Copyright@ EM International
ISSN 0971-765X

Eco. Env. & Cons. 32 (July Suppl. Issue) : 2026; pp. (5311-5316)

DOI No.: http://doi.org/10.53550/EEC.2026.v32.i03s.050
Journal Home Page: www.envirobiotechjournals.com

Comprehensive Evaluation of Nutritional Quality in

Cereal Grains

Lakshmiprasanna Kata', Aparna Kuna? and Zubeda Sohan?®

'Department of Seed Science and Technology, SRTC, PJTAU, Rajendranagar,

Hyderabad 500 030, India

243 MFPI-Quality Control Laboratory, PJTAU, Rajendranagar, Hyderabad 500 030, India

(Received 30 March, 2026; Accepted 19 May, 2026)

ABSTRACT

This study evaluated the nutritional quality of major cereals and millets grown in South India, including
rice, maize, sorghum, wheat, bajra, and foxtail millet. Proximate composition, mineral content, and amino
acid profiles were analyzed using standard methods. Significant variation was observed among cereals,
with sorghum and maize showing higher protein content, and bajra exhibiting higher fat, energy, iron, and
zinc levels. Wheat was rich in calcium, while polished rice had lower nutrient content compared to brown
rice. Amino acid analysis revealed glutamate as the dominant amino acid, and foxtail millet recorded the
highest essential amino acid content. Overall, millets demonstrated superior nutritional quality, highlighting
their potential in improving dietary diversity and addressing nutrient deficiencies.
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Introduction

With a population of 1.27 billion, India constantly
faces pressure on the demand side of food grains. In
addition to that society is becoming progressively
more attentive of the impact that animal agriculture
has on the atmosphere and trying to replace animal-
based protein with the plant-based proteins. About
9 % of the Indian population are vegans (Statista,
2022). Agricultural scientists and development au-
thorities agreed upon the necessity to alter the global
food system so that they can provide healthy diets
with a minimum negative impact on the environ-
ment. Due to their importance in human diets, cere-
als have a big role to play in the transformation of
the food system. In these situations, the protein com-
ponent of the grain is crucial for both nutritional and
practical reasons (Bekes and Wrigley, 2004). Thus,

switching from animal-based proteins to those de-
rived from cereal grains would result in consider-
able reductions in greenhouse gas emissions and
improved land use efficiency, especially in industri-
alized economies (Magdum et al., 2026). The empha-
sis should be placed on the whole dietary composi-
tion rather than just a few specific nutrients when
making the adjustment.

Cereals grains along with the pulses are the
sources of protein in the human diet. Together,
maize, rice, and wheat offer 48 % of the total calories
and 42 % of the total protein in developing nations
(IRRI news, 2018). On the one hand, protein from
cereal grains is consumed directly in several pro-
cessed forms, including the grains themselves. Fol-
lowing the feeding of animals with cereal grains is
the second indirect method, which involves the con-
sumption of animal products like meat and eggs.
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Wheat, barley, rye, rice, maize, and sorghum are the
main cereal grains that are significant in the human
diet. Another coarse grain millet bajra which is often
called as poor man’s cereal and also foxtail millet are
gaining importance due to their wider adaptability,
high fibre and protein content. Of late, foxtail millet
which is low in fat content was recognised as dia-
betic food (Yadav Sakshi et al., 2024). Amino acid
composition of a specific protein determines its
quality, in particular essential amino acids how well
they meet the physiological requirements of a par-
ticular organism.

Given the rising popularity of organic and vegan
foods, nutritional profile of plant foods and their ap-
propriateness for various end-uses without sacrific-
ing quality have assumed paramount relevance. It
will be advantageous for both plant growers and
food makers to have a better grasp of the chemical
characteristics of various grain species, protein qual-
ity, and amino acid content (Siddiqi et al., 2020). The
present study is such an attempt to throw some light
on the nutritional composition of different cereal
species (rice, maize, sorghum, bajra and foxtail mil-
let) popularly grown across south India.

Materials and Methods

From different research stations run by Professor
Jayashankar Telangana Agricultural University,
Telanagana, 5 popular varieties of each of rice
(Oryza sativa), maize (Zea mays L.), sorghum (Sor-
ghum bicolor), bajra (Pennisetum glaucum), and foxtail
millet (Setaria italica L.) were obtained. Wheat (Triti-
cum aestivum) varieties were obtained from the com-
mercial market. SATAKE machinery was used to
dehull the paddy seed into brown rice, which was
then polished for 90 seconds to produce polished
rice. The seeds of wheat and maize were used with-
out any additional processing and converted di-
rectly into flour. However, before being used for the
study, millets like jowar, bajra, and foxtail millets
were dehulled.

