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Abstract: 
            Millets a group of small-seeded cereal grains that have sustained human civilizations for over 10,000 
years are experiencing a remarkable scientific and culinary revival. Once dismissed as subsistence crops, 
millets are now recognized as nutritional powerhouses offering extraordinary benefits for human health. 
This paper presents a comprehensive, evidence-based analysis of the nutritional composition, health-
promoting properties, and clinical relevance of the five most widely cultivated millets: Pearl Millet (Bajra), 
Finger Millet (Ragi), Foxtail Millet, Little Millet, and Kodo Millet. Drawing from peer-reviewed clinical 
studies and biochemical research, this paper demonstrates that millets are rich in dietary fiber, complex 
carbohydrates, essential amino acids, micronutrients (iron, calcium, magnesium, phosphorus, zinc), and 
bioactive phytochemicals including polyphenols and flavonoids. The health evidence reviewed spans 
management of type 2 diabetes mellitus, cardiovascular disease prevention, obesity control, gastrointestinal 
health, bone density maintenance, and antioxidant protection. The paper further examines the anti-nutritional 
factors in millets principally phytic acid and tannins and the processing strategies that mitigate them. The 
relevance of millets in combating India's dual burden of malnutrition and lifestyle disease is also critically 
assessed. Findings affirm that systematic inclusion of millets in modern diets offers a scientifically validated 
pathway to improved population health outcomes. 
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I.     INTRODUCTION 

The global nutrition landscape stands at a 
paradoxical crossroads. On one side, the world 
grapples with rising rates of type 2 diabetes, 
cardiovascular disease, and obesity  diseases driven 
largely by processed food consumption and 

sedentary lifestyles. On the other side, micronutrient 
deficiencies continue to affect billions, particularly 
in low- and middle-income countries. In this context, 
the scientific community and policymakers have 
turned their attention toward a category of food that 
has been cultivated for millennia yet systematically 
sidelined by modern agriculture: millets. 
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Millets are a taxonomically diverse group of 

small-seeded grasses belonging primarily to the 
Poaceae family. Unlike wheat and rice  the crops that 
dominate global food systems millets require 
significantly less water, tolerate poor soils, and 
thrive in semi-arid conditions. These agronomic 
traits make them uniquely suited to climate-resilient 
food systems. However, their importance extends far 
beyond sustainability. Millets are dense repositories 
of nutrients that many modern diets critically lack. 

 
In India, millets were dietary staples for centuries 

before the Green Revolution of the 1960s shifted 
agricultural priorities toward high-yield varieties of 
wheat and rice. The consequences of this transition 
nutritional homogenization, loss of dietary fiber 
intake, and rising lifestyle diseases  are now well 
documented. The United Nations' designation of 
2023 as the International Year of Millets was a 
global acknowledgment of this problem and an 
invitation to course-correct. 

 
This paper systematically examines the nutritional 

composition of major millets, reviews clinical and 
experimental evidence for their health benefits, and 
discusses the anti-nutritional factors that must be 
managed for optimal bioavailability. The aim is to 
provide researchers, nutritionists, healthcare 
practitioners, and policymakers with a consolidated, 
evidence-backed reference on millets as functional 
foods for modern dietary intervention. 

 

II. LITERATURE REVIEW  

Numerous studies have investigated the 
relationship between millet consumption and 
improved health outcomes. Devi et al. (2014) 
established that pearl millet is among the richest 
plant sources of iron and zinc, demonstrating that 
regular consumption significantly reduces iron-
deficiency anemia in adolescent girls. The study's 
findings remain foundational in pediatric nutrition 
research in South Asia. 

 
With respect to diabetes management, Ugare et al. 

(2011) demonstrated that finger millet (Ragi) 

produces significantly lower postprandial glucose 
responses compared to white rice and refined wheat, 
attributing this effect to its high dietary fiber content 
and the slow digestion of its starchy endosperm. 
These findings were corroborated by Shobana et al. 
(2009), who conducted a randomized crossover 
study establishing the low glycemic index of finger 
millet (GI = 54) and its superior effect on long-term 
glycemic control compared to wheat-based diets. 

