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Millet Advantage: A review in its Nutrition, Resilience, and Sustainability
Abstract: Millets, an ancient group of cereals, are gaining significant attention due to their rich nutritional profile, adaptability, and resilience to climate change. For centuries, these grains have been a staple in many diets, and recent advancements in both food and non-food sectors are unveiling new opportunities for their use. This overview explores the innovative applications of millets, including the development of new food products such as flour, snacks, and beverages, as well as their growing roles in non-food industries like animal feed and biofuel production. The aim of this paper is to provide a comprehensive understanding of the diverse functions of millets within sustainable food systems and beyond, by examining the latest research and trends in the field.
Keywords: Millets, food, feed, flours, beverages, nutrition, and processing. 
1. Introduction
Millets belong to the Poaceae family and are small-seeded cereal grains. Historically, they were a staple food in many cultures, but their use has declined with the widespread adoption of rice and wheat. Often referred to as "small millets" due to their tiny grain size, these crops are sometimes overlooked but hold significant value [Paschapur et al., (2021)].  They are rich in nutrients, offer health benefits, serve as animal feed, and act as a reliable food source during shortages. One of the key strengths of millets is their ability to withstand drought and resist pests. They thrive even in poor-quality soils, including those affected by salinity, acidity, or high aluminum levels. Because of these traits, millets are well-suited to cope with changing climate conditions. Their resilience makes them a practical choice for sustainable farming and food security in challenging environment.
Millets are often ground into flour, shaped into balls, or parboiled and eaten as porridge with milk [Srivastava et al., (2021)]. In recent years, unhealthy diets and inactive lifestyles, heavily dependent on refined cereals since the Green Revolution, have contributed to rising health issues like obesity, diabetes, heart disease, digestive disorders, and even cancers of the colon, breast, and esophagus [Srivastava et al., (2021)]. To counter these problems, incorporating nutrient-rich millets into daily meals can be an effective solution. Millets are particularly valuable for their ability to thrive in harsh conditions. Due to their C4 photosynthesis, fast growth cycle, and high yield potential, they perform well even under high temperatures and water scarcity [Paschapur et al., (2021)]. These qualities make them a smart choice for sustainable farming, especially in tropical and subtropical regions where rainfall is unpredictable. Their adaptability supports food security while helping farmers cope with climate challenges. Millets offer multiple benefits—supporting the environment, boosting health, and strengthening rural economies [Padulosi et al. (2015)]. Among the most widely grown varieties are: Pearl millet (Pennisetum glaucum, also known as P. americanum, P. typhoides, or P. typhoideum), Foxtail millet (Setaria italica), Proso millet or white millet (Panicum miliaceum), Finger millet (Eleusine coracana) and smaller but equally important types include: Barnyard millet (Echinochloa species), Kodo millet (Paspalum scrobiculatum), Little millet (Panicum sumatrense), Guinea millet (Brachiaria deflexa or Urochloa deflexa), Browntop millet (Urochloa ramosa, Brachiaria ramosa, or Panicum ramosum) [ Padulosi et al. (2015)]. Nutritionally, millets stand out in different ways. Finger millet is exceptionally high in calcium, providing over 350 mg per 100 grams—far more than common cereals. Foxtail and barnyard millets are protein-rich, with levels exceeding 10%, while little and foxtail millets contain healthy fats (over 4%). They’re also packed with fiber, ranging from 6.7% to 13.6%, and certain varieties like barnyard and little millets are excellent iron sources, offering 9.3–18.6 mg per 100 grams. These qualities make millets a powerhouse for balanced diets [Jacob et al. (2024)].
ICRISAT introduced the concept of "smart food"—food that benefits health, the environment, and farmers. Millets perfectly fit this idea, meeting all three criteria:
Healthy – Packed with iron, zinc, calcium, protein, and fiber, millets help combat widespread nutrient deficiencies, especially in women and children.
Good for the planet – With a low carbon footprint, millets support climate resilience, requiring less water and thriving in high temperatures.
Good for farmers – Their hardness makes them ideal for small-scale farmers, as they grow well even in harsh conditions with minimal resources.
As urbanization and the demand for convenience foods rise, diets are becoming less nutritious. Promoting millets in the market could help reverse this trend by offering accessible, wholesome food options. This study explores millets’ current and potential uses, highlighting their growing role in food and other industries.
Pic1: Millet, the superfood, has multiple health benefits, say experts, by Dibyendu Mondal. Feb 11, 2023 [Mondal D. (2023].       
1.1 Nutritional value of millet

