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ABSTRACT 
 

Millet grains have gained recognition as nutritious, climate-resilient crops with the potential to 
contribute to food security and public health. This review explores the nutritional benefits, 
processing advancements, and future prospects of millet grains. Millets are rich sources of dietary 
fiber, protein, vitamins, minerals, and antioxidants, making them suitable for gluten-free diets and 
beneficial for managing chronic diseases. Recent advancements in processing technologies have 
led to the development of a variety of millet-based products that retain nutritional integrity while 
enhancing sensory attributes. These innovations offer convenient and nutritious alternatives to 
traditional grain-based foods. Looking ahead, millets hold promise for sustainable agriculture and 
improved human health, especially in regions facing food insecurity and malnutrition. Government 
support and consumer awareness are crucial for realizing the full potential of millet grains in 
addressing global challenges. 
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1. INTRODUCTION 
 
Millet grains, often referred to as "smart grains," 
have garnered increasing attention in recent 
years due to their exceptional nutritional profile, 
resilience to harsh environmental conditions, and 
potential to contribute significantly to global food 
security and public health. Millets, including pearl 
millet, finger millet, sorghum, and foxtail millet, 
have been staple crops in many parts of the 
world for centuries [1-7]. However, their 
importance has been overshadowed by other 
cereals like rice, wheat, and maize. In this 
comprehensive review, we delve into the 
nutritional benefits of millet grains, recent 
advancements in processing technologies, and 
the promising prospects they offer for enhancing 
food security and promoting human health [8-10]. 
 
Millet grains, often referred to as "smart grains," 
have garnered increasing attention in recent 
years due to their exceptional nutritional profile, 
resilience to harsh environmental conditions, and 
potential to contribute significantly to global food 
security and public health. These ancient grains, 
including pearl millet, finger millet, sorghum, and 
foxtail millet, have been cultivated as staple 
crops in diverse regions across Africa, Asia, and 
parts of Europe for centuries. However, their 
prominence in global agriculture has diminished 
over time, as they have been overshadowed by 
more widely cultivated cereals like rice, wheat, 
and maize. Despite their historical significance, 
millets have faced neglect in modern agricultural 
practices and dietary patterns [11,12]. However, 

recent shifts in consumer preferences towards 
healthier and more sustainable food options, 
coupled with increasing awareness of the 
nutritional value of millets, have led to a 
resurgence of interest in these resilient grains. 
Millets are now being recognized as an integral 
part of efforts to address food security 
challenges, combat malnutrition, and promote 
sustainable agricultural practices worldwide. 
 
The nutritional benefits of millet grains are 
manifold. They are rich sources of essential 
nutrients such as dietary fiber, protein, vitamins, 
and minerals, including iron, magnesium, 
phosphorus, and zinc. Additionally, millets are 
gluten-free, making them suitable for individuals 
with celiac disease or gluten intolerance [13-15]. 
Their low glycemic index and high satiety value 
also make them ideal choices for managing 
blood sugar levels and promoting weight 
management. 
 
Recent advancements in processing 
technologies have further enhanced the 
nutritional quality and versatility of millet-based 
products. Innovative techniques such as milling, 
extrusion, and fermentation have been employed 
to develop a wide range of value-added millet-
based foods, including flours, breakfast cereals, 
snacks, and beverages [16-19]. These 
processing methods not only improve the 
palatability and sensory characteristics of millet 
products but also enhance their shelf life and 
digestibility. millets hold immense promise for 
addressing pressing global challenges related to 
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food security, nutrition, and sustainability. Their 
ability to thrive in marginal environments with 
minimal water and fertilizer inputs makes them 
particularly well-suited for cultivation in arid and 
semi-arid regions prone to drought and climate 
change. Moreover, their nutritional resilience and 
adaptability to diverse agroecological conditions 
make them valuable assets for promoting dietary 
diversity and resilience in vulnerable 
communities to delve deeper into the nutritional 
benefits of millet grains, explore recent 
advancements in processing technologies, and 
examine the promising prospects they offer for 
enhancing food security, promoting human 
health, and fostering sustainable agricultural 
practices worldwide. Through a holistic 
understanding of the multifaceted potential of 
millets, we can harness their power to nourish 
people, sustain the planet, and build a healthier, 
more resilient future for all. 
 

