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ABSTRACT Field Crops
This study aims to determine the physical, chemical and technological,
rheological properties of 10 registered bread wheat varieties developed Research Article

by Bahri Dagdas International Agricultural Research Institute and their
quality status in bread analysis and GutoPeak analysis. At the same
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time, it aims to investigate the relationships between physical, chemical, Received 106.07.2023
technological, rheological, and bread analyses with GlutoPeak quality Accepted 116.01.2024
parameters and to reveal the potential of the varieties. In the study, some

quality parameters and significance levels between varieties were Keywords

determined. Also, the results obtained from the GlutoPeak analysis are
explained by comparing them with other quality parameters. Protein
ratio, wet gluten, and Zeleny sedimentation values were found to be
highly correlated with GlutoPeak AM, BEM, AGGRE, PM, GPRT, GW,
and GWA. In addition, it was determined that there was a high
correlation between harmonograph water absorption and GlutoPeak
AGGRE, AM, BEM, GGLT, GPRT, GW, GWA, and PM values. Autograph
W value was positively correlated with GlutoPeak AM, BEM, PM, GPRT,
GGLT, GW, GWA, and AGGRE values and negatively correlated with
PMT. The results obtained in terms of the examined characteristics in
this study show that some varieties stand out in terms of different quality
characteristics. With the results of this study, it was determined that the
GlutoPeak device can detect the quality of wheat flour with fewer
samples and in a short time, therefore, GlutoPeak analysis will be useful
in variety development and similar studies in bread wheat.

Bread wheat
Quality properties
GlutoPeak

Bazi Ekmeklik Bugday Cesitlerinin Kalite Ozelliklerinin Belirlenmesinde Glutopik Test Cihazinin

Kullanilmasi
OZET Tarla Bitkileri
Bu calismanin amaci Bahri Dagdas Uluslararasi Tarimsal Arastirma
Enstitiist Mudurlaga tarafindan gelistirilen tescilli 10 ekmeklik bugday Aragtirma Makalesi
¢esidinin bazi fiziksel, kimyasal ve teknolojik, reolojik oOzellikleri ve
ekmek analizleri ile Glutopik analizlerinde kalite durumlarinin tespit Makale Tarihgesi
edilmesidir. Ayn1 zamanda fiziksel, kimyasal, teknolojik, reolojik ve Gelis tarihi 106.07.2023
ekmek analizlerinin, Glutopik kalite parametreleri ile arasindaki Kabul tarithi  :16.01.2024

iligkilerin arastirilmasi ve gesitlerin potansiyellerinin ortaya konulmasi
amaclanmigtir. Arastirmada, bazi kalite parametreleri ve cesitler

Anahtar Kelimeler

arasinda 6nemlilik duzeyleri belirlenmistir. Ayrica, Glutopik analizinden Ekmeklik bugday
elde edilen sonucglar diger kalite parametreleri ile kiyaslanarak Kalite 6zellikleri
aciklanmigtir. Protein orani, yas gluten ve Zeleny sedimentasyon GlutoPeak

degerlerinin Glutopik AM, BEM, AGGRE, PM, GPRT, GW ve GWA ile
yiksek iligkili oldugu tespit edilmistir. Bunun yaninda farinograf su
absorbsiyonu ile Glutopik AGGRE, AM, BEM, GGLT, GPRT, GW, GWA
ve PM degerleri arasinda yliksek bir korelasyon oldugu belirlenmisgtir.
Alveograf W degerinin Glutopik AM, BEM, PM, GPRT, GGLT, GW, GWA
ve AGGRE degerleri ile pozitif diizeyde 6nemli, PMT ile negatif seviyede
onemli iligkili oldugu tespit edilmisgtir. Bu ¢alismada incelenen 6zellikler
yoniinden elde edilen sonuclar, farkl kalite 6zellikleri bakimindan bazi
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cesitlerin 6ne ciktigini gostermektedir. Bu calismanin sonuglar ile
Glutopik cihazinin, az 6rnekle ve kisa siirede bugday unu kalitesini tespit
edebilecegi, bu sebeple Glutopik analizinin ekmeklik bugdayda cesit
gelistirme ve benzeri calismalarda faydal olacagi belirlenmigtir.
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INTRODUCTION