The cardiovascular benefits of millets have been 
investigated extensively. Hegde et al. (2005) 
reported that polyphenol-rich finger millet extract 
inhibits LDL oxidation and reduces atherogenic risk. 
Chandrasekara and Shahidi (2010) identified 
significant levels of phenolic acids ferulic acid, 
caffeic acid, and p-coumaric acid  in millet brans, 
demonstrating strong in vitro antioxidant activity 
comparable to synthetic antioxidants. 

 
A systematic review by Nithiyanantham et al. 

(2019) analyzed phytochemical profiles across 
multiple millet varieties and confirmed that 
polyphenol concentrations are markedly higher in 
coloured millet varieties (particularly Kodo and 
Finger millet) than in refined cereals, with 
demonstrated activity against oxidative stress 
pathways implicated in aging and chronic disease. 

 
More recently, Saleh et al. (2013) published a 

comprehensive overview in Food Science and 
Nutrition, concluding that millet proteins, despite 
being slightly deficient in lysine, offer balanced 
essential amino acid profiles superior to many other 
cereals and suitable for human dietary requirements 
when combined with legumes  a dietary pattern 
already common across South Asian and African 
food cultures. 

 

 III. NUTRITIONAL COMPOSITION OF MAJOR 
MILLETS 

Understanding the health implications of millets 
begins with a detailed examination of their 
nutritional profiles. While composition varies by 
species, variety, and growing conditions, millets 
broadly offer a robust combination of 
macronutrients, micronutrients, and bioactive 
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compounds that distinguish them from dominant 
staple cereals. 

 

A. Macronutrient Profile 

Millets are predominantly composed of complex 
carbohydrates (60–70% dry weight), providing 
slow-release energy that supports sustained 
metabolic function. Protein content ranges from 7–
12%, with finger millet at the lower end and pearl 
millet toward the upper range. Critically, millet 
proteins contain all essential amino acids, though 
lysine is the limiting amino acid across most 
varieties. Fat content is modest (1–5%), with a 
favorable proportion of unsaturated fatty acids in 
pearl millet. The dietary fiber content of millets (8–
12%) substantially exceeds that of polished rice 
(0.4%) and refined wheat flour (2.7%), a distinction 
with profound clinical implications. 

B. Micronutrient Density 

Millets are exceptional sources of minerals 
essential to human health. Finger millet (Ragi) 
contains approximately 344 mg of calcium per 100g 
a concentration three to five times higher than other 

cereals and comparable to dairy sources, making it 
particularly valuable in vegetarian and lactose-
intolerant populations. Pearl millet provides iron (8 
mg/100g) and zinc (3.1 mg/100g) at levels that can 
meaningfully contribute to daily requirements. 
Magnesium and phosphorus levels across millet 
varieties support bone metabolism, enzymatic 
function, and cardiovascular health. B-vitamin 
content, particularly niacin and riboflavin, is also 
notable. 

C. Bioactive Phytochemicals 

The phytochemical richness of millets 
distinguishes them as functional foods rather than 
mere calorie sources. Polyphenols including 
phenolic acids, flavonoids, and tannins in certain 
varieties  confer antioxidant, anti-inflammatory, and 
anti-diabetic properties. Finger millet and Kodo 
millet contain particularly high polyphenol 
concentrations. Phytosterols present in millet lipid 
fractions have demonstrated cholesterol-lowering 
properties in clinical models. Lignans and other 
fiber-associated compounds contribute to prebiotic 
function, supporting gut microbiome diversity. 

