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PREFACE

Millets often called “Nutri-cereals,” “"Shree Anna,” or "Smart Foods" being it as an
agriculture-smart, climate-smart, and nutrition-smart, are among the oldest cultivated
grains. These small-seeded cereals are predominantly grown in arid and semi-arid
regions of Asia and Africa. Celebrated for its resilience to drought, minimal water needs,
and superior nutritional profile, millets have re-emerged as key crops for ensuring global
food and nutritional security. The United Nations' declaration of 2023 as the
International Year of Millets (IYoM), following India's proposal, further strengthened
global efforts to promote their production, processing, and consumption.

[7\Y

Nutritionally, millets are rich in protein, dietary fiber, essential amino acids, vitamins
(especially B-complex), and minerals. Its gluten-free nature and low glycemic index
make it suitable for diabetic and gluten-intolerant individuals. Additionally, its
antioxidant and phytochemical content contributes to disease prevention and wellness,
making millets vital for combating malnutrition and lifestyle diseases. India, the world's
largest millet producer, contributes about 38% of global output, with major production
from Rajasthan, Karnataka, Maharashtra, Uttar Pradesh, Haryana, and Gujarat.

Despite its potential, millet processing remains challenging due to small grain size and
tight binding of hull to kernel that complicate its dehulling and polishing operations.
Addressing these challenges, research institutions such as the Central Institute of
Agricultural Engineering (CIAE), Indian Institute of Millets Research (IIMR), CFTRI, Mysuru
have developed different millet processing machineries and products. Commercial
manufacturers like Perfura Technologies, AVM Engineering, Nabhitha Engineering Pvt.
Ltd., and ShriViratra Engineering have also made technologies accessible to small and
medium enterprises, fostering millet-based entrepreneurship.

Traditional processing practices like hand pounding, soaking, fermentation, and roasting
continue to enrich rural livelihoods but are being replaced by modern mechanized
systems thatimprove quality and scalability. This has led to the development of a diverse
range of value-added products such as millet flours, noodles, snacks, beverages, and
breakfast cereals, meeting modern consumer preferences.

Government initiatives including NFSM-Nutri Cereals, PLISMBP, RKVY, and the
establishment of IIMR as the Global Centre of Excellence for Millets have played a pivotal
role in accelerating millet commercialization. The IYoM 2023 celebrations and the
launch of MAHARISHI (Millets and Other Ancient Grains International Research Initiative)
further emphasized collaborative research and innovation in millet technology.
Government of India is also promoting the millet cultivation through MSP of millets. MSP
has been started for major millets (2500-3300 Rs./qtl.). However it is high time to offer
MSP for minor millets as well for its wide cultivation and promotion.
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With more than 130 start-ups such as Slurrp Farm, Millet Amma, and Troo Good leading
product innovation, millets are transitioning from traditional subsistence crops to
modern, health-oriented foods. The sustainable growth of the millet sector depends on
integrating agricultural innovation, advanced processing, and value chain development
through collaboration among farmers, researchers, industries, and policymakers.

This comprehensive report presents engineering interventions, processing
technologies, value addition, and emerging opportunities in the millet processing sector
aimed at supporting India's vision of making millets the foundation of climate-resilient
and nutrition-secure food systems.

S. Mangaraj, Dilip A. Pawar, AbhimanyuKalne, M. K. Tripathi, Adinath E. Kate
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1. Introduction

Millet refers to a group of annual grasses, small sized seeds of which are highly
nutritious. Millets have been cultivated for thousands of years, particularly in regions
with semi-arid climates. Many archeological excavations studies have proven the
cultivation of millets in prehistoric period. Different types of millets (Sorghum, Pearl
millet, Finger millet, Foxtail millet, Proso millet, Little millet, Kodo millet, Barnyard millet
etc.) are grown primarily in Asian, African countries and to some extent in other
countries. The major producers of millet are India, Niger, China, Nigeria, Mali, Sudan,
Ethiopia, Senegal and Burkina Faso. India is the world's largest producer of millets with
total production (15.4 Mt), area (12.2 Mha) and productivity of 1.2 t/ha contributing to
38.4% of world's production (FAO, 2023; APEDA, 2024). Thus India dominates global
millet production, contributing over a one third of the total output. Many other countries
also produced millets to some extent. Niger is the second-largest producer, with
significant contributions from other African nations like Nigeria, Mali, and Sudan. China
also plays a crucial role in millet cultivation, though at a smaller scale compared to India
and African countries. The remaining countries, including Ethiopia, Burkina Faso, Chad,
and Senegal, collectively account for a smaller portion of global production.

In India, the major millets producing states are Rajasthan, Karnataka, Maharashtra, Uttar
Pradesh, Haryana, Gujarat, Madhya Pradesh, Tamil Nadu, Andhra Pradesh and
Uttarakhand. Currently, together these ten states account for around 98 per cent in
Millet's production in India during the period 2023-24 (www.apeda.gov.in). Rajasthan
contributes highest per cent(31.3%) of the total millet productionin India.

Millets are small-seeded annual cereal crops that are cultivated for food and fodder in
tropical areas with typically lower rainfall. Due to high nutritional content, the Indian
government designated millets in the category of "NutriCereals" for for commercial
production, processing and consumption (Notification number F.No. 4-4/2017-NFSM (E)
issued April 10, 2018). Three major millets i.e. pearl millet (Pennisetum glaucum L.),
sorghum (Sorghum bicolor L. Moench), and finger millet (Eleusine coracana L.); five minor
millets—foxtail millet (SetariaitalicaL.), proso millet (Panicum miliaceum L.), kodo millet
(Paspalum scrobiculatum L.), barnyard millet (Echinochloa frumentacea L.), and little
millet (Panicum sumatrense L.) and two pseudo millets, i.e. buckwheat (Fagopyrum
esculentum Moench) and Amaranthus species have been categorized as per the
notifications as mentioned eselwhere (Yadav etal., 2024).

Millets contain significant amounts of calcium, magnesium, potassium, and iron, as well
as B vitamins like niacin, thiamine, and riboflavin (Dixit and Ravichandran, 2023). Millets
are also good source of plant-based protein and it contains many essential amino acids,
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including lysine and methionine, which are sometimes lacking in other grains. Thus,
millet offers several health benefits due to its rich nutritional profile. Benefits of millet
consumption also linked to heart health. Incorporating milletinto your diet can be a great
way to enhance nutrition and support various aspects of health.

Millets are rich in physiologically active substances and offer large health benefits. They
contain essential vitamins such as niacin (B3), thiamine, riboflavin, and folic acid (Izadi et
al,, 2012). The majority of millet polysaccharides comprise amylopectin and amylose
(70-80%). Additionally, millets are abundant in polyphenols (0.2- 0.5%), tannins, and
phytates, which contribute significantly to their antioxidant activity and play a keyrolein
regulating the ageing process (Tripathy et al., 2023). The unique nutritional composition
of millet grains sets them apart from other basic grains like corn, wheat, andrice.

Millet has a lower glycemic index and higher quantities of dietary fiber and protein than
rice, which reduces the risk of blood sugar increases. Millet has excellent antioxidant
qualities that help protect against long-termillnesses. The benefit of millet over wheat s
that grain is gluten-free, making it a good option for anyone with celiac disease or gluten
intolerance. Compared to corn, millet has higher levels of protein, dietary fiber, and
essential amino acids, all of which are critical for the tissue growth and repair of human
body.

Millets are increasingly recognized for nutritional and environmental benefits. It
provides essential minerals such as calcium, iron, potassium, magnesium, and zinc, along
with vitamins, amino acids, and fatty acids (Dayakar Rao et al., 2017). These crops exhibit
remarkable resilience to environmental stress, including water scarcity and high
temperatures, due to their unique physiological, molecular, and biochemical traits (de
Vriesetal. 2020; Yadavetal., 2012).

Thisisimportant to note in the present time when there is strong need of food security in
view of risk of climate change, millet are the crops which has potential to accept this
challenge. Considering the importance of millets, India promoted millets in recent years,
leading to important developments in the global food landscape. In 2018, the
Government of India declared millets as "Nutri cereals”. This highlights the nutritional
benefits of millets, which are rich in fiber, protein, vitamins, and minerals. Further, to
create domestic and global demand and to provide nutritional food to the people,
Government of India had proposed to the United Nations for declaring 2023 as
International Year of Millets (IYoM-2023). The proposal of India was supported by 72
countries and United Nation's General Assembly (UNGA) declared 2023 as International
Year of Millets on 5th March, 2021. The goals of International Year of Millets include
raising awareness, encouraging production, processing and consumption and supporting
farmers.

As millets are highly nutritious, it is obvious that consumers will show keen interest to
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towards this miracle grains. The outer hull of millets contains some anti-nutritional
factors which need to be removed for better utilization and consumption of millets.
Major difficulty facing in processing of millets is its small size. By following appropriate
processing technologies, millets can be utilized efficiently in various traditional and
convenience health foods. Processed millet grains can be then converted into several
value-added products. Various processed products from millets are popped millet,
puffed millet, extruded products, fermented and malted products, weaning foods etc.
With the growing popularity of millets development of new machines for processing of
different millets is challenging tasks for engineers.

2. History of millet cultivationand use

Millet cultivation has a long and diverse history that spans thousands of years and
various regions across the globe. The history and origin of millets trace back to ancient
times with evidence of its cultivation found in ancient civilizations such as in China,
India, Africa, and the Middle East. Millets are believed to have originated in Africa and
Asia where it was domesticated around 10,000 years ago, particularly in regions with
semi-arid climates where other cereal crops like wheat and rice did not thrive. The
earliest evidence of millet cultivation dates back to around 7000-5000 Before Current
Era (BCE) in China. From its origins, millets gradually spread to other parts of the world
through trade, migration, and cultural exchange. Millets became an essential staple food
in many ancient civilizations due to its ability to grow in diverse environmental
conditions and its resilience to drought and other adverse weather conditions. Millets
played a crucialrole in the diets of ancient civilizations such as the Harappan civilization
inthe Indus Valley, ancient China, and various African societies (Pokharia etal., 2014).

Millets have a rich history of cultivation dating back thousands of years across various
regions. Evidence suggests that species like pearl millet were domesticated in Africa
around 3000-2000 BCE, becoming a staple in many African diets and continuing to be
widely cultivated in regions like the Sahel. In East Asia, foxtail millet and proso millet
were domesticated between 2000-1000 BCE. In India, finger millet has been cultivated
for over 4,000 years, remaining a crucial food source in many parts of the country.
Archaeological excavations have provided evidence of millet cultivation and use in
various regions, underscoring its long-standing significance in human diets (Amadou et
al.,2010,Huntetal., 2008, Pokhariaetal., 2013).

Some researchers presented studies about occurrence of millets in sites of
archaeological importance. For example; study held by Fuller (2006) shows that foxtail
millet (Setaria italica) and small millets like browntop millet were among the crops
grown by Harappan communities, alongside wheat and barley. In another study, Nesbitt
et al (1988) reported records of millet from the Ancient near East and Greece. By the
Middle Iron Age (around the 7th to 6th centuries B.C.), broomcorn millet had become a
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common crop across much of the Near East, though there is still no archaeobotanical
evidence fromthe Levant.

Wang et al. (2019) presented a study on new archaeobotanical evidence for agricultural
production in the middle Yellow River region during the Yangshao culture period (China).
Excavations in sites like the 'Yangshao culture' (around 5000-3000 BCE) revealed
leftovers of foxtail millet (Setaria italica). Archaeobotanical studies at sites such as
'Chandraketugarh' and 'Paharpur' have unearthed grains of finger millet (Eleusine
coracana) and other millets, dating back to around 2000 BCE (Pokharia et al, 2014).
Excavations in the 'Sahel region', particularly in sites like ‘Kintampo', have yielded
evidence of pearl millet (Pennisetum glaucum) dating back to around 2500 BCE.
Archaeological sites in regions like the ‘Danube River basin' have shown evidence of
proso millet (Panicum miliaceum) dating back to the Bronze Age. In Middle East, evidence
from sites in the 'Levant' suggests that millets were used in ancient diets, with findings
dating back to the Neolithic period. These studies collectively illustrate the widespread
historical significance of millets across different cultures and regions, underscoring their
roleinancientdiets and agriculture (Fuller etal., 2021).

The adoption of modern agricultural practices and high-yielding cereal crops like wheat
and rice led to a decline in millet cultivation during the 20th century. However, recent
years have seen a resurgence of interest in millets due to its nutritional advantages,
climate resilience, and suitability for sustainable agriculture. Millet grains are rich in
dietary fiber, essential minerals, and vitamins, offering several health benefits
comparable to other major grains (Saleh etal., 2013).

3.Types of millets commonly growninIndia

There are several types of millets cultivated and consumed around the world, each with
itsunique characteristics and culinary uses.

