
 

 

Millets a Pathway to Nutrition Security for Sustainable Agriculture 
 
Abstract: 
Millets, a group of small-seeded grasses, have been cultivated for thousands of years and are an integral 
part of traditional diets in many regions of the world. The nutritional value, resilience to harsh 
environmental conditions, and potential for sustainable agriculture, millets have been largely overlooked 
and underutilized in modern food systems, the nutritional benefits of millets, their role in ensuring food 
security, and strategies for promoting their cultivation and consumption. Millets are rich in essential 
nutrients, including protein, fiber, vitamins, and minerals, and offer numerous health benefits, such as 
reducing the risk of chronic diseases like diabetes and heart disease. Additionally, millets are well-suited 
to climate-resilient agriculture, requiring less water and fertilizer than many other cereal crops. By 
promoting the cultivation and consumption of millet, policymakers, researchers, and agricultural 
stakeholders can enhance food security, support small-scale farmers, and promote sustainable food 
systems and the need for increased investment in millet research, the development of value chains, and 
consumer education to realize the full potential of millets in addressing global food security challenges. 
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Introduction: 
Millets, a group of small-seeded grains, have been cultivated for centuries and have served as staple 
foods for millions of people around the world [1-3]. Despite their nutritional richness and adaptability to 
diverse agro-climatic conditions, millets have often been overlooked in favor of more widely cultivated 
cereals like rice, wheat, and maize. However, with the increasing challenges posed by climate change, 
water scarcity, and food insecurity, there is a growing recognition of the potential of millets to play a 
significant role in ensuring global food security. Millets, including varieties such as pearl millet, finger 
millet, sorghum, and foxtail millet, have been fundamental to the diets of diverse cultures across Asia, 
Africa, and parts of Europe for centuries. Historically, they have been cultivated in regions with 
challenging growing conditions, such as arid and semi-arid environments, where other crops struggle to 
thrive. This resilience to harsh climates has made millets a reliable source of sustenance for communities 
facing environmental challenges, including drought and soil degradation [4-6]. 
Nutritional benefits and adaptability, millets have often been marginalized in modern agricultural systems, 
overshadowed by more widely cultivated crops like rice and wheat. This trend has been driven in part by 
agricultural policies and market dynamics that prioritize the production of staple grains over traditional 
and locally adapted crops. As a result, millet cultivation has declined in many regions, leading to a loss 
of biodiversity and cultural heritage associated with these ancient grains. there has been a resurgence 
of interest in millets as a sustainable and nutritious food source. Researchers, policymakers, and farmers 
are recognizing the potential of millet to address contemporary challenges such as food insecurity, 
malnutrition, and climate change. Millets are known for their high nutritional value, containing essential 
nutrients such as protein, fiber, vitamins, and minerals. They are also gluten-free, making them suitable 
for individuals with celiac disease or gluten intolerance, millets require fewer inputs such as water and 
fertilizer compared to other cereal crops, making them well-suited to sustainable agricultural practices [7-
12]. Their deep root systems help improve soil structure and fertility, making them valuable components 
of agroecological farming systems. By promoting millet cultivation, farmers can diversify their crop 
portfolios, reduce dependence on external inputs, and enhance resilience to climate variability, millets 
contribute to cultural diversity and food sovereignty, preserving traditional knowledge and culinary 
heritage. In many communities, millets are not just a source of nutrition but also play important roles in 
rituals, festivals, and social gatherings. Revitalizing millet production and consumption can thus 
contribute to the preservation of cultural identity and the promotion of local food systems, the resurgence 
of interest in millets presents an opportunity to promote sustainable agriculture, improve nutrition, and 
enhance food security for communities around the world. By harnessing the nutritional and ecological 



 

 

benefits of millets, we can build more resilient and inclusive food systems that nourish both people and 
the planet [13-15]. 
Nutritional Value of Millets: 
Millets are nutritional powerhouses, rich in protein, dietary fiber, vitamins, and minerals. They are 
particularly high in iron, calcium, magnesium, and antioxidants, making them an excellent dietary choice 
for combating malnutrition and addressing micronutrient deficiencies, especially in vulnerable 
populations. Additionally, millets are gluten-free, making them suitable for individuals with celiac disease 
or gluten intolerance. Incorporating millets into the diet can help diversify nutrient intake and improve 
overall health outcomes [16-21]. 
Table 1. Nutritional Value of Millets 

 
This table provides a comparison of the nutritional composition of pearl millet, finger millet, sorghum, and 
foxtail millet. It includes information on energy content, macronutrients (carbohydrates, protein, fat, fiber), 
micronutrients (calcium, iron, magnesium, phosphorus, potassium, zinc), and vitamins (B1, B2, B3, B6, 
folate). These values are approximate and may vary depending on factors such as variety, growing 
conditions, and processing methods. 
 
