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Abstract

Wheat is a staple food grain that plays a vital role in daily diets worldwide. Therefore, even minor changes in wheat
production and quality hold significant importance globally, particularly in today's context, where food crises are a
pressing concern. While the effects of various environmental factors on wheat yield and quality have been extensively
studied, research on the variation in quality traits of seeds from wheat plants exposed to the same environmental
conditions remains limited. In this study, the quality traits and amino acid contents of wheat seeds grown under identical
conditions were comparatively analyzed based on their size. The results showed that protein content, sedimentation value,
and gluten levels were highest in medium-sized seeds, whereas starch content was found to be higher in large seeds.
Moreover, essential amino acids crucial for human health were observed at the highest levels in smaller seeds of the

same variety.
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INTRODUCTION

Among cereal crops, wheat has a significantly
larger cultivation area and higher production
volume compared to others, as a result of being
a fundamental source of calories (Reynolds and
Braun, 2022; FAO, 2024).

Wheat production and the quality of the
harvested product depend on various
environmental factors (Woggoner, 1969).
Numerous studies have demonstrated the impact
of environmental factors such as precipitation
(Tatar et al., 2020), air temperature (Mahdavi et
al., 2022), and soil nutrient content (Fangmeier
et al, 1999) on wheat yield and quality.
Although the effects of environmental factors
and genetic differences on grain characteristics
and quality have been extensively studied,
research on the variation within the same seed
lot remains limited. In this context,
morphometric differences like grain size and
weight distribution are hypothesized to play a
crucial role in determining the resulting flour
properties and nutritional aspects within the
same harvest (Aydogan et al., 2014).

Wheat grain morphology is not only crucial for
yield attributes but also influences grain quality
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parameters such as nutritional composition and
milling performance. In fact, grain size and
shape have been shown to directly affect the
end-use quality and market value of wheat
(Gegas et al, 2010). Recognizing these
influences provides essential context for linking
physical grain characteristics with quality
metrics in modern cultivars, underscoring the
importance of studying their interrelationships.
Hence, this study aims to reveal the differences
in composition and quality of bread wheat seeds
obtained from the same harvest, but classified by
their grain size, shedding light on the importance
of in-lot variability and its implications for
wheat utilization.

MATERIALS AND METHODS
The experiment was conducted at the
Department of Field Crops, Faculty of

Agriculture, Ege University. As plant material,
a total of 500 g of bread wheat (Triticum
aestivum L.) seeds obtained from the same field
and the same growing season were used. From
these seeds, 100 seeds were sampled in four
replications, and the thousand grain weight
(TGW) was determined. The seeds with



calculated TGW values (500 g) were classified
into three categories based on their weight:
small, medium, and large (Table 1).

Table 1. The ranges used in the classification process of

bread wheat (Triticum aestivum L.) seeds (500 g) based
on their TGW into three categories are as follows

Classification: Ranges Based on Grain Weights

Small grains <TGW x 0.95
Medium grains TGW x 0.95 ~TGW x 1.05
Large grains >TGW x 1.05

The classification process was conducted using
a precision balance, with each seed weighed
individually (Figure 1).
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Figure 1. Image of the classification process of bread
wheat (Triticum aestivum L.) seeds based on their TGW

After the separation process, TGW measure-
ments were repeated for each group (small,
medium, and large grains). In the obtained three
seed groups, the following values were
determined using an NIR spectrometer:

1) quality parameters: Wet gluten (%), Protein
(%), Sedimentation (mL), Falling number (s),
Hectolitre (g/L), Fat (%), Fiber (%);

2) amino acids: Leucine, Phenylalanine,
Isoleucine, Egg + Cysteine, Arginine, Valine.

RESULTS AND DISCUSSIONS

Thousand Grain Weight (TGW)

The TGW values of Triticum aestivum L. seeds
classified as small, medium, and large are
presented in Figure 2. The TGW values of the
classified seeds were found to be 53.3 g for large
grains, 44.1 g for medium grains, and 37.4 g for
small grains.
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The obtained TGW values indicate that the
classification performed by individually
weighing the seeds (Table 1) is reflected in the
TGW values of each group. As a result of the
classification, the TGW of medium-sized seeds
was 17.9% higher than that of small seeds, while
large seeds had a 42.5% higher TGW compared
to small seeds. These values and the observed
differences between the groups were considered
sufficient for comparing quality traits and grain
composition data.
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Figure 2. Thousand Grain Weight (TGW)
values of Triticum aestivum L. seeds classified as small,
medium, and large
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Grain Quality Characteristics