India is home to a variety of millets, each with its unique characteristics and uses. The
most common types millets are Sorghum (Sorghum bicolor), Pearl millet (Pennisetum
glaucum), Finger millet (Eleusine coracana), Foxtail millet (Setaria italica), Proso millet
(Panicum miliaceum), Little millet (Panicum sumatrense), Kodo millet (Paspalum
scrobiculatum), Barnyard millet (Echinochloa esculenta) etc.

Millets are generally categorized into two types. Major millet and minor millets.
Sorghum, Pearl millet and Finger millet are known as major millets whereas other millets
come under minor millets. Globally, sorghum and pearl millet are among the most widely
produced and consumed, especially in Africa and parts of Asia. Finger millet also has
significant productionin certain regions, while the other millets are often region-specific
intheir cultivationand use.




Processing and Value Addition of Millets

Spooj jeuonyLpesy
SNOLIRA UL P3S() ‘]93]

's poo3 payeq pue ‘sdnos ‘a3puiod uL pasn 1o 351 03 Aje)Lwis
P2>002 g UBD pue PuUNOJ pue Jjews aJe suteis }aiw

(po1p3t DLIDIAS)

1e3ns po01q 3381331 | ieyi04 Jus3U0d ULRI0Id YSLy S3t J0j UMOWY St | BLSY JO S1ed luedue)| 19LIW 1LeIX0 v
U930 43qYy Y3iH 13Y30 ul UMo.3 0sIe SI INQ eULYD) 0} SALIRU S I3])LW ]LeIX04
38puiog ‘A13unod ay3 Jo saje3s Auew ul SAYSLP 1eUOL}LPRIY SNOLIBA
'sp0o3 pavjeg pue ‘speaiqie)y ‘a3pLiiod djew 03 pasn Ajuowwod st 3| osie enpuep ‘N3eN
P00y YPRUS '5123133 ‘utedd snoInu e 3t 3ujew  4aqy AJelaLp pue ‘uolt ‘wnidied “uydeN '1Sey R ¢
ysepjealqg ‘Suimalq uL you s3] "elsy Jo suied 1ayio pue elpu ut pajeAnnNd BN Em.c_“_
'pooy Sutueam 0s)e S1 INQ eOLIJY 0} dALIRU SL‘tBps  pa)ed os|e Jay)iw Jasul] ’ ’
‘eajyseleyep
UL LYjeYq /101 'sadeianaq pajuswiay pue ‘a3puiiod ‘'speaiqie)) ew 03
e se3a1p Ajtep pasn Ajuowwod aie pue saL3aLIeA }3))IW J3Y30 03 pasedwod g
UL PaWINSUOD OSe S1 3] 1984e]  Inq wnysios ueyy Janjews  dJe sutead 39w 14edd eileg ] Z
-spnpoid "SUOI3aJ ple-  LWSS pUe pLIB UL 1]19M MO0.3 Ued pue 3dueld)o} ums_z.:mmn_
yoeus ‘33pLiog ‘dnos 1ySnoup y3iy sey 3| 3uauzUOdgNS uelpu| Y3 ut umols Ajapim :
‘Supjeg ‘peaiqiel4 SL pUe S337)LW PIIRALIND 3SOP]O Y3 JO SUO S1 IS)LW 14edd
CEN
‘enyseseyely uamn "suoiduny A)Lpoq 11eJano pue ‘sa)asnwi ‘sauoq Aylesy
uL11p Ajiep ays Sututejutew Joy jueriodwt a4e sjesautw 3say| ‘wnissejod
ut seyndod 3sow st 3 pue ‘snioydsoyd ‘wnisaudew ‘uoJL se Yans sjedautw
“Suimalq 40 321n0s pooS e os)e st 3| "Y3|eay 1]e49A0 pue Wisogqedw ut wejoy “emog (4010219 -
pue 13ppoy ‘(Liyeyg) $9104 1e1IUSSSD Aed sulweylA 3say]| “(zg UlWEeILA) utAeoqu wnybios) wnydios
1301 S0 wioy ayy pue ‘(Tg utwellA) sulwely) ‘(g£g utwellA) utdetu se yons
ut) pooy 1o} pasn pue sulwelA g SuLpn)dul ‘SULWRIIA SNOLIBA SULRIUO D WNY310g
pawWNsuod A13pIM ‘uo13sasIp ut spie ystym 1aqy AJejalp ut ysu st 3| "yaieis
40 w0y 3y ut Ajutew ‘sajespAyoqued jo pasodwod Ajuewiid
asn uonewIolu| sawieu 1e207 ojoyd aweN M

9cuejsodwijeuolLiInu syt pue eLpUj ULt uUMoLS s3aiw JuaIayLq T 31qel




Processing and Value Addition of Millets

(866T ‘uereuewnhey) pue
Lewny|) s3eJ ut sapLadA)SL3 pue 10133s310Yd WINIAS '9s0dM3

spooy Sunsey po0]q J9M0] 03 UMOYS Sey 33] 1w pJeAulieq uL Yydiels Jueisisal njepoQ (p3uapnosa
uL pas ‘saystp 3yJ "P0o01q 3Y3 Ut s1e3Ns JO 9Se)3I JOMO]S BY3 SIINSUD 1e8eyg pojydouly>3)
1sepjealq ‘poos 13qy apnJ> 03 arespAyoqued jo ones y3iy ay] *(uz) ouiz ‘es08uey( 191w pieAuleg
paveg ‘asn Ateunn) pue (34) uodt 1) syuaunuoLdiw ‘Ajgeou 3sow ‘pue 1aqy ‘emues
‘sajespAyoqied ‘utalodd Jo 321n0S ydul St 331w pieAuleg
S3ustp wnipnd1qo.ds
219 Jayjo pue ‘vpsop  ‘a8puiod uL pasn Ajuowwod aie pue punos ( Euz wnwm
aed 'spanw paddod pue )jews aJe suleid 33))Lw opoy| d934)- U3 SL pue an)jeA eIpOY] ! d) L
‘233piod ‘peaiqiel4 1euot3LiInu ySiy S3t 40y UMOUY| SL 3| "BILIYY pUe elsy o syed ST 000
‘S3ysip jeuonipel] 1340 UL paJeAL})Nd OS]e SI pue eLPU| 0) AALIRU S| 13]]LU OPOY| SRLUAIG
"saysip jeuoltpely Jay3o pue ‘ewdn
aSpuiod ‘38puiiod uL pasn 10 8311 03 JejLwis PO 01 g Ued pue Jjews ARy ‘njewes (asua.apwins
‘pooy yeus ‘sppnpoid | ° sutead 3a)1w 93347 "winisauSew pue uoJL Se Yons sjesautw ‘lewes DNy wnaupg) ‘9
pagnd pue paddog puUe SULWEIIA g JO 3DIN0S YdLI B SL 3| "edLI4Y PUe eISY JO s ENTINEE T
syied J2Y30 UL UMOJS 0S)e SL pue BLPU| 03 SALIRU SL 13]]LW S)3I1]
*219 SM33§
, Iotw
pue sdnos 'spooy *a8puiiod ut pasn Ajuowwod aie pue punos pue Jjews ale UI0IWO004q (wnaspiiw
pa)eg ‘saystp apis suLel8 19])lW 0SO I 'SUOLILPUOD SSIAAPE J3y30 pue 3ysnoip Janw wndubg) S
pue spejes ‘sa3puiiod 03 JURJID)0} SI pue UOSseas Sulmold 310ys e sey 33])LW 0Sold coE&ou 19)L 0S0ld
'saysip jeuonipel]
N

asn

uonyew.oju|

sauweu 1ed07

aweN




Processing and Value Addition of Millets

4. Health benefits of millets

Though benefits of millets are covered elsewhere in the document, this part is specially
focused in relation between millet consumption and health and wellbeing of human.
Millets are gaining global recognition due to its rich nutrient profile, which supports
human health and wellbeing.

Millet grains are beneficial in the human diet because of its composition, which includes
significant amounts of dietary fiber, proteins, essential amino acids, vitamins, minerals,
essential fatty acids, antioxidants, and other phytochemicals. Millet has been associated
with better human health due to its hypoglycemic, anti-proliferative, anti-
atherosclerogenic, antioxidant, anti-hypertensive, anti-inflammatory, and antibacterial
properties (Jacob et al., 2024). Benefits of millets in the diet include improved nutrition,
particularly in the form of vitamins and minerals, which maintains human health and
prevent numerous diseases. Most significantly, via scavenging, the presence of bioactive
chemicals decreases and slows the progression of lifestyle disorders and illnesses.
Millets can be used to alleviate nutrient deficiencies, such as those iniron and zinc.

Millet consumption aids in promoting gut health and preventing constipation as itis rich
in dietary fiber. The fiber content helps in managing blood sugar levels, making millets
suitable for individuals with diabetes also. The study conducted by Devi et al. (2014)
shows that millet dietary fiber reduces glycemic reactions through changed lipid
metabolism and altered bile acid metabolism, resulting in improved glucose level.
Additionally, its low glycemic index (Gl) aids in sustained energy release, reducing the
risk of blood sugar spikes. A study was conducted by Hegde and Chandra (2005) inratand
mice which shows that feeding diabetic rats with kodo and finger millet-based diets
reduced blood glucose levels. In another study, foxtail millet prolamin supplementation
improved glucose intolerance and insulin resistance in diabetic mice and also improved
liver function (Zhangetal., 2021).

Millets are also abundant in essential nutrients like magnesium, phosphorus, and
potassium, which are critical for cardiovascular health. Magnesium improves heart
function and reduces the risk of hypertension. Studies by Narayanan et al. (2016) and
Kumar and Kotwal (2023) shows that millets mitigate atherosclerotic cardiovascular
disease risk by lowering insulin resistance, better glycemic control, lowering non-high-
density lipoprotein (HDL) cholesterol and lowering blood pressure. Among the millets,
finger millet, in particular, is an excellent source of calcium, promoting bone health and
reducing the risk of osteoporosis. The antioxidants in millets, such as phenolic
compounds, help to combat oxidative stress, which is linked to chronic diseases like
cancer and aging. These bioactive compounds also boost the immune system, enhancing
the ability to fight infections. For persons who aims to manage weight, millets serve as



Processing and Value Addition of Millets

an excellent choice due to their high satiety index. The satiety index is a measurement of
how full and satisfied a food makes you feel after eating it. Protein content ranges from 6
to 13% with proso millet and foxtail millet being the richest sources. Millet proteins have
a relatively high content of essential amino acids such as lysine, methionine, and
cysteine, which are limited in other cereal grains like rice and wheat (Gowda etal., 2022).

Millets are gluten-free, making it ideal for those with celiac disease or gluten sensitivity.
Mudau et al. (2022) carried out research on fermented gluten free finger millet biscuits
and observed that spontaneous fermentation of finger millet grains has shown improved
nutritional and functional properties of its flour. Authors determined the effect of
spontaneous fermentation on the nutritional quality, microstructural, and sensory
characteristics of gluten-free biscuits prepared from finger millet flours. Results showed
that spontaneous fermentation decreased ash, crude fat and total phenolic and
flavonoids contents whereas protein content, carbohydrates content, antioxidant
activity (DPPH and FRAP), and mineral content of biscuits reported to be increased.

A detailed review on millets health benefits was presented by Sabuz et al. (2023). Millets
help through multiple biological activities, including antioxidant, anti-hyperglycemic,
anti-cholesterol, anti-hypertensive and regulation of gut microbiota composition. As
these bioactive compounds, nutrients, and functions can be affected by processing
techniques such as decortication, soaking, malting, milling, fermentation, etc. Presence
of B vitamins supports brain health, energy metabolism, and overall physiological
functions. The health benefits of millets emphasize its potential as a key component of
modern diets. Its inclusion in food systems can bridge the gap between nutrition and
wellbeing, fostering healthier lifestyles.

Proteins, dietary fiber, vitamins (including the B-complex), and minerals (iron, calcium,
magnesium, phosphorus, and zinc) are all abundant in millets. It is also gluten-free, so
anyone with celiac disease or gluten intolerance can incorporate it in the diet.
Antioxidants including phenolic compounds, flavonoids, and tannins, which are
abundant in these small-seeded grains, help fight oxidative stress and lower the risk of
chronic illnesses like diabetes, cancer, and cardiovascular disease. Millets aid in
digestion and support gut health because of their high dietary fiber content.
Additionally, the fiber content aids in controlling cholesterol and blood sugar levels. Due
to their low glycemic index (Gl), millets digest and absorb slowly, causing blood sugar
levels torise gradually.