                                            Table 1: Nutritional Composition of Major Millets per 100g (Dry Weight) 

Millet Type Energy 
(kcal) Protein (g) Fiber (g) Calcium 

(mg) Iron (mg) Glycemic Index 

Pearl Millet (Bajra) 363 10.9 1.2 42 8.0 ~55 

Finger Millet (Ragi) 336 7.3 3.6 344 3.9 ~54 

Foxtail Millet 351 12.3 8.0 31 2.8 ~50 

Little Millet 329 7.7 7.6 17 9.3 ~52 

Kodo Millet 353 8.9 9.0 35 0.5 ~49 

Polished White Rice 
(Reference) 

360 6.8 0.4 10 0.2 ~73 

Source: ICMR-National Institute of Nutrition (NIN) Nutritive Value Tables, 2017; FAO Food Composition Data 

IV.  HEALTH BENEFITS: EVIDENCE-BASED 
ANALYSIS 

A. Diabetes Management and Glycemic Control 

The management of type 2 diabetes through 
dietary modification remains a critical public health 
priority, particularly in India, which carries the 
world's second-largest diabetic population. Millets 
offer a multi-mechanistic advantage in this domain. 

Their high dietary fiber content slows gastric 
emptying and carbohydrate absorption, attenuating 
postprandial glucose excursions. The resistant starch 
fraction in millets further contributes to a reduced 
glycemic response. Clinical studies confirm 
glycemic index values ranging from 49–55 for 
common millets, compared to 73 for polished white 
rice a difference with substantial metabolic 
significance in daily dietary patterns. 
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Additionally, the magnesium content of millets 
plays an underappreciated role in glucose 
metabolism. Magnesium acts as a cofactor for over 
300 enzymatic reactions, including those governing 
insulin secretion and cellular insulin receptor 
activity. Epidemiological data consistently associate 
higher dietary magnesium intake with reduced risk 
of type 2 diabetes development. 

 

B. Cardiovascular Disease Prevention 

Cardiovascular disease (CVD) remains the 
leading cause of global mortality. Millet 
consumption addresses multiple CVD risk factors 
simultaneously. The soluble dietary fiber in millets 
particularly beta-glucan in pearl millet  binds bile 
acids in the intestinal lumen, interrupting 
enterohepatic circulation and compelling hepatic 
conversion of LDL-cholesterol to bile acids, thereby 
reducing serum LDL levels. Polyphenols, 
particularly ferulic acid and quercetin derivatives, 
inhibit lipid peroxidation and LDL oxidation, 
reducing the formation of atherosclerotic plaques. 
The magnesium in millets supports vascular smooth 
muscle relaxation and normal cardiac rhythm, 
contributing to blood pressure regulation. 

 

C. Bone Health and Calcium Adequacy 

Osteoporosis and calcium deficiency remain 
significant concerns, particularly among women and 
elderly populations in India where dairy 
consumption is irregular and vitamin D deficiency is 
prevalent. Finger millet's exceptional calcium 
density (344 mg/100g)  comparable to cow's milk 
(120 mg/100ml) makes it a critically important 
dietary source of bone-building minerals. 
Phosphorus and magnesium in millets further 
support hydroxyapatite formation, the mineral 
matrix of bone tissue. Regular consumption of finger 
millet in childhood and adolescence has been 
associated with improved bone mineral density in 
longitudinal nutritional studies conducted in 
Karnataka, India. 

 

 

D. Gastrointestinal Health and Gut Microbiome 

The high insoluble dietary fiber in millets acts as 
a mechanical regulator of intestinal transit, reducing 
constipation, hemorrhoids, and diverticular disease 
risk. More significantly, the prebiotic fraction of 
millet fiber including arabinoxylan and 
fructooligosaccharides selectively stimulates the 
growth of beneficial gut bacteria, particularly 
Lactobacillus and Bifidobacterium species. A 
diverse and well-nourished gut microbiome is 
increasingly linked to immune function, systemic 
inflammation control, mental health, and metabolic 
regulation. The emerging field of nutritional 
psychiatry points to the gut-brain axis as a 
mechanism through which dietary fiber influences 
mood and cognitive function a pathway where 
millets may offer underexplored benefits. 