The values of wet gluten (%), protein content
(%), sedimentation (mL), and falling number (s)
for Triticum aestivum L. seeds classified as small,
medium, and large are presented in Figure 3.
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Figure 3. Wet gluten (%), protein content (%), sedimen-
tation (mL), and falling number (s) values of Triticum
aestivum L. seeds classified as small, medium, and large



Several studies have demonstrated that as grain
weight decreases in wheat, there is a decline in
protein content, gluten, and sedimentation
values (Mahdavi et al., 2022). For instance,
Aydogan et al. (2014) reported in a multi-
cultivar study that as grain size decreased, the
protein content and dry gluten content of wheat
increased, whereas larger grains showed higher
sedimentation values. This inverse relationship
between grain size and protein concentration is
also supported by other research: Wang and Fu
(2020) observed that when kernel size decreased
in durum wheat, the protein content rose
significantly (from 14.1% up to 18.6% in the
smallest kernels). Generally, smaller or lighter
kernels within a single variety have been
associated with higher protein content and
stronger gluten, whereas larger kernels often
have slightly lower protein but can show good
sedimentation values depending on protein
quality (Aydogan et al., 2014; Sahin et al.,
2013). These trends are thought to arise because
larger grains allocate more endosperm (mostly
starch) during development, whereas smaller
grains have a higher proportion of germ and
aleurone layer which contain protein-rich tissues
(Okur & Onel, 2024).

In the present study, when comparing the
smallest and largest grain fractions, a similar
pattern was observed in part: the large grains had
lower protein percentage than the small grains
(9.6% vs. an intermediate value of ~9.4% in
small grains, based on the figures), consistent
with the idea that very large kernels are more
starchy. However, the medium-sized grains did
not conform to the expected trend and actually
exhibited the lowest protein, gluten, and
sedimentation values among the three groups.
This deviation is noteworthy. A possible
explanation is related to the position of grains on
the wheat spike. Within a single spike, grains
that develop in different positions (top, middle,
bottom) receive varying amounts of nutrients
and assimilates. Boz et al. (2012) found that
grain position significantly affects grain quality:
grains from the middle of the spike were the
largest, while protein content increased from the
top to the bottom of the spike. It is also possible
that the single variety used in this study has a
unique allocation of resources among grains that
does not strictly follow grain size. Genetic
variation can modulate the relationship between

grain size and quality traits. Thus, the lower
protein and gluten in medium-sized grains
(relative to both small and large) may reflect a
complex interaction of developmental timing
and genetic factors in this particular wheat lot.
Further research isolating grains by their
position on the spike, in addition to size, could
clarify this anomaly.

In general, it is known that as the thousand grain
weight (TGW) decreases in wheat, the hectoliter
weight (HW) increases (Tatar et al., 2020). This
is because smaller grains often pack more
densely, filling a given volume more completely
than larger grains. In our results, when only the
small and large grain groups were considered,
the expected inverse relationship between TGW
and hectoliter weight was observed: the small
grains had a relatively higher hectoliter weight
than the very large grains (Figure 4), which is
consistent with the literature. However, the
medium-sized grains did not follow the same
trend, showing a hectoliter weight that did not
exceed that of the small grains. This could be
related to their overall shape or density.
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Figure 4. Hectoliter weight (g/L), starch (%), fat (%),

and fiber (%) values of Triticum aestivum L. seeds
classified as small, medium, and large

Starch content was found to increase
proportionally with TGW. The large grains had
the highest starch percentage, while smaller



grains had less starch. This can be explained by
the fact that as grain size increases, the
proportion of starchy endosperm in the seed also
increases, diluting other components. The trends
in the results align with this: large grains
(heaviest) showed the highest starch content,
consistent with their greater endosperm deve-
lopment. Conversely, small grains, having less
endosperm, showed slightly lower starch per-
centages and higher relative protein. The lite-
rature supports this inverse relationship between
starch and protein concentrations; as one
increases, the other tends to decrease due to a
dilution effect in the grain composition (Okur &
Onel, 2024).

Erbag Kose et al. (2013) observed that as TGW
decreases in wheat grains, there is a
corresponding decrease in fixed oil (fat) and
fiber content. In other words, smaller grains
were reported to have lower oil and fiber than
larger grains in that study. However, in the
present study, we did not observe a clear trend
for oil (fat) and fiber content with respect to
grain size (Figure 4). The fat and fiber
percentages were relatively similar across small,
medium, and large grains, without a statistically
significant pattern. This discrepancy could be
due to varietal differences or the narrow range
of grain sizes in our classification. It is possible
that the wheat variety examined does not exhibit
significant variation in bran (outer layer)
proportions between medium and small grains.
Given that fiber is predominantly concentrated
in the bran and oil in the germ, fractions with
similar bran-to-germ ratios would likely have
comparable fiber and fat contents (Erbas Kdse et
al., 2013). Additionally, minor differences may
not have been detected due to the sensitivity of
NIR measurements. These findings suggest that
compositional parameters do not uniformly vary
with grain size; fiber and fat contents may
remain relatively constant across different seed
sizes within a single variety, whereas protein
and starch contents exhibit more pronounced
differences.

