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ABSTRACT

Oats (Avena sativa L.) are recognized as a nutritionally rich cereal crop, particularly valued for their protein,
dietary fiber, and mineral content. The present study was conducted to evaluate the biochemical composition
and mineral status of fifteen oat genotypes grown under sodic soil conditions of Ayodhya district, Uttar
Pradesh, India. The experiment was carried out in a Completely Randomized Design (CRD) with three
replications during 2024-25. The results revealed significant variation among genotypes for all studied
parameters. Carbohydrate content ranged from 56.38% to 66.27%, while protein content varied between
9.68% and 13.87%, with the highest in NDO-2. Total fat content ranged from 4.91% to 8.32%, and crude
fiber content ranged from 9.92% to 11.37%, with Oat-4 showing the highest fiber content. Mineral analysis
using ICP-OES indicated wide variability among genotypes. Iron content ranged from 87.51 to 235.87 ppm,
zinc from 22.18 to 63.92 ppm, calcium from 785.97 to 1369.09 ppm, potassium from 2783.09 to 5855.24 ppm,
and magnesium from 1066 to 2369.13 ppm. Among the genotypes, NDO-952 exhibited superior mineral
composition, while NDO-711 showed comparatively lower values. The study highlights that oats grown
under sodic soil conditions can maintain substantial nutritional quality. Genotypes such as NDO-952, NDO-
2, and Oat-4 were identified as promising for nutritional improvement and biofortification programs,
contributing to enhanced food and nutritional security.
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Introduction

Oats (Avena sativa L.) are an important cereal crop
known for their high nutritional value, including di-
etary fiber (a-glucan), proteins, minerals, and
bioactive compounds such as phenolics and antioxi-
dants, which contribute to various health benefits
(Butt et al., 2008; Singh et al., 2013). The nutritional
composition of oats is significantly influenced by

environmental conditions, particularly soil charac-
teristics. Sodic soils, characterized by high pH and
sodium content, negatively affect crop growth and
nutrient availability (Qadir et al., 2007). However,
oats show moderate tolerance to such conditions
and can be cultivated in sodic regions like Ayodhya
district of Uttar Pradesh. These soils may alter the
biochemical composition of oats, affecting their nu-
tritional quality. Limited studies are available on
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oats grown under sodic soil conditions in this re-
gion. Therefore, the present study aims to evaluate
the biochemical and nutritional properties of oats
cultivated in sodic soils of Ayodhya district to assess
their suitability for human consumption.

Materials and Methods

Experimental Materials

A total fifteen genotypes of oat were selected as the
experimental materials and collected from the De-
partment of Genetics and Plant Breeding of Acharya
Narendra University of Agriculture and Technol-
ogy, Kumarganj Ayodhya. The analysis was carried
out during 2024-25 session at the Department of
Agricultural Biochemistry Laboratory, Acharya
Narendra Deva University of Agriculture and Tech-
nology, Kumarganj Ayodhya, Uttar Pradesh. The
laboratory experiment was laid-out in Completely
Randomized Design (CRD) with three replications.
Following types of oat genotype were collected for
analysis viz., NDO-10, NDO-952, NDO-1101, UPO-
212, NDO-3, NDO-1802, OS-6, NDO-2, NDO-1202,
NDO-711, Oat-1, Oat-2, Oat-3, Oat-4 and Oat-5.

Parameters to be Analyzed

The parameters which are analyzed in the depart-
ment of Agricultural Biochemistry Laboratory,
Acharya Narendra Deva University of Agriculture
are Carbohydrates (%), Protein(%),Total
fat(%),Crude fiber (mg/100 g, Magnesium (ppm),
Potassium (ppm), Iron (ppm), Zinc (ppm) and Cal-
cium (ppm).

Biochemical Characteristics
Carbohydrate

Total carbohydrate content of oat samples was de-
termined by the Anthrone method as described by
Hedge and Hofreiter (1962). About 100 mg of finely
ground oat sample was hydrolyzed with 5 ml of 2.5
N hydrochloric acid (HCl) in a boiling water bath for
3 hours. After cooling, the hydrolysate was neutral-
ized with sodium carbonate and the volume was
made up to 100 ml with distilled water. The solution
was centrifuged and the supernatant was collected.