Millets are rich in essential nutrients such as proteins, dietary fiber, vitamins (B-complex
vitamins), and minerals (iron, calcium, magnesium, phosphorus, zinc). It is also gluten-
free, making it suitable for individuals with gluten intolerance or celiac disease. These
smallseeded grains are rich in antioxidants such as phenolic compounds, flavonoids, and
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tannins, which help in combating oxidative stress and reducing the risk of chronic
diseases like cancer, cardiovascular diseases, and diabetes. With good amount of dietary
fiber, millets assist in digestion and promote gut health. The fiber content also helps in
managing blood sugar levels and cholesterol levels. Millets have also low glycemicindex
(Gl), which means it is digested and absorbed slowly, leading to gradual rises in blood
sugar levels. This property makes them beneficial for individuals with diabetes or those
aiming to manage their weight.

5. Initiatives of Government of India to boost millet cultivation, processing and value
addition

+ National Year for Millets 2018 -notified as Nutri cereals

+ Launched"Sub Mission on Millets" in 2018 under National Food Security Mission.
« State Missions launchedin Karnataka, Odisha, Tamil Nadu and Chhattisgarh.

« Milletsincluded under POSHAN MISSION Abhiyan.

» Over500 Start-ups in millet value chain

+ Indian Institute on Millet Research (IIMR), under RKVY- AFTAAR, has incubated 250
start-ups

« INR 6.2 crores disbursed to over 66 startups with additional of 20-25 startups
approved for further funding

« Startups spread across the entire value chain of millets- Primary Processing, RTE, RTC
like Breakfast Cereals, Millet Coffee, Pizza Flours, Porridge, Flakes, Puff etc.

To create awareness, boost the cultivation and increase the national and international
demand for millets, Government of India had proposed to the United Nations for
declaring year 2023 as International Year of Millets (IYM). 72 countries have supported
this proposal and subsequently United Nations General Assembly (UNGA) declared 2023
as International Year of Millets during March, 2021.

Objectives of IYM
v Elevate awareness of the contribution of millets to food security and nutrition.
v Inspire stakeholders onimproving sustainable production and quality of millets.

v Draw focus on enhanced investment in research and development and extension
services to achieve the other two aims.

To accomplish the goals of IYM 2023 and take Indian millets worldwide, the Indian
government has adopted a proactive multi-stakeholder engagement strategy, involving
different central government Ministries/Departments, States/UTs, farmers, start-ups,
exporters, retail establishments, hotels, Indian Embassies, etc. Enhancing the
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production, productivity, consumption, export, fortification of the value chain, branding,
raising awareness of health advantages, and other areas were the main goals of IYM-
2023.

In order to promote Indian millets, recipes, and value-added products internationally,
the Indian government has arranged a number of events. Millets were promoted during
the G20 presidency in India, the ASEAN India Millet Festival in Indonesia and Delhi, the
Millet Culinary Carnival, International Trade Events, the Chef's Conference, the Farmers
Producer Organizations (FPO) exhibition, road shows, kisan melas, and chef training for
paramilitary forces, among other events. The Global Millets (Shree Anna) Conference,
which was held from March 18-19, 2023, at IARI, Pusa Campus, New Delhi, was a major
eventplannedin conjunction with the International Year of Millets.

The Indian Institute of Millets Research (IIMR), Hyderabad, has been designated as the
Global Center of Excellence for exchanging best practices, research, and innovations at
the national and international levels in an effort to establish India as a global center for
“Shree Anna". In addition, IIMR in Hyderabad offers training to farmers, women farmers,
housewives, students, and young business owners on how to create millet food products
with added value, daily recipes, etc.,, and helps them start their own businesses.
Additionally, the institute has created value-added technologies such as "Ready to Eat"
and "Ready to Cook" millet food labels, conducted awareness campaigns, agribusiness
incubators, technology business incubators, and more. IIMR, Hyderabad has been a lead
centre while working in collaborations of around 14 different institutions across the
country for development and promotion of technologies for millets.

On September 27,2023, the new Bajra Regional Research Center has been establishedin
Gudamalani, near to Barmer, Rajasthan. During the G20 Presidency, a new program called
the "Millets and Other Ancient Grains International Research Initiative (MAHARISHI)" was
adopted with the goal of enhancing scientific collaboration and raising public awareness
of millets worldwide.

The Production Linked Incentive Scheme for Food Processing Industry for Millet-based
Products (PLISMBP) has been approved by the Ministry of Food Processing Industries
(MoFPI) to be implemented from 2022-2023 to 2026-2027 with an expenditure of Rs.
800 crores. The Ministry of Women and Child Development's Poshan Abhiyan also covers
millets. Additionally, in order to expand the procurement of millets under the Mid-Day
Meal, Integrated Child Development Services (ICDS), and Targeted Public Distribution
System (TPDS), the Ministry of Food and Public Distribution has updated its standards.

To accelerate the growth, marketing, and promotion of India‘s millets exports, an Export
Promotion Forum devoted to the foreign market has been also established. The Food
Safety and Standards Authority of India (FSSAI) is raising awareness to encourage the use
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of millets as part of a varied and healthful diet through the Eat Right campaign. All
government offices have been urged to serve Shree Anna-based food items in
departmental canteens and incorporate Shree Anna snacks into departmental trainings
and meetings in order to promote the consumption of Shree Anna among government
personnel.

To increase the production and productivity of millets, under the National Food Security
Mission (NFSM), the Department of Agriculture and Farmers Welfare (DA&FW) is
implementing a Sub-Mission on Nutri-Cereals (Millets) in all districts of 28 States and 2
Union Territories, namely Jammu & Kashmir and Ladakh, with the goal of increasing the
production and productivity of millets. The NFSM program covers nutri-cereals (millets)
like sorghum (Jowar), pearl millet (Bajra), finger millet (Ragi/Mandua), minor millets like
foxtail millet (Kangani/Kakun), proso millet (Cheena), kodo millet (Kodo), barnyard millet
(Sawa/Sanwa/Jhangora), little millet (Kutki), and two pseudo-millets: buckwheat (Kuttu)
and amaranthus (Chaulai).

Besides the above efforts of Government of India, incentives for crop production and
protection technologies, cropping system-based demonstrations, production and
distribution of certified seeds of recently released varieties or hybrids, Integrated
Nutrient and Pest Management techniques, improved farm implements, tools, and
resource conservation machinery, water-saving devices, capacity building of farmers
through trainings during cropping season, event and workshop organization, seed
minikit distribution, publicity through print and electronic media, etc. are also offered to
farmersunder NFSM-Nutri Cereals through the States and UTs.

Additionally, under the Rashtirya Krishi Vikas Yojana (RKVY), the Indian government
gives the states flexibility to address their own needs and objectives. Millets may be
promoted by the states under RKVY. To further promote millets, several Indian states
have started millet missions, including Assam, Bihar, Chhattisgarh, Karnataka, Madhya
Pradesh, Maharashtra, Odisha and Rajasthan.

Minimum support price (MSP) for millets

For promotion of cultivation and increasing the production of millets, Government of
India has stated to provide Minimum Support Price (MSP) of millets. Millets such as
Pearl Millet (bajra), Sorghum (jowar) and Finger Millet (ragi) have been part of the MSP
regime and MSP for these crops has been rising in recent years (2023-24). The MSP for
sorghum and pearl millet increased by about 25% and that for finger millet by about
22%intheyear2023-24.

However, minor millets (for example, little millet, kodo millet, foxtail millet, barnyard
millet) have not yet been uniformly included under the central MSP procurement regime
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(although some states like Haryana have takeninitiatives).

In recent years the government has taken further steps to boost millet cultivation and
procurement. In 2024-25 the MSPs for these major millets were raised notably
(favouring finger millet most, with an increase of about 11.5%). Also, many states are
now actively procuring millets at MSP under state-level initiatives. Yet the actual
procurement of millets by government agencies remains small compared to rice/wheat,
meaning that even with MSPs in place, many millet farmers do not actually realise the full
benefitof guaranteed procurement.

In the broader policy context, inclusion of all millets (major and minor) under the MSP
regime, and strengthening of value chains, storage, processing and market linkages, is
seen as key for promoting millet cultivation which has benefits of drought-resilience,
suitability for marginal lands, nutritionalrichness, and supporting tribaland small holder
farmers. In short, MSP for millets is a critical lever in the government's strategy for
promoting millets both as food crops and as crops of livelihood value.

MSPs of Major Millets (India), (Values in per quintal; for Kharif Marketing Season 2024-
25).

Table 2 : Minimum support price (MSP) of Millets.

Millet variety MSP for 2024-25
Sorghum (Jowar) — Hybrid 33,371
Sorghum (Jowar) — Maldandi 33,421
Pearl Millet (Bajra) 32,625
Finger Millet (Ragi) % 4,290

Source: PIB, 2024
6.Barriersinadoption of millets

The major challenge in millet processing is its tiny size and tight adherence of hull to
kernelespecially in minor millets. In addition to this, millet processing can be laborious if
done by manual labours for several reasons. In millet growing regions, there may be
limited access to processing facilities or equipment, forcing farmers to rely on manual
labour for processing. Millet de-husking if did manually requires physical effort and time,
especially when done onasmallscale. Smallsize and hardness of some millets is another
hurdle in millet processing. Traditional Methods also rely heavily on manual labour.
These methods may have been passed down for generations and are ingrained in local
culture and practices.

Variability in millet types is one another issue and different millets may require slightly
different processing techniques. This variability adds complexity to the processing task 5
specially when there is task to develop specific machine for millet processing. In such
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situation, different tools or methods may need to explore to develop such machines.

Many researchers focussed on these issues earlier. According to Srivastava & Reddy
(2023), processing of milletsis a challenging task due to its small seed size and thick seed
coat. Poor shelf-life of processed grain and flour is another challenge after size reduction
operation (AIM, 2023; Sruthi & Rao, 2021). Presence of anti-nutrients such as tannins,
phytate, and phenols (Budhwar et al.,, 2020); and effect of processing techniques on
nutritional quality (Gowda et al., 2022) should also be studied in this context. On the side
of machine development, the efficiency of dehulling machinery is noted as 70%-80%
only, the remaining being the un-hulled and broken grains (Rao et al., 2021), which is
additional challenge in separating un-hulled grains and dehulled grains. Single
dehulling machine is not suitable for all the millets, due to variations in size, shape of
millets (APEDA, 2022).

Millets' small seed size and thick seed coat make processing them difficult (B. Srivastava
& Reddy, 2023); its short shelf life (AIM, 2023; Sruthi & Rao, 2021); the presence of
antinutrients like phenols, phytate, and tannins (Budhwar et al,, 2020); affects the of
processing methods and nutritional quality of millets (Gowda et al., 2022). Separating
unhulled grains from dehulled grains is more difficult (B. D. Rao et al., 2021). Due to
variations in grain size, shape, and husk content, no single dehulling unit is appropriate
forall millets (APEDA, 2022)

Millets, despite its nutritional benefits, face several barriers to widespread consumer
adoption. These include sensory and processing challenges. Millets often have a
distinctive flavor that may not appeal to all consumers. Whole millet flours, in particular,
can impart a coarse texture and astringency due to the presence of tannins in the seed
coat. Besides this, the small size and hard outer seed coat of millets make processing
more challenging. Dehulling and polishing can reduce nutritional content, and the
resulting refined flours may not offer the full health benefits of the whole grain.

One of the main reasons which restrict easy availability of milletin market is difficulty in
millet processing. Millet processing is the set of operations performed after harvesting
of millet.

When harvested millets are brought to process, some millets show ease in processing
while some appeared difficult for processing. Processors main intention is to remove
outer hard coat present on some millets. The ease or difficulty of processing millets can
depend on several factors, such as grain size, husk adherence, and structural
characteristics. Sorghum is medium to large in size and has a simpler structure compared
to smaller millets. It is easy to process due to a relatively smooth outer layer. Pearl millet
is also larger compared to small millets, which also facilitates mechanical pearling.
Finger millet, little millet and kodo millets are however harder to process because of

15



Processing and Value Addition of Millets

tight adherence of hull. Finger millet and little millet grains are very small and have a
tightly bound seed coat that adheres strongly to the endosperm, making dehulling
difficult. Kodo millet also has a hard, tightly attached husk that complicates dehulling
and processing.

Small millets have tough outer husks (hull) which is inedible and need to be removed
before consumption. Processing operations involves removing these outer layers to
access the edible graininside. Besides mechanical processing which involves separation
of outer seed coat, some other processing methods such as soaking, fermentations make
millets easier to digest. Soaking, sprouting also remove anti nutritional compounds like
phytic acid, tannins etc and improves the bio availability of minerals present in millet
grains. Furthermore, size reduction operations such as grinding helps to impart desired
texture which improves the appearance of several value-added products made from
millet such as flour, cake, snack food, millet pasta etc. Popping/puffing, flaking are also
some processing methods used for millets. All these processing methods are discussed
in details laterin this document.