Wheat is one of the most produced cereals in Turkiye
due to its high adaptability, meeting a significant part
of the daily calories and protein required for human
nutrition and being a staple food (Kiin, 1996). In
parallel with the increasing population, the demand
for wheat is also increasing. Turkiye is one of the
countries with the highest annual grain consumption
per capita. In Turkiye, wheat consumption per capita
was 179.4 kg on average in the 2018-2019 period
(Giines & Turmus 2020). In developed countries, wheat
consumption per capita is behind the level of
developing countries (FAO, 2020). In Tiirkiye, where
wheat 1s consumed approximately 2.5 times the world
average as human food, it is a necessity that the wheat
is of high quality. In determining the quality of wheat,
primarily physical properties are taken into account.
Hectoliter weight and thousand kernel weight are the
most basic analyses in determining wheat quality and
are widely used for selection in breeding studies. The
parameters commonly used to determine bread wheat
quality are Zeleny sedimentation value, protein
content, gluten index, wet gluten, and dry gluten
values. Many processes such as agricultural
applications, genetic structure, milling, and baking
processes contribute to the final product quality of
wheat (Giicbilmez et al., 2019). Gluten is the main
storage protein that defines the baking quality of
wheat by providing water absorption capacity,
viscosity, and elasticity to the dough (Wieser, 2007).
Gliadin and glutenin protein are two components of
gluten that form the gluten network during dough
development and determine dough strength (Sharma
et al., 2020). The appropriate combination of the two
gluten components affects the visco-elastic properties
of the dough and eventually the quality of the final
products. Since gluten is the main determinant of
quality in wheat, gluten content was used as one of the
criteria in the selection of varieties and determining
the baking quality of flour samples in the breeding
program (Giicbilmez et al., 2019). Various quality
testing procedures such as allograph, chronograph,
and cooking tests continue to be applied at present to
characterize wheat for different end uses (Huen et al.,
2018).  Rheological measurements such as
chronographs and micrographs are widely used to
evaluate the gluten strength of dough and the overall
baking functionality of wheat flour (Wang et al., 2017).
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However, such rheological analyses and baking quality
tests are often labor-intensive and time-consuming
(Bouachra et al., 2017). In such cases, analyses with
shorter durations may be more useful. GlutoPeak test
has started to be used as a rapid quality test that
requires fewer samples and measures the properties of
gluten aggregation, especially gluten strength and
aggregation rate (Huen et al., 2018). Studies have
shown that GlutoPeak parameters can be used to
differentiate wheat flours based on gluten aggregation
and dough rheological properties (Marti et al., 2015).

Within the scope of this study, some physical,
chemical, technological, and rheological properties,
bread analyses, and quality status in GlutoPeak
analyses of 10 registered bread wheat varieties
developed by Bahri Dagdas International Agricultural
Research Institute were determined in detail. At the
same time, the relationships between the physical,
chemical, and technological analyses and the
rheological and bread analyses between the GlutoPeak
quality parameters were investigated and the
potentials of the varieties were tried to be revealed.

MATERIALS and METHODS

In this research, the seeds obtained from the trial
carried out in the 2020-2021 period with two
replications in randomized blocks experimental design
of 10 bread wheat varieties (Bayindir, Bozkir, Sehzade,
ikonya, Meke, Selcuklu, Ekiz, Taner, Tugra and
Yavuz) grown in irrigated conditions in Bahri Dagdas
International  Agricultural Research  Institute
Konya/Tirkiye land were used as material. To obtain
flour from wheat samples in the research, the AACC
methods 26-95 and 26-50 were used with slight
modifications (AACC, 2000). One kg of cleaned seed
was taken, annealed on a moisture basis of 14.5% (w
w1), and then kept for 12 hours, then ground in
Yucebas YM1 (Yiicebags Machinery Analytical
Equipment Izmir, Turkey) flour mill.

Physical, Chemical, and Technological Analyzes

The thousand-grain weight of samples was determined
according to Williams et al., (2008) with a Pfeuffer
Contador brand device (model 75072,
Kitzingen/Germany). Test weight was determined
according to the standard method of AACCI (No: 55-
10.01) (AACCI, 2010). The grain hardness of bread
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wheat samples was determined in a NIR (Foss DS2500
F) device calibrated according to AACC 55-31 method
using a single kernel characterization system (SKCS;
AACC, 2000). Protein ratio was made according to the
Dumas method using the LECO FP 528 (Leco Inc, St
Joseph, MI) nitrogen determination device (nitrogen
ratio x 5.70) by weighing 0.20-0.25 g of ground sample
(AOAC 992.23, 2000). Zeleny sedimentation values of
flour samples were determined according to ICC
(International Association for Cereal Science and
Technology) Standard No.116/1 (ICC, 2008). The wet
gluten content of the flour samples was determined
according to AACC Method No: 38-12A (AACC, 2000).
Gluten index values of flour samples were determined
according to AACC Method No: 38-12A (AACC, 2000).
The time for the wheat starch to lose its viscosity
feature was determined by the falling number device
(Yiicebas ~ Makine, model 2016-No  Y120033
Izmir/Tiirkiye) according to AACC Method No: 56-81B
(AACC, 2000).

