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1. Introduction

Kernel size is an important quality criterion for millers and 
milling properties are reported to generally deteriorate 
with decreasing kernel size (Li and Posner, 1987). Kernels 
with smaller size are expected to have poorer flour yield. 
Smaller kernels in a mill mix also tend to lower the flour 
yield. Therefore, larger and uniform kernel size is desirable 
in milling. Morgan et al. (2000) indicated that flour yield, 
ash content and colour are generally negatively influenced 
as the kernel size decreased. Grain size varies depending 
on wheat variety, weather and growing conditions. The 
homogeneity of grain size is also important in grain 
cleaning and to ensure even distribution of the water 
during tempering prior to milling. There are a number of 
publications investigating the effects of wheat kernel size 
on its milling properties (Baasandorj et al., 2015; Dziki and 
Laskowski, 2004; Morgan et al., 2000; Ohm et al., 1998). 
On the other hand, the studies investigating the effects of 
wheat kernel size on kernel hardness and quality of flour 
produced from differently sized kernels are quite limited.

Although, the reasons for differences in wheat hardness are 
not clearly understood, there are several factors claimed to 
influence it. One of them is the cell wall thickness which 
varies among hard and soft cultivars of bread wheat 
(Triticum aestivum). Hard wheats have been selected for 
high water absorption. The arabinoxylan component in 
cell walls absorbs high levels of water and hence when a 
breeder selects for high water absorption he/she also selects 
for thick endosperm cell walls. On the contrary, high water 
absorption is not desired in soft wheat flour. Accordingly, 
soft wheats have been selected for low water absorption 
and thus for thin endosperm cell walls. Another major 
difference in wheat hardness is related to existence, lack 
or the amount of the proteins puroindolins a and b. These 
proteins seem to control the interaction between starch 
and protein matrix and hence controls wheat hardness 
(Delcour and Hoseney, 2010).

Wheat kernel hardness is a significant factor in determining 
the functionality of wheat. The variation in grain hardness is 
the most important characteristic that determines the end-
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use quality of wheat. Baljeet et al. (2017) reported that the 
hard wheat cultivars could be characterised by higher dough 
stability and lower dough softening. Hard bread wheat 
varieties are the main source for bread flour and harder 
wheats are commonly used for breads with higher quality 
requirements. Soft wheat varieties are a good raw material 
for the production of flour to be used for cookies and cakes 
(Delcour and Hoseney, 2010). Besides determining end-use 
quality of wheat, kernel hardness in fact has a critical impact 
on the milling process and it should be determined before 
milling. Kernel hardness affects power utilisation during 
wheat milling. Hard wheat cultivars consume more power 
than do soft wheat cultivars during grinding. In addition, 
kernel hardness is an important parameter for estimating 
the flour yield (Dziki and Laskowski, 2005).

There are several methods commonly used for determining 
kernel hardness. Particle size index (PSI) is based mainly 
on the particle size distribution of ground wheat (Morris, 
2002). On the other hand, the pearling index (PI) method 
is based on pearling off the outside of kernels while the 
single kernel characterisation system (SKCS) determines the 
resistance of kernels to crushing (Szabó et al., 2016). Besides 
determining hardness, SKCS also measures weight, size, and 
moisture content of grains. It takes 300 individual kernels, 
weighs and crushes them, then measures the conductivity of 
crushed kernels to determine the moisture content (Gaines 
et al., 1996; Ohm et al., 1998; Osborne and Anderssen, 
2003; Osborne et al., 1997; Sissons et al., 2000). Hence, 
these three methods are based on different principles. Since 
these three methods are based on different principles, the 
capabilities of these methods might vary in differentiating 
wheat samples in terms of kernel hardness.

The objective of this study was to determine the effect of 
kernel size on wheat kernel characteristics, especially kernel 
hardness as well as milling yield and flour characteristics 
such as protein content, Zeleny sedimentation value, wet 
gluten content and gluten index.

2. Materials and methods

Three different bread wheat varieties (cv. Bayraktar 2000, 
Ikizce 96, and Demir 2000) of Field Crops Central Research 
Institute (Ankara, Turkey) were used. Bayraktar 2000 is a 
white soft wheat with medium strong gluten properties 
while Ikizce 96 and Demir 2000 are hard red winter wheat 
varieties with medium strong gluten properties.

Firstly, wheat samples were cleaned to remove broken and 
severely damaged kernels by using a laboratory type wheat 
cleaning equipment (Labofix 90, Brabender, Beilngries, 
Germany). The samples were kept in an air circulation 
cabinet (Protech, Ankara, Turkey) at 30 °C for 24 hours for 
moisture equilibration to eliminate the effect of moisture 
content on kernel hardness.

