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ABSTRACT   

 
Type 2 diabetes mellitus (T2DM) has emerged as a major global health concern, particularly in low- and 

middle-income countries where dietary patterns have rapidly shifted toward refined carbohydrates. 

Traditional local grains such as bajra (Pennisetum glaucum) and ragi (Eleusine coracana) possess a unique 

nutritional profile that supports glycaemic control, insulin sensitivity and metabolic stability. This review 

synthesises scientific evidence regarding the role of these millets in dietary management of diabetes. Their 

low glycaemic index, high fibre content, superior micronutrient composition and presence of bioactive 

compounds make them suitable for long-term dietary interventions. Integrating these grains into daily 

meals may significantly improve glycaemic parameters and offer a sustainable, culturally acceptable 

therapeutic approach. 

 

 

INTRODUCTION 

The rising prevalence of T2DM is closely linked to 

rapid dietary Westernization and decreased 

consumption of nutrient-dense whole grains. 

Projections suggest that diabetes prevalence will 

continue to increase substantially, placing immense 

strain on public health systems. Dietary intervention 

remains the cornerstone of diabetes management, 

yet adherence to complex or expensive diets is often 

low in resource-constrained settings. Local millets, 

including bajra (pearl millet) and ragi (finger millet), 

have historically been staple foods across arid and 

semi-arid regions of India and Africa, known for their 

resilience and nutritive value. Their nutritional 

superiority over polished rice and refined wheat is 

attributed to a combination of high dietary fibre, 

slow-digesting starch fractions, polyphenols and 

essential micronutrients, conferring them significant 

therapeutic benefits relevant to metabolic syndrome 

and diabetes. This review evaluates the underlying 

mechanisms, clinical evidence and practical utility of 

these grains in promoting effective and sustainable 

diabetes management strategies. 

NUTRITIONAL AND FUNCTIONAL 

COMPOSITION 

Bajra and ragi are classified as minor cereals but far 

surpass major cereals in several key nutritional 

parameters crucial for T2DM prevention and 

management. 

Bajra (Pearl Millet) 

Bajra is known for its high protein content (around 

11-12%) and superior fat profile, containing healthy 

polyunsaturated fatty acids. Crucially, it is rich in 

dietary fibre (often exceeding 1.2 grams per 100 kcal 

serving), much of which is insoluble. It is also an 

excellent source of magnesium (critical for over 300 

enzymatic reactions, including those involving 

glucose metabolism) and iron, often cited as an 

intervention for anemia frequently observed in low-

resource populations. The starch in bajra exhibits a 
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highly resistant nature, contributing to its low 

Glycaemic Index (GI). Furthermore, it contains 

significant amounts of phenolic compounds 

concentrated in the bran, which exhibit potent 

antioxidant activity. 

Ragi (Finger Millet) 

Ragi stands out among all cereals for its 

exceptionally high calcium content (around 344 

mg/100g, significantly higher than milk), which is 

important for bone health, especially in diabetic 

patients prone to mineral loss. It is extremely rich in 

polyphenols-significantly more than other millets or 

major cereals-and is dominated by insoluble fibre. 

The carbohydrate fraction in ragi is characterized by 

a high content of slowly digestible starch and 

resistant starch, giving it one of the lowest 

Glycaemic Index values among common food grains. 

This property ensures a slow, sustained release of 

glucose into the bloodstream. 

MECHANISMS BENEFICIAL FOR 

DIABETES 

The therapeutic benefits of bajra and ragi in T2DM 

stem from synergistic action across several 

physiological pathways. 

Low Glycaemic Index and Slow Digestion 

The matrix structure of these millets, coupled with 

high levels of fibre and resistant starch (a starch 

fraction that resists digestion in the small intestine), 

physically impede the action of amylase enzymes. 

This delays the breakdown of starch into glucose 

monomers. The resulting low Glycaemic Index (GI) 

and low glycaemic load (GL) ensure that postprandial 

(after-meal) glucose excursions are flattened, 

minimizing the requirement for a large, rapid insulin 

response. 