Millet pack a powerful nutritional punch, delivering a well-rounded mix of proteins, healthy fats, and fiber. Compared to common cereals like rice and wheat, they stand out with higher protein content (7-13%) and more dietary fiber (8-15%). Their fat content (2-8%) includes beneficial nutrients often missing from refined grains [Jacob et al. (2024)]. What really sets millet apart is their unique carbohydrate structure, which helps maintain steady blood sugar levels. They're also rich in hard-to-find amino acids like lysine and methionine - nutrients typically low in staple grains. Mineral-wise, millets are nutritional powerhouses: finger millet boasts exceptional calcium levels, while barnyard millet offers impressive iron and fiber content. Other key minerals like magnesium, phosphorus, and zinc add to their health benefits [Jacob et al. (2024)]. Regular consumption of these nutrient-packed grains supports digestion, strengthens bones, and enhances overall health. Their diverse nutritional profile makes them an excellent choice for anyone looking to boost their diet with wholesome, natural ingredients [Jacob et al. (2024)]. The detailed nutritional profile of millet is given below in the Table 1. 
Table 1 Nutritional profile of millets in comparison with cereals (per 100g) [Rai et al., (2008)]
	Nutrients
	Finger Millet

	Pearl Millet

	Foxtail Millet
	Barnyard Millet
	Proso Millet
	Little Millet
	Kodo Millet
	Wheat
	Rice 

	Energy(kcal)

	320
	363
	331
	307
	341
	329
	353
	321
	353

	Proteins(g)
	7.3
	11.6
	12.3
	11.6
	12.5
	8.7
	8.3
	11.8
	6.8

	Fat(g)
	1.3
	5
	4.3
	5.8
	1.1
	5.3
	1.4
	1.5
	0.5

	Carbohydrate(g) 
	66.8
	61.7
	60.0
	65.5
	70.6
	65.5
	66.1
	64.7
	74.8

	Crude Fibre(g)
	11.6
	11.4
	-
	-
	-
	6.3
	6.3
	11.2
	4.4

	Ash(g)
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Moisture(g)
	2.7
	2.3
	3.3
	4.7
	1.9
	1.7
	2.6
	1.5
	0.6

	Calcium(mg) 
	364
	2.7
	31
	14
	14
	17
	15
	39
	10

	Potassium(mg) 
	283
	296
	290
	121
	206
	230
	188
	306
	160


1.2 Medicinal value of millets
Millets aren't just nutritious they're nature's medicine. They are packed with fiber, disease-fighting antioxidants, and vital nutrients, these ancient grains deliver impressive health benefits. Studies show that eating millets regularly helps stabilize blood sugar, making them particularly helpful for diabetics. Their slow-digesting nature and high fiber content also promote healthy digestion and can aid in maintaining a healthy weight. What makes millets truly special are their natural plant compounds that fight inflammation, reduce bad cholesterol, and protect heart health. For people who can't tolerate gluten, millets offer a safe, nutritious alternative. Their antioxidant power may help prevent cell damage linked to chronic diseases. Rich in blood-building iron and heart-healthy magnesium, millets also play a role in preventing anemia and supporting a healthy metabolism. From blood sugar control to heart protection, these humble grains deliver big health benefits in every bite. The medicine value of millet is given below in the table 2.
Table 2. Millet health benefits
	Medicinal Property
	Description
	Mechanism of Action
	Key Bioactive Compounds
	References

	Gluten-Free Properties
	Suitable for celiac disease patients and those with gluten sensitivity
	Naturally free of gluten proteins that trigger autoimmune responses
	Protein structure differs from gluten-containing grains
	[Singh et al., (2022)]
[Star Health. (n.d.). Amazing health benefits of millets]
[Gleim, S. (2023)]

	Anti-Diabetic Properties
	Lowers blood glucose response and glycosylated haemoglobin; reduces risk of diabetes mellitus
	Reduces insulin resistance; regulates glucose and lipid metabolism; decreases carbohydrate digestibility; inhibits α-amylase and glucosidase
	Polyphenols (250 mg/day); phytic acid (0.48%); β-glucan; dietary fibre (15-20%)
	[Singh et al., (2022)]
[Tripathi et al., (2023)] 
[Lang, A. (2023)]
[ Star Health. (n.d.). Amazing health benefits of millets]
[Gleim, S. (2023)]