7. Traditional practices of millet processing

Traditional practices not only contribute to the processing of millet but also hold cultural
significance, reflecting the rich culinary heritage of millet-growing communities around
the world. Traditional millet processing practices vary across different regions and
cultures, with methods passed down through generations. After harvesting, millet stalks
are often beaten or threshed to separate the grains from the stalks. After threshing, the
mixture of millet grains and chaff is winnowed to separate the heavier grains from the
lighter chaff. Traditionally millet grains are pounded using a mortar and pestle to remove
the outer husk or to break them into smaller pieces for cooking. This process is labor-
intensive but effective in traditional millet processing. Dehulled millets are then ground
into flour using traditional grinding stones or mills. This ground millet flour can be used
to make various traditional dishes like bread, porridge, and pancakes. Sometimes boiling
and steaming practices are followed for cooking millets until they become soft and
edible. Some traditional millet processing practices involve fermentation, where millet
grains are soaked in water and allowed to ferment for a period of time. Fermentation not
only enhances the flavor but also improves the nutritional profile of millet.

8. Commercial level processing of millets

Millet processing refers to the various steps involved in converting raw millet grains into
edible form. Processed millet grains can further used to develop variety of value-added
products. The primary objective of millet processing is to remove inedible components
and enhance it's nutritional, functional as well as sensory qualities. Millet processing .
generally includes unit operation such as cleaning, grading, destoning, dehulling and o
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milling etc. Whole dehulled grains can be introduced to other processing methods such
as soaking, sprouting, puffing, drying, roasting, and flaking to make specific snack
products.
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Flow process chart of millet processing

The flow chart illustrates the sequence of operations involved in millet processing from
harvest to product development. Initially, harvested millets are dried in farm yards to
reduce moisture content, ensuring safe storage and minimizing post-harvest losses. The
primary cleaning step removes impurities such as dust, stones, and chaff. After cleaning,
the grains are stored in bulk storage units, gunny bags, or traditional bins to maintain
quality before further processing. During commercial processing, the stored millets
undergo cleaning and grading to achieve uniformity, followed by de-hulling to remove
the outer hull, which is separated as a by-product. The de-hulled grains are then
subjected to milling to obtain flour, which serves as a base material for various millet-
based value-added products such as bakery items, breakfast cereals, and snacks.
Additionally, the by-products from de-hulling and milling are utilized for feed or other
industrial applications, ensuring complete resource efficiency.

Though primary objective of millet processing is to make millet edible by removing hard
outer inedible husk, it has several other advantages also. Raw millets often contain
antinutritional factors such as phytates and tannins, which reduces nutrient
bioavailability and may hinder the digestion process. Processing methods like soaking,
germination, and roasting reduces such antinutritional components. Properly dried and
stored millets can be used for longer time and nutritional quality also maintained as
proper drying avoids spoilage due to moisture, pests, and microbial activity. Milling
operation enables to develop various value-added products like millet flour, flakes,
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puffed millets and ready-to-eat snacks which ultimately increasing consumer appeal
and thereby boosts consumption. Fermentation and germination also part of millet
processing. These processing methods reported to show increase in bioavailability of
micronutrients like iron and calcium. Further, commercial point of view, processed
millets and millet products such as bakery products, beverages, breakfast cereals etc.
meet consumer demands for convenience, variety, and safety due to which overall

market acceptance toward millets can enhanced.

Table 3. Unitoperationsin millet processing

S.N. | Processing steps Objective/purpose Methods
Removing impurities such as dirt, Su?vmg, Winnowing. and.
. . using mechanical cleaning
1 | Cleaning stones, plant residues, and other . .
. . machines with airflow and
foreign materials o
vibrating screens
2 Graqlng and Separating .grams. by size, shape, or T e R
Sorting color for uniformity.
Using a destoner working on
3 | Destoning Removal of stones the principle of
stratification and separation
4 | Dehulling (Hulling) Remove.the oute_r hull or husk of Abra.s.lve dehuller_s or
some millets grain. traditional pounding.
5 Soaking, steaming, | This is optional and may use if Soaking in warm water, use
drying needed of commercial dryers
6 | Sprouting Imparting nutritional changes Manually
Toi t fl f ki iet
6 | Roasting © Impart flavor for makang variety Using roasting machine
of products
Grinding the millet into flour or
Size reduction/ g_nts for various food appllca_tlons. Roller mills, hammer mills,
7 . Fine flour for bread and porridges, ..
Milling . or stone grinding
coarser grits for snacks or other
dishes
Transforming millet int o ready -to-
. eat puffed snacks. Rapid heating . .
Popping/ . . High temperature short time
8 to transform millets into ready to
Puffing . . . heat treatment.
eat puffed millets (light, crispy
products)
. Transforming millet into ready-to- | mechanical pressing for
9 | Flaking .
eat breakfast cereals. flaking
10 | Fermentation Enha_n.ce flavor, digestibility, and Fermenting at specific
nutritional value temperature and pH
Produce instant or processed .
. . Use of extrusion technology
11 | Extrusion foods like noodles, pasta, or L
snacks with high heat and pressure.
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The processing techniques employed for millets are highly contingent on the specific
type of millet and the desired attributes of the final product. The selection of processing
methods is also significantly influenced by socio-economic and geographical factors. For
instance, in rural or resource-limited areas, traditional techniques such as hand-
pounding or stone-grinding are prevalent due to their cost-effectiveness and
accessibility. Conversely, in urban or industrialized regions, advanced mechanical
systems and automated processing equipment are utilized to achieve higher efficiency,
uniformity, and scalability.

The availability of technology and specialized processing equipment in a given region
plays a critical role in determining the processing methods adopted. Regions with
limited infrastructure may rely on manual or semi-mechanized processes, leading to
variability in product quality and processing efficiency. On the other hand, areas with
access to modern machinery can incorporate sophisticated techniques such as
dehulling, polishing, and milling, thereby improving yield and product consistency.

The seed coat and endosperm of millets play significant roles during processing of
millets. The tight adhesion of the seed coat to the aleurone layer in some millets presents
a challenge during processing. Removing the seed coat often requires hydrothermal or
mechanical pretreatments. The endosperm constitutes the majority (80-85%) of the
millet kernel and is primarily starchy. It is often the focus in processed millet products
suchasrefinedflours, asitcontributes to the texture and taste.

Table 3 shows various processing methods that can apply for millets to enhance its
edibility, nutritional value, shelf life, and versatility. However, the type of millet may
hamper the selection of particular processing method and is largely dependent on type
of end product one wants to develop. All the processing methods explained in Table 2
can be broadly categorized into primary, secondary, and tertiary processing (value-
added processing techniques).

8.1.PrimaryProcessing

These are basic processes applied to millets to make it suitable for direct consumption or
further processing. Primary processing comprises drying, cleaning, grading, destoning,
dehulling (for Foxtail Millet, Little Millet, Barnyard Millet and Kodo Millet).

8.2.SecondaryProcessing

These methods transform millets into forms ready for cooking or further industrial
applications. Secondary processing comprises milling, soaking and fermentation,
puffing/popping, roasting (dry heating to enhance flavor) and parching (similar to
roasting but faster heat application with higher heat intensity to impart flavors), flaking,
germination (for making malt),
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8.3 Tertiary processing (Value-added processing)

Tertiary processing of millets involves creating ready-to-eat or convenience products by
combining primary and secondary processing methods. These includes extruded
products (noodles, breakfast cereals), baked products (breads, cookies, cakes, muffins),
snack foods (puffed millets, flakes, chips), ready to cook products (instant noodles,
vermicelli, instant upma mix, beverages (health drinks and mixes), fermented products
(idliand dosa batter, probiotic drinks), desserts (halwa and payasam mixes).

All these processed and value-added products offer high nutritional value, gluten-free
options, and functional benefits to consumers.

9. Unitoperations and machinariesin millet processing

Millet processing refers to the series of steps involved in transforming harvested millet
grains into consumable products. This process includes several stages or unit operations
such as cleaning, grading, dehulling, soaking, drying, roasting, grinding, and packaging.
The aim is to prepare millets for consumption or further processing into various food
products.

On a broader view, millet processing needs cleaning machines (Vibratory cleaner,
aspirator, gravity separator), destoner, dehusking machines (Dehuller/Dehusker, impact
huller), Polishing Machines, roasters, Stone mill/lhammer mill/roller mill. These
machines can vary in size, capacity, and complexity depending on the scale of millet
processing operations, from small-scale artisanal processing units to large industrial
facilities. Common unit operations used in millet processing after threshing millet grains
are as follows.

9.1 Cleaning, destoning and grading: Cleaning operation involves removing foreign
materials such as dirt, chaff, and otherimpurities from the millet grains. Cleaning ensures
the quality and safety of the final product. Removal of stones is also one of the important
operations in millet processing. Grading of millets into specific grades enables the
further processing of millets easy.

9.2 Dehulling: Millet grains have tough outer husks or hulls that need to be removed to
access the edible seed inside. Dehulling can be done using mechanical dehullers or
traditional methods such as pounding or grinding.

9.3 Polishing: Removing outer bran layer is sometimes required to whiten the millet.
After removing the husk, the outer layer is fully removed and this operation is known as
polishing.

9.4 Milling/Grinding: Millet grains can be ground into flour or meal using milling or
grinding equipment. This process breaks down the grainsinto smaller particles, making it
easiertodigestand cook.
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9.5 Sifting: Sifting involves passing the milled or ground millet through sieves of varying
mesh sizes to separate out different particle sizes. This helps to achieve the desired
texture and consistency in the final product. Flour sifters are usually used to accomplish
this operation.

Besides these operations, sometimes fermentation, roasting, sprouting, drying,
popping/puffing is also performed to make specific types of products from millets. For
example, in fermentation, the nutritional quality and digestibility of millets is improved.
It involves soaking the grains in water and allowing beneficial microorganisms to
ferment the sugars and starches, resulting in products like fermented porridges or
fermented beverages. Sprouting, drying and roasting operations are performed to make
malt like products. Drying alone can also be performed to reduce the moisture content of
millet-based products to improve its shelf life and prevent Mold growth. Soaking and
roasting at high temperature for short time may be carried out to make popped products.
Some common millet processing machineries are listed in Table 4

Table 4: Common machinaries/equipments for millet processing

SN Machine Use Principle of operation
1 | Cleanercum | To clean and grade millets, It separates grains from
grader specially designed cleaner/ graders | impurities based on differences

are needed. Cleaning is essential to | in terminal velocity (with air
ensure the removal of impurities flow) and differences in size
before processing, preventing and shape (with vibrating
damage to downstream equipment | screens).

2 Destoner To remove stones and other Destoner separates stones from
undesired materials grains based on the difference

in specific gravity, aided by air
flow and vibration.

3 | Dehuller Abrasive Dehullers are critical for | Dehullers works on the
producing edible millet grains, as principle of applying controlled
the outer husk is inedible and must | impact, shear, or abrasion to

be removed. detach husk from kerne s,
followed by separation based
on density or aerodynamic

properties.

4 | Double stage | Dehusking millets by machine It works on centrifug al impact
centrifugal saves drudgery and processing applied for efficient husk
dehusker time. It also promotes the removal, with separation based

consumption of millets among on weight or aerodynamic
consumers. properties.

5 | Polisher It helps in efficient marketing of Polisher operates on abrasion

the polished millets. and friction to remove bran or

surface layers.
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SN Machine Use Principle of operation

6 | Roasting Roasting enhances the flavor and Roasting works on the principle
reduces anti -nutritional factors in | of controlled application of
millet. heat to induce physical and

chemical changes, enhancing
flavor, color, and texture of the
material.

7 | Milling Milling reduces millet grains into Hammer m ills: Size reduction

machines flour or semolina, which can be by repeated impact and shear
used for various food products. forces
Hammer Mills and r oller mills, can | Roller mills : Size reduction by
be used for this purpose. compressive and shear forces
Commercial size pulversier is also between rollers.
used to make the flour of millet
grains.
8 | Flaking For creating millet flakes as snack | Flattening of cleaned,
machine products. conditioned millet grains by
passing them through a pair of
smooth or corrugated rollers
under pressure.
9 | Puffing Puffed millets are highly demanded | The machine utilizes rapid
machine processed products which heating to conve rt the internal
can increase the millets moisture of grains into steam,
consumption among society. causing puffing,

12 | Fermenter For fermentation of millets which Millet fermentor works on the
are further used for preparation of | principle of controlled
different products. microbial fermentatio n, using

optimal temperature, pH,
aeration, and agitation to
convert millet into fermented
products.
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Once processed millets are ready or any products are made using millets, the final
operation is packaging. Millet-based products are packaged for storage, transportation,
and retail sale. Proper packaging helps to protect the products from contamination,
moisture, and other environmental factors.

10. Milletprocessing machines developed by Researchand Development Institutes

10.3) Milletprocessingmachinery developed by ICAR-CIAE, Bhopal

Millet Cleaner cum Grader

Millet cleaner cum grader is suitable for
cleaning and grading of all types of
millets. The cleaning efficiency, capacity
and cost of the machine are 90-95 %,
70-80 kg/h and Rs. 40,000/-,
respectively.