2. NUTRITIONAL BENEFITS OF MILLET 
GRAINS 

 
Millet grains are nutritional powerhouses, packed 
with essential nutrients that are vital for overall 
health and well-being. These grains are rich 
sources of dietary fiber, protein, vitamins, and 
minerals. They are gluten-free and have a low 
glycemic index, making them suitable for 
individuals with celiac disease or those seeking 
to manage blood sugar levels. Millets are 
particularly notable for their high content of 
antioxidants, including phenolic compounds and 
flavonoids, which have been linked to various 
health benefits, such as reducing the risk of 
chronic diseases like cardiovascular disease, 
diabetes, and certain cancers. Millet grains are 
renowned for their exceptional nutritional profile, 
offering a wide array of essential nutrients that 
contribute to overall health and well-being. These 

ancient grains have sustained human 
populations for centuries and continue to be 
valued for their nutritional resilience and health-
promoting properties [20-22]. 
 
One of the key nutritional benefits of millet grains 
is their rich content of dietary fiber. Millets are 
among the richest sources of dietary fiber among 
cereals, with both soluble and insoluble fiber 
components [23,24]. This fiber content aids in 
digestion, promotes satiety and helps regulate 
blood sugar levels, making millets an excellent 
choice for individuals looking to manage their 
weight or improve their digestive health. In 
addition to fiber,  millets are also rich in protein, 
providing a high-quality plant-based protein 
source that is essential for muscle growth and 
repair, as well as overall cellular function. Millet 
proteins contain all essential amino acids, 
making them a valuable protein source for 
vegetarians and vegans. This protein content is 
particularly beneficial for individuals following 
plant-based diets or seeking alternative protein 
sources, millet grains are packed with essential 
vitamins and minerals, including B vitamins such 
as niacin, thiamine, and riboflavin, which play 
vital roles in energy metabolism, nervous system 
function, and overall health. Millets also contain 
significant amounts of minerals like iron, 
magnesium, phosphorus, and zinc, which are 
essential for immune function, bone health, and 
cognitive function. Another noteworthy nutritional 
aspect of millet grains is their gluten-free nature, 
making them suitable for individuals with celiac 
disease or gluten intolerance. This gluten-free 
status has contributed to the growing popularity 
of millets as an alternative grain option for 
individuals seeking to avoid gluten-containing 
grains like wheat, barley, and rye. Moreover, 
millet grains have a low glycemic index, meaning 
they cause a slower and more gradual increase

 
Table 1. Nutrients content in different types of millets 

 

Nutrient Pearl Millet Finger Millet Sorghum Foxtail Millet 

Protein (g 11.6          7.3             9.7      12.3            
Carbohydrates (g)| 67.0          72.9            75.5     60.9            
Fiber (g) 8.5           3.6             6.7      9.8             
Fat (g)          4.0           1.3             3.0      5.2             
Calcium (mg)     42            344             28       31 
Magnesium (mg)   114 114 121 137 
Phosphorus (mg 285 344 287 298 
Potassium (mg)   348 408 350 330 
Zinc (mg)        2.9           3.9 2.7 2.4 
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in blood sugar levels compared to high-glycemic 
index foods [25]. This property makes millets an 
ideal choice for individuals with diabetes or those 
looking to manage their blood sugar levels 
effectively. Overall, the nutritional benefits of 
millet grains make them a valuable addition to a 
healthy diet, offering a diverse array of essential 
nutrients that promote overall health and well-
being. Incorporating millets into one's diet can 
help diversify nutrient intake, support digestive 
health, regulate blood sugar levels, and 
contribute to overall nutritional adequacy. 
 

3. PROCESSING ADVANCEMENTS 
 
In recent years, there have been significant 
advancements in processing technologies for 
millet grains, aimed at improving their palatability, 
digestibility, and overall consumer acceptance. 
Traditional processing methods, such as milling, 
dehulling, and grinding, have been modernized 
and optimized to retain the nutritional integrity of 
millets while enhancing their sensory attributes. 
Innovations in food processing equipment and 
techniques, such as extrusion, puffing, and 
fortification, have led to the development of a 
diverse range of millet-based products, including 
breakfast cereals, snacks, baked goods, and 
beverages [26-29]. These value-added millet 
products offer consumers convenient and 
nutritious alternatives to conventional grain-
based foods. Recent advancements in 
processing technologies have expanded the 
utilization of millet grains in various food 
products, enhancing their accessibility, 
palatability, and versatility. These innovations 
have played a crucial role in promoting the 
consumption of millet-based foods and 
incorporating them into diverse culinary 
applications. 
 