Resilience to Environmental Stresses: 
One of the key attributes of millets is their resilience to environmental stresses such as drought, heat, 
and poor soil fertility. Unlike many other cereal crops, millets require minimal water and fertilizer inputs, 
making them well-suited to regions prone to erratic rainfall and soil degradation. Their short growing 
seasons and ability to thrive in marginal lands further enhance their adaptability to challenging growing 
conditions [22-25]. By promoting the cultivation of millets, farmers can mitigate the risks associated with 
climate variability and ensure stable food production even in the face of environmental uncertainties. 



 

 

 
FIG 1: India’s millet map  
Source:https://vajiramandravi.com/upsc-daily-current-affairs/mains-articles/the-international-year-of-
millets/ 
 
Promoting Sustainable Agriculture and Food Systems: 
The cultivation of millets aligns with the principles of sustainable agriculture, as it promotes biodiversity, 
conserves water and soil resources, and reduces greenhouse gas emissions. Millets are often grown 
using traditional farming practices, such as intercropping, agroforestry, and organic farming, which 
contribute to ecosystem resilience and agroecological diversity, millet-based cropping systems provide 
opportunities for smallholder farmers to diversify their income sources and improve their livelihoods [16-
34. By integrating millets into cropping rotations and promoting agroecological approaches, policymakers 
and agricultural stakeholders can foster more sustainable and resilient food systems that benefit both 
people and the planet. Millet represent a valuable yet underutilized resource for ensuring food security, 



 

 

promoting nutrition, and enhancing resilience to climate change. Their nutritional richness, adaptability to 
diverse agro-climatic conditions, and contribution to sustainable agriculture make them a promising 
solution to the challenges facing global food systems. However, realizing the full potential of millets 
requires concerted efforts from policymakers, researchers, farmers, and consumers to promote their 
cultivation, consumption, and value addition [35-51]. By prioritizing millets in agricultural policies, research 
agendas, and dietary guidelines, we can harness the power of these ancient grains to build a more 
sustainable and equitable food future for all. 

 
 Fig 2: Millets Health Benefit  
 
SOURCE: https://apeda.gov.in/milletportal/health_benefits.html 
 
Health Benefits: 



 

 

 
Fig 3: Health Benefit Of Millets  
 
Source: https://selliliar.live/product_details/20751228.html 
 
Conclusion 
 
Millets stand out as a valuable yet often overlooked resource with the potential to address multiple 
challenges facing global food systems. Their exceptional nutritional richness, adaptability to diverse agro-
climatic conditions, and ability to contribute to sustainable agriculture make them a promising solution in 
the fight against hunger and malnutrition. However, realizing the full potential of millets requires 
collaborative efforts from various stakeholders. Firstly, policymakers play a crucial role in promoting millet 
cultivation by implementing supportive policies, providing incentives for farmers, and integrating millets 
into national agricultural strategies. By recognizing the importance of millets and prioritizing their 
production, policymakers can create an enabling environment for farmers to grow these crops 
sustainably. Secondly, researchers have a responsibility to conduct further studies on millets to enhance 
their agronomic performance, nutritional value, and resilience to climate change. This includes 
developing high-yielding and climate-resilient millet varieties, improving agronomic practices, and 
exploring innovative processing techniques to add value to millet-based products. Thirdly, farmers need 
support and access to resources to adopt millet cultivation practices and integrate them into their cropping 
systems. Extension services, training programs, and financial incentives can empower farmers to 
embrace millet cultivation and maximize its potential benefits, consumers play a vital role in driving 



 

 

demand for millet-based foods by raising awareness about their nutritional benefits, culinary versatility, 
and environmental sustainability. By incorporating millets into their diets and supporting local producers, 
consumers can contribute to the growth of the millet market and promote a more diverse and resilient 
food system prioritizing millets in agricultural policies, research agendas, and dietary guidelines can 
unlock their full potential to ensure food security, promote nutrition, and enhance resilience to climate 
change. By working together, we can harness the power of these ancient grains to build a more 
sustainable and equitable food future for all. 
 
Disclaimer (Artificial intelligence) 
Option 1:  
Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, 
COPILOT, etc) and text-to-image generators have been used during writing or editing of manuscripts.  
Option 2:  
Author(s) hereby declare that generative AI technologies such as Large Language Models, etc have been 
used during writing or editing of manuscripts. This explanation will include the name, version, model, and 
source of the generative AI technology and as well as all input prompts provided to the generative AI 
technology 
Details of the AI usage are given below: 
1. 
2. 
3. 
 