	Antioxidant Activity
	Removes free radicals, reducing oxidative stress
	Neutralizes reactive oxygen species; enhances antioxidant enzyme activity
	Polyphenols (3.05–10.20 mg/g GAE); flavonoids (2–5.54 mg/g CE); gallic acid (50–200 μm)
	[Jacob et al., (2024)] 
[Tripathi T., (2023)]
[Lang, A. (2023)]
[ Star Health. (n.d.). Amazing health benefits of millets]


	Anti-Cancer Properties
	Anti-proliferative effects on cancer cell lines; inhibits DNA damage; induces phase-2 detoxifying enzyme
	Arrests cell cycle; induces apoptosis; inhibits STAT3 phosphorylation; interacts with gut microbiota; increases ROS in cancer cell
	FMBP (peroxidase class III protein); phenolics and flavonoids; Vanilli
	[Jacob et al., (2024)]
[Singh, V. et al. (2022)]

	Cardiovascular Benefits
	Improves heart health; reduces coronary blockage
	Decreases total cholesterol; prevents LDL oxidation; regulates blood pressure 
	Ferulic acid (35.19–67.36 mg/100g); catechin (582.8 mg/340 ml
	[Jacob et al., (2024)] 
[Tripathi, et al., (2023)]
[Lang, A. (2023)]
[ Star Health. (n.d.). Amazing health benefits of millets]
[Dresden, D. (2022)]

	Gastrointestinal Health
	Eliminates like excess gas, bloating, constipation, and cramping
	Promotes beneficial gut microbiota; produces SCFAs through fermentation; controls pathogenic bacteria 
	Dietary fibre (15-20%); arabinoxylan; β-glucan; resistant starch
	[Tripathi, T. (2023)]
[Star Health. (n.d.). Amazing health benefits of millets]
[Gleim, S. (2023)]

	Detoxification 
Properties
	Clear toxins and xenobiotics
	Promotes excretion; neutralizes enzymatic activity
	Curcumin; ellagic acid; quercetin; catechin
	[Jacob et al., (2024)] 
[Gupta et al., (2023)]