Proximate composition analysis

Moisture and ash contents were measured using IS
1155: 2002 procedures. Using a Leco FP-528 nitrogen
analyzer, protein content was determined in accor-
dance with AOAC 992.23- Generic combustion tech-
nique. Using an automatic Gerhardt Soxtherm ex-
traction apparatus, the crude hexane extract of the
dried sample was assessed for the fat content
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(AOAC 2003.06). The method recommended by
AOAC was used to determine the sample’s crude
fibre content (962.09) with Gerhardt Fiber Analyzer.
Carbohydrate content was calculated by difference
method after subtracting the moisture, ash, protein
and fat content from 100. Energy was estimated by
multiplying protein and carbohydrate by 4 and fat
by 9. Moisture was assessed on a fresh basis and the
remaining nutrients were determined on dry weight
basis in replicates.

Amino acid Analysis: 100 mg of flour sample
was hydrolysed with 6 N hydrochloric acid in a
glass ampule under sealed conditions for 22 h at a
temperature of 110 °C. The filtrate was evaporated
under vacuum at 60 °C to dryness using nitrogen
evaporator (Crescent; Rapid 50 EC system). The hy-
drolysates were reconstituted with mobile phase
and filtered through 0.5 im filter paper. Amino acids
were analysed using an Agilent 1260 infinity HPLC
system with Zorbax Eclipse AAA column (250 mm
X'4.6 mm). The programme of autosampler was set
such that the hydrolysed samples were derivatised
with OPA (o-pthalaldehyde for primary amino ac-
ids) and FMOC (9 -fluorenylmethyl chloroformate
for secondary amino acids). 0.5 pl of each sample
was injected into the column at 55 °C and the sepa-
ration was performed at a flow rate of Iml/min and
detected at wavelengths of 338 nm and 262 nm. The
amino acid standard mixture contained 17 amino
acids. The retention time of each amino acid in the
standard was compared with those of the hydroly-
sed samples and quantified by comparing the area
of the sample with that of the standard.

Mineral analysis

Prodigy XP ICP-OES was used to measure the mi-
cronutrients like iron, zinc, and calcium in the cere-
als. In a microwave digestion unit (Milestone Start
D), finely powdered samples were digested with
HNO, and H,O, mixture. The resulting sample
aliquots were then diluted with water after cooling.
Calculating the concentration of Zn, Fe, and Cal-
cium involves using the radiation’s absorption spec-
trum. In Fe, Zn, and calcium atoms, excited electrons
return to the ground state while producing light
with particular wavelengths. The contents of iron,
zinc, and calcium were calculated at 259.94 nm,
213.856 nm, and 393.36 nm, respectively.

Data analysis

Results were expressed as mean + standard devia-
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tion of five independent replicates (each variety
value was used as a replicate) for proximate compo-
sition, mineral analysis and amino acid determina-
tion. One way ANOVA was used to find out the dif-
ference among different cereals.

Results

Variability in proximate composition

Proximate composition values of various cereals
were given in the Table 1. Moisture content of the
seed varied significantly from 8.97 to 11.48 % being
highest in Sorghum and lowest in wheat. Ash con-
tent which is the representation of total mineral con-
tent in the sample varied from 1.33 to 1.62 % and
was found to be highest in sorghum among the ce-
reals studied. The protein content was found to be
significantly high in sorghum (11.15 %) and maize
(11.11 %) matrices. Crude fat values of the seed
ranged from 1.70 to 5.22 % with highest being re-
corded in bajra. Crude fiber values also differed sig-
nificantly at 5 % level of significance and varied
from 1.09 to 2.40 % with highest being recorded in
foxtail millet. Carbohydrate content which was cal-
culated by difference method varied significantly
from 72.61 % to 77.47 % with wheat recording the
highest and sorghum (72.61 %) and bajra (72.98 %)
recording the lowest values. Energy values in the
analysed cereal and millet matrices ranged from
360.22 kcal /100 g to 381.78 kcal/100g. Bajra re-
corded significantly high energy values and pol-
ished rice recorded the lowest values. All the proxi-
mate principles differed significantly among the ce-
real matrices at 1% and 5 % significance level.