Millet De-husker

It is @a multi-millet de-husker suitable for
de-hulling of minor millets like finger
millet, foxtail millet etc. The de-hulling
efficiency, capacity and cost of the de-
huller are 80-85 %, 50-60 kg/h and Rs.
50,000/-, respectively.

Millet De-stoner

Millet de-stoner is applicable for
separation of stones and other
impurities after cleaning. The separation
efficiency of the de-stoner is 90-92 %
and its capacity is 70-80 kg/h. The cost of
the machineisRs. 50,000/

CIAE Millet mill

Designed for minor millets. Capacity:
100-110 kg/h. De-hulling efficiency: 90-
95 %. Type: Abrasive type.
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Millet Polisher

Millet polisher is useful for removal of
bran and germ to improve the
appearance and shelf life of millets. The
polishing efficiency and degree of polish
is 82-85 % and 4-5 %, respectively.
Capacity and cost of machine are 50-60
kg/hand Rs. 60,000/-, respectively.

Millet Flour Mill

A flour mill is suitable for production of
flour from all types of millets. The
capacity of cost of the machine are 50-
60 kg/hand Rs.25000/-, respectively.
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Millet Fermenter

Multi-millet fermenter is suitable for
fermentation of millets and millet by-
products for preparation of different
value added products. It has provision to
adjustrequired temperature (25-100°C).
Its capacity is 40 kg/batch and cost is Rs.
70,000/-

Millet Popping Machine

The machine is useful for obtaining the
popped millets and it is continuous in
operation. The popping efficiency,
capacity of cost of machine are 75-80 %,
8-10kg/hand Rs.80,000/-, respectively.
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Millet Roaster CIAE millet popping machine

A millet roaster has been developed for | Hot air fluidization poffing utilizes rapid
production of roasted millets which can | heat and moisture vaporization in a
also be used for different value added | fluidized bed to induce internal
products. The roasting capacity and cost | pressure, causing grains to expand (puff)
of machine are 50-60 kg/h and Rs. | uniformly. Suitable for sorghum,
60,000/-, respectively. amaranthus, and finger millet. Capacity:
1.4-2 kg/h. Popping efficiency: 60-70%.
Weight: 80 kg.

Millet processing machinery developed by other instituitons

- — _—

Solar Powered Small Millet Dehuller CFTRI-Pedal Operated Millet Dehuller,
(Small Millet Foundation Funded by Capacity=10-12 kg/h
[IMR), Capacity= 30-80 kg/h
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Millet pearler (D. Y. Patil, CAE&T,
Kolhapur, MH)

Designed for finger millet threshing
cum pearling. Capacity: 36 kg/h,
Threshing, pearling and cleaning

efficiency, and total grain loss of 99.51,
98.22,96.51 and 2.35 respectively.

Millet pearler (D. Y. Patil, CAE&T,
Kolhapur, MH)

Designed for finger millet threshing cum
pearling. Capacity: 36 kg/h, Threshing,
pearling and cleaning efficiency, and
total grain loss of 99.51, 98.22, 96.51
and 2.35 respectively.
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Millet de-huller cum Pearler
(GB Pant university, Pantnagar)

Finger millet dehuller cum pearler.
Pearling efficiency: range of 70.02 -
83.68%. Capacity: 8 kg/h. Optimised
performance condition 0.51 gm/cc
dispersed density, 12 minute residence
timeand 1200 rpm of theroller speed.

Millet de-huller cum Pearler
(GB Pant university, Pantnagar)

Finger millet dehuller cum pearler.
Pearling efficiency: range of 70.02 -
83.68%. Capacity: 8 kg/h. Optimised
performance condition 0.51 gm/cc
dispersed density, 12 minute residence
timeand 1200 rpm of the roller speed.
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Manufacturers of prominent millet processing machines

1. Perfura Technologies (India) Pvt. Ltd., Coimbatore, India.
They produce a wide range of millet machines: dehullers, dehusking, graders,
destoners, aspirators, mills and more.

Millet cleaner cum destoner Millet dehuller

2.NabhithaEngineering Private Limited, Hyderabad, India.

An MSME startup designing and manufacturing post-harvest & secondary processing
machines for millets, pulses etc.

Millet Primary Processing Unit

<

. - - - ' |
Nﬂb"“‘ﬂs"_!";;ﬂg Nabhitha Pulveriser Nabhitha Packaging
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3.M/s AVMEngineering Industries, Salem, Tamil Nadu.

Am::-:_, g:""‘“ """"
v
e
AP “.

The Industry manufacture millet processing machines including dehuller / dehusker and
related cleaning, conveying, aspirating equipment.

4.Meet Machines, Indore, India

Millet cleaning machine,  Millet de-stoner, 5 Hp (500 kg/h)  Millet dehuller, 3 Hp,
200 kg/h and 7 Hp models (700 kg/h) 500 kg/h

5.ShriViratra Engineering, Jodhpur, Rajasthan, India.

Provides multi-purpose millet flour mill plants: cleaning, dehusking / grinding / grading,
etc.

Cleaner cum grader Destoner Primary processing plant
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11.Value added products of millets

Millets are nutrient-dense grains rich in proteins, dietary fiber, B-complex vitamins, and
essential minerals such as iron, calcium, magnesium, phosphorus, and zinc. Being
naturally gluten-free, it is ideal for individuals with gluten intolerance or celiac disease.
Millets contain potent antioxidants like phenolic compounds, flavonoids, and tannins
that reduce oxidative stress and the risk of chronic diseases such as cancer, diabetes, and
cardiovascular disorders. Its high fiber content supports digestion, gut health, and helps
regulate blood sugar and cholesterol levels. With a low glycemic index and numerous
health benefits, millets are rightly regarded as “nutri-cereals” vital for promoting overall
well-being.

Millet based value added products are gaining more attention due to its nutritional
importance. Millet is mainly composed of starch (amylose and amylopectin) which is
primary component of the milletand it defines quality of value-added products.

12. Traditional consumption practice of millets

Traditional millet consumption methods vary widely across different cultures and
regions.

1. Whole Grains: In many cultures, millet grains are cooked whole, similar to rice or
quinoa, and served as a staple food. It can be boiled, steamed, or simmered until soft
and fluffy, then eaten plain or with savory or sweet accompaniments.

2. Porridge: Millet porridge is a popular traditional dish in many parts of the world.
Millet grains are cooked in water or milk until soft and creamy, often flavored with
spices like cinnamon, cardamom, or nutmeg. Porridge can be served for breakfast or
as acomforting meal any time of day.

3. Flatbreads: Millet flour is widely used in Indian cuisine to prepare nutritious
flatbreads like roti, chapati, and bhakri. The flour is mixed with water to form a soft
dough, rolled into thin discs, and cooked on a hot griddle, yielding wholesome,
gluten-free breadsrichin flavor and essential nutrients.

4. Fermented Foods: In some cultures, millet grains are soaked, fermented, and then
ground into a batter to make fermented foods like idli or dosa. Fermentation not only
enhances the flavor but also improves the digestibility and nutritional quality of
millet.

5. PorridgeBalls: Millet porridge is allowed to cool and set, then formed into small balls
or cakes. These porridge balls are convenient snacks or quick meals that can be eaten
onthe go.
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6. Alcoholic Beverages: Millet is used to make traditional alcoholic beverages in some
cultures. For example, in parts of Africa, millet beer is brewed by fermenting soaked
and malted millet grains with water and yeast.

7. Soups and Stews: Millet grains are often added to soups, stews, and casseroles for
texture and nutrition. It absorb the flavors of the other ingredients and add a hearty,
filling elementto the dish.

8. Desserts: Millet canbeincorporated into desserts and sweet treats. In some cultures,
millet is cooked with milk and sugar to make a creamy pudding or sweetened with
honey and dried fruits for a nutritious dessert option.

In India, millets have been traditionally consumed for centuries as staple foods,
especially in rural and semi-arid regions. Different communities across states like
Karnataka, Maharashtra, Tamil Nadu, Rajasthan, and Odisha prepare a variety of millet-
based dishes such as ragi mudde, bajra roti, jowar bhakri, khichdi, and dosa. Millets were
often preferred for its ability to provide sustained energy and adapt to harsh climates. It
was also used in fermented foods and beverages, enhancing digestibility and flavor.
Traditionally grown without chemicalinputs, millets formed an integral part of local food
systems, symbolizing sustainable, nutritious, and climate-resilient eating practices in
India.

Millets such as foxtail, little, kodo, and barnyard are cooked and served with vegetable or
meat curries, just like how rice is eaten. For example, dishes like Thinai Saadham and
Varagu Pongal are popular boiled millet meals.

Another popular traditional use of millets is making porridge or gruel. Millets like ragi,
bajra, jowar, and little millet are boiled with water or milk to make a soft, semi-liquid dish.
Sometimes this porridge is fermented to improve its taste and make it easier to digest.
Examples of these porridges include Ragi Koozh, Ambli, and Bajra Raab.

Millets are also ground into flour to make flatbreads such as rotis, bhakris, or rottis. The
flour is mixed with water to make dough, which is then rolled or patted by hand and
cooked on a hot griddle. Popular flatbreads made with millet flour include Jowar Bhakri,
Bajra Roti, and Ragi Rotti.

Steamed foods are another traditional way to use millets. In these recipes, millet batter
or dough is steamed to make soft and healthy dishes. Examples include Ragi Mudde,
MilletIdli,and Kozhukattai. These dishes are often eaten with chutneys or sambar.

Fermentation is a key step in making some traditional millet dishes like dosas and idlis.
Millets such as ragi, bajra, and jowar are soaked, ground into a batter, and left to ferment.
This process adds flavor and nutrition. Ragi Dosa and Jowar Idli are common fermented
milletfoods.
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Millets are also used to make many traditional snacks, either fried or roasted. These
include snacks made from millet flour or whole millet grains, such as Ragi Murukku,
Puffed Jowar, and Millet Pakora. These snacks are tasty and often enjoyed during festivals
or as everyday treats.

Sweet dishes and desserts made from millets are also very common. Ragi, foxtail, little,
and kodo millets are used to prepare delicious sweets like Ragi Halwa, Thinai Laddu, and
Millet Payasam. These traditional desserts are often prepared during celebrations and
special occasions.

During festivals and fasting days, millets play an important role. Certain millets like
foxtail, little, kodo, and samai are preferred because it is easy to digest and considered
pure. People prepare special dishes like Samai Curd Rice and Millet Pongal during these
times.

Millets are also used to make traditional beverages that are both refreshing and
nutritious. Drinks like Ragi Malt and Bajra Ambil are made by mixing millet flour with
jaggery, milk, or buttermilk. These drinks are popular especially in hot weather and
provide energy and nourishment.
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Table 6. Traditional consuming practices of millets

S.No. Traditional Use Comm?nly Description / Examples
Used millets
1 As a Rice Substitute Foxtail, Little, | Cooked like rice and served with curries.
Kodo, Barnyard | e.g., Thinai Saadham, Varagu Pongal
2 Porridge / Gruel Ragi, Bajra, Semi-liquid dish made by boiling
(Kanji, Koozh, Ambli) Jowar, Little millets; often fermented. e.g., Ragi
Koozh, Ambli, Bajra Raab
3 Flatbreads (Rotis, Jowar, Bajra, Dough made from millet flour is hand -
Bhakri, Rotti) Ragi patted and cooked on a griddle. e.g.,
Jowar Bhakri, Bajra Roti, Ragi Rotti
4 Steamed Foods Ragi, Foxtail, Prepared using steamed batter or
Little dough. e.g. Ragi Mudde, Millet Idli,
Kozhukattai
5 Fermented Pancakes Ragi, Bajra, Fermented millet batter used to make
/ Crepes Jowar dosas or idlis. E.g., Ragi Dosa, Jowar Idli
6 | Traditional Snacks All types of Millet flour or whole grains used in
(Fried/Roasted) millets traditional snacks. E.g.,  Ragi Murukku ,
Puffed Jowar, Millet Pakora
7 | Sweets and Desserts Ragi, Foxtail, | Sweet dishes made using millets. E.g.,
Little, Kodo Ragi Halwa , Thinailaddu , Millet
Payasam
8 Festival/ Fasting | Foxtail, Little, | Used in temple offerings and during
Dishes Kodo, Samai fasts. E.g., Samai Curd Rice, Millet Pongal
9 | Traditional Beverages Ragi, Bajra Millet-based drinks made with jaggery,
milk, or buttermilk. E.g., Ragi Malt, Bajra
Ambil

Table 7. Examples of Traditional Millet Dishes

Region Traditional Dishes Millets Used
Tamil Nadu Ragi Kali, Koozh, Adai | Ragi, Foxtail, Kodo, Samai
Karnataka Ragi Mudde, Jolad Rotti Ragi, Jowar
Maharashtra Bhakri, Ambil Bajra, Jowar
Gujarat Rotla, Khichdi Bajra
Rajasthan Bajra Roti, Raab Bajra
Andhra Pradesh / Telangana Sajja Rotte, Ambali Bajra, Jowar
Odisha Mandia Jau Ragi
Uttarakhand Madua Roti Ragi

. Tribal Belt (Jharkhand, Chhattisgarh) Pej (Gruel) Kodo, Little, Browntop
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13. Traditional Millet Processing Methods

Millet processing in rural areas relies on simple, manual techniques that have been
practiced for generations. The first step after harvesting is threshing, where the millet
panicles are beaten with sticks, trampled by foot, or sometimes by animals to separate
the grains from the stalks. This is followed by winnowing, an age-old method where the
grains are tossed into the air using baskets or flat trays so that the wind carries away the
lighter chaff and other impurities, leaving clean millet grains behind. These are basically
harvest-related operations primarily aimed at separating the grains from the plant and
cleaning it, and are not part of the actual processing steps. The true millet processing
begins after threshing and winnowing, involving methods that prepare the grain for
consumption.