Rheological Analyzes
Farinograph analysis was determined by a
chronograph device (Farinograf-AT, Brabender

Germany) according to ICC Standard Method No:
115/1 (ICC, 2008). Alveograph analysis was made
using the Chopin Alveograph (Model Alveograph NG,
Chopin, France) device according to the ICC-Standard
No:121 method (ICC, 2008). GlutoPeak analyses were
performed with a Brabender GlutoPeak device (803400
model, Brabender GmbH&Co KG, Duisburg,
Germany). Nine g flour sample was mixed with 9 g
distilled water at a speed of 2750 rpm at 36 °C, and the
test material was evaluated using the Rapid Flour
Check method specified by Wiertz (2018).
Measurements made by GlutoPeak were recorded by
the device's software program (GlutoPeakR version
2.2.0) and AM (Torque 15 seconds Before Maximum
Torque, GPU), BEM (Maximum Torque of Gluten,
GPU), PMT (the time passed until the Maximum
Torque, sec), PM (Torque 15 sec After Maximum
Torque, GPU), GPRT (GlutoPeak Protein Ratio, %),
GGLT (GlutoPeak Wet Gluten Value, %), GW
(GlutoPeak Energy Value, x104 J), GWA (GlutoPeak
Water Absorption Capacity, % v wl ), AGGRE
GPU) values

(Aggregation Energy Value, were
obtained.
Bread Analyzes

Straight-Dough Bread-Making method (AACC 10-10B)
modified according to Turkish style bread was used in
bread-making studies. For this, based on 100 g flour,
1.5% g/g table salt, and 3% g/g yeast were added, and
then 2 units more water (cc) than the previously
determined farinograph values were added and
kneaded until a mature dough was formed. The
obtained doughs were left to mass fermentation at 30
°C and 70-80% relative humidity 2 times for 30
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minutes and at the end of these periods, they were
folded and aerated. At the end of this process, the
bread dough was given its final shape and left for final
fermentation at 30 °C for 55 minutes, and after
fermentation, the doughs were baked at 230 °C for 15-
20 minutes (Elgiin et al., 2014). Bread weights (g) were
determined by weighing the bread with laboratory-
type scales at least 1 hour after baking (Elgiin et al.,
2002). Bread volume was measured by the rapeseed
displacement method and the bread volumes of each
variety were determined in cm3 (Elgiin et al., 2002).

Statistical Analysis

In the evaluation of the data obtained as a result of the
study, variance analysis was performed and the mean
values of the features with significant differences were
grouped according to the LSD (0.05) test. JMP
statistics program (version 5.0.1, SAS Institute Inc.,
USA) was used in data analysis (JMP, 2003).

RESULTS and DISCUSSION

Evaluation of Analysis Findings of Bread Wheat
Varieties

The mean square results of the analysis of variance
obtained from the analysis results of the quality
parameters of 10 bread wheat varieties used in the
research are given in Tables 1 and 2, and the mean
values and significance groups are given in Tables 3
and 4. As it can be understood from the examination of
the tables, the differences between the varieties in all
the parameters obtained from the analyses were found
to be statistically significant at the level of P<0.01.

Evaluation of Findings Related to Physical, Chemical,
and Technological Analyzes

In determining the quality of wheat, first of all, its
physical properties are taken into account. Thousand-
grain weight and test weight are the most basic
analyses in determining wheat quality and are widely
used for selection in a variety of development studies
(Ozkaya & Ozkaya, 2005).

The shape and size of the grain, as well as the absence
of wrinkles and cracks, are the most important
physical grain characteristics that affect the thousand-
grain weight and directly affect the flour yield (Tyagi
et al., 2015). The thousand-grain weight gives
information about the endosperm ratio in the seed.
Since the endosperm ratios of varieties with a high
thousand-grain weight are generally high, flour yields
are high (Posner, 2009). Elgiin et al., (2001) reported
that thousand-grain weights ranged between 26-36 g
in soft wheat and 35-46 g in hard wheat. In the study,
the mean value of thousand-grain weight was
determined as 33.0 g, and this value varied between
27.5 and 41.5 g. The highest thousand-grain weight
was obtained from the Ekiz variety (41.5 g), followed
by Sehzade (39.9 g), Meke (36.2 g), Bozkir (34.1 g).
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Taner (33.0 g) and Bayindir (32.0 g) varieties were
found to have average values (Table 3). Aydogan &
Soylu (2017), in a similar study conducted on 14 bread
wheat varieties under Konya conditions, found that
the thousand-grain weight of the varieties ranged
between 30.90 g and 46.46 g and the mean value of the
trial was 38.32 g.