Grain Amino Acid Content

The amino acid contents of Triticum aestivum L.
seeds classified as small, medium, and large
based on thousand grain weight (TGW) are
presented in Figure 5.

An analysis of amino acid composition revealed
that the contents of leucine, phenylalanine, and
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isoleucine were slightly lower in medium-sized
grains compared to both small and large grains.
In contrast, the levels of Egg+Cys (methionine
plus cysteine), arginine, and valine clearly
decreased as grain size increased. In other
words, for methionine+tcysteine, arginine, and
valine, the smallest grains had the highest
concentrations, and the largest grains had the
lowest, with medium grains in between. These
trends suggest that smaller wheat seeds, despite
having overall less mass and protein, contained
a higher proportion of certain essential amino
acids.

Esfandiari and Abdoli (2016) reported that, in
addition to protein content, the biological
properties of wheat grains, such as amino acid
composition, are of great importance for
nutrition. Similarly, Labanauskas et al. (1981)
stated that the amino acid content of wheat
varies significantly depending on environmental
factors. The results indicate that not only
environment (Garcia del Moral et al., 2007) but
also grain size (within the same environment)
can influence the amino acid profile of the grain.
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Figure 5. Leucine (%), phenylalanine (%),
isoleucine (%), Egg+Cys (%), arginine (%),
and valine (%) values of Triticum aestivum L. seeds
classified as small, medium, and large

The obtained results clearly demonstrated that as
TGW increases, the contents of Egg+Cys,
arginine, and valine decrease. However, no
significant change was observed in leucine,
phenylalanine, and isoleucine levels in relation
to TGW. One possible explanation for why
smaller grains had higher percentages of certain
amino acids is the distribution of protein types
within the grain. Wheat grain proteins can be
broadly categorized into gluten proteins



(prolamins, which are low in some essential
amino acids) and non-gluten proteins (albumins
and globulins, which often have more balanced
amino acid profiles) (Adgunkar et al., 2023).
Smaller grains might have a relatively larger
contribution of proteins from the bran and germ
(which are richer in lysine, arginine, and have
higher proportions of some essential amino
acids) as opposed to the endosperm storage
proteins (Metcalfe et al., 2022).

CONCLUSIONS

According to the literature, smaller wheat grains
(compared across different genotypes or
conditions) tend to have higher protein content
and consequently  higher gluten and
sedimentation values. However, in the present
study these quality parameters did not strictly
follow the expected trend by grain size. In
particular, the medium-sized grains exhibited
lower protein, gluten, and sedimentation values
than anticipated (the highest values were
observed in the large grain fraction, while the
smallest grains showed intermediate levels).
This may be due to unique patterns of protein
accumulation as the grain develops in different
positions on the spike within the same variety. It
is plausible that grains developing in the central
parts of the spike (which in our case might
correspond to the large-size group) achieved
both large size and high protein, whereas grains
from other positions (making up the medium
group) did not. Further detailed studies,
sampling grains by both position and size, are
needed to confirm this interpretation and to
generalize the findings.

Despite the unexpected dip in protein and gluten
for the medium group, the obtained results did
confirm, in line with the literature, that starch
accumulation is higher in larger grains and that
protein concentration is relatively higher in
smaller grains. We also observed that the
content of certain essential amino acids such as
methionine+cysteine, arginine, and valine
decreased as TGW increased, whereas no signi-
ficant change was observed in leucine, phenyla-
lanine, and isoleucine levels in relation to grain
weight. These findings suggest that grain size
can influence not only the quantity of protein
and starch in wheat, but also the quality of
protein in terms of its amino acid composition.
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In summary, this study highlights that even
within a single wheat cultivar harvested under
uniform conditions, there are notable differen-
ces in quality parameters between small,
medium, and large seeds. Understanding these
intra-varietal variations can be important for
seed grading, milling, and nutritional evalua-
tion. For instance, separating or blending grain
fractions by size might be a strategy to tailor
flour blends for specific purposes (high-gluten
flour vs. high-starch uses) if such quality
differences are consistent. Future research
should explore the mechanisms behind these
differences - especially the role of spike physio-
logy and source-sink relationships in determi-
ning grain composition. Moreover, expanding
the analysis to more varieties and growing
conditions would indicate how universal these
relationships are. Such knowledge could
contribute to wheat breeding and post-harvest
processing strategies aimed at optimizing both
yield and grain quality.
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