An aliquot (1 ml) of the extract was taken, and 4
ml of freshly prepared Anthrone reagent was
added. The mixture was heated in a boiling water
bath for 8-10 minutes, rapidly cooled, and the absor-
bance was measured at 620 nm using a spectropho-
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tometer. Glucose was used as a standard for calibra-
tion. Total carbohydrate content was calculated
from the standard curve and expressed as percent-
age (%) of dry weight of the sample.

Protein

Protein content of oat samples was determined by
the Lowry method as described by Lowry et al.
(1951). About 100 mg of finely ground oat sample
was homogenized in appropriate buffer and centri-
fuged to obtain a clear extract. An aliquot (1 ml) of
the extract was taken, and 5 ml of alkaline copper
reagent (prepared by mixing sodium carbonate, cop-
per sulfate, and sodium potassium tartrate) was
added and allowed to stand for 10 minutes at room
temperature.

Subsequently, 0.5 ml of Folin—Ciocalteu reagent
(diluted 1:1 with distilled water) was added rapidly,
mixed thoroughly, and incubated for 30 minutes for
color development. The absorbance was measured
at 660 nm using a spectrophotometer. Bovine serum
albumin (BSA) was used as a standard. Protein con-
tent was calculated from the standard curve and
expressed as percentage (%) of dry weight of the
sample.

Fat

Fat content of oat samples was determined by
Soxhlet extraction method as described by AOAC
(2005). About 2-3 g of dried and finely ground oat
sample was accurately weighed and placed in a
thimble made of filter paper. The sample was ex-
tracted with petroleum ether (boiling point 40-60
°C) in a Soxhlet apparatus for 6-8 hours until com-
plete extraction of fat occurred.

After extraction, the solvent was evaporated and
the flask containing the extracted fat was dried in a
hot air oven at 100-105°C, cooled in a desiccator,
and weighed. The fat content was calculated as per-
centage (%) of the initial sample weight.

Fat (%) = (Weight of extracted fat / Weight of
sample) x 100

Crude Fiber Content

Crude fiber content of oat samples was determined
by the standard acid-alkali digestion method as de-
scribed by AOAC (2005). About 2 g of defatted oat
sample was taken and boiled with 1.25% sulfuric
acid (HSO) for 30 minutes under reflux. The mixture
was filtered and washed with distilled water until
acid-free. The residue was then boiled with 1.25%
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sodium hydroxide (NaOH) solution for another 30
minutes, followed by filtration and thorough wash-
ing with hot water.

The obtained residue was dried in a hot air oven
at 100-105 °C, cooled in a desiccator, and weighed.
It was then incinerated in a muffle furnace at 550 °C
for 2-3 hours, cooled, and reweighed. The loss in
weight after ashing was considered as crude fiber
content and expressed as percentage (%) of the
sample.

Crude fiber (%) = (Loss in weight on ignition /
Weight of sample) x 100

Mineral Analysis by ICP-OES

Mineral content of oat samples, including iron, zinc,
calcium, potassium, and magnesium, was deter-
mined using Inductively Coupled Plasma-Optical
Emission Spectroscopy (ICP-OES) following EPA
Method 6010D (EPA, 2015). The samples were first
digested using a microwave digestion system, and
the digested solutions were analyzed in triplicate
using an Agilent 5800 ICP-OES instrument. The
technique operates on the principle that atoms and
ions excited in a high-temperature argon plasma
(~10,000 K) emit light at element-specific wave-
lengths, with emission intensity proportional to their
concentration. The digested samples were intro-
duced into the system via a nebulizer to form fine
aerosols, which were transported into the plasma
torch where atomization and excitation occurred.
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The emitted radiation was separated by a spectrom-
eter and detected using CCD detectors. Calibration
curves were prepared using standard solutions in
the range of 0.1-50 ppm, and the concentrations of
minerals in the samples were calculated from these
curves after appropriate dilution corrections. The
results were expressed in mg/1 (ppm).

