultivated in South 

America and Mexico also in all temperate-tropical areas in the 

world. Amaranth grain cover the high nutritive value, has 

higher proteins and lysine content [26]. Amaranth millet 

exhibits antitumor, hypercholesterolemia and anti-oxidant 

activity [27-29]. 

 

Fagopyrum esculentum (Buckwheat) 

Fagopyrum esculentum, belonging to family Polygonaceae. 

Worldwide there are total 18 species of genus Fagopyrum 

from those two species are mostly cultivated F. esculentum 

and F. tataricum [30]. Buckwheat is mostly cultivated in areas 

of Europe, East Asia and the Himalayan region. Japan is 

largest importer of buckwheat and China is biggest producer 

and exporter [31]. Buckwheat is biggest source of nutrients, 

exhibit various health benefits such as reducing blood 

pressure, boost heart health, aid in weight loss, management 

of diabetes, prevention of certain cancers, act as immunity 

booster, improve digestion [32]. 

 

Pharmaceutical Applications of millets 

 Starch obtained from Pennisetum americamum (pearl 

millet) serve as novel tablet excipient due to its 

disintegrant property [33]. Acid modification and pre-

gelatinization enhance the water retention capacity and 

swelling of starches results improve disintegration 

property of starches so, pearl millet starch in tablet 

formulation can be used as disintegrant for commercial 

purpose [34]. 
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 Pearl millet starch can be used as an alternative in 

comparison with physicochemical properties of maize 

and potato starch [35, 36]. 

 Pearl millet starch is serve as binder as well as 

disintegrant in formulation of tablet alone and in 

combination with maize starch [37]. 

 Pearl millet grains serve as a prominent source of starch 

in comparison with other cereals it is also the cheaper, 

containing up to 70%of starch content in its grain [38]. 

 Pre-gelatinized Freeze Dried Millet Starch (PFDMS) and 

Pre-gelatinized Over Dried Millet Starch (PODMS) in 

directly compressed tablet formulation in comparison 

with native starch shows satisfactory mechanical and 

disintegration properties so it conclude that Pennisetum 

glaucum (Pearl millet) starch is the excellent source of 

direct compression excipient for tablet formulation [39]. 

 Starch extracted from botanical source such as 

Pennisetum glaucum L (pearl millet), 

 Sorghum bicolor L (sorghum) millet and colocasia 

esculanta L grains starch co-processed with 

montmorillonite clay (MMT), the obtained starch clay 

composites shows better mechanical and controlled 

release delivery of drug exhibits good results than 

formulation containing a prostile starches that could be 

excellent novel directly compressible excipient in tablet 

formulation [40]. 

 Amylase extracted from Pennisetum glaucum (pearl 

millet) used to prepare enzyme loaded nanoparticles 

shows novel approach for use of millets in 

pharmaceutical formulations [41]. 

 Acetylated (AcFM) and oxidised (OxFM) Eleusine 

coracana (Finger millet) starch shows higher bulk 

density and tapped density leads to enhanced die filling 

during tableting. Also due to high bulk and tap densities 

of oxidised Finger millet (OxFM) starch shows high flow 

ability and solubility may display practical application as 

fillers in formulation of capsule, find broad 

implementation as a pharmaceutical excipient [42]. 

 Freeze-dried Pre-gelatinized starches of pennisetum 

glaucum L (pearl millet) and sorghum bicolor L 

(sorghum) are the suitable directly compressible 

excipient for controlled drug delivery system plays vital 

role in formulation where slower release of drug is 

desired [43]. 

 Starch from Eleusine (Finger millet) in tablet formulation 

serve as a disintegrant, fulfils the requirements for 

dissolution and disintegration time [44]. 

 Proteins derived from the Proso millet extracted by the 

wet milling process or by using 60 

 % (v/v) aq. Ethanol used in encapsulation of lipophilic 

bioactive compounds for preparation of nanoparticles. It 

conclude that Proso millet proteins become a novel 

encapsulant for the lipophilic compounds delivery [45]. 

 Miliacin oil obtained from waste product of Panicum 

miliaceum (Proso millet) shows Antiinflammatory action 

on local application, helps in rapid cleansing of wounds, 

useful for purulent wounds treatment [46], also effective 

for healing of trophic ulcer had marked Antiinflammatory 

effect [47]. 

 Panicum italicum (Foxtail millet) prolamine serve as 

effective and novel encapsulant for 

 the delivery of curcumin in form of nanoparticles for 

targeted delivery of hydrophobic substances [48]. 

 Sorghum starch exhibits excellent binding and 

disintegrant properties at different concentrations in 

tablet formulation in comparison with maize starch 

moreover sorghum starch shows better bonding property 

than acacia [49, 50]. 