2. Market Demand
Cereals remain a staple in global diets, with consumption rates continuing to rise. Recent analyses from global health bodies point to escalating challenges: malnutrition and micronutrient shortfalls are increasing, while the demand for crops able to withstand climatic shifts grows ever more urgent to safeguard food supplies. Millets emerge as a salient solution, directly tackling these intertwined issues through their role as a nutrient-rich, sustainable, and climate-adaptive staple. Championing millet cultivation and consumption strongly supports core objectives outlined by these international organizations, specifically targeting enhanced child nutrition, the reduction of dietary deficiencies, and the development of robust, sustainable agricultural systems capable of enduring environmental changes. Critically, millets' dense profile of essential minerals like iron and zinc offers a direct counter to widespread micronutrient gaps identified in vulnerable populations. Furthermore, their proven tolerance for drought and high temperatures provides a practical, on-the-ground strategy for maintaining harvests and farmer livelihoods where climate variability hits hardest. This synergy positions millets not just as a traditional crop, but as a vital component in achieving broader global health and food security targets under intensifying environmental pressures. Consequently, the expanding millet market is driven by shifting consumer preferences and broader economic trends. A key factor is the growing awareness of millet’s nutritional benefits and positive health impacts. More people are seeking diverse dietary options, and millet serves as a nutritious alternative to traditional grains such as wheat and rice [Grand View Research, 2024]. Sustainability concerns also play a major role in millet’s rising popularity. Since millets require minimal water and are hardy crops, they align with the increasing demand for eco-friendly food choices. Additionally, a renewed interest in traditional diets—especially in Asia and Africa, where millets were historically a dietary staple—has further boosted their appeal [Grand View Research, 2024]. The food industry has also contributed by introducing innovative millet-based products, including baking ingredients and breakfast cereals, making them more accessible to a wider audience [Grand View Research, 2024]. Another significant driver is the surge in demand for gluten-free foods. According to the International Diabetes Federation (IDF) report (2020–2024), between 400 and 600 million adults aged 20–79 suffer from diabetes, further fueling the need for healthier grain alternatives.
Ancient millet types are making a serious comeback worldwide, especially after the UN declared 2023 the International Year of Millets – an effort pushed hard by India. The market's heating up fast: experts predict it will jump from $11.67 billion in 2024 to $12.36 billion in 2025, growing steadily at nearly 6% a year. This momentum builds on earlier growth fueled by people caring more about nutrition, a bigger focus on health and wellness, a shift toward sustainable farming, and supportive government programs, as The Business Research Company noted in 2025. Looking back, the global millet industry was already worth $10.56 billion in 2023 and is expected to hit $12.06 billion by 2025 (Mordor Intelligence, 2024). The future looks bright too – analysts forecast strong growth ahead, with the market potentially reaching $15.29 billion by 2029, advancing about 5.5% each year (Research and Markets, 2025) This is shown is below in the figure: 1. Additionally, India’s government now labels millets as "Nutri-Cereals," recognizing their significant nutritional benefits. Industry experts like Mordor Intelligence (2024) suggest this policy push will help expand the millet market in coming years.
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Figure 1. The global growth of millet in the market [Research and Markets. (2025], [The Business Research Company. (2025)], and [Mordor Intelligence. (2024)].
Reinforcing its global leadership, India dominated the Asia-Pacific millet market in 2023 as the world's top producer, according to Grand View Research (2024) and Harish et al. (2024). Moreover, India produced over two-fifths of the world's millets in 2020, significantly outperforming other nations in both yield and land dedicated to cultivation according to Grand View Research (2024) and Harish et al. (2024). This leading position stems from several factors: the country's wide range of indigenous millet types, government programs actively encouraging millet consumption as "Nutri-Cereals," and the crop's natural resilience to local weather patterns. India's stronghold in millet farming, as noted in these 2024 studies, not only bolsters its own food security but also significantly influences regional developments across the Asia-Pacific market.
One more evidence about the increasing demand of millet that Asia grew a massive 15.6 million metric tons of millet in 2022, topping global production ahead of Africa, Europe, and the Americas according to FAOSTAT. India is easily Asia's biggest player, contributing a huge chunk of this total output as noted by Mordor Intelligence (2024). India grew about 13.5 million metric tons of millet in 2022-23, according to USDA data. Here's the breakdown from India's own 2021-22 estimates (shown in Dhaniya et al.'s Figure 2): pearl millet dominated at 60%, with sorghum coming next at 27%. Finger millet and small millets made up the rest, though the specific finger millet percentage wasn't listed – we just know small millets accounted for 2%. 
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Figure: 2 The production of different types of millets in India [Dhaniya, D. et al. (2024)].
Growth is also being driven by surging demand from the animal feed sector. Millets boost animal health by enhancing feed efficiency and improving nutrient uptake. Their versatility allows feed producers to tailor nutrition-specific solutions for different livestock using various millet types. This shift reflects the feed industry’s growing focus on balanced animal nutrition. The global millet market is heating up, expected to reach $14 billion by 2027 and growing nearly 5% annually. This surge is largely driven by health-focused shoppers choosing millet as a healthier, gluten-free option. Right now, Asia Pacific holds over 40% of sales, followed by the Middle East (32%) and Europe (14%). China, Japan, and ten other nations together account for 77% of worldwide millet import spending. When it comes to how millet is used, breakfast foods lead the way at 32%, while baked goods and beverages each take about 17%. Other major uses include animal feed (14%), baby foods (11%), and various other applications (9%), based on NABARD's 2023 analysis. 
Global millet trade looks pretty balanced right now – FAO figures show imports around 523,000 tons and exports just shy of that at roughly 518,000 tons. India's making serious waves here: it shipped $64 million worth of millet to 139 countries back in 2021–22. Even better? Their exports jumped over 12% in the last nine months of 2023 compared to the same stretch in 2020–21. While India's millet exports have clearly taken off over the past decade, experts argue stronger policy backing is still crucial. As noted by PIB Delhi (2022) and Saini et al. (2021), this push is needed to really cement millet's place in global markets over the next 5 to 10 years.
Growing millets boosts rural economies in developing countries. It creates farm jobs, opens up opportunities for women farmers, and makes nutritious food more available locally. As global demand for millets rises, producing regions stand to earn valuable export income. Experts like Kaur and colleagues (2024) point out that seizing this potential hinges on three things: developing better farming technology, building modern processing facilities, and connecting effectively to international markets.
3. Millets in the Food Sector
Millets stand out as nutritional powerhouses, packed with bone-strengthening calcium, gut-friendly fiber, quality proteins, and beneficial plant compounds, as Hassan and colleagues pointed out in 2021. For generations, people have enjoyed these grains in comforting porridges, hearty flatbreads, and as a wholesome alternative to rice (Paschapur et al., 2021). What's really exciting is how the milling industry is finding clever uses for millet by-products like bran and husks. Food scientists are transforming these leftovers into innovative ingredients (Kaur et al., 2025). The proteins and fibers in millets work wonders in baked goods - they give muffins and biscuits better structure and texture. Meanwhile, the natural plant chemicals in millet seed coats are boosting the nutritional value of breakfast cereals and energy drinks (Onipe et al., 2022). The applications keep growing: millet extracts help preserve meat alternatives by preventing oxidation, and they even improve the mouthfeel of frozen desserts. When fermented, these by-products create health-promoting compounds perfect for probiotic drinks and instant noodles (Dayakar et al., 2016; Onipe et al., 2022; Saini et al., 2021). Even millet bran gets a second life - winemakers are now using it to craft antioxidant-rich wines (Saini et al., 2021). Thanks to modern food technology, we can now enjoy millet in all sorts of creative ways—far beyond traditional preparations. Unlike seasonal staples like wheat and rice, which mainly fill our plates, millets offer year-round benefits: better nutrition, health perks, livestock feed, and even economic resilience. Take pearl millet, for example—it’s naturally gluten-free and packs more fiber than rice, as much healthy fat as corn, and higher levels of essential amino acids like leucine and lysine compared to wheat or rye (Hassan et al., 2021).
3.1 Millet-Based Flours
Millet flour is becoming a gluten-free kitchen staple, shining in everything from crispy crackers to fluffy cakes and cookies. Its solid protein and fiber make it a go-to choice for gluten-sensitive folks or anyone boosting their nutrient intake. Bakers often blend it with other gluten-free flours like rice or sorghum – this combo steps up both texture and nutrition in treats. The husks and bran leftover from processing millet aren't waste anymore. These by-products are now high-value ingredients, adding both nutrients and value to gluten-free breads, muffins, and artisanal buns, as Nada's team noted back in 2016. 
3.1.1 Multigrain flour