The test weight gives information about the unit
volume density, shape, and size of the grain. The high
test weight value is desirable for bread wheat
varieties. The fact that this value is 80 kg hl! and
above is especially desired by the wheat industrialists.
Elgiin et al., (2001) reported that test weights ranged
between 74-82 kg hl'! in soft wheats and 78-82 kg hl!
in hard wheats. The mean value of test weights
obtained in the study was determined as 75.8 kg hll,
and this value varied between 71.9-80.6 kg hl't. While
the Ekiz variety had the highest value with 80.6 kg hl
1 the Bayindir variety had the lowest value (71.9 kg hl’
1) (Table 3). Sahin et al., (2017), determined the test
weights between 70.97-77.43 kg hl! and the mean
value as 75.18 kg hl!in the study made on bread wheat
varieties.

Many methods have been developed to measure wheat
grain hardness and SKCS has been widely used
recently. The bread quality of hard wheat is generally
high. In general, hard wheats are suitable for bread
making and soft wheats are suitable for biscuits
(Giroux & Morris, 1998). During the conversion of very
hard wheat into flour, energy consumption is high or
in very soft wheat, the flour yield is low because it is
difficult to separate the bran from the flour (Elgiin et
al., 2001). The SKCS hardness values obtained in the
study were determined as 68.2% on average and this
value varied between 44.4-87.2%. In the study
conducted by Sahin et al., (2019), it was determined
the hardness values of bread wheat genotypes,
consisting of 20 varieties and breeding lines, between
29.78 and 87.66%.

Protein ratio is one of the important quality criteria
considered in the study. It has been reported that to
classify wheat and characterize wheat flour, it is
necessary to measure the protein and gluten content
together with the sedimentation value for wheat flour

characterization (Baslar & Ertugay, 2011). Although
the amount of protein is one of the most influential
criteria from climatic conditions and agronomic
applications (Aktan, 1992), it is one of the most
effective parameters in determining the quality of
wheat varieties (Williams et al., 1986). Protein ratios
obtained from the study varied between 11.7% and
16.8%. Selguklu variety had the highest protein
content with 16.8%, followed by Bozkir (16.0%),
Baymndir, Ikonya (15.4%) and Yavuz (15.1%). While the
protein ratios of Tugra (14.3%), Meke (14.1%), Taner
(13.9%), and Sehzade (13.1%) varieties were low, the
protein ratio of the Ekiz variety (11.7%) was
determined to be the lowest (Table 3). Egesel et al.
(2009) determined the protein ratio between 10.9% and
13.1% in the study they carried out for two years in 10
bread wheat varieties. Sahin et al. (2019) evaluated
the quality and technological characteristics of bread
wheat genotypes consisting of 20 varieties and lines
and found that the protein ratios varied between 12.29-
14.10%.

Wet gluten is an elastic substance formed by the
gliadin and glutenin proteins in the wheat composition
by absorbing water and swelling. The amount of wet
gluten helps to determine the gluten quality (gluten
structure, flour strength). The fact that the wet gluten
ratio is over 28% in the flour to be used in bread
making allows the production of good quality dough
(Erekul et al.,, 2005). The wet gluten mean values
obtained in the study were determined as 41.6%. This
value varied between 32.2-49.2%. While the Sel¢uklu
variety had the highest wet gluten value at 49.2%, wet
gluten values of Meke (35.6%), Sehzade (32.6%), and
Ekiz (32.2%) varieties were found low (Table 3). In the
study of Kegeli & Tkikarakaya (2013) conducted for two
years on 4 different bread wheat varieties, it was
determined the mean value of the wet gluten ratio was
28.0% in the first year and 27.0% in the second year.
Okur (2017) reported that for 57 samples milled as
flour and whole wheat flour, the mean value of the wet
gluten analysis values in red wheat was determined as
34.51 and 28.07%, and the mean value of the wet
gluten analysis values in white wheat was determined
as 31.27 and 27.08%, respectively.

Table 1. The mean square results of the variance analysis of the glutopic analysis values.
Cizelge 1. Glutopik analiz degerlerine ait varyans analizi kareler ortalamasi sonuglari.

VS SD AM BEM PMT PM GPRT | GGLT | GW GWA AGREE
Variety 9 100.9%* | 239.8%*% | 566.6%* | 215.1%* | 4.1%* 36.2%% | 37706%* | 44.1** | 208915%*
(Cesit)
Recurrence | 0.8 39.2 7.2 1.25 0.061 0.578 460.8 5.832 1828.8
(Tekerriir)
Error

9 5.35 29.86 13.42 3.47 0.19 1.81 366.13 | 5.57 9394.04
(Hata)
General
(Genel) 19