The millets after threshing are subjected to a drying operation in order to reduce its
moisture content to a safe storage/processing conditions (10-12 % wb). Open sun drying
is a prevalent method followed for millets in the traditional practices. To make the grains
edible, dehusking is performed manually by pounding the millet in stone mortars or
wooden pounders to remove the tough outer husk. This is a labor-intensive process but
essential for many millet varieties that have hard outer hull containing anti-nutritional
contents.

After dehusking, the grains are subjected to sieving or screening, where it is passed
through woven bamboo sieves or meshes to separate broken grains, remaining husks, or
other debris, ensuring the purity of the grain. Some millets require parboiling or soaking
before further processing. This involves soaking the grains in water for specific hours or
lightly boiling it, which softens the husk and improves digestibility and ease of removal.

Another common step is roasting or dry roasting the grains lightly on a flat pan over an
open flame. This process enhances the flavor, aroma, and shelf life of the grains and is
sometimes done before grinding. For grinding, the traditional stone grinders known as
chakki or sil-batta are widely used to convert millet grains into flour. This flour is then
used for preparing traditional foods such as rotis, dosas, and porridges.

In addition some traditional areas practice pounding or flattening the grains using
wooden rollers or pounders to produce millet flakes, similar to poha, which cook quickly
and are usedinvarious traditional dishes.

More specialized processing methods include sprouting or malting, where grains are
soaked and allowed to germinate before drying and grinding. This method enhances the
nutritional content and digestibility of millets and often used for special preparations or
traditional beverages. Fermentation plays an important role in millet-based foods,
particularly in southern India, where naturally fermented millet batters or porridges are 5
prepared to improve taste, texture, and nutritional benefits. Fermentation is key in -®
making traditional dishes like dosa, idli, ankanji.
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Overall, traditional millet processing is a labor-intensive and relies heavily on natural
resources like sun, wind, and fire, alongside simple hand tools. These methods not only
preserve the nutritional value of millets but also contribute to its unique flavors and
textures cherished in rural diets across India and other millet-consuming regions

worldwide.
Table 8: Traditional Methods of Millet Processing

S.No. Processing Description Purpose /Outcome
Method

1 Threshing Manual beating of millet panicles f§ Removes grain from th¢
separate grains from stalks. Often don harvested millet stalks.
by beating with sticks or treadingy | No electricity.
animals or humans. Low cost method.

2 Winnowing Using baskets or flat trays to toss millg Separates grain fron
grains in the air so wind blows awd impurities like husks, dust,
lighter chaff and impurities. chaffetc.

3 Sorting / Hand | Manual removal of damaged, shrivele( Ensures quality of grains o

Picking or infested grains by hand flour.
4 Drying (Sun- Spreading freshly harvested mill¢ Helps in proper storage b
drying grains or stalks under the sun to reduq reducing moisture an
moisture content. preventing mold.

5 Dehusking / Using a stone mortar and pestle o Dehulling of millets fo

Hand-pounding | wooden pounder to manually remov removal of inedible outer hul
outer husk from millet grains.

6 Sieving / Passing grains through various size Improves purity and qualit

Screening mesh or woven bamboo sieves {t of grain.
separate broke grains, husks, ang
impurities.
7 Parboiling / Soaking grains in water for severi{ Improves digestibility an
Soaking hours or boiling lightly before dryin{ sometimes ease o
Used especially for certain millets lik dehusking.
Kodo or Barnyard.
8 Roasting / Dry | Light roasting of millet grains on a fli Improves taste, aroma, an
Roasting pan over fire to enhance flavor and she| digestibility.
life. Sometimes roasted before grinding
9 Grinding / Stone| Using a traditional stone grinder (chakli Produces millet flour (atta
Milling or sikbatta) to convert millet grains int| for making traditional food
flour. like rotis, dosa batter, etc.
10 Pounding / Using a wooden or stone roller ¢ Used to prepare traditiona
Flattening pounder to flattengrains, producing flakes likepoha
flakes or coarse grains.
11 Sprouting / Soaking millet grains and allowinig to | Enhances nutritional valu
Malting sprout before drying and grinding. and digestibility; used fo
special preprations or
beverages.

12 Fermentation | Traditional soaking for natural| Used in making fermente
fermentation of millet batter or porridg foods like dosa, idli, and kanj
to improve taste, texture, and nutrition
benefits.
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14.Technology for production of value added products

Millet-based value-added products are those derived from raw millets through
processing, fortification, or transformation to enhance their nutritional quality,
economic value, and shelf life. These products increase profitability by converting raw
millets into convenient, nutritious, and market-ready forms such as flours, snacks,
beverages, breakfast mixes, and bakery items.

Table 9. Different value added products made from millets

Sr No Product category Name of value added products

1 Bakery and snacks e Millet cookies

e Millet-based crackers

e Millet bread

e Millet muffins

e Millet pizza bases

2 Breakfast Cereals o Millet flakes

e Millet porridge mixes

e Ready-to-eat millet muesli

3 Instant and Convenience ¢ Millet noodles
Foods e Millet pasta
e Instant millet soup mixes
4 Beverages ¢ Millet malt drink

e Millet-based smoothies

e Millet-based energy drinks

5 Traditional and Fusion Foods e Millet dosa and idli mix

o Millet khichdi mix

e Millet-based biryani or pulao

6 Sweets and Desserts e Millet laddoos

e Millet-based energy bars

e Millet-based kheer or puddings

7 Other Products e Millet flour (standalone or in composite
flours)

¢ Millet puffs

¢ Millet-based baby food
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Novel Millet based products developed by ICAR-CIAE, Bhopal

1. Millet Biscuit

Millet jaggery-based biscuits are a
wholesome and nutritious alternative to
traditional refined flour biscuits, made
using whole wheat flour, pearl millet,
foxtail millet, and jaggery for natural
sweetness. Each 100 g serving provides
9.21 g protein, 64 g carbohydrates, 20 g
fat, 1.65 g ash content. The estimated
costof productionis Rs.200-225/kg.

3. RTE Millet Health

MixtureReady-to-Eat (RTE) millet-based
health mixture is a nutritious, plant-
based snack for health-conscious
individuals. Providing 10.5 g protein,
6.9 g fats, 149 mg calcium, and 5 mg
iron per 100 g. The estimated cost of
productionis Rs.214/kg.

2. Millet Laddu

Millet-based laddu is a nutrient-rich
superfood providing natural energy,
healthy fats, and essential nutrients.
Each 100 g contains 12.31 g protein,
27.5 g fat, and 53% antioxidant activity.
The estimated cost of production is Rs.
200/kg.

4. Millet Nutrient Dense Nutri-Spread

The millet-based nutrient-dense nutri-
spread is a healthy and convenient
alternative for health-conscious
consumers. Each 100 g provides 14.5 g
protein, 21 g fat, 2.4 g ash, 25 mg
phosphorus, 40 mg iron, and 73 %
antioxidant activity. The estimated cost
of productionisRs. 365/kg.
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5. RTC Millet Instant Dalia

RTC fermented millet instant dalia is a
nutritious and ready-to-cook meal. Each
100 g serving provides 11.9 g protein, 62
g carbohydrates, 1.89 g fat, 1.34 g ash,
140 mg magnesium, 4.5 mg iron, and
64% antioxidant activity. The estimated
costof productionisRs. 113/kg.

— e =g =

7. RTS Millet based Beverages

Nutrient-rich, plant-based beverage
promoting gut health and supporting
overall well-being. Each 100 ml serving
delivers 1.5 g protein, 0.90 g fat, 0.29 g
ash, 15 mg magnesium, 9 mg calcium,
and 56% antioxidant activity. The
estimated cost of production is Rs. 93/L

]

6. RTS Millet Lassi

Sorghum lassi is a nutritious, gluten-free
fermented beverage. Each 100 ml
serving contains 2.7 g protein, 60 g
carbohydrates, 3.02 g fat, 0.16 g ash, 13
mg magnesium, 10 mg calcium, and 53
% antioxidant activity. The estimated
costof productionisRs.80/L

|

8. Roasted Bajra

Ready-to-Eat (RTE) roasted bajra is a
highly nutritious and versatile product.
Each 100 g serving contains 9.96 g
protein, 54 g carbohydrates, 5.6 g fat,
1.07 g ash, and 46% antioxidant activity.
The estimated cost of production is Rs.
84/kg.
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9. Roasted Kodo Millet

Roasted Kodo Millet is a gluten-free,
ready-to-eat, nutrient-dense snack. Each
100 g serving provides 8.6 g protein,
3.64 g fat, 2.72 g ash, and 43%
antioxidant activity. The estimated cost
of productionisRs. 86/kg.

11. Bajra Millet Laddu

Bajra-based laddu is a nutrient-rich,
healthy and energy-boosting snack.
Each 100 g serving provides
approximately 8.51 g protein, 2.92 g fat
and 0.74 g ash content. The estimated
cost of production is Rs. 150/kg.

10. Kodo Millet Laddu

Kodo millet-based laddu is a nutrient-
rich, gluten-free traditional sweet
designed as a healthy, energy-boosting
snack. Each 100 g serving provides 12 g
protein, 16 g fat and 1.98 g ash content.
The estimated cost of production is Rs.
150/kg.

12. Millet Nutri Bar

Millet-based nutri bar is a nutrient-
dense and energy-rich snack. Each 100 g
serving provides approximately 7.56 g
protein, 3.58 g fat, 2.45 g ash content, 90
mg magnesium, 8 mg calcium, and 58%
antioxidant activity. The estimated cost
of productionisRs. 86/kg.
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13. Millet Herbal Soup

The RTC Millet Herbal Soup is a nutritious
and convenient dietary option. Each 100
g serving provides approximately 8.2 g
protein, 3.40 g fat, 20.60 g ash, 90 mg
magnesium, 8 mg calcium, and 58%
antioxidant activity. The estimated cost
of productionisRs.250/kg.

15. Millet Soya Fermented Powder

Millet soya based fermented powder is
functional and ready-to-serve (RTS)
beverage. Each 100 g of powder
provides 12.08 g protein, 2.16 g fat, 1.62
g ash and 6.4% moisture content. The
estimated cost of production is Rs.
215/kg.

14. Millet RTS Instant Beverage
Mixture

Millet-based Ready-to-Serve (RTS)
instant beverage mix is developed using
fermented ingredients. Each 100 g
serving provides approximately 10 g
protein, 2.5 g fat, 2.9 g ash, and 54%
antioxidant activity. The estimated cost
of productionis Rs. 300/kg.

16. Millet Bread

Millet bread and millet-atta bread are
nutritious and healthy bakery product
made by replacing the maida content by
millet and wheat flour. Millet bred
contains moisture content 28.82 %,
protein 10.61%, carbohydrate 52.96%,
fat 5.76% and ash 1.85%, whereas
millet atta bread contains moisture
content 31.23%, protein 12.66%,
carbohydrate 48.61%, fat 5.38% and
ash 2.12%. The production cost of bread
isRs.70-80/kg.
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18. Millet-Peanut Chikki

Millet-Peanut chikki is a nutritious and
delicious traditional Indian snack that
offers many health benefits. Fermented
millets are used which increase nutrient
availability. It contains moisture content
4.39%, protein 10.11%, fat 15.9%, ash
1.59% and carbohydrate 68.01%. Cost:
Rs.94/kg.

20. Millet Pizza

Millet-wheat composite flour (70:30)
pizza developed using sorghum, pearl,
finger, and kodo millets offers 416.4 kcal
per 120 g serving. Baked at 220 °C for 28
min, with an optimized base diameter of
178 mmand 10 mm thickness expanding
to 25 mm after baking. Rich in dietary
fiber, minerals (Fe, Ca, Mg), and complex
carbs; psyllium husk enhances elasticity
and water-binding capacity.