Multigrain flours (often called composite flours) blend different grains to create versatile baking ingredients. Research shows that  mixing 30% finger millet flour with 70% wheat flour hits the sweet spot for chapatti dough – it handles perfectly while baking. Better yet, these chapattis taste great and deliver health perks: the extra fiber helps relieve constipation, and studies like Deshpande et al. (2021) note they may help manage blood sugar in diabetic patients. Meanwhile, broken millet grains left over from processing get a second life in flour production. As Saini et al. (2021) found, they’re especially useful for boosting the quality and nutrition of gluten-free foods.
3.2 Traditional millet dishes
3.2.1 Flatbreads: Millet flour is a key ingredient in African flatbreads, which are leavened and softened by fermentation with yeast and lactic acid bacteria, resulting in bread with a notable acidic flavour [Paschapur et al., (2021)].
3.2.2 Roti: Across India, rotis crafted from millet flour are a traditional staple and are the most prevalent unfermented flatbreads. They are soft, pliable, and puff up to create a texture much like that of a pancake [Paschapur et al., (2021)]. Food products that can be made by using millets are porridge, roti and mudde. Due to the absence of gluten in millet grains, they are unsuitable as the exclusive base for comprehensive food products and are typically used alongside other ingredients in baking. When making products like roti, adding hot water to the flour causes some of the starch to gelatinize, which is essential for binding and enables the dough to be rolled out thinly [Deshpande et al., (2021)]. When pearl millet grains are subjected to bleaching, acidification, or thermal processing before milling, the resulting chapatis are found to be more favourably received than those made from flour of unprocessed grains [Rai et al. (2008)].
3.2.3 Dosa and Idli