** (P<0.01), VS: Variation Sources, SD: Degree of Freedom, AM: Torque 15 sec Before Maximum Torque, BEM: Maximum Torque, PMT: Peak
Maximum Time, PM: Torque 15 s After Maximum Torque, GPRT: GlutoPeak Protein Ratio, GGLT: GlutoPeak Wet Gluten Value, GW:
GlutoPeak Energy Value, GWA: GlutoPeak Water Absorption Capacity, AGGRE: GlutoPeak Aggregation Energy Value
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The parameters commonly used to determine the
quality of bread wheat are protein ratio, Zeleny
sedimentation value, wet gluten, dry gluten, and
gluten index values (Menderis et al., 2008). Gluten
index value is used to determine gluten quality and it
is required to be between 60-90% in bread flour (Elgiin
et al., 2001). The gluten index values obtained in the
study varied between 53.2-91.0%. Make variety had
the highest gluten index value with 91.0%, followed by
Selguklu (85.3%), Sehzade (85.0%), Tugra (78.9%) and
Ikonya (78.1%). While the gluten index values of Yavuz
(72.2%), Taner (70.0%), Bozkir (67.8%), and Ekiz
(65.7%) varieties were below the average value, the
Bayindir variety had the lowest value with 53.2%
(Table 3). Egesel et al., (2009) determined the gluten
index value between 14.0 and 77.8% in a study
conducted for two years on 10 bread wheat varieties.

The time for the wheat starch to lose its viscosity with
the activity of the a and B amylase enzymes in the flour
gives the falling number. The falling number
determines the activity of the amylase enzyme in the
flour. The value of a falling number over 300 seconds
is an indicator of low amylase activity. If amylase is not
added to flours with low amylase activity, bread
volume becomes low and bread crumbs become dry.
The falling number values obtained in the study were
determined as 434 seconds on average. This value
varied between 311-532 sec. (Table 3). Kara et al.,
(2020) determined the falling number values of bread
wheat between 262.5 and 882.0 sec. in different grain
sizes. It was determined that all varieties had low
amylase activity in terms of falling number values.

Evaluation of Findings Related to Rheological

Analyzes

In determining the quality of wheat for bread making,
physical and physicochemical properties do not provide
complete and precise information, so it is necessary to
determine the rheological properties of the dough. The
rheological properties of the dough give information
about the visco-elastic structure of the dough. The
visco-elastic structure of the dough shows the bread
quality. The visco-elastic structure allows the dough to
keep its shape. After the deformation formed in the
dough by a force applied to the dough, the dough tries
to return to its previous state. This i1s the most
important property of dough (Patel & Chakrabarti-
Bell, 2013). The visco-elastic properties of the dough
can be measured with some devices. One of the devices
developed for this purpose is the chronograph.
Farinograph determines the amount of water required
for the flour to become a normal dough and provides
information about the development, stability, and
softening degree of the dough (Elgiin et al., 2001).

Farinograph water absorption is the amount of water
required to be added to the flour to obtain a dough of a
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certain consistency, and it is desired that the amount
of water to be used in bread making is high. High water
absorption is a feature desired by bakers. When flours
with high water absorption are kneaded, more dough
is obtained. The mean values of water absorption
values obtained in the study were determined as 64.1%
(Table 3). Al-Saleh & Brennan (2012) reported that the
water absorption value varied between 56.30% and
64.05% in a study they conducted with bread wheat
genotypes under irrigated conditions.

Alveograph energy (W) value is one of the reliable data
to reveal the quality of wheat flour and has a key role
in the evaluation of the quality of wheat for bread
making among all allograph parameters. Abu
Hammad et al. (2012) classified the allograph energy
values as weak (<100 x104 J), moderately weak (101-
150 x104 J), moderately strong (151-200 x104 J), and
strong (201-250 x104J), and very strong (>250 x104 J).
In the study, the W value varied between 115.5-389.0
x104J. While Bayindir variety has the highest W value
with 389.0 x104 J, Yavuz (195.5 x104 J), Ikonya (191.5
x104 J), Tugra (157.0 x10* J), Ekiz (127.5 x104J) and
Sehzade (115.5 x10* J) varieties had lower than
average W values (Table 3). Kristensen et al., (2019)
found the W value between 40-293 x104 J and the
mean value of W value as 134.2 x104 J in their study.
According to Pomeranz (1987), the W value of standard
flour is around 141 x 104 J. Some other researchers
have suggested that the W value of standard flour is
characterized in the range of 160-200 x 10 J (Bordes
et al., 2008). Considering the literature information, it
was determined that the W values of the majority of
the varieties examined in this study were almost in the
standard range or higher.