After taking a representative specimen (unsorted; US), the 
sample was fractionated into three groups according to the 
kernel size (KS) by shaking 100 g sample using sieve analysis 
equipment (Pfeuffer Sortimat, Kitzingen, Germany) for 
180 s. This was repeated several times to obtain enough 
sample from each fraction for the analyses. The three KS 
groups were KS-1 (>2.8 mm); KS-2 (2.5-2.8 mm) and KS-3 
(2.2-2.5 mm).

The samples were analysed by SKCS 4100 (Springfield, IL, 
USA) for determining weight, size, moisture content and 
hardness properties according to the Approved Method 
55-31.01 (AACC, 2000). PI was determined on 20 g sample 
by grain pearling equipment (Strong Scott, New Prague, 
MN, USA). The sample was pearled for 60 s and the fine 
particles were removed by sifting through 1.2 mm sieve. 
The PI was calculated by using the following formula:

PI(%) = 5 × (20 – amount of pearled wheat)

PSI was determined according to AACC Approved Method 
55-30.01 (AACC, 2000). 10 g ground sample was sifted on 
a 75 µm sieve using a laboratory shaker (Retsch As200 Tap, 
Rotap Shaker, Germany).

Wheat samples were tempered to 15.5% moisture for 18 
h before milling and milled into flour in replicates using 
Brabender Quadrumat Jr. laboratory mill (Brabender 
Instruments, Hackensack, NJ, USA). Flour yield was 
determined as a percentage of total products. Protein 
content, wet gluten and gluten index values of the samples 
were determined according to Approved Method 46-30 and 
38-12A (AACC, 2000), respectively. Zeleny sedimentation 
values were determined according to the Standard Method 
No 116/1 (ICC, 2008).

Data were analysed using one-way analysis of variance 
(ANOVA). When significant (P<0.05) differences were 
found, the LSD test was used to determine the differences 
among means.

3. Results and discussion

Three different bread wheat varieties (cv. Bayraktar 2000, 
Ikizce 96 and Demir 2000) were used in this study. The 
samples were sorted into three groups according to their 
kernels size (KS; KS-1 >2.8 mm, KS-2 2.5-2.8 mm, KS-3 
2.2-2.5 mm). The kernel size distribution (%) and thousand 
kernel weight of wheat samples are presented in Table 1.

The results indicated that all of the wheat varieties had a 
relatively large kernel size. Amounts of kernels bigger than 
2.8 mm (KS-1) were 54.6, 67.8, and 66.5% for the cultivars 
Bayraktar 2000, Demir 2000 and Ikizce 96, respectively 
while corresponding total amounts of the kernels bigger 
than 2.5 mm (KS-1+KS-2) were 88.4, 90.4 and 94.7% for 
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the same cultivars. Dizlek and Özer (2016) reported that 
total amounts of KS-1+KS-2 were 42.2 and 80.0% for the 
non-damaged samples of cultivars Golia and Sagittario, 
respectively. It is reported in another study that total 
amount of the kernels bigger than 2.5 mm (KS-1+KS-2) 
was 69.0% for the non-damaged sample of cultivar Sagittario 
(Dizlek and Özer, 2017). Hence, kernel size seems to be 
affected by genotype and growing conditions. However, 
further studies are needed to confirm this finding.

As expected, thousand kernel weight of the samples 
significantly (P<0.05) decreased as the kernel size of the 
samples decreased (Gaines et al., 1997). It is reported that 
the percentage of endosperm increases as the grain size 
increases, thus, larger kernels have the potential to provide 
higher flour yield than smaller ones (Posner and Hibbs, 
1997; Sutton et al., 1992). Therefore, in the present study, 
flour yield is expected to decrease with decreasing kernel 
size/thousand kernel weight.

As for the hardness data of the wheat samples, SKCS and 
PI values are presented in Table 2, whereas PSI values are 
presented in Table 3. For each variety, SKCS Hardness index 
of the sample with the largest kernel size (KS-1) was lower 
than that of the unsorted sample. However, the differences 

were not significant. In addition, SKCS hardness index of 
the samples increased as the kernel size decreased. In each 
variety, the hardness index value of KS-3 was significantly 
higher than those of the samples with larger kernel size 
(KS-1, KS-2) and the unsorted one.