 Dosa and idli are staple foods in South India, often made using semi-fermented millet flour and traditionally served with sambar or chutney [Swasthi et al., (2022)]. Millet dosas typically involve soaking millet, urad dal (black gram), and sometimes rice or poha (flattened rice) with fenugreek seeds, then grinding these into a smooth batter and fermenting overnight. For millet idli, foxtail millet is combined with rice, urad dal, and fenugreek, soaked, ground, and left to ferment for 8–10 hours before steaming into soft cakes chutney [Swasthi et al., (2022)] [Chelliah et al., (2017)].These millet-based versions are popular for their nutrition and are enjoyed with classic accompaniments like chutney and sambar[Swasthi et al., (2022)] [Chelliah et al., (2017)]. Mix all the processed ingredients and prepare the dosa as shown in figure 3 [Deshpande et al., (2021)]. Some more fermented products that can be made from millet such as fermented millet sprouts, milk beverage (sorghum, finger millet and pearl millet), rabdi from pearl millet, non-dairy gluten free beverage, and millet yogurt. These are the product prepared by the Lactic acid fermentation [Deshpande et al., (2021)]. Lactic acid fermentation, performed by microbes like LAB, involves the conversion of glucose and other carbohydrates into lactic acid and cellular energy under anaerobic conditions. This process is key to many food preservation techniques and industrial applications [Aluoch, M. (2023)].
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 Figure: 3 Flow chart of preparation of dosa [Paschapur et al., (2021)] [Deshpande et al., (2021)].
3.2.4 Couscous: Couscous, that classic North African staple, starts with steaming millet semolina into fluffy tiny grains. Traditionally, it's stirred into creamy, cooling yogurt – ready to eat just like Paschapur's team described back in 2021.
3.2.5 Porridges: Millet porridges are a breakfast cornerstone across Africa and appear worldwide in endless variations. Think thin, drinkable versions or thick, spoon-standing ones – all defined by their texture, solid content (usually 10% to 30%), whether served hot or cold, and even acidity levels. The China’s foxtail millet porridge, South Africa’s pearl millet version, Sahel’s finger millet staple, and India’s little millet dish, as Paschapur’s team highlighted in 2021. Mix millet flour with cold water and a splash of buttermilk, let it ferment overnight, then cook the next day into silky porridge – a method Deshpande and colleagues documented back in 2021. The one type of preparation of porridge is given below in figure 4. 
          [image: image4.png]N

Ingredients:litile millet,
coconut milk, and salt

)

—

rice is cooked in water

R

this mixture added to
the cocnut milk for 10-
15min

| R

) S——

porridge is ready to
serve

)