 
References 

1) Saleh, A. S. M., Zhang, Q., Chen, J., & Shen, Q. (2013). Millet grains: nutritional quality, 
processing, and potential health benefits. Comprehensive Reviews in Food Science and Food 
Safety, 12(3), 281-295. 

2) Bhargava, A., Shukla, S., & Ohri, D. (2011). Genetic diversity assessment in crop plants—
progress and limitations. Current Science, 100(1), 107-116. 

3) Upadhyaya, H. D., & Ortiz, R. (2001). A mini core subset for capturing diversity and promoting 
utilization of chickpea genetic resources in crop improvement. Theoretical and Applied Genetics, 
102(8), 1292-1298. 

4) Reddy, V. R., & Angadi, S. V. (2010). Climate change and its impact on agriculture. Advances in 
Agronomy, 107, 333-359. 

5) Padulosi, S., Heywood, V., Hunter, D., Jarvis, A., & Khoury, C. (2011). Underutilized species and 
climate change: current status and outlook. Issues in Agricultural Biodiversity, 31-54. 

6) Milad, S. M. A. B. (2022). Antimycotic sensitivity of fungi isolated from patients with Allergic 
Bronchopulmonary Aspergillosis (ABPA). In Acta Biology Forum (Vol. 1, No. 02, pp. 10-13). 

7) de Morais Cardoso, L., Pinheiro, S. S., Martino, H. S. D., & Pinheiro-Sant'Ana, H. M. (2017). 
Sorghum (Sorghum bicolor L.): Nutrients, bioactive compounds, and potential impact on human 
health. Critical Reviews in Food Science and Nutrition, 57(2), 372-390. 

8) Reddy, C. A., Oraon, S., Bharti, S. D., Yadav, A. K., & Hazarika, S. (2024). Advancing Disease 
Management in Agriculture: A Review of Plant Pathology Techniques. Plant Science Archives. 

9) Safdar, N. A., Nikhat, E. A. S., & Fatima, S. J. (2023). Cross-sectional study to assess the 
knowledge, attitude, and behavior of women suffering from PCOS and their effect on the 
skin. Acta Traditional Medicine. V2i01, 19-26. 

10) Khatana, K., Malgotra, V., Sultana, R., Sahoo, N. K., & Maurya, S. Das Anamika and Chetan DM 
(2023) Advancements in Immunomodulation. Drug Discovery, and Medicine: A Comprehensive 
Review. Acta Botanica Plantae V02i02, 39, 52. 



 

 

11) Taylor, J. R., & Duodu, K. G. (2015). Effects of processing sorghum and millets on their phenolic 
phytochemicals and the implications of this to the health‐enhancing properties of sorghum and 
millet food and beverage products. Journal of the Science of Food and Agriculture, 95(2), 225-
237. 

12) Upadhyaya, H. D., Dwivedi, S. L., & Vetriventhan, M. (2019). Genomic tools in pearl millet 
breeding for drought tolerance: status and prospects. Frontiers in Plant Science, 10, 794. 

13) Aladejana, J. A., Abioye, V. F., & Jimoh, M. A. (2020). Bioactive compounds and antioxidant 
activities of pearl millet varieties grown in Nigeria. Food Science & Nutrition, 8(1), 439-446. 

14) Kushwah, N., Billore, V., Sharma, O. P., Singh, D., & Chauhan, A. P. S. (2023) Integrated Nutrient 
management for optimal plant health and crop yield. Plant Science Archives. 

15) Mydeen, A. K. M., Agnihotri, N., Bahadur, R., Lytand, W., Kumar, N., & Hazarika, S. (2023). 
Microbial Maestros: Unraveling the crucial role of microbes in shaping the Environment. In Acta 
Biology Forum. V02i02 (pp. 23-28). 

16) Haussmann, B. I. G., Obilana, A. B., Ayiecho, P. O., Blum, A., Schipprack, W., Geiger, H. H., ... 
& Hess, D. E. (2000). Hybrid performance of sorghum and pearl millet in intercropping systems: 
results from four African countries. Agronomy Journal, 92(6), 1019-1026. 

 
17) Rani, K. U., Padmaja, G., Rao, S. S. R., Prasad, V. V., & Raghunath, M. (2011). Biodiversity, 

distribution and nutritional profile of minor millets of tribal agriculture in Western Ghats, 
Karnataka, India. Journal of Scientific Research, 3(1), 131-142. 

