


Millets and metabolic health: A review on their role in type 2 diabetes management


Abstract
Millets are nutrient dense, small seeded cereals rich in dietary fiber, resistant starch, polyphenols, and essential minerals, making them a promising dietary intervention for the prevention and management of diabetes. Their low glycaemic index and high fiber content slow gastric emptying, reduce postprandial glucose spikes, and promote satiety, thereby aiding in weight control. Bioactive compounds in millets, including flavonoids and phenolic acids, inhibit carbohydrate digesting enzymes such as α-amylase and α-glucosidase, enhance insulin sensitivity, and exhibit antioxidant and anti-inflammatory properties that mitigate oxidative stress and insulin resistance. Millets are  best option for gut health by acting as prebiotics and stimulating short-chain fatty acid production, further improving glucose metabolism. Evidence from clinical and experimental studies highlights the superior nutritional and functional benefits of millets over staple cereals like rice, wheat, and maize. The current review deals with the health aspects of millets and answer to the question why millet is tagged as nutricereal.
Key word : Diabetes, metabolic disorder, amylase, phenolic, enzymes
Introduction
“Millets are among the earliest cultivated cereals, consisting of small-seeded grasses from the Poaceae family. They serve as staple foods in arid regions of developing countries and as animal feed in many developed nations” (Balakrishnan and Schneider, 2022). Worldwide, millet production saw a growth of 19.06%, rising from 24.97 million tonnes to 29.73 million tonnes, reflecting significant changes in regional production patterns (FAOSTAT, 2023). “Millets are nutrient-dense grains containing about 7–12% protein, 2–5% fat, 65–75% carbohydrates, and 15–20% dietary fibre. Among them, pearl millet and proso millet  is notable for its high protein (12–16%) and lipid (4–6%) content, while finger millet has lower protein (6–8%) and fat (1.5–2%). Sorghum mainly contains the prolamin protein kaffirin, which becomes less digestible after cooking, whereas other millets have fewer cross-linked prolamins, improving protein digestibility. Millet proteins possess a superior amino acid profile to maize, with pearl millet rich in niacin and finger millet abundant in sulfur-containing amino acids. Though low in lysine, their nutritional quality can be enhanced by combining with lysine-rich legumes or animal proteins. Small millets surpass refined cereals nutritionally, with finger millet being especially high in calcium (300–350 mg/100 g) and other small millets rich in phosphorus and iron” (Gowda et al., 2022). 
“Diabetes mellitus (DM) is the leading cause of morbidity and mortality, and the prevalence is increasing every year. Diabetes is a metabolic disorder caused by chronic hyperglycaemia either due to the absence or reduced insulin production” (WHO, 2012). “DM can be prevented and controlled with modifications to the diet, especially by incorporating millet in the diet. Exhaustion of glucose transporters in the intestine and kidney is also a line of cause for DM” (Bandey et al., 2020). “Diabetes is characterized by a disruption in the body’s glucose balance, accompanied by abnormalities in protein, lipid, and carbohydrate metabolism. Persistent hyperglycaemia not only leads to the onset of diabetes itself but also increases the risk of complications.” (Pei et al., 2022). The complications are of two types viz acute and chronic. Acute includes hypoglycaemia, ketosis, HONK. Chronic includes cardiovascular, cerebrovascular and peripheral vascular diseases (Forbes and Cooper, 2013).  “The consumption of millets is associated with several health benefits, including lowering antidiabetic activity, controlling blood pressure, and providing protection against thyroid, cardiovascular, and cancer diseases” (Agarwal et al., 2023). Millets are one among which satisfy the need for managing diabetes and obesity. 
Materials and methods
This review encompassed research articles published between 2000 and 2025, focusing on the role of millets in diabetes and obesity management. Comprehensive searches were conducted across eight major databases: PubMed, Web of Science, Scopus, EBSCO, Agricola, Google Scholar and  Science Direct. The review included original research, review papers, and clinical studies that examined the nutritional composition, bioactive compounds, glycaemic response, and physiological effects of millets on diabetes and obesity. Studies exploring the mechanistic pathways, antioxidant activity, and functional properties contributing to metabolic health were also considered. Exclusion criteria involved non-english publications, studies focusing solely on animal models, and articles unrelated to human nutrition or metabolic disorders. Only studies providing quantitative or qualitative data relevant to glycaemic index, lipid profile, insulin sensitivity, or weight regulation were included. An initial screening was performed based on titles and abstracts to ensure relevance, followed by a full-text evaluation to assess the methodological quality of each study. The quality assessment considered parameters such as study design, sample size, analytical methods, and validity of reported outcomes. Data extracted from each selected article included author names, year of publication, study design, type of millet used, processing methods, and key outcomes related to diabetes and obesity management. Additional information on bioactive compounds, mechanisms of action, and nutritional implications was also documented. Relevant findings were compiled and categorized under subheadings such as nutritional composition, bioactive components, glycaemic control, weight management, and clinical evidence to ensure clarity and systematic presentation. A total of 200 articles were initially retrieved from the databases, and after applying the inclusion and exclusion criteria, 28 studies were deemed eligible and incorporated into the final review analysis.