 Pre-gelatinized Sorghum bicolour (Sorghum) starch 

improves the mechanical properties of 

 tablet produces low bond and brittleness in comparison 

with corn starch also overcome tablet defects such as 

lamination, capping [51, 52]. 

 

Health Benefits of Millets 

Cardiovascular disease 

Proso millet and sorghum improve the high density 

lipoproteins and adiponectin level in plasma [53]. Millets are 

rich source of magnesium, plays the important role in 

managing blood pressure and also reduce the risk of heart 

stroke s especially in case of atherosclerosis. Finger millets 

and Proso millets significantly reduce the risk of 

cardiovascular disease by reducing the level of plasma 

triglycerides [54]. Millets are excellent source of potassium 

shows vasodilation by keeping low blood pressure, managing 

of blood pressure level is the best way to keep you away from 

cardiovascular diseases. 

 

Diabetes mellitus 

Millets reduces the alpha-glucosidase and pancreatic amylase, 

ultimately postprandial hyperglycaemia reduces, hence 

consumption of millets reduces blood sugar level [55]. National 

Institute of Nutrition (ICMR) in 2010 assessed Glycemic 

Index (GI) of sorghum based food in collaboration with the 

Indian Institute of Millets research, Hyderabad under National 

Agricultural Innovation project (NAIP). The results indicate 

that sorghum containing food having low glycemic index and 

also low level of postprandial blood glucose. Finger millet 

based diet good for patients having type 2 diabetes mellitus. 

Due to the presence of high fibre content shows low glycemic 

index [56]. Millets contains good magnesium content, which 

helps in improving insulin efficiency plays vital role in 

managing type 2 diabetes [57]. 

 

Cancer 

Millets are rich source of phenolic acids, phytates and tannins, 

these nutrients lower the risk colon and breast cancer [58]. 

Millets have linoleic acid, which shows anti-tumour activity 
[59]. Sorghum also contains polyphenols and tannins having 

anti-mutagenic and anti-carcinogenic properties [60]. Also act 

against human melanoma cells shows positive melanogenic 

activity [61]. 

 

Antioxidant effect 

Millets are rich source of antioxidants exhibit neutralisation of 

free radicals, it reduces the risk of cancer and also clean up 

other toxins from the body, such as those present in kidney 

and liver [62, 63]. Defatted foxtail millet proteins hydrolysates 

exhibits antioxidant potency [64], thus millets may serve as 

source of natural antioxidants can be used as functional food 

ingredients in disease risk reduction) 

 

Gastrointestinal disorders 

Due to high fibre content millets helps in reducing the 

disorders like constipation, bloating, cramping, excess gas, 

they also help in lowering the celiac disease, which is usually 

triggered due to ingestion of gluten [65] as the millet are gluten 

free is the suitable option for individuals suffering from celiac 

disease [66, 67]. 
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Miscellaneous benefits 

Pearl millet is good for lactating mothers for increasing milk 

production [68]. Finger millet is rich source of magnesium (137 

milligrams approx.) can combat the anaemia condition [69]. 

also due to presence of high level of tryptophan Improves 

brain health [70]. Barnyard millet is rich source of niacin, 

vitamin B3, iron and zinc thus it may act as immunity booster 
[71]. 

 

Millets production status in India (As per Department of 

Agriculture, Cooperation and Farmers Welfare) 
As seen in figure 1, It should be noted that, there was increase 

trend of millets production i.e. from 2013-14 to 2021-22 

collected data shows positive growth and figure 4 shows that 

in India Rajasthan state is the biggest producer of millets in 

year 2021. Table 1 and 2 indicates increasing millets 

production ratio in India. 

 

Status of millets production ratio in India (In million 

Tonnes) 

 
Table 1: Millets production status ( In million Tonnes) 

 

Years Production (In Million Tonnes) 

2013-14 43.3 

2014-15 42.86 

2015-16 38.52 

2016-17 33.77 

2017-18 46.97 

2018-19 42.95 

2019-20 49.66 

2020-21 49.7 

2021-22 49.86 

 

 
 

Fig 3: Graphical representation of millets production (In Million Tonnes) 

 

States with maximum millets production in India (2021) 

 
Table 2: Millets production ratio in different states of India (2021) 

 

Sr. No. State Production (Tonnes) 

1) Rajasthan 3750.00 

2) Uttar Pradesh 1800.00 

3) Gujarat 920.00 

4) Madhya Pradesh 760.00 

5) Haryana 750.00 

6) Maharashtra 610.00 

7) Karnataka 290.00 

 

 
 

Fig 4: Graphical representation of millets production ratio in different states of India (2021) 
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Millets availability in market 

 
Table 3: Millets availability in market 

 

Scientific Name Botanical Name Brand Name Manufactured by   

1) Broom Corn 

(Jawar) 
Sorghum bicolor 

Rukmini Rukmini Energy Kolkata. Pvt Ltd. 