18) Upadhyaya, H. D., Dwivedi, S. L., & Singh, S. (2016). Developing new cultivars for climate 
resilience: demands, resources, and opportunities. Crop Science, 56(6), 2909-2929. 

19) Praveen, V., Unnisa, S. A., Shivakumar, S., & Revathi, E. (2022). Management of Bio-Resources 
An insight through Peoples Biodiversity Register (PBR’s). Management. Journal of Diversity 
Studies  

20) Mishra, S. P. (2023). The Anthropocene Geology and Biodiversity of North Eastern Ghats Mobile 
Belt; Odisha; India. In Acta Biology Forum. V02i01 (Vol. 8, p. 18). 

21) : Bharathiraja and Lalit Upadhyay (2022). An Overview of Mycorrhiza in Pines: Research, Species, and 
Applications. Plant Science Archives. 11-12. DOI: https://doi.org/10.5147/PSA.2022.7.4.11 

22) Sangare, A., Sanogo, S., Gueye, M. C., Ouedraogo, J. T., Sawadogo, M., Ntare, B. R., & 
Upadhyaya, H. D. (2018). Phenotypic diversity of cultivated cowpea (Vigna unguiculata (L.) 
Walp.) germplasm from Burkina Faso. African Journal of Agricultural Research, 13(32), 1675-
1686. 

23) Ghutke, T. D., Parvin, K., Rashida Banu, A. M., Bansal, S., Srivastava, A., Rout, S., & Ramzan, 
U. (2023). A comprehensive review on the therapeutic properties of medicinal plants. Acta 
Traditional Medicine. V2i01, 13-00. 

24) Rathna Kumari B. M. (2022). Exploring the Antiviral Properties of Dietary Plant Extracts Against SARS-
CoV-2: A Comprehensive Review. Plant Science Archives. 08-10. DOI: 
https://doi.org/10.5147/PSA.2022.7.4.08 

25) Bhatt, R., & Sujithra, M. (2019). Chemical composition, functional properties and effect of 
extrusion cooking on nutritional quality of millet–legume based snack food. Journal of Food 
Science and Technology, 56(9), 4117-4124. 

26) Vidhya C. S., Priya Subramanian Kalaimani, Aniketa Sharma, Ashiq Hussain Magrey, Rajni Kant Panik 
(2022). Enhanced Wound Care Solutions: Harnessing Cellulose Acetate-EUSOL/Polyvinyl Alcohol-
Curcumin Electrospun Dressings for Diabetic Foot Ulcer Treatment. Plant Science Archives. 05-07. DOI: 
https://doi.org/10.5147/PSA.2022.7.4.05 

27) Amadou, I., Gounga, M. E., & Le, G. W. (2013). Millets: nutritional composition, some health 
benefits and processing–a review. Emirates Journal of Food and Agriculture, 25(7), 501-508. 

28) Awanindra Kumar Tiwari (2022). Assessing the Real Productivity of Organic Farming Systems in 
Contemporary Agriculture. Plant Science Archives. DOI: https://doi.org/10.51470/PSA.2022.7.4.0 



 

 

29) Ndolo, V. U., Beta, T., & Fulcher, R. G. (2018). Effects of processing on phenolic acid profiles 
and antioxidant activity of millet grains. Food Chemistry, 261, 266-273. 

30) Gwata, E. T., Silim, S., & Karim, O. (2007). Cowpea breeding lines with combined resistance to 
Striga gesnerioides and Alectra vogelii. Crop Science, 47(2), 677-683. 

31) Goron, T. L., Raizada, M. N., & Beyaert, R. P. (2019). Deciphering the rhizosphere and 
endosphere microbiomes of the perennial legume, Chicory (Cichorium intybus L.), through 
metagenomics. Scientific reports, 9(1), 1-15. 

32) Nikhat Afroz (2022). Exploring Traditional Medicine in South Africa: A Review of Ethnobotanical Studies 
on Medicinal Plants. Plant Science Archives. 14-18. DOI: https://doi.org/10.5147/PSA.2022.7.3.14 

33) Smith, J., De Bruin, J., & Nugent, R. (2010). Health promotion and sustainability programmes in 
Australia: barriers and enablers to integration. Health Promotion International, 25(1), 94-104. 

34) Adarsh Kumar Srivastava and Anil Kumar (2022). Exploring Organic Farming: Advantages, Challenges, 
and Future Directions. Plant Science Archives. 09-13. DOI: https://doi.org/10.5147/PSA.2022.7.3.09 

35) Sahrawat, K. L. (2016). Iron toxicity in wetland rice and the role of other nutrients. Journal of 
Plant Nutrition, 39(10), 1405-1419. 
 