A higher SKCS hardness index value indicates that the 
wheat sample is harder while a higher PI value means the 
sample is softer. PI values of the samples with the largest 
kernel size (KS-1) were higher than that of the unsorted 
one. The differences were significant (P<0.05) for cv. 
Bayraktar 2000 and Demir 2000. In addition, PI of the 
samples significantly decreased (P<0.05) as their kernel 
size decreased, indicating increased kernel hardness. Both 
SKCS hardness index and PI results indicated that hardness 
increased as the kernel size decreased for all wheat cultivars.

PSI is another method commonly used for determination 
of wheat hardness (Table 3) In general, Bayraktar 2000 
samples had higher PSI values indicating that it is a soft 
wheat cultivar. Demir 2000 and Ikizce 96 samples had lower 
PSI values indicating that they are harder than Bayraktar 
2000 cultivar. Therefore, the results of all three tests (SKCS 
hardness index, PI and PSI) seem to be supporting each 
other.

Table 1. Kernel size distribution and 1000 kernel weight of bread wheat samples.1

Sample2 Kernel size distribution (%) 1000 kernel weight (g)

Bayraktar 2000 Demir 2000 Ikizce 96 Bayraktar 2000 Demir 2000 Ikizce 96

US 100.0 100.0 100.0 33.8 b 32.5 b 32.1 b
KS-1 54.6 67.8 66.5 40.2 a 38.6 a 36.6 a
KS-2 33.8 22.6 28.2 33.2 b 29.9 c 29.4 c
KS-3 11.7 8.6 5.3 26.4 c 24.9 d 23.1 d

1 Means with different letters within each column are significantly different (P<0.05).
2 KS: kernel size; KS-1: >2.8 mm; KS-2: 2.5-2.8 mm; KS-3: 2.2-2.5 mm; US: unsorted.

Table 2. Kernel hardness index values of bread wheat samples.1

Sample2 SKCS hardness index (%) Pearling index (%)

Bayraktar 2000 Demir 2000 Ikizce 96 Bayraktar 2000 Demir 2000 Ikizce 96

US 22.5 b 58.6 bc 49.4 b 31.2 b 23.0 b 26.8 ab
KS-1 21.4 b 55.3 c 47.1 b 33.1 a 24.5 a 27.4 a
KS-2 22.1 b 60.1 b 49.1 b 31.2 b 23.2 b 25.4 b
KS-3 26.7 a 63.7 a 56.9 a 27.8 c 21.6 c 23.1 c

1 Means with different letters within each column are significantly different (P<0.05).
2 KS: kernel size; KS-1: >2.8 mm; KS-2: 2.5-2.8 mm; KS-3: 2.2-2.5 mm; US: unsorted.
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Although KS-1 groups of all wheat varieties had the lowest 
PSI values, they did not change to a considerable extent 
within each cultivar as the kernel size changed. This is 
consistent with the results reported by Dziki and Laskowski 
(2004). The difference in the PSI values of the largest and 
smallest kernel sized samples were around 1%. This is 
not a considerable difference in terms of differentiating 
wheat hardness based on their PSI values. Based on the PSI 
hardness classification by Williams et al. (1988), all of the 
samples of Demir 2000 and Ikizce 96 with different kernel 
size belong to ‘hard’ group and KS-1 and KS-2 samples of 
Bayraktar 2000 belong to the ‘medium hard’ group. PSI 
value of Bayraktar 2000 KS-3 sample was also very close to 
‘medium hard’ group. Therefore, it can be concluded that 
PSI test does not seem to be very effective in discriminating 
the hardness of different sized kernels of the same cultivar.

The PI method is based on pearling off the outside of 
kernels while the SKCS Hardness Index determines the 
crushing force required for kernels. On the other hand, PSI 
is applied on the ground sample. Hence, they are based on 
different principles. Although, all of the tests gave parallel 
results in the samples with diverse hardness, their results 
were not parallel in the different sized kernels of the same 
cultivar, which have minor differences in terms of hardness. 
As indicated above, the difference in the PSI values of the 
largest and smallest kernel sized samples (1%) were not high 
enough for differentiating the different sized kernels of the 
same cultivar in terms of their hardness.

The flour yields of the wheat samples are presented in Table 
4. Flour yields of the samples decreased as the kernel size 
decreased for all cultivars. The differences between the 
kernel size groups in flour yield was significant (P<0.05) 
for cv. Demir 2000 while that of cv. Bayraktar 2000 was not 
significant. For cv. Ikizce 96, the flour yield of KS-3 sample 
was significantly (P<0.05) lower than other size groups of 
the same cultivar. Dziki and Laskowski (2005) also reported 
that kernel size had an influence on the total flour yield and 

ash content. The highest flour yield with the lowest ash 
content was obtained for the large kernels.