Evaluation of Findings Related to GlutoPeak Analysis

The gluten qualities of bread wheat varieties must be
suitable for the end product.
To determine the gluten quality, information about
water absorption, energy value, and tolerance values
against kneading is obtained with devices such as
micrographs, allographs, chronographs, and
stenographs. These methods require large amounts of
samples and take a long time. In recent years, it has
been stated that the Glutopik device, which gives
results in a shorter time with fewer samples, has been
used to measure gluten quality (Giicbilmez et al.,
2019). GlutoPeak measures the aggregation of wheat
gluten proteins in a flour/water slurry under high-
speed shearing (Melnyk et al., 2011). Studies show that
GlutoPeak parameters can be used to differentiate
wheat flour according to gluten aggregation and dough
rheological properties (Malegori et al., 2018; Zawieja et
al., 2020).

In the research, the mean value of AM (GPU), which is
expressed as torque 15 seconds Before Maximum
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Torque, was determined as 25.6 GPU, and this value
varied between 17.5 and 42.0 GPU (Table 4).
Giigbilmez et al. (2019) and Sahin et al. (2020) reported
that AM values varied between 14-36 GPU and 19.5-
43.8 GPU respectively, in their study of bread wheat
flour.

When the BEM value of the GlutoPeak diagram is
examined, the Bayindir variety has the highest BEM
value of 89 GPU. Daba et al., (2021) determined the
BEM value between 53.5-81.5 GPU, with a mean value
of 64.8 GPU in their study.

The PMT value is expressed as the time (sec) from the
beginning of the GlutoPeak diagram to the maximum
torque. Varieties with strong gluten give lower PMT
and higher BEM values, while the opposite is true for
varieties with weak gluten (Giicbilmez et al., 2019). In
the study, the mean value of PMT was determined as
60.8 seconds, and this value varied between 45.5-87.0

seconds. Wang et al., (2018) stated that the PMT value
varied between 41.3 and 92.3 seconds in the GlutoPeak
analysis studies on bread wheat.

PM value is measured as the torque 15 sec after
maximum torque. Bayindir variety in the study had
the highest PM value with 69.5 GPU, followed by
Selguklu (66 GPU), Taner (58 GPU), Yavuz (56 GPU),
Bozkir (55 GPU), Tugra (54 GPU), Ikonya (52 GPU),
Meke (49 GPU), Ekiz (39.5 GPU) and Sehzade (36
GPU) (Table 4). Daba et al., (2021) are also in
agreement with this study in terms of PM value (43.0-
67.0 GPU).

In the study, the mean value of GPRT calculated by the
GlutoPeak was determined as 13.2%, and this value
varied between 10.8 and 15.7%. The Bayindir variety
in the study had the highest protein content with
15.7%. Sahin et al., (2020) found the mean of GPRT
values as 12.8% in their study on bread wheat.

Table 4. Mean values of GlutoPeak parameters of bread wheat varieties.
Cizelge 4. Ekmeklik bugday g¢esitlerinde glutopik parametrelerine ait ortalama degerler.

Variet; BEM PM GPRT GGLT GW GWA (% v AGGRE
Cosi)  AMGPU  (ppyy  PMTG)  qp) ) ) 104 9) ) (GPU)
Baymndir 42.02+14.9 89.0a+1.4 28.0¢+0.0 69.53+2.1 15.7a+£0.1  32.4b<+0.6 6702+£16.9 72.32+0.6 21732+£57.1
Bozkir 28.0bc+2.1 68.5bc+0.7 67.0b+0.0 55.0bc£1.4  13.7*+0.3 31.6¢4+0.0 419¢4+8 .4 66.47+0.6 1819°+£38.5
Ekiz 17.5¢+3.5 59.00d+7.1 54.0e+£5.7 39.5¢+4.9 11.4¢+0.6 25.3¢+1.9 303¢+86.2 60.0¢4+£2.6 127944177.9
Ikonya 27.0bcd+4, 2 73.0v+5.7 55.5de+13.4  52.0¢+0.7  13.5¢+0.0 32.2be+1.5 450c+17.6 64.1b+0.8 1577+128.6
Meke 24.0¢4+0.7 66.0bc+2.8 80.02+£9.9 49.09+4.9  12.9¢+0.1  29.8¢4+0.6 3894+34.6 63.3bc+1.8 1772b+26.9
Selcuklu 30.0v+2.9 84.0a+11.3 59.5¢de£14.8  66.02+£9.9 14.7°+0.8 35.07+2.3 6312+35.3 72.9246.1 21282+14.6
Sehzade 16.540.7 51.54+2.1 87.0a+12.8 36.0e+1.4 10.8¢+0.1 23.6°+0.6 212t£26.1 57.94+0.7 11644+43.0
Taner 27.5b+0.7 71.0b+1.4 45.5t£7.8 58.0v+0.7  13.8>+0.5 38.2a+0.8 474b+69.2 66.8bc+2.4 1768b+3.8
Tugra 22.0de+1.4 67.0£0.0 69.0b+1.4 54.0bcx1.4  13.4¢9+0.1 31.3¢d+0.1 4014+0.0 65.1b¢+£0.2 1567<+75.0
Yavuz 23.004+1.4 65.0bc+4.2  62.5p¢d+10.6  56.0b+4.2 12.74+0.6 29.24+1.9 3774+51.6 66.1b+0.4 1812b+158.1
Ortalama 25.6 69.4 60.8 53.4 13.2 30.8 432.4 65.5 1706
CV (%) 9.0 6.9 6.0 3.5 3.3 4.4 4.4 3.6 5.7
LSDo.os 5.2 10.8 8.3 4.2 1.0 3.0 43.3 5.3 219.3