36) R. Bhuvaneswari, K. R. Saravanan, S. Vennila, S. Suganthi (2020). The Role of Epigenetics in Plant 
Breeding Understanding Heritable Changes beyond DNA Sequence. Plant Science Archives. 22-25. DOI: 
https://doi.org/10.5147/PSA.2020.5.1.22 
 

37) S. Anbarasan and S. Ramesh (2022). Crop Science: Integrating Modern Techniques for Higher Yields. 
Plant Science Archives. 05-08. DOI: https://doi.org/10.5147/PSA.2022.7.3.05 

 
38) Aggarwal, R. K., Hendre, P. S., & Varshney, R. K. (2007). Bajra: a Model Crop for Genetic 

Research. Plant Breeding Reviews, 27(1), 1-89. 
 

39) R. Bhuvaneswari, K. R. Saravanan, S. Vennila, S. Suganthi (2020). Precision Breeding Techniques: 
CRISPR-Cas9 and Beyond in Modern Plant Improvement. Plant Science Archives. 17-21. DOI: 
https://doi.org/10.5147/PSA.2020.5.1.17 

 
40) Furst, T., & Connors, M. (2017). Food-based strategies to address micronutrient deficiencies in 

primary school children: experiences from Indian Institute of Millets Research (IIMR), India. 
Annals of Nutrition and Metabolism, 70(1), 67-67. 
 

41) R. Bhuvaneswari, K. R. Saravanan, S. Vennila, S. Suganthi (2020). Advances in Genomic Selection for 
Enhanced Crop Improvement: Bridging the Gap between Genomics and Plant Breeding. Plant Science 
Archives. 11-16. DOI: https://doi.org/10.5147/PSA.2020.5.1.11 

 
42) Alamu, E. O., Ajao, K. R., & Olorunfemi, F. J. (2013). Cowpea (Vigna unguiculata L. Walp) 

consumption pattern in Nigeria. Journal of Development and Agricultural Economics, 5(6), 241-
246. 
 

43) Fatima, S., Rasool, A., Sajjad, N., Bhat, E. A., Hanafiah, M. M., & Mahboob, M. (2019). Analysis 
and evaluation of penicillin production by using soil fungi. Biocatalysis and Agricultural 
Biotechnology, 21, 101330. 
 

44) Rathna Kumari B M (2020). Biofortiication Strategies for Enhancing Nutrient Content in Staple Crops: 
Progress, Challenges, and Future Directions. Plant Science Archives. 07-10. DOI: 
https://doi.org/10.5147/PSA.2020.5.1.07 
 



 

 

45) Ashok Kumar Koshariya (2022). Climate-Resilient Crops: Breeding Strategies for Extreme Weather 
Conditions. Plant Science Archives. 01-03. DOI: https://doi.org/10.5147/PSA.2022.7.2.01 
 

46) Sara Mathew (2022). Mechanisms of Heavy Metal Tolerance in Plants: A Molecular Perspective. Plant 
Science Archives. 17-19. DOI: https://doi.org/10.5147/PSA.2022.7.2.17 

 
47) van Oosterom, E. J., & Hammer, G. L. (2019). Facilitating genebanks to deliver climate-ready 

crops: Insights from the global Crop Wild Relatives project. Acta Horticulturae, (1234), 1-6. 
 

48) Koech, R. K., Kamau, A. W., Otieno, C. A., & Mulaa, M. D. (2016). Antibacterial and antifungal 
activities of cowpea (Vigna unguiculata L. Walp) seed protein hydrolysates. Journal of Food 
Research, 5(6), 64-70. 
 

49) Rasool, A., Mir, M. I., Zulfajri, M., Hanafiah, M. M., Unnisa, S. A., & Mahboob, M. (2021). Plant 
growth promoting and antifungal asset of indigenous rhizobacteria secluded from saffron (Crocus 
sativus L.) rhizosphere. Microbial Pathogenesis, 150, 104734. 
 

50) Ritik Chawla, Kinjal Mondal, Pankaj, Meenakshi Sahu (2022). Mechanisms of Plant Stress 
Tolerance: Drought, Salinity, and Temperature Extremes. Plant Science Archives. 04-08. DOI: 
https://doi.org/10.5147/PSA.2022.7.2.04 
 

51) Nadiya Afreen and Isabella Jones (2022). Plant Pathology: Advances in Disease Diagnosis and 
Management. Plant Science Archives. 14-16. DOI: https://doi.org/10.5147/PSA.2022.7.2.14 

 
 