19. Millet-Flaxseed Chikki

Millet-flaxseed chikki is a nutritious and
delicious traditional Indian snack that
offers many health benefits. Fermented
millets are used which increase nutrient
availability. It contains moisture
content-4.13%, protein 8.13%, fat
10.85%, ash 1.47% and carbohydrate
75.42%.CostRs. 84/kg.

21. Millet Butter

A plant-based Millet-Oat Butter was
formulated using oat flour (20.5 g), jowar
flour (14.5 g), ragi flour (5.8 g), roasted
almonds (11.7 g), desi ghee (19.5 g),
olive oil (12.7 g), water (10.7 g), and
smallamounts of soy milk powder, garlic,
cinnamon, salt, and orange peel powder
per 100 g batch. The ingredients were
roasted and blended at 35-40 °Cto form
asmooth emulsion.
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Prominent commercially available millet-based products

1. Millet health Mix

Made with sprouted ragi and sprouted
green moong. Per 100 g: Protein—-12.8 g,
Healthy Fat—3.84 g, Iron-6.56 mg, Fiber
-10.18g.
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Millet Choco
Crunch s

3. Millet Choco Crunch

Little Joys Millet Choco Crunch - A
healthy breakfast cereal for kids, made
with ragi, jowar, foxtail millet, and red
rice. Free from maida and refined sugar,
sweetened naturally with jaggery.

2. Mixed millets porridge

Mixed Millets Porridge Mix is specially
formulated for growing kids to provide
essential minerals, protein, and healthy
fats in their daily diet. A blend of mixed
millets, moong dal, nuts, and cumin
offers a delicious taste and pleasant
flavor. Per 100 g: Protein — 14.1 g, Fat -
6.2 g CrudeFiber-1.94g.

4. Millet Spread with Mixed Fruit

Millet Spread with Mixed Fruit is a
wholesome blend of grapes, apple,
banana, papaya, millets, and extract of
the herb Justicia wynaadensis.
Traditionally, the local community in
Coorg consumes Justicia wynaadensis
during the rainy season, as it is believed
to promote health and wellness.
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5. Millet Spread Passion Fruit

Vinessence combines millets with
passion fruit—also known as granadilla
or Krishnaphal in India—to create a
nutritious spread. Rich in essential
nutrients such as vitamin C, iron,
potassium, and protein, it supports
overall health and boosts vitality.

b
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7. Millet Drink Mix

Containing unpolished millets (Foxtail,
Kodo, Little, Barnyard, Proso, Brown Top,
Sorghum, Pearl, Finger millet),
fenugreek, green gram, horse gram,
cardamom, almond, cashew, soybean,
peanut, maize, and Bengal gram.
Nutritional Value per 100 g: Protein -
13.42 g, Carbohydrate-70g,Fat-9.30g.

6. Fermented Millet Beverage

Bliss Body Sugar-Free Mango Flavored
Millet Fermented Beverage — A gut-
health drink with natural probiotics,
gluten-free and vegan. Made from
fermented millet, it delivers essential
nutrients along with a unique and
refreshing taste.

8. Millet Nutri Bar

Millets Dry Fruits Nutrition Bars — No
added sugar, no preservatives, and
gluten-free. A fiber- and protein-rich
energy.snack. Nutritional Value per 35 g:
Protein-2.8 g, Carbohydrate-18.3 g, Fat
-4.78.
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9. Vasani G Mix Millet Daliya

Vasani G Mix Millet Daliya is a
wholesome blend of selected millets,
including bajra, jowar, ragi, sama, kodo,
foxtail, and little millet. This natural
multigrain daliya is carefully cleaned
and processed into cracked grains for
quick cooking, easy digestion, and
versatile use. Rich in dietary fiber,
protein, and essential nutrients

11. Jawar Upma Mix

This is Instant Jowar Upma Mix, a
ready-to-cook healthy breakfast
option made fromjowar (sorghum). It
offers a nutritious and convenient
meal rich in fiber and essential
nutrients.

Eat Well Stay Health
BAJRA DALIYA
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10. Bajra Daliya

VGB Pearl Millet Porridge (Kambu Daliya)
is ideal for maintaining healthy blood
sugar levels and supporting heart health.
Sajje Daliya also promotes muscle
health and aids proper digestion. VGB
Bajra Daliya (Nattu ka Daliya) provides
protein (10.96 g), dietary fiber (11.49 g),
fat(5.43 g), carbohydrates (61.78 g), and
energy (1456 kJ) per 100 g.

12. Jawar, Vermicilli

This is Jowar Vermicelli, a healthy
alternative to regular vermicelli made
from nutrient-rich sorghum. It's ideal
for preparing light, wholesome meals
like upma or kheer.
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13. Nutrihub, IIMR

It is @ Jowar Rawa made from finely
ground sorghum. It's a nutritious and
gluten-free alternative to regular
semolina. Perfect for making healthy
dishes like upma, idli,and porridge.
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BAJRA DALIYA

15. Natural Bajra Dalia

VGBNP Natural Bajra Dalia It's easy for
cooking and digestion purpose. Bajra
Daliais one of the ancient millet that was
used by our ancestors. Itis extremely low
in fat content. Thus, it is very good even
for those who have any issues with the
fear of putting on weight.

14. Jowar Idli Mix

It is premix of Idli made of jowar as a
main ingradient. This ready to cook
product can be good breakfast
providing the health benefits of
millets.

INGREDIENTS

MIX MILLET DALIYA

16. Mixed millet daliya

Wholesome blend of selected millets,
including Bajra, Jowar, Ragi, Sama, Kodo,
Foxtail, and Little Millet. This natural
multigrain daliya is carefully cleaned
and processed into cracked and broken
grains, making it quick to cook, easy to
digest, and versatile in use. Rich in
dietary fiber, protein, and essential
nutrients
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17. Millet Idli Dosa Batter

The traditionally cooked millet dosa
includes all the regular dosa ingredients
(urad dal, methi, millet) soaked and
ground into a fine paste to make dosa
batter.

19. Foxtail millet Idli and Dosa mix

It is a millet bsed mix for preparation of
Idliand Dosa
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21. Organic Millet Daliya

This blend of humble, ancient millets, in
their broken form, when slow-cooked
with love, creates a dish that's deeply
satisfying, comfortingly rustic, and
incredibly nutritious.

™

18. Millet Dosa Idli Batter

Millet Amma's Organic Barnyard Millet
Batter is not only extremely tasty but
also very nutritious; it aids in weight-
management and makes you feel light
and healthy.

20. Millet-Multigrain Dosa Mix

Traditionally processed and cooked
milletdosa

NGREDIENT S

COARSE MIX DALIA

&

Maize seeds
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22. Coarse Mix Dalia

VGB Pure Coarse Multigrain daliya (Mota
Anaj Mix Daliya) Ingredients- Bajra
daliya (Pearl millet), Jowar
Daliya(Sorghum), Makka Daliya (Maize)
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23. Millet Idli Dosa Batter

The traditionally cooked millet dosa
includes all the regular dosa ingredients
(urad dal, methi, millet) soaked and
ground into a fine paste to make dosa
batter. The millet flour dosa recipe uses
flour versions of all the millets and curd
to make aninstantdosa batter.
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25. Millet Idli Mix

Rich in Millets — A wholesome mix of
nutrient-dense millets for a healthy start
to your day. High in Fiber & Protein -
Supports digestion and keeps you
energized. No Preservatives & Additives
- 100% natural ingredients for a clean
and healthy meal.

NASTA
FASTA

Millet ldli/Dosa Mix
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24. Millet Idli Dosa Mix

The traditionally cooked millet dosa for
breakfast having property of millet.

26. Pearl Millet Superfood

Pearl Millet (Pennisetum glaucum) is a
superfood grain first cultivated in
ancient Africa. One serving of pearl
millet will give you 10.3 grams of
protein, 2.9 grams of dietary fiber, 67mg
of phosphorous, and over 100% of your
recommended daily intake (RDI) of
Manganese.
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27. Millet Coffee

Made with Millets and plant-based
ingredients. Choose from a variety of
flavors, all of which are dairy-free and
ethically made
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29. Millet drink

Lima Millet drink is a plant-based milk
alternative and can be used in many
ways: cold or warm as a drink, for
preparing cocoa and cereal, for tea and
coffee and for cooking and baking.

28. Millet Drink

VDC Millet Drink- Non dairy, Blend of
Ethinic millets, Zero Cholesterol, Lactose
free, Vegan, No added Sugar, VDC Millet
Drink is nourishing plant-based milk
made using a mixture of ancient millets.
It has a great combination of nutrients
and vitamins with no sugar, zero
cholesterol, and absolutely no guilt.

30. Millet Ice Cream

Siri Millet ice cream is a nutritious,
millet-based frozen dessert made with
natural ingredients and fruit flavors. It
combines the creamy texture of
traditional ice cream with the health
benefits of millets, offering high fiber,
low glycemic index, and gluten-free
goodness. This product promotes
healthy indulgence while supporting
sustainable and traditional grains.
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31. Millet Marvella 32. Millet Choco Spread

Millet Marvella is a delectable millet | A delicious blend of millet milk
milk chocolate that brings together the | chocolate, juicy fruits, and crunchy nuts.
luscious, indulgent flavor of chocolate | Wholesome, indulgent, and made with
with the numerous nutritional | olive oil and brown sugar guilt-free
advantages of millet. Crafted usingonly | delightineverypiece

the finest ingredients and fortified with
calcium, Millet Marvella is the guilt-free
treat that caters to both health-
conscious individuals and chocolate
enthusiasts.
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33. Millet Milk Mix 34. Millet Nutrimix
No Added Sugar This magic milk mix is | Little Joys Nutrimix Nutrition Powder for
made from 100% natural millets, | kids 7-12 years. This kid's health drink is
providing essential nutrients for | packed with the benefits of natural
growing children. plant-based ingredients such as ragi,

bajra, almonds & oats. It helps in healthy
weight and height gain, boosts immunity
. and concentration &improves energy.




Processing and Value Addition of Millets

35. Millet chocolate Horlicks

Millet chocolate Horlicks is designed to
address this very challenge of nutrition
not being tasty and resolve the tension
around nutrition between the mother

36. Millet Healthy Drink

This wholesome healthy drink is
extremely simple to make and is the
most ideal solution to curb your hunger.
Have this go-to healthy option alongside

and the child. Millet chocolate Horlicks is
made with the traditional wisdom of
millets that each millet has its own
importance

your morning breakfast.

15. Suitability of Different Millets for Novel Food Product Development

1. Foxtail Millet (Setariaitalica)

« KeyFeatures: Low glycemicindex, good starch digestibility, highiron & dietary fiber.
Applications:

« Milk: Enzymatically processed foxtail millet milk shows good sensory acceptability
(Sharmaetal.,2021).

 Dalia:Easily digestible, suitable forinfantand geriatric foods (Devietal., 2014).

« Noodles: Blending with wheat improves texture and cooking quality (Saleh et al.,
2013).

« Health Mix: Good for diabetic formulations due to slow glucose release.
2.Finger Millet (Eleusine coracana)

+ KeyFeatures: Very high calcium, polyphenols, dietary fiber.
Applications:

« Milk: Finger millet malt milk improves calcium bioavailability (Sridhar &
Lakshminarayana, 1994).
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Dalia: Traditional porridge, highly accepted for weaning foods.

Noodles: Fortification enhances fiber and antioxidants, though color is darker (Sudha
etal.,, 2012).

Health Mix:Best candidate for bone health formulations.
.Pearl Millet (Pennisetum glaucum)

Key Features:Highiron, zinc, resistant starch; drought hardy.

Applications:

Milk: Enzymatic treatment reduces bitterness and phytic acid, enhancing milk quality
(Pateletal., 2016).

Dalia:Nutritious porridge, energy-dense.
Noodles:Fortification improves nutritional density (Gupta etal.,2017).
Spread:Can beincorporated into cocoa-based spreads to mask earthy taste.

Health Mix: Strong candidate for anemia and malnutrition-targeted mixes.

4.Little Millet (Panicum sumatrense)

Key Features:Easy digestibility, richiniron, antioxidants.

Applications:

Milk:Smooth and acceptable flavor, good for diabetic-friendly beverages (Veena etal.,
2020).

Dalia:Easily digestible, suitable for therapeutic porridge.
Noodles:Light color and soft texture.

Health Mix:High antioxidant capacity supports functional blends.

5.Barnyard Millet (Echinochloa spp.)

Key Features:High fiber, low Gl, B-complex vitamins.

Applications:

Milk: Good sensory acceptance after germination (Anitha etal.,2019).
Dalia:Light and therapeutic porridge.
Noodles:Blends well with legumes in extrusion.

Health Mix:Suitable for diabetic and weight-management products.