Discussion
Nutrient profile of millets in diabetes management
“Millets are rich in a wide array of nutrients and phytonutrients. Their seed coat or bran is particularly abundant in essential nutrients, dietary fiber, and bioactive compounds such as phenols, which have been associated with reductions in blood glucose levels when included in the diet. The bran also provides significant amounts of minerals including calcium, magnesium, iron, zinc, and phosphorus, as well as protein fractions like globulins, albumins, and prolamins. Nutrient availability in millets can be further enhanced through appropriate pre-treatments such as soaking, germination, and fermentation, making them an even more valuable component of a health-promoting diet” (Onipe and Ramasiha, 2022). “Finger millet (ragi) is rich in phytic acid, which slows the digestion of carbohydrates and helps control postprandial blood glucose levels, making it a suitable dietary option for individuals with diabetes. The finger millet phytic acid ranged between 126-256 mg/100g” (Gupta et al., 2020).
“Millet-based diets foster prolonged satiety, thereby reducing overeating tendencies due to delayed hunger onset attributed to high dietary fiber content” (Geetha et al., 2019). Individuals with diabetes experience polydipsia and polyphagia, which can make glucose management challenging. Including millets in the diet has been shown to slow gastric emptying, resulting in more gradual and stable increases in postprandial blood glucose levels. “This effect is partly due to the presence of polyphenolic compounds in millets, which inhibit carbohydrate-digesting enzymes such as alpha-glucosidase and pancreatic amylase, thereby slowing the breakdown of complex carbohydrates and reducing sudden spikes in blood sugar. In addition, millets contain slowly digestible starch, which prolongs the process of carbohydrate digestion and absorption in the intestine, further contributing to better glycemic control. Compared to commonly consumed staples like rice, millets induce a slower and lower rise in blood glucose, making them a beneficial food for the prevention and management of diabetes. Beyond their effects on blood sugar, millets also support body weight regulation, which is a crucial factor in managing diabetes and preventing associated complications. Pearl millet, in particular, has been shown to enhance insulin sensitivity and lower triglyceride concentrations, highlighting its potential as a functional food in diabetic diets. Regular consumption of millets may therefore offer multiple metabolic benefits, including improved glycemic control, reduced risk of postprandial hyperglycemia, and better weight management” (Wang et al., 2022). 
Proso millet have a dietary fibre of 12.5 % and protein 13g/100 in germination which makes it a diabetic friendly grain The pre-processing methods reduce antinutrient profile there by increase the absorption of minerals (Mahendran and Krishnaja, 2025). “A study on proso millet indicates that it is a rich source of zinc, an essential mineral that plays a key role in insulin function and helps regulate blood sugar levels. Proso millet also exhibits alpha-amylase inhibitory activity, and its high soluble fiber content increases viscosity in the digestive tract, slowing the digestion and absorption of carbohydrates. This delayed digestion contributes to a slower release of glucose into the bloodstream and helps reduce postprandial hyperglycemia by partially inhibiting the enzymatic breakdown of complex carbohydrates” (Agarwal et al., 2023). The impact of foods on blood glucose levels is assessed using the glycaemic index. Foods with a low glycaemic index produce a gradual and steady increase in blood sugar, while those with a high glycemic index cause rapid spikes. “Numerous studies have shown that the high fiber content and the formation of resistant starch in millets delay starch hydrolysis, resulting in a low glycemic index and the potential to lower blood glucose levels. Millets also contain higher amounts of protein and fat compared to milled rice, which further contributes to a lower glycaemic index” (Anitha et al., 2021). This effect arises from the reduced efficiency of carbohydrate digestion in the small intestine due to the presence of protein and fat, leading to incomplete digestion and a slower glucose release. “The high protein content in millets also improves glycaemic response by enhancing insulin sensitivity. Soluble phenolic compounds such as gallic acid, catechin, caffeic acid, p-coumaric acid, ferulic acid, and quercetin, predominantly flavonoids, have demonstrated strong inhibition of α-glucosidase and α-amylase activities compared to the commonly used drug acarbose, indicating their ability to reduce postprandial hyperglycemia by slowing carbohydrate digestion. In addition, phenolic fractions, mainly flavonoids, exhibit potent antiglycation properties, helping to mitigate the harmful effects of advanced glycation end products. Millets including finger millet, foxtail millet, and pearl millet are rich in dietary fiber, antioxidants, and polyphenols, which support their low glycemic index and ability to regulate postprandial blood glucose levels” (Anitha et al., 2021). Kodo millet, in particular, demonstrates higher antioxidant capacity compared to several other millet varieties, playing a critical role in reducing oxidative stress, a major factor in the development and progression of type 2 Diabetes Mellitus. “The polyphenols and other bioactive compounds in kodo millet contribute to improved glycemic control by modulating glucose metabolism and enhancing insulin sensitivity” (Saleh et al., 2013).