The samples with different kernel size had a similar 
decreasing trend in terms of flour yields. The results are 
consistent with the studies by Gaines et al. (1997), Morgan et 
al. (2000) and Baasandorj et al. (2015). Similar to the present 
study, in the studies cited above, some of the decreases in 
flour yield with decreasing kernel size were significant while 
some of them were not.

Flour yields of the unsorted sample in each cultivar gave 
lower results than KS-1 of the same cultivar. However, the 
differences were not significant. In addition, the difference in 
flour yield between unsorted and KS-2 samples of cv. Demir 
2000 was significant, while the flour yields of unsorted and 
KS-2 samples of cv. Bayraktar 2000 and Ikizce 96 were not 
significant.

Li and Posner (1987) reported that small kernels had low 
flour yield potential. In the present study, the samples with 
the smallest kernel size (KS-3) also had the lowest flour yield 
in all cultivars, however, the difference between flour yield 
of different kernel size groups was significant (P<0.05) only 
for cv. Demir 2000.

The protein contents and Zeleny sedimentation values of the 
samples are given in Table 5. Protein content of the samples 
decreased as the kernel size decreased except for cv. Demir 
2000. Protein content of cv. Demir 2000 did not considerably 
change depending on the kernel size. Protein contents of the 
unsorted sample, KS-1 and KS-2 of cv. Bayraktar 2000 were 
comparable while that of KS-3 was significantly lower as 
compared to unsorted one and KS-1. Protein contents of the 
unsorted sample and KS-1 of cv. Ikizce 96 were comparable; 
however, their protein content was significantly higher than 
protein content of KS-2 and KS-3. The results of the present 
study are consistent with Sutton et al. (1992) and Morgan 
et al. (2000) who also reported that as the wheat kernel size 
increased as the protein content increased. However, the 

Table 3. Particle size index values of bread wheat samples.1

Sample2 Bayraktar 2000 Demir 2000 Ikizce 96

US 17.7 a 12.5 b 11.6 c
KS-1 16.8 b 12.6 b 12.0 bc
KS-2 17.0 b 12.9 b 12.7 a
KS-3 17.9 a 13.7 a 12.5 ab

1 Means with different letters within each column are significantly different 
(P<0.05).
2 KS: kernel size; KS-1: >2.8 mm; KS-2: 2.5-2.8 mm; KS-3: 2.2-2.5 mm; 
US: unsorted.

Table 4. Flour yield values (%) of bread wheat samples.1

Sample2 Bayraktar 2000 Demir 2000 Ikizce 96 

US 55.8 51.0 a 52.3 a
KS-1 56.4 51.3 a 52.8 a
KS-2 55.9 48.8 b 52.3 a
KS-3 55.8 46.7 c 49.8 b

1 Means with different letters within each column are significantly different 
(P<0.05).
2 KS: kernel size; KS-1: >2.8 mm; KS-2: 2.5-2.8 mm; KS-3: 2.2-2.5 mm; 
US: unsorted.
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results by Baasandorj et al. (2015) are in contradiction with 
the present study and protein content decreased as the wheat 
kernel size increased. Inconsistent results might be due to 
the differences in the materials utilised in these studies. The 
smallest kernel size in the study by Baasandorj et al. (2015) 
was in the range of 1.65-2.24 mm while the smallest kernel 
size in the present study was 2.20-2.50 mm.

Although small variations were observed in the Zeleny 
sedimentation values within each cultivar, the differences 
were not significant. It is well accepted that the Zeleny 
sedimentation value is affected by protein content and 
quality. Although there were some significant differences 
in the protein contents of the cultivars based on their kernel 
size, the differences were not very high. Furthermore, we 
do not expect any difference in terms of protein quality 
within each cultivar as the kernel size change, since they 
have the same genetic makeup. Hence, as expected, Zeleny 
sedimentation values of the samples within each cultivar 
were similar and did not change based on the kernel size.

The wet gluten and gluten index values of the samples 
are given in Table 6. Wet gluten contents of the samples 
decreased as the kernel size decreased. The decrease in 
wet gluten content of cv. Demir 2000 was not significant. 

As indicated earlier, a similar trend was also observed in 
the protein contents of cv. Demir 2000 and protein content 
of this cultivar was not affected by the kernel size (Table 5). 
In cv. Bayraktar 2000 and Ikizce 96 the samples with the 
lowest kernel size had the lowest gluten content. In other 
words, the samples with different kernel size had a similar 
trend in terms of wet gluten and protein contents.