Improvement in Insulin Sensitivity 

Micronutrients found abundantly in these millets 

play a direct role in enhancing insulin action. 

Specifically, the high magnesium content in bajra has 

been inversely associated with insulin resistance in 

multiple epidemiological studies. Magnesium acts as 

a cofactor for tyrosine kinase, an enzyme crucial for 

insulin receptor activity. The polyphenols in ragi 

have been shown in in-vitro and animal models to 

mimic or enhance insulin signaling pathways, 

promoting glucose uptake by peripheral tissues 

(muscle and fat cells). 

Antioxidant and Anti-inflammatory Effects 

Oxidative stress, caused by an imbalance between 

reactive oxygen species and the body's antioxidant 

defense, is a major contributor to insulin resistance 

and \beta-cell dysfunction in T2DM. Both bajra and 

ragi are rich sources of phenolic acids (e.g., ferulic 

acid, catechin) and tannins. Studies demonstrated 

that extracts from these millets possess significant 

free radical scavenging activity, which helps to 

mitigate chronic, low-grade inflammation that 

underlies T2DM progression. 

Gut Microbiome Modulation and SCFA 

Production 

The high fibre and resistant starch content of these 

millets serve as prebiotics. Upon reaching the colon, 

they are fermented by beneficial colonic bacteria, 

leading to the production of Short-Chain Fatty Acids 

(SCFAs), primarily acetate, propionate, and butyrate. 

Propionate, in particular, may inhibit hepatic 

cholesterol synthesis, while butyrate is the primary 

energy source for colonocytes and is linked to 

improved gut barrier integrity and reduced systemic 

inflammation. This fibre-microbiome axis directly 

influences glucose and lipid homeostasis. 

Modulation of Lipid Profile 

The soluble fibre components, though less abundant 

than in grains like oats, contribute to lipid regulation. 

Fibre binds to bile acids in the intestinal lumen, 

preventing their reabsorption. This forces the liver to 

divert its cholesterol stores to synthesize new bile 

acids, thereby reducing the circulating levels of LDL-

C and total cholesterol. Furthermore, the 

consumption of millets, particularly as a whole grain, 

generally displaces the intake of refined fats and 

simple sugars, indirectly promoting a healthier lipid 

profile and reducing triglycerides (TG). 
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EVIDENCE FROM CLINICAL AND 

EXPERIMENTAL STUDIES  

Clinical and animal research supported the 

therapeutic potential of bajra and ragi in diabetes 

management. 

 Animal and In Vitro Studies: Experimental 

studies using diabetic rodent models showed that 

feeding diets based on finger millet or pearl millet 

significantly lowered plasma glucose levels 

compared to casein or refined carbohydrate 

controls. These effects were attributed to improved 

glucose tolerance and reduced hepatic glucose 

production. Furthermore, enzymatic inhibition 

assays demonstrated that millet polyphenols can 

inhibit alpha-amylase and alpha-glucosidase, key 

enzymes involved in carbohydrate digestion, 

suggesting a dual mechanism of action (delayed 

digestion and post-absorption effects). 

Human Clinical Trials: 

Small-scale and short-term Randomized Controlled 

Trials (RCTs) conducted in India and Africa provided 

compelling clinical evidence: 

Glycaemic Control: A 2011 intervention trial in 

diabetic patients reported that replacing a 

conventional rice-based breakfast with a ragi-based 

fermented food (dosa) resulted in a 20-25% lower 

postprandial glucose response at 60- and 90-minutes 

post-meal compared to the control meal. Similar 

findings were reported for bajra, showcasing its 

ability to attenuate the acute blood sugar spike. 

Long-Term Markers: Observational and short-term 

trials (typically 4-8 weeks) consistently showed 

significant reductions in both fasting glucose and 

Glycated Hemoglobin (HbA1c) levels (up to a 0.5% 

reduction in some studies) upon sustained 

incorporation of millet-based foods into the diet of 

T2DM patients. 

