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ABSTRACT

In the present study we evaluated the proximate and mineral composition of ten little millet (Panicum
sumatrense L.) genotypes grown in eastern Uttar Pradesh. Nutritional characteristics, such as moisture,
carbohydrate, protein, fat, fiber, and ash content, showed significant variance. The quantities of calcium,
iron, zinc, manganese, and copper varied significantly between genotypes, according to mineral analysis.
Genotypes with better nutritional profiles included WV-345, WV-313, WV-182, and WV-397. The results
show that tiny millet has the potential to improve dietary quality and treat micronutrient deficiencies in
eastern Uttar Pradesh as a nutrient-rich, climate-resilient crop.
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Introduction

Little millet (Panicum sumatrense L.) is an important
minor cereal widely cultivated in tropical regions
and recognized for its climate resilience and supe-
rior nutritional quality (Pradeep et al., 2011; Shekhar
et al., 2023). It provides threefold security in terms of
food, fodder, and nutrition, making it highly valu-
able in marginal and rainfed agricultural systems
(Khyathi et al., 2025). Often referred to as a “famine
reserve,” little millet can be stored for long durations
without significant loss in quality, thereby ensuring

food security during adverse conditions (Dey et al.,
2022). India is the leading producer of little millet,
and its adaptability to harsh environments such as
drought, salinity, and waterlogging further en-
hances its importance in sustainable agriculture
(Vetriventhan et al., 2026).

Nutritionally, little millet is considered a “nutra-
cereal” due to its richness in dietary fiber, proteins,
essential minerals (Ca, Fe, Zn, Mg, Mn, and K), and
bioactive compounds such as polyphenols and fla-
vonoids (Lakhani et al., 2026). These components
contribute to several health benefits, including im-
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proved gastrointestinal health, better glycemic con-
trol, and reduced risk of chronic diseases such as
diabetes, cardiovascular disorders, and cancer
(Sharma et al., 2024). Its low glycemic index and glu-
ten-free nature make it particularly suitable for indi-
viduals with metabolic disorders. Moreover, micro-
nutrient deficiencies, especially zinc and iron, re-
main a major public health concern affecting
growth, immunity, and overall health and little mil-
let offers a promising dietary solution to address
these deficiencies.

The crop also exhibits substantial genetic variabil-
ity, which can be exploited for improving nutritional
quality and developing value-added functional
foods (Panda et al., 2024). With increasing awareness
of millet-based diets and their health benefits, there
is a growing interest in evaluating diverse geno-
types for their nutritional and mineral composition.
In this context, the present study aims to assess the
proximate and mineral composition of different little
millet genotypes grown in eastern Uttar Pradesh,
with the objective of identifying nutritionally supe-
rior genotypes that can contribute to combating mal-
nutrition and enhancing nutritional security in the
region.

Materials and Methods

Plant material: Ten seeds of little millet were col-
lected from the Hill Millet Research Station, Navsari
Agriculture University, Waghai, Gujrat and College
of agriculture, Rewa. The samples were rinsed with
distilled water to eliminate soil particles and extra-
neous materials. The seeds were subsequently sepa-
rated manually for further processing and analysis.
Experimental site: In 2024-2025, the experiment was
carried out at Acharya Narendra Deva University of
Agriculture and Technology Kumarganj Ayodhya.
Situated approximately 42 kilometers from the
Ayodhya district headquarters on NH 330, the site is
part of the main campus of ANDUA&T at
Kumarganj, Ayodhya. The analysis was carried out
during 2024-25 session at the department of Bio-
chemistry Laboratory, ANDUA&T at Kumarganj,
Ayodhya. A completely randomized design (CRD)
with three replications was used to analyze every
biochemical parameter from a seed sample.

Proximate analysis

The proximate composition - moisture, carbohy-
drates, crude protein, fat, crude fiber, and ash - was
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examined from the fine powder of small millet seed.
The procedures described in AOAC 934.01 and
AOAC 920.39, respectively, were used to estimate
the moisture and fat content. The anthrone method
was used to do the spectrophotometric analysis of
total carbohydrates. Using the micro-Kjeldahl
method (AOAC 984.13), the crude protein content
was computed by multiplying the nitrogen content
(N) by 6.25.Ash analysis was done using a muffle
furnace, and the crude fiber content was estimated
using a method outlined by Maynard (1970).

