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& M illets, a group of small-seeded cereal crops, have gained global recognition for their &8
ﬁ“f@ remarkable nutritional profile and resilience under harsh agro-climatic conditions. (}Ew
&% Often termed as "nutri-cereals,” millets encompass varieties such as pearl millet, finger &%
Sl millet, foxtail millet, proso millet, barnyard millet, little millet, and kodo millet. These grains e
Y are rich in dietary fiber, essential amino acids, micronutrients, and a diverse array of 0y
o bioactive compounds, positioning them as crucial components in functional foods and

"2 sustainable diets (Saleh et al., 2013; Chandrasekara & Shahidi, 2011).

98 In recent years, growing attention has been directed toward the therapeutic and

280 preventive roles of these ancient grains due to the presence of phytochemicals with potential

Qe health-enhancing attributes. The global shift toward whole grains and plant-based diets has

@ftf further emphasized the importance of integrating nutrient-dense grains like millets into

o mainstream nutrition. Their naturally gluten-free status makes them suitable for individuals

j; with celiac disease or gluten sensitivity, broadening their appeal across different demographic

, and health-conscious groups. Furthermore, as consumer awareness about functional foods
o300 rises, millets offer a unique blend of nutrition, functionality, and sustainability that aligns
o with the goals of modern dietary patterns and health promotion strategies.

" Key Bioactive Compounds in Millets

Millets are a potent source of various bioactive compounds that offer health-promoting

effects beyond basic nutrition. These include:

e Phenolic Compounds: Phenolics are secondary metabolites with antioxidant, anti-
inflammatory, and anticancer properties. Millets, particularly finger millet and foxtail
millet, are abundant in phenolic acids such as ferulic acid, caffeic acid, and p-coumaric
acid, which scavenge free radicals and inhibit oxidative stress (Chandrasekara & Shahidi,
2010).

e Flavonoids: Flavonoids such as quercetin, kaempferol, and catechins are found in
significant quantities in millet grains. These compounds are known for their antioxidant
and cardioprotective effects and contribute to reducing the risk of chronic diseases like
cardiovascular ailments and cancers (Rao et al., 2017).

e Tannins: While high levels of tannins can reduce nutrient bioavailability, moderate levels
in certain millet varieties offer antioxidant and antimicrobial benefits. Tannins also slow
down carbohydrate digestion, helping in glycemic control (Devi et al., 2014).

e Phytosterols: Phytosterols in millets, including campesterol and stigmasterol, help in
lowering LDL cholesterol levels by inhibiting cholesterol absorption in the intestines,
thus aiding in cardiovascular health (Nambiar et al., 2011).

e Saponins and Alkaloids: These compounds, though present in smaller quantities,
contribute to immunomodulatory, anti-inflammatory, and cholesterol-lowering activities,
reinforcing the functional potential of millets in health management (Muthamilarasan &
Prasad, 2021).
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Health Benefits of Bioactive Compounds in Millets

e Antioxidant Activity: Bioactive compounds in millets exhibit strong antioxidant
properties, mitigating oxidative stress and cellular damage. This contributes to aging
prevention and reduces the risk of degenerative diseases like Alzheimer’s and Parkinson’s
(Chandrasekara & Shahidi, 2011).

e Anti-Diabetic Effects: Millets possess a low glycemic index due to their high fiber and
polyphenol content. These components delay carbohydrate digestion and glucose
absorption, effectively managing postprandial blood sugar levels and preventing insulin
resistance (Pathak et al., 2018).

e Cardiovascular Protection: Millet consumption is linked with lower cholesterol levels
and improved lipid profiles due to the presence of phytosterols, fibers, and phenolic
compounds. These effects collectively contribute to heart health and reduced risk of
coronary artery disease (Shobana et al., 2013).

e Anti-Cancer Potential: Phenolics and flavonoids in millets exhibit antiproliferative
effects against various cancer cell lines, including colon, breast, and liver cancers. These
compounds interfere with cancer cell signaling pathways, offering chemopreventive
properties (Amadou et al., 2011).

e Gut Health and Digestive Benefits: Dietary fiber and prebiotic compounds in millets
enhance gut microbiota diversity and promote digestive health. Their fermentation in the
colon produces short-chain fatty acids, improving colon health and preventing
gastrointestinal disorders (Hadimani & Malleshi, 1993).