Lipid Profile: Clinical trials demonstrated that long-

term consumption of whole ragi or bajra significantly 

improved the lipid profile, including a 5% reduction 

in Total Cholesterol and a favorable decrease in the 

LDL-C/HDL-C ratio. Triglyceride improvements were 

noted, particularly in individuals presenting with 

baseline dyslipidemia. 

 The consensus from the literature strongly 

suggests that the slow-release properties and 

bioactive component concentration of these millets 

make them superior to refined grains for dietary 

therapy in T2DM. 

PRACTICAL DIETARY APPLICATIONS 

Integrating millets into modern diets is a challenge 

due to changing food preferences and processing 

requirements, yet it remains crucial for therapeutic 

efficacy. 

Millet Incorporation Strategies: The simplest 

approach involves replacing refined flour 

(wheat/rice) with composite flour containing 50-75% 

millet flour (bajra or ragi) for preparation of staple 

flatbreads (rotis) and batters (dosa, idli). Fermented 

millet foods (like ragi porridge or mudde) are 

particularly recommended as the fermentation 

process may further enhance nutrient bioavailability 

and lower the GI. 

Socio-economic and Environmental Benefits: Millets 

are highly climate-resilient, requiring significantly 

less water and fertilizer than rice or wheat, making 

them an economically viable and environmentally 

sustainable option for small-holder farmers. This 

sustainability strengthens the argument for 

integrating them into public health and nutritional 

security programs, especially in low-resource 

settings where the burden of T2DM is highest. 

CONCLUSION 

Local grains such as bajra and ragi represent 

culturally suitable, economically viable, and 

biologically potent dietary strategies for T2DM 

management. Their unique combination of low GI, 

high fibre, and concentrated micronutrients delivers 

clinically demonstrable benefits in improving 

glycaemic control, enhancing insulin sensitivity, and 

modulating the lipid profile. Their incorporation into 



International Journal of Innovative Social Science & Humanities Research  ISSN: 2349-1876 (Print)  |  ISSN : 2454-1826 (Online) 

 

118 | Vol (2), Issue-4, Oct-Dec, 2015                                                                                                                                                                 IJISSHR 

 

diabetic diet plans should be strongly encouraged as 

a sustainable, non-pharmacological first-line 

intervention. 

REFERENCES 

• Antony, U., & Chandra, T. S. (1998). 

Nutritional benefits of millets. Food 

Chemistry. 

• Devi, P. B., et al. (2011). Health benefits of 

finger millet polyphenols. Journal of Food 

Science and Technology. 

• Shobana, S., et al. (2013). Glycaemic index 

of Indian millet foods. British Journal of 

Nutrition. 

• Charyulu, E. M., et al. (2012). Lipid-lowering 

properties of millets. Nutrition Research. 

• Hegde, P. S., et al. (2005). Antioxidant 

properties of millets. Plant Foods for 

Human Nutrition. 

• Itagi, S. (2011). Glycaemic response of 

millet-based foods. International Journal of 

Food Science and Nutrition. 

• Lakshmi Kumari, P., et al. (2007). Resistant 

starch in pearl millet. Journal of Agricultural 

Science. 

• Singh, P., et al. (2014). Effects of millet diet 

on diabetic rats. Indian Journal of 

Experimental Biology. 

• Radhika, G., et al. (2009). Whole grains and 

insulin resistance. Public Health Nutrition. 

• Gopalan, C., et al. (2004). Nutritive Value of 

Indian Foods. ICMR. 

• Handa, V., et al. (2010). Hypoglycemic and 

hypolipidemic effects of millet-based foods. 

International Journal of Diabetes Mellitus, 

2(2), 118-125. 

• Chethan, S., & Malleshi, N. G. (2007). Finger 

millet polyphenols and antioxidant activity. 

Food Chemistry, 105(3), 1195-1200 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Copyright © 2015 Dr. Alka Pareek. This is an open access refereed article distributed under the Creative Common 

Attribution License which permits unrestricted use, distribution and reproduction in any medium, provided the 

original work is properly cited. 