—

addition of salt and cool





Figure: 4 Flow chart of preparation of porridge [Paschapur et al., (2021)] [Deshpande et al., (2021)].
3.3 Millet Snacks and Ready-to-Eat Products
As health-conscious cravings grow, millets are popping up everywhere—from crunchy chips to energy bars and puffed treats. Marketed as protein-packed, low-sugar options, these snacks are winning over shoppers. Thanks to extrusion tech breakthroughs, millet puffs now rival processed junk food with their crisp texture and nutritional punch. Traditional Indian snacks are joining the trend too like pearl millet laddoos, sorghum sev, and savory matari. The specially treated millet flour extends shelf life up to 3 months while boosting taste ratings, as Rai’s found back in 2008. Ready-to-eat (RTE) snacks made from sorghum or pearl millet deliver an addictive crunch, and pairing them with traditional spice blends for explosive flavor. Another, mixing spices into grits before puffing creates snacks with perfectly tuned tastes (Rai et al., 2008). From protein bars to matari, millets are reshaping snacking—one crispy bite at a time.
3.3.1 Flaked food products: Millet flakes are hitting big in the health food scene and for good reason. They pack a serious one-two punch: solid nutrition plus genuine wellness perks. The grains are naturally lightweight and soak up liquids fast. That combo makes them perfect for crafting crisp, satisfying flakes, as Deshpande's pointed out back in 2021.
3.3.2 Popped products: Popping, a heating technique for grains, creates ready-to-eat snacks known for their appealing crispiness. Finger millet is the grain most commonly used. Research confirms the method's market potential, finding that the best expansion happens at 250°C when the grain starts with 18% moisture. Grain shape and the amount of water it contains are the main factors controlling how much it puffs up [Deshpande et al., (2021)]. Pearl millet offers significant nutritional value—providing energy, fibre, and carbohydrate —yet it's not widely exploited for popping. For the best popped pearl millet product, cultivator need a robust endosperm and a pericarp thickness that falls in the middle range [Rai et al. (2008)].
3.3.3 Noodles/ vermicelli: Finger millet blended with pulses creates noodles or vermicelli. These offer a budget-friendly and practical food solution to meet kids' nutritional needs, since they're made especially for smaller producers [Deshpande et al., (2021)].
3.3.4 Baked products: Bakers are using millet flour more and more in things like biscuits, cakes, and cookies. This gives these products a real baking boost – extra fiber, more nutrients, and better overall quality [Deshpande et al., (2021)]. Pearl millet flour has a downside in cookies though: they don't spread much in the oven, the tops look blurry, and they turn out too dense. Treat the flour with water, dry it, and mix in just 0.6% natural soy lectin. Doing this gets you cookies that spread nicely, just like ones made with regular soft wheat flour [Rai et al. (2008)]. Foxtail millet bran packs a nutritional punch: roughly 10% protein, over 6% ash and fat, about 6% moisture, 10% carbs, and a huge 60% dietary fiber. That high fiber makes it perfect for baking. Researchers have already used foxtail and kodo millet bran successfully to make special artisan rolls and muffins [Saini et al., (2021)].
3.3.5 Dumplings and other dough products:  Across India and Africa, cooks  pearl and finger millet flour into traditional dough dishes, often boiled. Think African dingwa, which is similar to India's mudde and ragi balls. And in India, you'll also find ponganumis – a popular snack where they fry up steamed millet dough [Paschapur et al., (2021)].
        3.4 Millet Beverages
Beyond health drinks and plant-based milks, millets also go into fermented beverage think millet-based beers, especially popular in some regions [Paschapur et al., (2021)]. These drinks hit the sweet spot for today's shoppers looking for plant-based, lactose-free options with extra health perks. Even leftovers from processing millets can become healthy drinks or functional foods. Foxtail millet bran is loaded with plant compounds, especially polyphenols, that could really boost fermented drinks like wine. Research shows wine made from this bran blows regular millet wine out of the water. The wine made up of millet is having six times more polyphenols and way higher antioxidant power – scientists checked this using three different tests (DPPH, TEAC, and FRAP) [Saini et al., (2021)]. Digging deeper, this special bran wine was packed with specific polyphenols like ferulic acid, p-coumaric acid, syringic acid, and vanillic acid [Saini et al., (2021)]. Plus, it had over six times the total amino acids found in standard versions, including plenty of the essential kinds your body needs and other functional ones. The alcoholic beverages that can be made by using millets as a whole or only a particular part are given below:
3.4.1 Opaque beers: Traditional brewers make cloudy beers from millet – especially pearl and finger types. That signature opacity comes from leftover starch bits and live yeast floating in the brew. The fermentation really gets going, giving these drinks a lightly fizzy feel and a distinct greenish-brown color with a balanced musty-sour flavor profile, and people drink them unpasteurized while the microbes are still active. That keeps the alcohol pretty low, usually under 3% [Paschapur et al., (2021)].
3.4.2 Busa or Bouza: Over in Egypt and Turkey, locals ferment proso millet to make a traditional drink called Busa or Bouza. It comes out as a creamy, light-yellow liquid with that distinct sour kick and boozy smell you’d expect. The alcohol level in this stuff can swing anywhere from 1% to 7% [Paschapur et al., (2021)].
3.4.3 Tella and Katikalla: Ethiopian brewers use finger millet and teff to craft their traditional drinks. They make tella, an unfiltered beer with rich flavor, and katikalla, a spirit distilled from the grains. Both are central to the country’s deep-rooted brewing traditions [Paschapur et al., (2021)].
3.4.4 Chhang, Jaanr, or Jnard: In the Himalayas, brewers ferment finger millet (and sometimes teff) to make traditional drinks called Chhang, Jaanr, or Jnard. It's a straightforward fermentation – they actually skip the malting step entirely. The result is a brew packing 3–5% alcohol [Paschapur et al., (2021)].
3.4.5 Sulim, Burukutu, Dolo, Talla, or Pito: West African brewers turn pearl millet into traditional fermented drinks like Sulim, Burukutu, Dolo, Talla, or Pito – names that vary by location. After fermenting, they strain the brew to create a slightly hazy drink. These beverages have a sweet taste with a hint of fruit and 1–5% alcohol [Paschapur et al., (2021)].
3.4.6 Madua, Over in India, people ferment finger millet into Madua – a drink deeply woven into local traditions. Meanwhile in Namibia, brewers make oshikundu, a traditional millet-based drink where we adjust the alcohol level to taste [Hassan et al., (2021)].
4. Millet Application Other than Food Product 
Processing millet leaves behind 35% waste – husks, hulls, bran, and broken grains.  That "leftover" stuff then turned into biofuels like ethanol and biodiesel [Micheal et al., (2013)]. Builders are even testing millet husk ash as a greener cement alternative. When the leftover mixed properly, it actually makes concrete stronger and better at insulation [Micheal et al., (2013)]. Meanwhile, scientists are extracting compounds from millet bran to boost nanoparticles – making them more stable and effective. Transforming this waste doesn't just help the planet; it fuels a circular economy where nothing gets wasted [Micheal et al., (2013)] [Saloufou et al., (2025)].
4.1 Millets as Biofuels
Farmers and researchers are eyeing millets for sustainable biofuels.. These crops shoot up fast and sip water carefully, making them ideal raw material. Starchy types like sorghum and pearl millet are especially handy for turning into bioethanol, offering rural areas a shot at cleaner energy while cutting fossil fuel use [Paschapur et al., (2021)]. Sorghum doesn’t just make ethanol instead it thrives where water’s scarce. That drought-beating superpower makes  it a double win; producing fuel and planet-friendly bioplastics while helping energy systems weather climate chaos [Paschapur et al., (2021)].
Peak ethanol production hit at 120 hours: Guinea corn husk pumped out 26.83 g/l (67.7%), while millet husk delivered 18.31 g/l (63.8%). Research suggests Aspergillus niger and Zymomonas mobilis could be top microbes for converting millet and maize husks into ethanol in Guinea [Saini et al., (2021)]. 
Another study tested millet husk + Saccharomyces cerevisiae: Enzymatic hydrolysis squeezed a hefty 79 g/l bioethanol from the husk, hitting a 0.621% concentration. This husk showed serious potential; high production rates and a thermal attribute of 7.907 mg [Saini et al., (2021)]. 
Beyond ethanol: Millet waste also works for biodiesel [Saini et al., (2021)]. After pearl millet harvests, leftovers like straw and husk become prime feedstock [Saini et al., (2021)]. Anaerobic digestion digs in especially when millet straw gets pretreated with low-alkali lime, boosting biogas yields [Saini et al., (2021)].
4.2 Millet-Based Biodegradable Packaging
Plastic pollution's a huge problem, pushing scientists to hunt for greener options. Farmers usually burn or trash millet stalks and husks after harvest, but these leftovers could actually become planet-friendly packaging. Turns out, the starch and fibre in this "waste" can be transformed into biodegradable materials, giving us sustainable wraps and containers that ditch petroleum plastics for good.
Biopolymer Films and Bioplastic: The leftover converts called into biopolymer films and bioplastic called kafirin, a water-resistant protein in most millets, that can become serious bioplastic material. When processed with everyday additives like glycerol, PEG 400, and lactic acid, it creates films that actually beat corn-based plastics. These millet plastics hold their shape better and block moisture more effectively. In African markets, they’re already putting these bioplastics to work as fruit coatings. On pears specifically, the coating keeps them looking fresher longer by protecting the stem area and slowing down ripening at room temp – a smart solution cutting food waste [Paschapur et al., (2021)].
Bio-coatings