Mineral analysis

Mineral quantification was conducted via Induc-
tively Coupled Plasma Optical Emission Spectros-
copy (ICP-OES) using an Agilent 5800 system. Fol-
lowing microwave digestion, samples were intro-
duced as a fine aerosol into an argon plasma torch
sustained by a radio-frequency generator. The in-
tense thermal energy fragmented the sample into
atoms and ions, exciting electrons to higher energy
states; upon their return to a ground state, these
electrons emitted element-specific light. This light
was dispersed by an optical spectrometer and mea-
sured by a charge-coupled device (CCD) detector
across a spectral range of 167 to 785 nm. To ensure
analytical accuracy, the instrument was calibrated
using a series of standard solutions (0.1-50.0 ppm),
and each sample was analyzed in triplicate. Final
elemental concentrations were determined by map-
ping emission intensities against established.

Statistical Analysis
Nutritional and mineral analysis

The proximate components (moisture, carbohy-
drate, protein, ash,fibre, and fat), mineral elements
(Fe, MIn, Zn, Ca, and Cu)were analyzed using a CRD
withthree replications.To determine the significance
of treatment differences, analysis of variance
(ANOVA) was used. To evaluate the accuracy and
dependability of the data, the results were expressed
as means =+ standard error of the mean (SEM), along
with the crucial difference (CD) and coefficient of
variation (CV).

Results and Discussion
The proximate analysis of little millet genotypes re-

vealed significant variation in nutritional composi-
tion, indicating substantial genetic diversity. The
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Table 1. (A) Variation of nutritional quality of Little millet genotypes
Genotypes Proximate composition (g/100g)

Moisture Carbohydrate Protein Fat Fiber Ash
WV-182 13.38 60.25 6.47 4.33 6.65 2.53
WV-392 12.28 65.64 6.22 3.22 6.23 2.58
WV-213 13.08 57.23 5.88 3.74 5.83 3.13
WV-170 13.59 58.91 6.23 4.21 6.61 2.77
WV-121 12.77 59.39 5.99 3.27 6.45 2.48
WV-397 11.95 64.00 6.16 3.99 6.53 3.27
WV-345 11.98 68.88 6.12 4.70 5.65 2.73
WV-313 12.84 65.98 6.59 4.35 6.35 2.75
WV-229 13.24 67.00 6.58 3.31 5.83 2.64
JK-4 12.63 63.23 6.45 2.77 6.45 2.55
Mean 12.77 63.05 6.27 3.79 6.26 2.74
SEM 0.05 0.29 0.06 0.03 0.06 0.05
CD(at5%) 0.16 0.87 0.19 0.10 0.16 0.14
CV (%) 0.74 0.81 1.72 1.58 1.53 2.92

SEM, standard error of the mean; CD, critical difference; CV, coefficient of variation

moisture content ranged from 11.95 to 13.59 g/100
g. The highest value was observed in WV-170 (13.59
g/100 g) and the lowest content in WV-397 (11.95 g/
100 g), which has implications for storage stability
and shelf life as reported in earlier studies. Carbohy-
drate content varied from 57.23 to 68.88 g/100 g.
The highest in WV-345 (68.88 g /100 g) followed by
WV-229 (67.00 g/100 g), while the lowest was re-
corded in WV-213 (57.23 g/100 g), supporting pre-
vious findings that millets possess moderate carbo-
hydrate levels beneficial for slow glucose release
(Srilekha et al., 2018). Protein content ranged be-

tween 5.88 and 6.59 g/100 g, with WV-313 (6.59 g/
100 g) and WV-229 (6.58 g/100 g) showing the high-
est values, whereas WV-213 (5.88 g/100 g) recorded
the lowest, aligning with earlier reports highlighting
millet as a good source of plant protein. Fat content
showed variation from 2.77 to 4.70 g/100 g, with
WV-345 (4.70 g/100 g) having the highest and JK-4
(2.77 g/100 g) the lowest, indicating differences in
energy density among genotypes. Crude fiber
ranged from 5.65 to 6.65 g/100 g, with the highest in
WV-182 (6.65 g/100 g) and the lowest in WV-345
(5.65 g/100 g), suggesting variability in digestive