CV: Coefficient of Variation, L.SD: Least Significant Differences, @; Different superscripts in the same column indicate
statistically significant differences between the means (/%0.05). AM: Torque 15 sec Before Maximum Torque, BEM:
Maximum Torque, PMT: Peak Maximum Time, PM: Torque 15 s After Maximum Torque, GPRT: GlutoPeak Protein Ratio,
GGLT: GlutoPeak Wet Gluten Value, GW: GlutoPeak Energy Value, GWA: GlutoPeak Water Absorption Capacity, AGGRE:

GlutoPeak Aggregation Energy Value

The GGLT values, which express the wet gluten ratio
calculated by the GlutoPeak device, were found to be
30.8% on average. Taner variety had the highest GGLT
value with 38.2% followed by Selcuklu (35.0%),
Baymdir (32.4%), Ikonya (32.2%), Bozkir (31.6%),
Tugra (31.3%), Meke (29.8%), Yavuz (29.8%). 29.2),
Ekiz (25.3%) and Sehzade (23.6%) varieties (Table 4).
Sahin et al., (2020) found the the mean of GGLT values
as 30.5% in their study.

The mean value GW was determined as 432.4x104 J,
and this value varied between 212-670x10% J. The
Bayindir variety included in the study had the highest
GW value with 670x104 J (Table 4). Sahin et al., (2020)
determined the average GW value as 392.7x104 J.
GWA values varied between 57.9-72.9 % v w'l. While

the Selguklu variety had the highest GWA value with
72.9 % v w1, the Sehzade variety had the lowest GWA
value with 57.9 % v w'! in the study. Gugbilmez et al.,
(2019) determined the GWA value in the range of 52.8-
67.1% v w'! and found the mean value as 61.9% v w'!
in their study on bread wheat flour.

While the mean value of AGGRE obtained from the
GlutoPeak data was determined as 1706 GPU, the
Bayindir variety gave the highest AGGRE value with
2173 GPU. Daba et al., (2021) found the mean value of
AGGRE as 1794.7 GPU in their studies on dough
rheological properties and baking quality of wheat.

Evaluation of Findings Related to Bread Analyzes
While the mean value of bread weight obtained in the

935



KSU Tarim ve Doga Derg 27 (4), 929-939, 2024
KSU J. Agric Nat 27 (4), 929-939, 2024

Arastirma Makalesi
Research Article

study was 147.7 g, this value varied between 141-153
g among varieties. In addition, the mean value of bread
volume was 456 cm3, and this value changed in the
range of 410-490 cm3. Aydogan (2016) determined the
bread weight between 141.6-149.5 g and the mean
value as 146.0 g in the study made on bread wheat
varieties grown under irrigated conditions. Also, the
bread volume was determined between 368-485 cm?:
and the mean value was 452.3 cm? in the research.

Evaluation of Relationships Between GlutoPeak Data
and Other Quality Parameters

The data obtained by using classical methods in 10
bread wheat varieties were compared with the data
calculated by the GlutoPeak method. The correlation
coefficients between the GlutoPeak parameters
obtained in the study and other parameters, and their
statistical significances are given in Table 5.

Table 5. Correlation coefficients between GlutoPeak and other quality analyses (r) (n=10)
Cizelge 5. Glutopik ile diger kalite analizleri arasindaki korelasyon katsayilan: (r) (n=10)