Results and Discussion

Carbohydrate: The carbohydrate content of the
studied oat genotypes showed significant variation
(p < 0.05), confirming the influence of genetic differ-
ences on biochemical composition. In the present
study, NDO-2 recorded the highest carbohydrate
content (66.27%), whereas Oat-5 showed the lowest
value (56.38%), with all other genotypes differing
significantly from each other. These findings are in
close agreement with the results reported by Mrunal
Ghogare et al. (2022), who observed that total carbo-
hydrate content in oat genotypes ranged between
57.50% and 66.85%.

Protein: The protein content of oat genotypes
ranged from 9.68% to 13.87%, showing considerable
variability among the genotypes. The highest pro-
tein content was recorded in NDO-2 (13.87%), while
the lowest was observed in Oat-3 (9.68%), indicating
the influence of genetic factors on protein accumula-
tion. This observed range is in agreement with ear-
lier findings, where oat protein content typically

Table 1.
Genotypes Carbohydrate Protein = Total Crude Iron Zinc Calcium Potassium Magnesium
(%) (%) fat (%) fiber (%) (ppm) (ppm) (ppm) (ppm) (ppm)
NDO-10 64.89 13.15 5.85 11.37 143.44 49.70 1028.28 5342.90 1318.03
NDO-952 59.17 10.17 6.86 10.80 235.87 63.92 1263.14 5855.24 2369.13
NDO-1101 65.81 12.40 5.26 10.83 151.35 49.12 791.73 5343.44 1991.68
UPO-212 57.25 11.36 6.90 10.87 117.56 43.77 922.09 3988.51 1656.27
NDO-3 61.26 11.47 491 11.01 116.38 35.60 905.53 4232.51 1540.47
NDO-1802 64.91 12.27 5.41 10.96 144.14 25.42 1040.87 4181.43 1503.63
0S-6 62.02 13.11 6.28 10.41 112.11 43.46 1029.45 4278.42 1706.55
NDO0-2 66.27 13.87 7.29 9.92 107.64 37.33 1369.09 4155.50 1471.42
NDO-1202 63.26 11.40 6.37 10.76 212.35 51.03 1189.34 4726.53 1611.19
NDO-711 64.27 11.73 8.32 10.79 87.51 22.18 785.97 2783.09 1066.25
Oat-1 57.24 13.48 5.56 10.86 126.48 40.15 907.94 5059.18 1610.45
QOat-2 58.38 10.18 7.21 11.01 142.70 27.63 1169.18 4155.16 1471.54
Oat-3 57.33 9.68 5.94 10.86 93.21 35.45 909.60 4232.19 1540.29
Oat-4 58.01 13.37 5.55 11.37 127.35 45.76 1126.53 4968.95 1764.58
Oat-5 56.38 10.77 7.92 10.88 118.22 38.05 1033.43 4847.42 1566.43
S.Em 1.71 0.60 0.41 0.24 0.56 0.39 8.00 291 0.41
CD at 5% 494 1.74 1.19 0.68 1.63 1.13 23.07 8.41 1.18
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varies between 9-15% depending on genotype and
environmental conditions (Peterson et al., 2005;
Rasane et al., 2015).

Total fat: The total fat content of oat genotypes
ranged from 4.91% to 8.32%, indicating notable vari-
ability among the studied genotypes. The highest fat
content was recorded in NDO-711 (8.32%), while the
lowest was observed in NDO-3 (4.91%), suggesting
the influence of genetic differences on lipid accumu-
lation. The obtained values are in agreement with
earlier reports, which indicate that oat grains gener-
ally contain 4-9% fat, higher than most cereals due to
their rich lipid profile (Peterson, 2001; Rasane et al.,
2015).