6.Kodo Millet (Paspalum scrobiculatum)

Key Features: High polyphenols and antioxidants.
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Applications:

 Milk:Needsblending with oats/soy for better smoothness (Pathak etal., 2022).
« Dalia:Traditionally used as porridge, beneficialin lifestyle disease diets.

« Spread:Canbe developed with nuts and oilseeds for antioxidant-rich spreads.
 Health Mix:Suitable for anti-diabetic formulations.

7.Proso Millet (Panicum miliaceum)

« Key Features:Richin protein, niacin,and essential amino acids.

Applications:

 Milk:Excellent emulsification and smooth texture (Pradeep & Sreerama, 2015).
« Noodles:Light color and good elasticity.

« Spread:Nutty taste, acceptable with minimal additives.

+ Health Mix:Balanced protein makes it excellent for nutritional blends.
Suitability of Millets for Novel Food Products

Millets are highly versatile grains with unique nutritional and functional properties that
make it suitable for a wide range of novel food products. Its suitability depends on the
type of milletand the processing technology applied.

1. Finger Millet (Ragi, Eleusine coracana)
 Nutritional Strengths: Extremely richiin calcium, iron, dietary fiber, and polyphenols.
Product Suitability:

« Milk & Beverages : Fermented or malted finger millet provides calcium-rich milk
alternatives and probiotic beverages.

« Dalia & Weaning Foods : Germinated and malted ragi flour is widely used in infant
health mixes.

« Noodles & Pasta:Usedin composite form due to darker color.

« Spreads & Mixes :Roasted ragi flour adds nutty flavor and calcium enrichment.

2. Pearl Millet (Bajra, Pennisetum glaucum)

» Nutritional Strengths:Richin protein, iron, zinc, magnesium, and resistant starch.
Product Suitability:

» Milk:Fermented bajra milk has good sensory acceptability and improved digestibility.
« Dalia:Parboiled or roasted bajra makes soft, quick-cooking porridge.

* Noodles & Pasta :Works wellin extrusion with wheat or rice blends.
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 Health Mixes & Spreads :Enhances protein and mineral density.

3. Foxtail Millet (Setariaitalica)

 Nutritional Strengths:Low glycemicindex, richiniron, fiber, and antioxidants.
Product Suitability:

« Milk & Beverages : Soaked/fermented foxtail millet yields smooth, diabetic-friendly
milk.

 Dalia:Roasted foxtail grains give instant dalia with nutty flavor.

« Noodles & Pasta:Good starch properties make it highly suitable for extrusion.
« Spreads & Mixes :Mild taste makes it suitable for composite health mixes.
4.Barnyard Millet (Echinochloa spp.)

 Nutritional Strengths: Gluten-free, rich in dietary fiber, iron, and polyphenols; very low
glycemicindex.

Product Suitability:

 Milk:Germinated barnyard millet produces antioxidant-rich beverages.
 Dalia:ldealfor diabetic-friendly porridge.

« Noodles & Snacks :Extruded barnyard millet gives fiber-rich products.

« Spreads & Health Mixes :Works wellin roasted or malted blends.

5. Little Millet (Panicum sumatrense)

 Nutritional Strengths:Highiniron, polyphenols, and dietary fiber; mild flavor.
Product Suitability:

 Milk:Easy-to-digest milk base after soaking and decortication.
 Dalia:Quick-cooking roasted dalia suitable forinstant foods.

« Noodles:Light color and smooth texture after extrusion.

« Spreads & Health Mixes : Roasted flour adds nutritional density.

6.Kodo Millet (Paspalum scrobiculatum)

 Nutritional Strengths:Rich in antioxidants and dietary fiber; suitable for low-Gl diets.
Product Suitability:

« Milk & Beverages :Fermented kodo gives antioxidant-rich milk.
 Dalia:Parboiled kodois easily digestible and quick-cooking.

» Noodles:Worksin composite flours; darker color may limit consumer appeal.

Spreads & Mixes :Roasted kodo flour enhances flavor and texture.
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16. ProcessingInterventions on Millets for Novel Food Products
1.Fermentation

Fermentation reduces anti-nutritional factors like phytates and tannins, increases
mineral bioavailability, enhances B-vitamin content, and develops probiotic potential.
These improvements make fermented millets highly suitable for millet-based milk,
probiotic beverages, spreads, and health mixes. e.g. fermented finger millet and pearl
milletare often usedin non-dairy probioticdrinks.

2. Germination/Malting

Germination enhances protein digestibility, increases free amino acids, vitamin C, and
antioxidant activity, while reducing phytic acid and tannins. Malted millet flours are
highly suitable for health mixes, infant weaning foods, dalia, and milk bases. Finger
millet malt, forinstance, is widely used in nutritious infant food formulations.

3.Extrusion

Extrusion improves starch digestibility, increases shelf life, reduces bulk density, and
provides expanded products with light texture and quick cooking properties. This makes
extruded millet flour highly suitable for instant dalia, noodles, pasta, and extruded
snacks.

4.Soaking

Soaking softens the grain, reduces soluble anti-nutrients, and improves hydration
properties. This process makes millets more suitable for milk preparation, dalia, and
spreads, as soaked grains give smoother consistency and better sensory properties.

5.Parboiling

Parboiling causes starch gelatinization, reduces cooking time, and enhances storage
stability and texture. Parboiled millet grains are suitable for instant dalia, health mixes,
and flours for spreads. Barnyard millet and kodo millet respond especially well to
parboiling.

6.Roasting

Roasting enhances aroma, flavor, and shelf life while lowering moisture and microbial
load. Roasted millet flours are ideal for ready-to-use dalia, instant mixes, and spreads.
Little millet and foxtail millet are often roasted to develop nutty-flavored products.

7.Blending with other Grains or Legumes

Blending improves protein quality, especially lysine content, and balances nutrients
while enhancing sensory profile. Such composite flours are highly suitable for fortified
health mixes, composite noodles, spreads, and milk-based beverages. Millet-legume
blends are often developed for balanced nutrition in health mixes and meal
replacements.
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Processing and Value Addition of Millets

19. Institutes and startups engaged in millet processing
+ Statusand startupsin millet

Entrepreneurship development in millet processing refers to the process of enhancing
the skills, knowledge, and abilities of individuals (farmers, rural youth or any other
person who willing to establish business in millet area) to create and manage millet-
based businesses effectively. Entrepreneurship development involves providing
aspiring entrepreneurs with the necessary tools, resources, and support to start, grow,
and sustain their millet-based ventures successfully. Though this area is specially
focussed with business and marketing skills, development of healthy, nutritious millet
products is the soul of the entire business. By selecting suitable raw materials and other
ingredients, development of healthy millet based products is possible. It is ultimately
the products developed, which has key role in sustainability of the millet based start-
ups. Presently many millet based start-ups (Table 5) are running in different states of
country which are making number of healthy products like Millet idli premix, Millet Upma
mix, Millet dosa premix Breakfast cereals made from millets such as muesli, granola, and
porridge mixes which are further fortified with nuts, seeds, and dried fruits for added
nutrition. Millets are also used to make products like snack foods (roasted millet grains,
popped millet snacks, and millet-based chips), millet Pasta and noodles (made from
millet flour, offering gluten-free options for consumers), millet beverages (like malted
drinks, energy drinks, and flavored millet drinks), millet Ready-to-Eat meals and instant
mixes made from millets and legumes, millet-based bakery products (such as cookies,
biscuits, cakes, and muffins made with millet flour).
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Processing and Value Addition of Millets

1. Millets Mart: Millets Mart, based in Bangalore, Karnataka, is a startup dedicated to
promoting millets and millet-based products. They offer a wide range of millet products
such as flour, grains, snacks, and ready-to-cook mixes.

2. Organic Mandya: This startup, located in Mandya, Karnataka, specializes in organic
farming and processing of various millet-based products. They work closely with local
farmers to promote organic millet cultivation and offer products like millet flour, flakes,
and snacks.

3. Conscious Food: Although not exclusively focused on millets, Conscious Food, based
in Mumbai, Maharashtra, offers a range of organic and natural food products, including
millet-based items such as millet flakes, flour, and snacks.

4. The Millet Table: Based in Hyderabad, Telangana, The Millet Table is a startup that
produces and sells a variety of millet-based products, including snacks, breakfast
cereals, and ready-to-cook mixes.

5. Organic Tattva: Organic Tattva is a brand owned by Phalada Agro Research
Foundations Pvt Ltd, based in Bangalore, Karnataka. They offer a wide range of organic
food products, including millet-based items such as flour, flakes, and snacks.

6. Sresta Natural Bioproducts Pvt Ltd (24 Mantra Organic): 24 Mantra Organic,
headquartered in Hyderabad, Telangana, is one of India's leading organic food
companies. They produce a range of millet-based products, including millet flour, flakes,
and ready-to-eat snacks.

7.Ecozen Solutions: While not exclusively focused on millets, Ecozen Solutions, based in
Pune, Maharashtra, develops technology solutions for the agricultural sector. They offer
cold storage solutions that can be used for storing millets and other perishable produce.

8. NutriKarma: NutriKarma, based in Bangalore, Karnataka, is a startup that produces
millet-based snacks and breakfast cereals. They focus on creating healthy and
sustainable food options using locally sourced millets.
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Summary

Millets, often called “Nutri-cereals,” are cultivated in over 131 countries, with India
contributing about 38% of global production, amounting to 15.4 Mt from 12.2 million
hectares with the productivity of 1.2 t/ha. Major millet-producing states such as
Rajasthan (31.3%), Karnataka, Maharashtra, Uttar Pradesh, Haryana, and Gujarat
together contribute nearly 98% of India's production. The millets are classified into two
categories viz., major (sorghum, pearl millet, and finger millet) and minor (kodo, little,
foxtail, barnyard, proso, and browntop millets). Nutritionally, millets contain 6-13%
protein, 7-12% dietary fiber, and significant levels of iron (5-15 mg/100 g), calcium
(200-350 mg/100 g in ragi), and magnesium (100-150 mg/100 g). It has a low glycemic
index (45-55),0.2-0.5% polyphenols, and is naturally gluten-free, making it suitable for
diabeticand gluten-intolerantindividuals. Studies show that regular millet consumption
reduces blood sugar levels by up to 30%, lowers LDL cholesterol and blood pressure by
10-15%, and helps manage body weight due to its high satiety index. Since 2018, the
Government of India has implemented several initiatives to promote millets, including
declaring 2018 as the National Year of Millets, launching the Sub-Mission on Nutri-
Cereals under NFSM, international year of millets 2023 and establishing the Indian
Institute of Millets Research (IIMR) as a Global Centre of Excellence. Under the
RKVY-RAFTAAR programme, over 250 start-ups have been incubated with 6.2 crores of
funding, while the Production Linked Incentive Scheme for Millet-Based Products
(PLISMBP) received 800 crores for 2022-2027. Processing efficiency has improved
significantly through technological interventions: cleaning and grading operations
achieve 90-95% efficiency, destoning 90-92%, dehulling 80-85%, polishing 82-85%,
and milling 90-95%. Machines developed by ICAR-CIAE and IIMR, Hyderabad operate at
capacities ranging from 50-300 kg/h, with costs ranging from 0.5 to 2 lakhs. Prominent
manufacturers such as AVM Engineering (Salem), Nabhitha Engineering Private Limited,
Hyderabad, Meet Machines, Indore, India, Shri Viratra Engineering, Jodhpur, Rajasthan,
India and DHAN Foundation (Madurai) have contributed to small-scale mechanization of
millets. Value addition has expanded across three levels primary (cleaning, grading,
dehulling), secondary (milling, roasting, puffing, fermentation), and tertiary (extrusion,
baking, ready-to-eat and ready-to-cook products) leading to the rise of over 131 millet-
based enterprises such as Slurrp Farm, Millet Amma, and Troo Good etc. Several novel
millet-based products like instant millet daliya, idli and dosa premix, puffed millets
added with different flavours, millet-based pizza and millets health drinks/beverages
have been the attration of consumers in the market. Despite challenges like small grain
size, tight husk adhesion, and short flour shelf life, modern multi-stage dehullers,
vacuum packaging, and fortification have enhanced processing efficiency and sensory y
appeal. The Government of India fixes MSPs for major millets jowar, bajra, and ragi °
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(ranging from Rs. 2500 to 4200 per quintal) to ensure farmers' income security, while
minor millets still lack central MSP coverage, though some states have introduced
benchmark prices to promote their cultivation. With improved mechanization, policy
support, and global awareness, India's millet-based food ecosystemis poised toincrease
domestic consumption by 25% and export revenue by 30% within the next five years,
reinforcing its role in climate-resilient, nutrition-secure, and sustainable food systems
(APEDA, 2024; IIMR Annual Report, 2023; FAO, 2023; Ministry of Agriculture & Farmers
Welfare, 2024).
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