One significant processing advancement is the 
development of milling techniques tailored 
specifically for millet grains. Traditional milling 
methods often resulted in the loss of valuable 
nutrients and bioactive compounds present in 
millets. However, modern milling technologies, 
such as abrasive and impact milling, have 
enabled the production of refined millet flour with 
minimal nutrient loss. These advanced milling 
techniques preserve the nutritional integrity of 
millets while producing flour with fine particle size 
and improved functional properties, the 
emergence of extrusion technology has 
revolutionized the production of millet-based 
snacks, breakfast cereals, and ready-to-eat 
products. Extrusion processing involves 

subjecting millet flour to high temperature and 
pressure, resulting in the formation of expanded, 
crispy, and shelf-stable products. Extruded millet 
snacks are gaining popularity as healthy 
alternatives to conventional snacks, offering 
consumers nutritious options without 
compromising on taste or convenience. In 
addition to milling and extrusion, fermentation 
has emerged as a promising processing 
technique for enhancing the nutritional quality 
and digestibility of millet-based foods. 
Fermentation involves the microbial 
transformation of millet grains through the action 
of lactic acid bacteria, yeast, or other fermenting 
agents [30]. This process leads to the breakdown 
of complex carbohydrates, proteins, and anti-
nutritional factors, resulting in improved nutrient 
bioavailability and sensory properties. Moreover, 
advancements in food processing equipment and 
packaging technologies have extended the shelf 
life of millet-based products, ensuring their 
availability and quality over an extended period. 
Vacuum packaging, modified atmosphere 
packaging, and aseptic packaging techniques 
help preserve the freshness and nutritional value 
of millet-based foods while minimizing spoilage 
and microbial contamination. Additionally, the 
integration of digital technologies and automation 
in food processing facilities has enhanced 
efficiency, quality control, and product 
consistency in millet processing operations. 
Automation allows for precise control of 
processing parameters, such as temperature, 
humidity, and mixing times, ensuring optimal 
product quality and safety [31,32]. These 
processing advancements have contributed to 
the diversification and commercialization of 
millet-based foods, making them more 
accessible and appealing to consumers 
worldwide. By harnessing the potential of modern 
processing technologies, millet grains can be 
transformed into a wide range of nutritious and 
delicious food products that contribute to global 
food security and public health. 
 

4. FUTURE DIRECTIONS FOR FOOD 
SECURITY AND HEALTH 
IMPROVEMENT 

 
Millet grains hold great promise for addressing 
key challenges related to food security, 
sustainable agriculture, and public health. As 
climate change continues to threaten global food 
systems, the cultivation of millets offers a 
sustainable solution, as these crops are well-
adapted to adverse growing conditions such as 
drought, heat, and poor soil fertility [33]. 
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Moreover, promoting the consumption of millet-
based foods can contribute to combating 
malnutrition and diet-related health issues, 
particularly in regions with prevalent 
micronutrient deficiencies. Government policies 
and initiatives that incentivize millet production, 
research, and development are crucial for 
harnessing the full potential of these resilient 
grains and realizing their positive impact on food 
security and public health worldwide. The 
incorporation of millet grains into diets has the 
potential to significantly improve food security 
and promote better health outcomes on a global 
scale. Millets are highly resilient crops that can 
thrive in diverse agroclimatic conditions, making 
them a valuable resource for addressing food 
insecurity, especially in regions prone to 
environmental challenges such as droughts and 
erratic rainfall patterns. 