Table 2. (B) Variability of mineral quality of Little millet genotypes

Genotypes Mineral composition (ppm)
Ca Mn Fe Cu Zn

WV-182 436.75 3.37 61.81 6.87 35.75
WV-392 557.67 3.64 55.50 13.53 24.62
WV-213 542.99 3.90 41.66 7.55 22.74
WV-170 337.76 4.08 70.34 10.42 27.82
WV-121 433.84 5.44 65.76 6.89 18.76
WV-397 436.06 4.35 74.49 8.41 19.72
WV-345 589.26 5.13 71.13 5.42 26.65
WV-313 569.94 6.17 58.65 7.13 26.36
WV-229 487.77 9.25 50.85 6.88 21.45
JK-4 573.63 6.83 57.74 4.31 27.36
Mean 496.57 5.22 60.79 7.74 25.12
SEM 0.76 0.05 0.05 0.04 0.05
CD(at5%) 2.26 0.14 0.16 0.12 0.15
CV (%) 0.27 1.60 0.15 0.93 0.35

SEM, standard error of the mean; CD, critical difference; CV, coefficient of variation
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health benefits. Ash content, representing total min-
eral content, varied from 2.48 to 3.27 g/100 g, with
WV-397 (3.27 g/100 g) exhibiting the highest and
WV-121 (2.48 g/100 g) the lowest values.

The mineral composition of little millet genotypes
presented in Table 2. revealed significant variability
among the studied entries, confirming their impor-
tance as rich sources of essential micronutrients.
Calcium (Ca) content ranged from 337.76 ppm in
WV-170 to 589.26 ppm in WV-345, with other high
values observed in JK-4 (573.63 ppm) and WV-313
(569.94 ppm), indicating their potential contribution
to bone health and physiological functions. Manga-
nese (Mn) content varied widely from 3.37 ppm in
WV-182 to the highest value of 9.25 ppm in WV-229,
followed by JK-4 (6.83 ppm) and WV-313 (6.17
ppm), reflecting its role in enzymatic and metabolic
activities. Iron (Fe), an essential micronutrient for
hemoglobin formation, ranged from 41.66 ppm in
WV-213 to a maximum of 74.49 ppm in WV-397,
closely followed by WV-345 (71.13 ppm) and WV-
170 (70.34 ppm), which is consistent with earlier re-
ports emphasizing millets as good sources of dietary
iron (Goudar et al., 2023). Copper (Cu) content
ranged from 4.31 ppm in JK-4 to 13.53 ppm in WV-
392, indicating considerable diversity for trace min-
eral accumulation. Zinc (Zn), crucial for immune
function and growth, showed variation from 18.76
ppm in WV-121 to 35.75 ppm in WV-182, support-
ing previous findings of variability in Zn content
among millet genotypes (Thilagavathi et al., 2015).
Overall, genotypes such as WV-345 (high Ca), WV-
229 (high Mn), WV-397 (high Fe), WV-392 (high Cu),
and WV-182 (high Zn) were identified as nutrition-
ally superior for specific minerals. These findings
indicate that genotypes WV-345, WV-313, WV-182,
and WV-397 were identified as nutritionally supe-
rior, exhibiting significant variability in proximate
and mineral composition. This highlights the
nutraceutical potential of little millet and its suitabil-
ity for biofortification, breeding programs, and func-
tional food development, with strong potential to
combat malnutrition and enhance nutritional secu-
rity in eastern Uttar Pradesh.

Conclusion

The study demonstrated significant genetic variabil-
ity in both proximate and mineral composition
among little millet genotypes. Nutritionally superior
genotypes identified in this study can be utilized in
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breeding programs and functional food develop-
ment. Due to its high nutritional value and adapt-
ability, little millet can play an important role in
combating malnutrition and enhancing nutritional
security in eastern Uttar Pradesh.

Conflict of Interest - None
References

AOAC International, 2022. Loss on drying (moisture) at
95-100 °C for feeds (AOAC Official Method 934.01).
In: Official methods of analysis of AOAC International
(227 ed.). AOAC Publications.

AOAC International, 2023. Fat (crude) or ether extract in
animal feed (AOAC Official Method 920.39). In:
Official methods of analysis of AOAC International
(22nd ed.). AOAC Publications.