 

E. Antioxidant Activity and Cellular Protection 

Oxidative stress the imbalance between reactive 
oxygen species (ROS) production and antioxidant 
defense  is a foundational mechanism in aging and 
chronic disease including cancer, 
neurodegeneration, and cardiovascular pathology. 
Millets, particularly colored varieties like finger 
millet and Kodo millet, contain significant quantities 
of phenolic acids, flavonoids, and tannins with 
demonstrated radical scavenging activity. In vitro 
studies consistently show millet extracts neutralizing 
DPPH radicals and hydroxyl radicals at rates 
comparable to vitamin C and synthetic antioxidants 
like BHA/BHT. This antioxidant capacity translates 
to in vivo protection against lipid oxidation, DNA 
damage, and inflammatory cytokine production in 
animal model studies. 

 

F. Weight Management and Satiety 

The obesity epidemic demands dietary strategies 
that regulate caloric intake while maintaining 
nutritional adequacy. Millets offer a physiologically 
grounded solution: their high dietary fiber and 
protein content promotes satiety through multiple 
mechanisms delayed gastric emptying, stimulation 
of satiety hormones (peptide YY, GLP-1), and 
reduced caloric density compared to refined 



International Journal of Scientific Research and Engineering Development-– Volume 9 Issue 3, May-June 2026   
              Available at www.ijsred.com                                 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 2419 

carbohydrate foods. A clinical study conducted by 
Narayanan et al. (2016) demonstrated that subjects 
consuming millet-based breakfasts reported 
significantly lower caloric intake over the 
subsequent 4-hour period compared to matched 
white rice breakfasts, suggesting a meaningful 
appetite-regulatory role for millets in weight 
management protocols. 

 

V.  ANTI-NUTRITIONAL FACTORS AND 
PROCESSING STRATEGIES 

A scientifically complete discussion of millets 
must acknowledge their anti-nutritional factors 
(ANFs) compounds that reduce the bioavailability of 
nutrients or impair digestive function when millets 
are consumed without appropriate processing. The 
two principal ANFs in millets are phytic acid 
(phytate) and tannins, though oxalates and enzyme 
inhibitors are also present in certain varieties. 

 

A. Phytic Acid (Phytate) 

Phytic acid, the primary storage form of 
phosphorus in cereal grains, binds divalent minerals 
including iron, zinc, and calcium to form insoluble 
complexes that resist intestinal absorption. This 
chelating property reduces the bioavailability of 

these critical micronutrients. Phytic acid content in 
millets ranges from 0.18–1.19% dry weight. 
However, processing significantly reduces phytate 
levels. Soaking raw millets for 12–24 hours activates 
endogenous phytase enzymes that hydrolyze 
phytate. Fermentation the mechanism underlying 
traditional preparations such as dosa, idli, and koozh 
in South India is particularly effective, reducing 
phytate by 40–60% while simultaneously increasing 
free amino acid content. Germination (sprouting) 
reduces phytate by 30–50% and increases vitamin C 
content and enzymatic activity. 

 

B. Tannins 

Tannins are polyphenolic compounds found in 
higher concentrations in the seed coats of colored 
millets, particularly sorghum and Kodo millet. While 
tannins contribute to antioxidant properties, 
excessive dietary tannin intake can precipitate 
proteins in the digestive tract, reducing protein 
digestibility and mineral absorption. Decortication 
(removal of the outer seed coat) dramatically reduces 
tannin content but simultaneously reduces 
polyphenol benefits. A balanced approach involves 
partial processing: fermentation and germination 
reduce tannin activity without complete polyphenol 
loss. 

  
                 Table 2: Processing Methods and Their Effect on Anti-Nutritional Factors 
 

Processing Method Phytate Reduction Tannin Reduction Additional Benefits 

Soaking (12–24 hrs) 25–35% 15–20% Softens grain, reduces cooking time 

Germination (Sprouting) 30–50% 20–30% Increases Vitamin C, free amino acids, 
amylase 

Fermentation 40–60% 25–40% Enhances probiotic value, B-vitamins, 
digestibility 

Roasting / Popping 10–20% 30–50% Improves palatability and shelf life 

Decortication (Milling) 60–80% 50–70% Reduces bran; some polyphenol loss 

Source: Compiled from Devi et al. (2014); Kumar et al. (2016); Saleh et al. (2013) 
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VI.  MILLETS IN THE INDIAN DIETARY 
CONTEXT 