Role in Sustainable Diets

Millets are not only nutritionally dense but also environmentally sustainable. Their
cultivation requires less water, has a lower carbon footprint, and is more tolerant to drought
and poor soil fertility compared to major cereals like rice and wheat. Incorporating millets
into regular diets supports agroecological balance, climate resilience, and food security
(FAO, 2021).

Influence of Processing Techniques on Bioactive Compounds in Millets

The processing of millets plays a crucial role in modifying their nutritional and functional

properties, particularly their bioactive compounds. While some traditional and modern

processing methods can reduce anti-nutritional factors and enhance digestibility, they may
also lead to a loss of sensitive bioactive components.

e Malting: Malting, or controlled germination, improves the bioavailability of nutrients and
increases the content of free phenolic compounds. Enzymatic activities during malting
release bound polyphenols and antioxidants, enhancing their functional potency
(Balasubramanian et al., 2014).

e Fermentation: Fermentation enhances the nutritional quality of millets by increasing the
bioavailability of minerals and promoting the synthesis of beneficial metabolites like
organic acids and B-vitamins. It also reduces phytates and tannins, thereby improving the
absorption of essential nutrients (Singh et al., 2015).

e Extrusion Cooking: Extrusion is a high-temperature short-time (HTST) process widely
used for developing ready-to-eat millet products. While extrusion can degrade some heat-
sensitive bioactives like flavonoids, it also disrupts cell walls, facilitating the release of
bound phenolics and improving antioxidant activity (Alam et al., 2016).

e Popping and Puffing: These dry-heat treatments preserve most bioactive compounds and
enhance the sensory properties of millets. Popping increases the total phenolic content
and antioxidant capacity due to the Maillard reaction and physical expansion of the grain
structure (Rathi et al., 2020).

e Soaking and Dehulling: Basic pre-processing steps like soaking and dehulling can
reduce anti-nutritional factors such as tannins and phytates. However, excessive dehulling
may result in the loss of fiber and bioactive-rich bran layers (Ghavidel & Prakash, 2007).
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A balance between processing for improved palatability and the retention of bioactive
compounds is essential to optimize the health benefits of millet-based foods. Emerging
techniques like vacuum-assisted cooking, infrared heating, and enzymatic treatment offer
potential for minimizing losses while enhancing bioactive availability.

Challenges and Future Perspectives

Despite their benefits, millets remain underutilized due to limited consumer awareness,
processing difficulties, and sensory attributes like bitterness or coarse texture. Advanced
processing technologies such as malting, fermentation, and extrusion can enhance the
bioavailability of nutrients and improve sensory qualities. Further research and public policy
interventions are essential to promote millet-based foods and unlock their full functional and
therapeutic potential (Muthamilarasan & Prasad, 2021).

Conclusion

Millets, long revered in traditional food systems, have emerged as powerful sources of
bioactive compounds such as phenolics, flavonoids, phytosterols, tannins, and dietary fibers.
These compounds not only confer significant antioxidant, anti-inflammatory, anti-diabetic,
and cardioprotective benefits but also play an essential role in mitigating risks associated with
chronic non-communicable diseases. With the increasing prevalence of lifestyle-related
health conditions, millets offer a sustainable, accessible, and functional dietary option,
particularly in the context of nutraceutical development and preventive nutrition.

Incorporating millets into modern diets, especially in the form of functional foods,
health beverages, and fortified snacks, has the potential to combat micronutrient deficiencies
and support long-term wellness. Moreover, their adaptability to arid climates and low input
requirements underscore their importance in food security and sustainable agriculture,
particularly in the face of climate change. Despite their promise, further clinical trials,
consumer acceptability studies, and policy-level interventions are needed to mainstream
millet-based food innovations globally.

Therefore, the integration of millets into national nutrition programs, public health
strategies, and food industry formulations can significantly enhance public health while
supporting agro-biodiversity and sustainable food systems. Continued research and awareness
are key to unlocking the full potential of these ancient grains in the modern age.
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