AOAC International, 2023. Protein (crude) in animal feed:
Copper catalyst Kjeldahl method (AOAC Official
Method 984.13). In Official methods of analysis of
AOAC International (22 ed.). AOAC Publications.

Biradar, S.D., Kotecha, P.M., Godase, S.N. and Chavan,
U.D. 2021. Studies on nutritional quality of cookies
prepared from wheat flour and little millet. Interna-
tional Journal of Chemical Studies. 9(1): 1675-1680.

Dey, S., Saxena, A., Kumar, Y., Maity, T. and Tarafdar, A.
2022. Understanding the antinutritional factors and
bioactive compounds of kodo millet (Paspalum
scrobiculatum) and little millet (Panicum sumatrense).
Journal of Food Quality. 2022(1): 1578448.

Goudar, G., Manne, M., Sathisha, G., Sharma, P., Mokalla,
T.R. and Kumar, S.B. 2023. Phenolic, nutritional and
molecular interaction study among different millet
varieties. Food Chemistry Advances. 2:100150.

Gupta, V., Gupta, S. K., Sharma, A., Javeria, S., Amin, Z.,
Pandit, V. and Sharma, M. 2025. Decoding the health
benefits of little millet using targeted and untargeted
metabolomics approaches. Applied Food Research.
101525.

Khyathi, M.M., Babu, D.R., Anuradha, N., Barathi, M.B.
and Rao, G.R. 2025. Simultaneous selection for
multi-trait performance and stability in Little Millet
(Panicum Sumatrense). Tropical Plant Biology. 18(1):
20.

Lakhani, K.G., Suthar, K.P., Singh, D., Peddi, P., Karmakar,
N. and Patil, H.E. 2026. Nutritional and phytochemi-
cal profiling of little millet (Panicum sumatrense Roth.
ex Roem & Schult.) genotypes. Journal of the Science
of Food and Agriculture. 106(2): 854-869.

Maynard, A. 1970. Methods in Food Analysis. New York:
Academic Press. p. 176.

Mazumder, S., Bhattacharya, D., Lahiri, D. and Nag, M.
2024. Milletomics: a metabolomics centered inte-
grated omics approach toward genetic progression.
Functional & Integrative Genomics. 24(5): 149.



PANDEY ET AL

Panda, D., Muni, P., Panda, A., Lenka, K.C. and Parida,
P.K. 2024. Nutritional and nutraceutical richness of
neglected little millet genotypes from Eastern Ghats
of India: implications for breeding and food value.
Planta. 259(2): 37.

Pradeep, S.R. and Guha, M. 2011. Effect of processing
methods on the nutraceutical and antioxidant prop-
erties of little millet (Panicum sumatrense) extracts.
Food Chemistry. 126(4): 1643-1647.

Sharma, R., Kumar, D. and Gupta, R.K. 2024. Phytochemi-
cal profiling of little millet (Panicum sumatrense
Roth.). Indian Journal of Natural Products and Re-
sources (IINPR)[Formerly Natural Product Radiance
(NPR)]. 15(4): 555-564.

Shekhar, S., Prasad, A.S., Banjare, K., Kaushik, A.,
Mannade, A.K., Dubey, M. and Chandel, G. 2023.
LMTdb: a comprehensive transcriptome database
for climate-resilient, nutritionally rich little millet

5123

(Panicum sumatrense). Frontiers in Plant Science. 14:
1106104.

Srilekha, K., Kamalaja, T., Uma Maheswari, K. and Neela
Rani, R. 2019. Nutritional composition of little mil-
let flour. International Research Journal of Pure and
Applied Chemistry. 20(1): 1-4.

Thilagavathi, T., Kanchana, S., Banumathi, P., Hemalatha,
G., Vanniarajan, C. and Sundar, M. 2015. Physico-
chemical and functional characteristics of selected
millets and pulses. Indian Journal of Science and Tech-
nology. 8: 147-155.

Vetriventhan, M., Jagadeesh, K., Naresh, D. and Singh, K.
2026. Fodder and grain yield potential of little mil-
let (Panicum sumatrense Roth ex Roem. & Schult.)
race robusta and identification of trait-specific
germplasm for crop improvement. Genetic Resources
and Crop Evolution. 73(1): 40.