 
One of the key ways in which millets contribute to 
food security is through their ability to enhance 
agricultural sustainability and resilience. Unlike 
monoculture crops like rice and wheat, which 
require extensive irrigation and fertilization, 
millets are hardy and drought-tolerant, requiring 
minimal water and inputs to grow. This makes 
them well-suited for cultivation in marginal and 
rain-fed areas where water scarcity and soil 
degradation pose significant challenges to 
agricultural productivity, millets are characterized 
by their high nutritional value and diverse array of 
essential nutrients, including protein, dietary 
fiber, vitamins, and minerals. Incorporating 
millets into diets can help address malnutrition 
and micronutrient deficiencies, which are 
prevalent in many parts of the world, particularly 
in low-income communities. Millets are also 
gluten-free, making them suitable for individuals 
with celiac disease or gluten intolerance, further 
expanding their accessibility and utility as a 
staple food crop [34]. 

 
In addition to their nutritional benefits, millets 
offer numerous health-promoting properties that 
contribute to overall well-being and disease 
prevention. Millets have a low glycemic index, 
meaning they cause a slower and more gradual 
increase in blood sugar levels compared to 
refined grains like white rice and wheat flour. 
This makes them suitable for individuals with 
diabetes or those seeking to manage their blood 
sugar levels effectively, millets contain bioactive 
compounds such as phenolic compounds, 
flavonoids, and antioxidants, which possess anti-
inflammatory, anti-cancer, and cardio-protective 
properties. Regular consumption of millets has 

been associated with a reduced risk of chronic 
diseases such as cardiovascular disease, 
cancer, and obesity, making them valuable 
components of a healthy diet [35]. 
 

The versatility of millet grains also lends itself to 
a wide range of culinary applications, from 
traditional porridges and flatbreads to modern 
snacks, baked goods, and beverages. By 
promoting the consumption of millet-based foods, 
policymakers, researchers, and food 
manufacturers can help diversify diets, reduce 
reliance on monoculture crops, and improve 
overall dietary quality and diversity, the 
widespread adoption of millets as a staple food 
crop has the potential to enhance food security, 
alleviate malnutrition, and promote better health 
outcomes for individuals and communities 
worldwide. By harnessing the nutritional and 
agronomic advantages of millets and investing in 
research, policy support, and infrastructure 
development, we can unlock the full potential of 
these "smart grains" to build a more sustainable, 
resilient, and nourishing food system for future 
generations. 
 

5. CONCLUSION 
 

Millet grains represent a valuable asset in the 
quest for sustainable food systems and improved 
human health. With their exceptional nutritional 
benefits, adaptability to diverse growing 
environments, and versatility in culinary 
applications, millets have the potential to play a 
significant role in addressing global challenges 
such as malnutrition, food insecurity, and chronic 
diseases. By leveraging technological 
innovations, fostering research and innovation, 
and promoting consumer awareness and 
acceptance, we can unlock the full potential of 
millet grains and pave the way for a healthier, 
more resilient future for generations to come. In 
conclusion, millet grains emerge as a promising 
solution to address global food security 
challenges while simultaneously improving public 
health outcomes. Throughout this review, we 
have explored the exceptional nutritional benefits 
of millets, their recent processing advancements, 
and their potential to enhance food security and 
promote health. Millet grains offer a wealth of 
essential nutrients, including protein, dietary 
fiber, vitamins, and minerals, making them a 
valuable addition to diverse diets. Their gluten-
free nature further enhances their accessibility, 
catering to individuals with specific dietary 
requirements. Moreover, millets exhibit various 
health-promoting properties, such as anti-
inflammatory and cardio-protective effects, 
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contributing to reduced risks of chronic diseases 
like cardiovascular disease and diabetes [36]. 
 
Recent advancements in processing 
technologies have further expanded the culinary 
versatility of millet grains, allowing for the 
development of a wide range of millet-based 
products. From traditional porridges and 
flatbreads to modern snacks and beverages, 
millets offer endless possibilities for nutritious 
and flavorful culinary creations. By promoting the 
cultivation, consumption, and utilization of millets, 
policymakers, researchers, and food industry 
stakeholders can contribute to building a more 
sustainable and resilient food system. Millets' 
ability to thrive in diverse agroclimatic conditions 
makes them particularly valuable for addressing 
food insecurity in regions vulnerable to 
environmental challenges, millet grains represent 
a beacon of hope for achieving food security, 
improving nutrition, and promoting health 
worldwide. By harnessing the full potential of 
these "smart grains" through strategic 
investments, collaborations, and policy support, 
we can pave the way towards a healthier, more 
sustainable future for all [37,38]. 
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