Although, gluten content is largely affected by growing 
conditions, a large variation is not expected in the gluten 
quality within the same cultivar. Gluten index value is 
commonly used for the evaluation of gluten quality and 
determined by centrifuging wet gluten on a certain size sieve 
and expressed as the percentage of wet gluten remaining 
on the sieve. It is clear that the centrifugal force will be 
larger as the amount of wet gluten on the sieve is increased, 
resulting in a lower gluten index value. In the present study, 
gluten index values of all cultivars increased as the kernel 
size decreased and some of the increases were significant 
(P<0.05). There seems to be a close negative correlation 
between gluten index value and wet gluten content. A 
possible explanation for the higher gluten index value of 
the kernels with smaller size might be their lower gluten 
content which encounters a lower centrifugal force, thus 
a higher percentage of wet gluten remained on the sieve.

Table 5. Protein content and Zeleny sedimentation values of bread wheat samples.1

Sample2 Protein content (N×5.7, dry weight basis, %) Zeleny sedimentation (ml)

Bayraktar 2000 Demir 2000 Ikizce 96 Bayraktar 2000 Demir 2000 Ikizce 96

US 11.7 ab 10.1 11.9 a 21.0 21.0 22.0
KS-1 11.9 a 10.0 12.0 a 22.0 21.0 22.5
KS-2 11.4 bc 10.1 11.4 b 21.5 21.0 21.5
KS-3 11.2 c 10.1 11.2 c 22.0 21.0 21.0

1 Means with different letters within each column are significantly different (P<0.05).
2 KS: kernel size; KS-1: >2.8 mm; KS-2: 2.5-2.8 mm; KS-3: 2.2-2.5 mm; US: unsorted.

Table 6. Wet gluten and gluten index values of bread wheat samples.1

Sample2 Wet gluten (%) Gluten index (%)

Bayraktar 2000 Demir 2000 Ikizce 96 Bayraktar 2000 Demir 2000 Ikizce 96

US 20.3 b 22.9 27.9 b 98.0 a 82.0 ab 47.0 b
KS-1 25.6 a 21.8 29.9 a 70.5 b 68.0 b 40.0 b
KS-2 20.7 b 20.8 26.8 b 94.0 a 94.0 a 55.5 b
KS-3 19.2 b 18.8 22.4 c 98.0 a 94.0 a 80.5 a

1 Means with different letters within each column are significantly different (P<0.05).
2 KS: kernel size; KS-1: >2.8 mm; KS-2: 2.5-2.8 mm; KS-3: 2.2-2.5 mm; US: unsorted.
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4. Conclusions

Kernel size is an important descriptor of milling properties 
for millers. Furthermore, kernel hardness is a significant 
factor in determining the end-use properties of wheat. The 
present study showed that the decrease in the kernel size 
resulted in significant (P<0.05) increases on the hardness 
of the wheat cultivars which were determined by SKCS, 
PI and PSI methods. The results of all three tests seem 
to be supporting each other. However, the differences in 
the PSI values of the kernel size groups was not large to 
adequately differentiate the wheat hardness according to 
the PSI hardness classification by Williams et al. (1988), 
because the PSI values of the largest and smallest kernel 
sized samples were around 1%. In addition, flour yields of 
all cultivars had a decreasing trend with decreasing kernel 
size, but, the difference in the flour yield of all kernel 
size groups was significant only for one of the cultivars 
used (Demir 2000). The flour yield of the sample with the 
smallest kernel size was also significantly P<0.05) lower than 
those of other size groups in another cultivar (Ikizce 96). 
Although, protein and wet gluten contents of two cultivars 
had a similar significant (P<0.05) decreasing tendency when 
the kernel size decreased, the values of the third cultivar 
was not affected (Demir 2000). Although, some significant 
differences were observed in the protein contents of various 
kernel size groups, their Zeleny sedimentation values were 
not affected. This might be due to the same genetic make-up 
of the kernel size groups within each cultivar.

It can be concluded that, small kernels did not seem to 
influence flour quality while they generally had a detrimental 
effect on milling yield. Hence, breeders can select genotypes 
which have kernels with the lowest KS-3 content. However, 
further work is required to expand the information obtained 
in the present study using a large number of wheat cultivars 
grown in different locations and additional research should 
be carried out to determine the rheological properties of 
flours obtained from different kernel size groups.
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