“The fiber content in millets can be classified into two types: soluble and insoluble. Soluble fiber forms a gel-like matrix in the digestive tract, which slows glucose absorption and supports improved glycemic control. Insoluble fiber, on the other hand, adds bulk to the stool, promoting regular digestion and preventing constipation” (Saini et al., 2021). “Millets are also rich in essential minerals, with magnesium playing a particularly important role in glucose metabolism and insulin function. Studies indicate that magnesium deficiency is linked to a higher risk of developing type 2 diabetes, highlighting the value of these micronutrients in diabetes management” (Ambati et al., 2019). “Recent research further emphasizes the influence of gut microbiota on glucose metabolism and insulin sensitivity. The high fiber content of millets serves as a prebiotic, nourishing beneficial gut bacteria. Fermentation of millet fibers by these microbes produces short-chain fatty acids, such as butyrate, which positively impact glucose metabolism and insulin sensitivity. These short-chain fatty acids also stimulate the release of gut hormones that regulate appetite and blood glucose levels and help maintain the integrity of the intestinal barrier. Collectively, these effects contribute to improved glycemic control and may help prevent the onset of diabetes” (Sarita et al., 2016). Gu et al. (2021) reported that millet protein hydrolysates obtained after three hours of hydrolysis inhibited dipeptidyl peptidase-IV (DPP-IV) activity with a 75.72% inhibition rate. Heat-treated protein from foxtail millet was shown to lower blood glucose levels, improve insulin resistance, and reduce pathogenic gut bacteria such as Marvinbryantia and Dubosiella. It also enhanced insulin sensitivity and glucose tolerance while increasing the abundance of beneficial probiotics including norank_f_Erysipelotrichaceae, Bifidobacterium, and Lactobacillus, along with higher levels of short-chain fatty acids in the gut (Wang et al., 2023). 
Similar effects were observed when protein isolates from raw and cooked foxtail millet were administered for five weeks in an STZ-induced diabetic model. The study demonstrated improvements in insulin resistance, glucose intolerance, and gut microbiota composition. Furthermore, the expression of glucagon-like phosphorylated Akt (p-AKT), phosphoinositide 3-kinase (PI3K), and glucagon-like peptide-1 receptor (GLP-1R) was upregulated, whereas stearoyl-CoA desaturase 1 (SCD1) expression was downregulated ( Fu et al., 2021). “A cross sectional study in diabetes with hypertension were a  total of 150 diabetic patients was selected randomly 80 of which consumed a millet diet and 70 of which consumed a non-millet diet. (80 patients) and non-millet diet (70 patients). Anthropometric parameters and study of blood pressure estimations was recorded trailed by biochemical parameters such as of Fasting Blood sugars (FBS) and Postprandial. The investigation is cross sectional study in diabetes with hypertension . A total of 150 diabetic patients was selected randomly 80 of which consumed a millet diet and 70 of which consumed a non-millet diet. (80 patients) and non-millet diet (70 patients). Anthropometric parameters and study of blood pressure estimations was recorded trailed by biochemical parameters such as of Fasting Blood sugars (FBS) and Postprandial Blood sugars (PPBS) and Fasting Lipid profile war analyzed in the study population. Results shown that The millet diet had markedly decreased the weight and BMI levels compared to the non-millet diet. Also, the biochemical parameters such as lipid profiles, Fasting and PP blood sugar levels were significantly reduced when comparing the millet with the non millet diet” (Vedhamanickam et al., 2020).