The moisture content of rice, millet and maize
near 12 % was also reported by Sadaka and
Rosentrater, 2022. Chemical analysis revealed high

Table 1. Proximate composition of different cereals
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ash content in millets. A high concentration of carbo-
hydrates is desirable in weaning formulas and
breakfast meals (Yankah et al., 2020). Sorghum was
found to have a high mineral content as ash content
is an indirect indicator of the presence of more min-
erals (Adebo JA, Kesa, 2023; Tobias et al., 2018).
Brown rice, polished rice, sorghum, and maize all
have slightly higher protein contents than in the re-
searchers’ prior studies (Bouchard et al., 2022), al-
though they still fall within the FAO/WHO recom-
mended range (1998). As found in the present study,
Kulthe et al. (2016) also reported that bajra has a high
crude fat content and was in the range of 5.14 to 5.96
%. The claims that millets are high in fibre and that
including them in the diet promotes gastrointestinal
health are confirmed by the high crude fibre content
of foxtail millet. The result of wheat contained more
carbs per unit of weight than maize is in consistent
with the reports of Sulaiman et al., (2020).

Variability in major micronutrients

The composition of three selected minerals varied
significantly among the cereal matrices. The iron
content ranged from 15.62 - 61.03 mg/kg. Bajra re-
corded high iron content followed by wheat (39.65
mg/kg) and the lowest iron content was recorded in
polished rice. Iron and zinc content of brown rice
was significantly higher than that of polished rice.
Zinc content of the matrices varied from 18.22-28.31
mg/kg with highest content being recorded in bajra
and wheat and lowest in sorghum and polished rice.
A wide variation for calcium content was observed
among the matrices with a range of 97.99 mg/kg —
394.75 mg/kg. Wheat recorded the highest calcium
content and polished rice recorded the lowest cal-
cium content.

The iron content of bajra is three times higher
than that of polished rice and two times higher than

Moisture Ash Crude Crude Crude Carbohydrates  Energy
(%) (%) Protein (%) Fat (%) Fiber (%) (%) (K. Cal)
Brown Rice 11.25 + 0.62 1.57+0.10 10.61+1.01 2.71+0.16 1.58+0.24 73.85 +£1.09 362.29 +3.09
Polished Rice  11.27+0.48 1.41+0.14 9.54+0.48 2.19+0.10 1.09+0.28 75.59 £ 041 360.22 +1.91
Sorghum 11.48+0.72 1.62+0.14 11.15+0.53 3.13+0.61 1.64+0.08 72.61 + 0.58 363.25 + 6.08
Maize 9.58+0.49 1.61+0.07 11.11+0.72 4.65+0.99 2.06+0.19 73.05 +0.78 378.47 +5.94
Wheat 8.97+0.16 1.33+0.08 10.53+0.53 1.70+0.14 1.54+0.14 7747 £ 0.68 367.26 +1.02
Bajra 9.73+0.80 1.35+0.16 10.72+0.83 5.22+0.55 1.36+0.10 7298 +0.77 381.78 +4.77
Foxtail Millet  9.20+0.67 1.59+0.09 10.76+0.74 4.36+0.50 2.40+0.14 74.09 = 0.69 378.64 + 3.06
SE(m) 0.27 0.05 0.32 0.24 0.08 0.33 1.84
F Statistics 16.42%* 6.08** 2.82%% 31.84** 29.26** 27.44%* 24 25%*
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that of brown rice and this is the reason why pearl
millet is often recommended to the anaemic patients
inorder to improve the haemoglobin level of the
blood (Finkelstein et al., 2015, Kata et al., 2023). Mi-
cronutrients like iron and zinc are essential for hu-
man health. Around two billion people worldwide,
the majority of whom depend on rice and wheat as
a main meal, suffer from iron and zinc inadequacies.
The iron content in brown rice 28.91 mg/kg is
slightly higher than the reported values of 6.3 to 24.4
ppm of Glenn et al., 2000. Calcium content values of
wheat, polished rice, and foxtail millet confirmed
the reports of Shobana et al., 2013 whereas calcium
content of foxtail millet is in agreement with the re-
ports of Suman et al., 2015 who reported it as 301.30
mg/kg.