Crude fiber: The crude fiber content of oat geno-
types ranged from 9.92% to 11.37%, indicating mod-
erate variability among the genotypes. The highest
crude fiber content was observed in Oat-4 (11.37%),
while the lowest was recorded in ND Oat-2 (9.92%),
suggesting the role of genetic factors in determining
fiber accumulation. The observed range is consistent
with earlier studies, which report that crude fiber
content in oats generally varies between 9-12%, de-
pending on genotype and environmental conditions
(Welch, 1995; Rasane et al., 2015).

Iron: The iron content of oat genotypes exhibited
significant variation, ranging from 87.51 ppm to
235.87 ppm. The lowest iron content was recorded
in NDO-711 (87.51 ppm), while the highest was ob-
served in NDO-952 (235.87 ppm), indicating sub-
stantial genetic variability among the genotypes.
Statistical analysis revealed that the differences
among genotypes were significant, suggesting that
iron accumulation in oat grains is strongly influ-
enced by genetic factors along with environmental
conditions. Genotypes with higher iron content,
such as NDO-952.

Zinc: The zinc content of oat genotypes showed sig-
nificant variation, ranging from 22.18 ppm to 49.70
ppm. The lowest zinc content was observed in
NDO-711 (22.18 ppm), while the highest was re-
corded in NDO-10 (49.70 ppm), indicating consider-
able genetic diversity among the genotypes. The dif-
ferences among genotypes were found to be statisti-
cally significant, suggesting that zinc accumulation
is influenced by genetic makeup as well as environ-
mental conditions.

Calcium: The calcium content of oat genotypes var-
ied significantly, ranging from 785.97 ppm to
1263.14 ppm. The lowest calcium content was re-
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corded in NDO-711 (785.97 ppm), whereas the high-
est was observed in NDO-952 (1263.14 ppm), indi-
cating substantial variability among the genotypes.
The differences among genotypes were found to be
statistically significant, suggesting that calcium ac-
cumulation is influenced by genetic factors along
with environmental conditions.

Potassium: The potassium content of oat genotypes
showed marked variation, ranging from 2783.09
ppm to 5855.24 ppm. The lowest potassium content
was recorded in NDO-711 (2783.09 ppm), while the
highest was observed in NDO-952 (5855.24 ppm),
indicating substantial genetic variability among the
genotypes. The differences among genotypes were
found to be statistically significant, suggesting that
potassium accumulation is influenced by genetic
makeup as well as environmental conditions.

Magnesium: The magnesium content of oat geno-
types exhibited considerable variation, ranging from
1066 ppm to 2369.13 ppm. The lowest magnesium
content was recorded in NDO-711 (1066 ppm),
while the highest was observed in NDO-952
(2369.13 ppm), indicating substantial genetic vari-
ability among the genotypes.

Conclusion

The present study evaluated the biochemical and
mineral composition of fifteen oat genotypes grown
under sodic soil conditions of Ayodhya district,
Uttar Pradesh. The results revealed significant vari-
ability among genotypes for all studied parameters,
indicating strong genetic influence along with envi-
ronmental effects . Among the genotypes, NDO-2
exhibited the highest protein content, while NDO-
711 recorded the maximum fat content. Oat-4
showed superior crude fiber content, highlighting its
potential for dietary fiber enrichment. In terms of
mineral composition, NDO-952 emerged as the most
nutritionally superior genotype, recording the high-
est values for iron, calcium, potassium, and magne-
sium, whereas NDO-10 showed the highest zinc
content. Conversely, NDO-711 consistently re-
corded lower values for several minerals, indicating
comparatively lower nutritional potential. The sig-
nificant differences observed among genotypes con-
firm that oats can maintain considerable nutritional
quality even under sodic soil conditions, making
them a suitable crop for such challenging environ-
ments. The presence of high protein, fiber, and es-
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sential minerals further emphasizes the role of oats
as a nutrient-rich functional food.

Overall, genotypes such as NDO-952, NDO-2,
and Oat-4 can be recommended for nutritional im-
provement and breeding programs, while also sup-
porting cultivation in sodic soils. The study high-
lights the potential of oats in contributing to food
and nutritional security, particularly in salt-affected
regions.
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