The wax from husk usually tossed as waste, getting a second life as planet-friendly food coatings. Companies are already blending carnauba wax with sorghum-derived wax to whip up instant edible films for candy and sweets. Millets are primed to revolutionize our food systems. These rugged grains tackle hunger gaps, laugh at drought, and let farmers grow more with less water. By pushing innovations like bio-coatings, they’re proving how sustainability and nutrition can go hand-in-hand
5. Future Perspectives and Scope
Millets thrive where other crops fail making them a lifeline for communities facing extreme weather and poor soil conditions. To tackle malnutrition and reduce dependence on water-guzzling staple crops, we need to scale up millet farming, improve climate-smart cultivation methods, and promote these nutritious grains in everyday meals. With smart policies, consumer education, and farming innovations, millets offer a powerful solution: they protect the environment while fighting hunger. Their potential extends far beyond the field, supporting small-scale farmers, strengthening local food systems, and helping achieve global development goals through sustainable agriculture.
6. Conclusion
Millets are gaining recognition far beyond their traditional role as food staples. As climate-resilient crops packed with nutrition, they're emerging as key players in building sustainable food systems worldwide. Exciting developments in food technology are unlocking millets' potential across multiple sectors - from innovative food products to industrial applications. Researchers continue discovering new ways to harness these ancient grains for sustainable solutions, fueling their growing importance in global markets.
However, the international millet trade faces significant hurdles. Trade restrictions like tariffs, export bans, and complex regulations create barriers that limit market growth and access, particularly in regions that depend on imports. Differing quality standards and certification requirements between countries further complicate cross-border trade. Streamlining these regulations through international cooperation could open up new opportunities, making nutritious millet products more accessible worldwide while supporting farmers and businesses in the global millet value chain.
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