Table 2. Major micronutrients content in different cereals

Iron Zinc Calcium
(mg/Kg)  (mg/Kg) (mg/kg)
Brown Rice 28.91+4.54 24.23+2.02 141.00+23.41
Polished Rice  15.62+2.26  18.22+2.79 97.99+8.53
Sorghum 23.61+2.36 20.11+4.09 202.65+57.52
Maize 25.64+4.06 22.82+2.71 108.18+11.68
Wheat 39.65+1.96 27.68+2.34 394.75+8.15
Bajra 61.03+5.29 28.31+2.74  288.38+11.48
Foxtail Millet 26.84+2.62 23.75+1.76  316.56+12.47
SE(m) 1.57 1.22 11.24
F Statistics 81.04** 7.07** 103.57**

Amino acid profile

HPLC chromatogram of 17 amino acids standard
mixture was compared with that of cereals and mil-
lets for the retention time. The amino acid composi-
tion of cereals and millets was presented in Fig 1, 2,
3. The results indicated a considerable amount of
difference in amino acid composition among the
matrices analysed. Glutamate is the dominant
amino acid among the 17 AAs tested with a range of
12.88 to 30.98 g/100 g protein with wheat being the
matrix that contains highest glutamate content and
bajra recorded lowest AA content.

The amino acid concentration in the seeds of dif-
ferent cereals varied: Asparatate, 5.17 -8.50 g/100 g;
serine, 5.60- 7.04 g/100 g; Glycine 3.73 -10.57 g /100
g; Arginine, 2.05 -6.17 g/100 g; Alanine, 5.07- 14.97
g/100 g; Tyrosine, 1.60-3.83 g/100 g; Cysteine 0.79 -
5.83 g/100 g; Methionine, 0.72- 2.29 g/100 g; Hy-
droxyproline, 0.40-3.83 g/100 g; Threonine, 3.10-4.98
g/100 g; Histidine, 0.31- 2.04 g/100 g; Valine, 4.49-
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7.06 g/100 g; Methionine, 0.72-2.70 g /100 g, Pheny-
lalanine 4.14-5.68 g/100 g; Isoleucine, 3.07-5.66 g/
100 g; Leucine 8.11-11.79 g/100 g; Lysine, 2.86-3.87
g/100 g. Aspartate, which is precursor of the other
four essential amino acids viz lysine, threonine,
methionine, and isoleucine was found high in
brown rice followed by sorghum

Amino acids were grouped into essential and
non-essential amino acids based on their synthesis
in human body. From the 17 amino acids, seven
amino acids viz., threonine, Histidine, Valine, Me-
thionine, Phenylalanine, Isoleucine, leucine and
Lysine were grouped as EAA and the rest were
grouped as NEAA (Fig. 1). The content of EAA dif-
fered significantly among the cereals and ranged
from 31.74 -39.87 g/100 g of protein accounting
nearly 1/3* of the total protein. Foxtail millet was
found to have higher content of essential amino ac-
ids followed by maize and sorghum (Fig. 2).
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Fig. 1. Non-Essential Amino aci
ferent cereals
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Fig. 2. Essential Amino acid (EAA) content across differ-
ent cereals

Basic amino acids made up 6.86-10.95 g of amino
acids per 100 g of protein and were statistically sig-
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nificant. The amount of acidic amino acids per 100
grammes of protein ranged from 19.15 to 36.23 g,
with wheat having the highest concentration and
bajra having the lowest (Fig. 3). The findings
showed that wheat flour had a higher acid content.
The amount of aromatic amino acids, which made
up 6.35 - 8.48 g/100 g protein overall, varied signifi-
cantly, with maize having the highest concentration
and bajra having the lowest. The amount of non-
polar amino acids in the total amino acids ranged
from 30.52 to 46.95 g /100 g protein, with wheat hav-
ing the lowest amount and foxtail millet having the
greatest. The proportions of polar and sulphur
amino acids in each 100 grams of protein were 42.25
- 55.77 and 1.63 - 3.90, respectively. According to sta-
tistics, the highest concentrations of sulphur amino
acids and polar amino acids were found in rice and
wheat, respectively. The arginine/lysine ratio varied
substantially from 0.53 to 2.54, with rice having the
highest value and foxtail millet having the lowest
value.
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Fig. 3. Share of different amino acid groups in total pro-
tein of different cereals

The results are consistent with those of Wang et
al. (2019), who found glutamic acid as the most
dominant amino acid in the vicinity of 30.99-31.41
g/100 g protein in a Chinese wheat variety. Jood et
al. (1995) also found glutamic acid as the predomi-
nant amino acid, having a concentration of 31 g/100
g protein in an Indian wheat variety. The high essen-
tial amino acid content in millets is in agreement
with the reports of Amadu et al. (2013). Among the
EAA leucine was abundant in cereal matrices.
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