S Siddhagiri’s Satvyk The Health 

re Store 

S Siddhagiri’s Satvyk The Health re Store, Sant Nagar, Lahegaon, 

Pune. 

Another brands in Also market like B&B, Producer, Nature Food, Annaprash, Geeta Nature Pure, 

Pristine, Organic Nature. 

2) Pear millet (Bajra) 
Pennisetum 

glaucum 

Ancient Wisdom Prithvi Market Makers Mulund (West), Mumbai. 

The Millet company The Millet Company, Kothrud, pune. 

Another brands in market like Swasth, Good Food 

3) Finger Millet (Ragi 

/ Nagli) 

Eleusine 

coracana 

Black Soil Soil Agri Pvt. Ltd. Tirupur. 

Geeta Nature Pure Geeta Nature Pure, Mansarovar, Jaipur. 

Another brands in market like S Siddhagiri’s Satvyk The Health re Store, Alswamitra, Arya Farm. 

4) Foxtail Millet 

(Kangni/kakum) 
Setaria italica 

Value Life Value Life Essentials, Rajeev Nagar, Hyderabad 

Superlet Championing Millet Taproot Farms, Hyderabad. 

Another brands in market like Mann, Organic Sphere, Sirimart, Alswamitra. 

5) Kodo Millet (Cow 

Grass/Ditch Millet) 

Paspalum 

scrobiculatum 

Concious Food Concious Food Pvt Ltd. Mumbai, Maharashtra. 

Shridhanya Millets Alankar Foods, Mumbai, Maharashtra. 

Another brands in market like Sirimart, Forgotten Foods, B&B, Swasth, Superlet Championing Millet, 

Mann, Good Food, Organic Sphere. 

6) Barnyard Millet 

(Sawan) 

Echinochloa 

Esculenta 

Superlet Championing Millets Taproot Farms, Hyderabad, Telangana. 

Shri Hari Shri Hari Industries, Bikaner, Rajasthan. 

Another brands in market like Superlet Championing Millet, B&B, Mann, Supple Food, Thanjal 

Natural, Forgotten Foods, Organic Sphere, Siridhanya, value Life. 

7) Little Millet 

(Kutki/Shavan) 

Panicum 

sumatrense 

Sirimart AJ Enterprises, Shimoga, Karnataka. 

B&B B&B Organics, Menaga Nagar, Tamil Nadu. 

Another brands in market like Superlet Championing Millet, Alswamitra, Mann, Value Life. 

8) Proso Millet 
Panicum 

miliaceum 

Swasth Swasth Food Products, Panchaxari Nagar, Karnataka. 

Black Soil Black Soil Agri Pvt. Ltd. Tirupur. 

Another brands in market like Mann, Sureva Healthy Foods, S. Siddhagiri's Satvyk The Health re store. 

9) Amaranth 

(Ramadan/Ranger) 

Amaranthus 

caudatus L. 

Arrowhead Mills Hain Celestial 

Pristine Pristine Organics put Ltd. 

10) Buckwheat 
Fagopyrum 

esculentum 

Nutribuck Nutri Buck, Raigarh. 

Nature Vit. Nature Vit, Jodhpur, Rajasthan. 

Another brands in market like Value Life, Swabhiman 33, Shri Hari, Sundar Laxmi, Easybee, True 

Element. 

 

Conclusion 

This review aims to provide detailed information related to 

millets and explore to create awareness about the usefulness 

of millets in our regular diet as well as in Pharmaceutical 

development including their market availability by adding 

market search. Nowadays millets can be used in 

pharmaceutical formulation development as binder, 

disintegrant etc. due to their properties. So, by using these 

natural excipients we can easily replace costly synthetic 

excipients with natural one and can also reduce the cost of 

formulation and they are significantly safe. As per Dr. Khader 

Valli, they are wonder millets for women health. Along with 

fibers, they have a variety of therapeutic qualities. His tireless 

efforts in increasing awareness about the relevance of 

Siridhanya and its beneficial properties are very 

commendable. Millets are not only nutritious but also aid 

nutraceuticals value. They can grow in dry land and need only 

200cm of rainfall and only 200 litres of water is required to 

grow 1 kg of millet in comparison to almost 9,000 litres of 

water for growing 1 kg of rice and wheat. Millets is prominent 

crop for dry land. It has number of health benefits, therefore 

including them in our normal diet is a good approach. The 

goal of this review is to assist people understand the value of 

food and to introduce millets as a healthy food wherein that 

can meet the nutritional needs. This is an attempt to develop 

ways to eat millets in a nutritious and efficient manner and 

help alleviate malnutrition and other health issue such as 

obesity, diabetes and cardiovascular disease. In addition to 

this millets are antioxidant in nature which may protect body 

cells from free radical damage. 
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