India's relationship with millets is historically 
deep and geographically widespread. Traditional 
food systems across Tamil Nadu (Kambu dosai, Ragi 
koozh, Thinai pongal), Rajasthan (Bajra roti), 
Karnataka (Ragi mudde), and Andhra Pradesh have 
long incorporated millets as primary staples. The 
displacement of these foods by white rice and wheat 
over the past five decades has been a nutritional 
regression with measurable health consequences. 

 

India carries a dual burden of malnutrition  
simultaneously facing undernutrition (iron 
deficiency anemia, protein-energy malnutrition in 
children) and overnutrition (type 2 diabetes, 
hypertension, obesity). Millets address both ends of 
this spectrum. Their micronutrient density combats 
deficiency conditions, while their low glycemic 
index and high fiber content counter metabolic 
disease. The Indian Council of Medical Research 
(ICMR) and the National Institute of Nutrition have 
consistently recommended millets as components of 
balanced dietary guidelines. 

 

Government policy has begun to follow the 
science. The Indian Government's Nutri-Cereals 
initiative and the POSHAN 2.0 program have 
incorporated millets into school mid-day meal 
programs, anganwadi supplementary nutrition, and 
public distribution systems in selected states. Tamil 
Nadu, in particular, has implemented Kambu (Pearl 
Millet) and Ragi in government nutrition programs. 
The International Year of Millets in 2023 provided 
additional policy momentum, with India positioning 
itself as a global leader in millet production and 
promotion. 

 

VII.  LIMITATIONS AND FUTURE 
RESEARCH DIRECTIONS 

Despite the compelling evidence base, several 
gaps limit the translation of millet science into 
clinical practice. First, the majority of clinical studies 
on millets have been conducted in Asia and Africa, 

and generalizability to Western dietary contexts 
requires validation through multi-center, 
randomized controlled trials. Second, millet variety, 
cultivation conditions, and processing methods 
introduce significant compositional variability that 
complicates standardized dietary recommendations. 

 

Future research should prioritize:  

(1) Human randomized controlled trials with 
adequate sample sizes examining millet intervention 
on hard clinical endpoints (HbA1c, cardiovascular 
events, bone mineral density);  

(2) Investigation of the gut microbiome-
mediated mechanisms through which millet fiber 
confers systemic health benefits;  

(3) Development of biofortified millet varieties 
with enhanced lysine content to address protein 
quality limitations; and  

(4) Consumer acceptability and sensory research 
to identify formulations that facilitate millet 
adoption in urban populations accustomed to refined 
cereal diets. 

 

VIII.  CONCLUSION 

The scientific evidence reviewed in this paper 
converges on a clear conclusion: millets are among 
the most nutritionally complete, metabolically 
beneficial, and ecologically sustainable food crops 
available to humanity. Their exceptional fiber 
content, mineral density, low glycemic index, and 
phytochemical richness position them as dietary 
interventions with genuine therapeutic potential in 
the management and prevention of the dominant 
non-communicable diseases of the twenty-first 
century type 2 diabetes, cardiovascular disease, 
osteoporosis, and obesity. 

The anti-nutritional factors present in millets are 
real but manageable through traditional and modern 
processing methods that have been refined over 
millennia of culinary practice. The integration of 
millets into modern diets does not require radical 
behavioral change  it requires the recovery of dietary 
wisdom that was discarded too hastily in the pursuit 
of agricultural monocultures. 
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India stands at a unique intersection of scientific 
knowledge, cultural familiarity, agricultural 
capacity, and policy readiness to lead a global millet 
renaissance. For researchers, clinicians, and public 
health practitioners, this paper affirms that millets 
deserve prominent placement in evidence-based 
dietary guidelines, clinical nutrition protocols, and 
national food security strategies. The grain of the 
past may well be the medicine of the future. 
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