“Dietary supplementation with prolamin from cooked foxtail millet in STZ-induced diabetic mice was shown to lower blood glucose levels, HOMA-IR, and improve glucose tolerance. Another study demonstrated that feeding STZ-induced diabetic mice a diet rich in millet fiber significantly decreased blood sugar levels. Notably, foxtail millet dietary fibers were found to be more effective in reducing blood glucose than those from pearl and finger millet” (Hamid et al., 2017). Additionally, feruloylated xylooligosaccharides derived from pearl millet bran showed considerable potential in inhibiting glycation, with inhibition rates of 54.6%, 62.8%, and 87.7% at the early, middle, and late stages of glycation, respectively (Singh et al., 2021). The hypoglycemic and hypolipidemic effect of barnyard millet is due to various nutritional factors present in it viz; dietary fibre, resistant starch, antioxidant activity, presence of minerals like magnesium, chromium etc., but the major effect is due to its total dietary fibre content. Total dietary fibre content of barnyard millet slows down the release of glucose in the blood and hence prevented the blood glucose spike as opposed high spike caused by consumption of high glycemic index food like rice. The results suggest that barnyard millet supplementation if continued for a longer period of time can show significant change in lipid profile (especially HDL and VLDL). Besides, barnyard millet is superior to other cereal grains in terms of nutritive value such as protein, minerals, fibre, vitamins and antioxidants and it is also cooked similar to rice which makes it a nutritious substitute of rice for diabetic people.
Table 1. Nutritional composition per 100g
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[bookmark: _GoBack]“Millets are rich in phenolic compounds, which contribute to their hypoglycemic effects by inhibiting carbohydrate-digesting enzymes. These phenolic compounds can suppress the activity of α-amylase and α-glucosidase, slowing the conversion of carbohydrates into glucose and thereby reducing postprandial blood sugar levels” (Krishnan et al., 2022). A study evaluating ethanol extracts from Italian finger millet and barnyard millet found that they exhibited stronger α-glucosidase inhibitory activity compared to extracts from other millet varieties. The IC50 values for Italian finger millet and barnyard millet were 18.07 μg/mL and 20.90 μg/mL, respectively, which were significantly lower than that of the standard drug acarbose at 59.34 μg/mL. Similarly, the α-amylase inhibitory activities of Italian finger millet and Italian millet were 10.56 μg/mL and 18.89 μg/mL, respectively, outperforming acarbose, which had a value of 27.73 μg/mL (Ofosu et al., 2020). These findings underscore the potential of millet phenolics in controlling postprandial hyperglycemia. “In vivo studies have shown that polyphenol extracts from foxtail millet can stimulate the secretion of glucagon-like peptide-1 by L cells, enhancing insulin response and glucose regulation” (Yuxuan et al., 2023). “Chronic inflammation, mediated by cytokines such as tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6), contributes to insulin resistance by interfering with specific insulin signaling pathways” (Mansoori et al., 2022). Millet consumption has been shown to reduce inflammation by inhibiting the phosphorylation of key components in the NF-κB pathway, including inhibitors of κB, IκB kinase, and NF-κB itself. “Additionally, millet intake helps modulate inflammatory markers such as C-reactive protein, IL-6, IL-10, and TNF-α, thereby lowering cytokine production and mitigating insulin resistance through suppression of the NF-κB signaling pathway” (Ren et al., 2021).
“Millet is mainly composed of starch (amylose and amylopectin), which is primary component of the millet grain and defines the quality of millet-based food products. The major portion of millet starch is drawn by amylopectin which makes it a diabetic friendly grain” (Heena et al., 2024)
Conclusion
In conclusion, millets, both major and minor millets offer significant potential in the management of diabetes and obesity due to their rich nutritional profile, high dietary fiber content, low glycemic index, and abundance of bioactive compounds such as polyphenols and resistant starch. These components collectively improve glycemic control by slowing carbohydrate digestion, inhibiting key enzymes like α-amylase and α-glucosidase, enhancing insulin sensitivity, and promoting satiety, which aids in weight management.  Millets  provide essential minerals and act as prebiotics, supporting gut microbiota and the production of short-chain fatty acids that further contribute to metabolic health. Their anti-inflammatory and antioxidant properties help reduce oxidative stress and insulin resistance, further mitigating the risk of diabetes-related complications. 
Research gap: Cooking methods that alter different nutrients in millets
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