Farinograph Alveograph

T}g::iind Test SKCS Protein Zeleny Wet Gluten Falling Water Energy Bread Bread
Weicht Weight Hardness Ratio Sedimentation Gluten Index Number Absorption Value Weight Volume
(Bin %m o (Hektolitre (SKCS (Protein (Zeleny (Yas (Gluten (Diigme (Farinograf (Alveograf (Ekmek (Ekmek
Adirhdy) Agirhigr)  Sertlik) Orani) Sedimentasyon) Gluten) Indeks) Sayisi) Su Enerji  Agirhg)) Hacmi)
Q(g)gf (kghl?) (%) %) (mD) (%) (%)  (n) Absorbsionu) Degeri) (&)  (em?)
(%) (x10-4 J)
AM -0.54 -0.76* 0.55 0.66* 0.12 0.66* -0.52 0.55 0.87*%* 0.95%* 0.70% 0.43
BEM -0.69* -0.72* 0.67* 0.72% 0.30 0.77**  -0.36 0.76* 0.93*%* 0.86** 0.88%* 0.58
PMT 0.33 0.29 -0.89** -0.20 0.27 -0.44  0.81% -0.71* -0.77%* -0.74* -0.53 -0.44
PM -0.77%* -0.78** 0.62 0.78%* 0.44 0.85%*  -0.36 0.74* 0.94** 0.85%* 0.86** 0.60
GPRT -0.70* -0.73* 0.58 0.76* 0.37 0.82**  -0.38 0.69* 0.93** 0.88** 0.85%* 0.62
GGLT -0.69* -0.50 0.49 0.59 0.56 0.79** -0.14 0.65* 0.74* 0.67* 0.75%  0.79*%*
GW -0.67* -0.74* 0.67* 0.71% 0.33 0.76* -0.35  0.78** 0.94** 0.87** 0.89** 0.60
GWA -0.74* -0.79** 0.60 0.79%* 0.48 0.83**  -0.32 0.74* 0.94** 0.82%* 0.89** 0.54
AGREE -0.67* -0.83** 0.45 0.79** 0.48 0.74* -0.26 0.60 0.92%* 0.85%* 0.86** 0.50

*(P<0.05) significant at 5% level, ** (/<0.01) significant at 1% level AM: Torque 15 sec Before Maximum Torque, BEM: Maximum Torque,
PMT: Peak Maximum Time, PM: Torque 15 s After Maximum Torque, GPRT: GlutoPeak Protein Ratio, GGLT: GlutoPeak Wet Gluten Value,
GW: GlutoPeak Energy Value, GWA: GlutoPeak Water Absorption Capacity, AGGRE: GlutoPeak Aggregation Energy Value

Relationships Between GlutoPeak Analysis and

Physical Analyzes

It was determined that there was a negative
significant correlation between thousand-grain weight
and BEM (r=-0.69 P<0.05), PM (r=-0.77 P<0.01), GPRT
(r=-0.70 P<0.05), GGLT (r=-0.69 P<0.05), GW (r=-0.67
P<0.05), GWA (r=-0.74 P<0.05) ve AGGRE (r=-0.67
P<0.05). A negative significant correlation between
test weight and AM (r=-0.76 P<0.05), BEM (r=-0.72
P<0.05), PM (r=-0.78 P<0.01), GPRT (r=-0.73 P<0.05),
GW (r=-0.74 P<0.05), GWA (r=-0.79 P<0.01), AGGRE
(r=-0.83 P<0.01) were observed. SKCS had a positive
significant correlation with BEM (r=0.67 P<0.05) and
GW (r=0.67 P<0.05), and a negative significant
correlation with PMT (r=-0.89 P<0.01). Giicbilmez et
al., (2019) reported that they found a significant
correlation (r=0.7607 P<0.01) between BEM value and
hardness value in their study. These findings are
compatible with Giicbilmez et al., (2019) in terms of the
correlations between BEM and hardness value
(r=0.7607 P<0.01).

Relationships Between GlutoPeak Analysis and

Chemical and Technological Analyzes

The correlation coefficients between the GlutoPeak
parameters obtained in the study and the chemical and
technological parameters and their statistical
significance are given in Table 5. No statistically

936

significant correlation was found between Zeleny
sedimentation values and GlutoPeak parameters.
Positive significant correlations were determined
between protein ratio and AM (r=0.66 P<0.05), BEM
(r=0.72 P<0.05), PM (r=0.78 P<0.01), GW (=0.71
P<0.05), GWA (r=0.79 P<0.01) and AGGRE (=0.79
P<0.01). Positive significant correlations between wet
gluten and AM (r=0.66 P<0.05), BEM (r=0.77 P<0.01),
PM (r=0.85 P<0.01), GPRT (r=0.82 P<0.01), GW
(r=0.76 P<0.05), GWA (r=0.83 P<0.01), AGGRE
(r=0.74 P<0.01) values were observed. In addition, a
positive correlation was found between gluten index
value and PMT (r=0.81 P<0.05). When the protein
ratio values of the samples made by the Dumas method
and GPRT values were evaluated together; the
differences between varieties were determined as
significant (r=0.76 P<0.05).

Also, when the samples were compared in terms of wet
gluten values; it was determined that the differences
between varieties were significant (r=0.79 P<0.01).
Positive significant correlations were determined
between the falling number and BEM (r=0.76 P<0.05),
PM (r=0,74 P<0,05), GPRT (r=0,69 P<0,05), GGLT
(r=0,65 P<0,05), GW (r=0,78 P< 0.01), GWA (r=0.74
P<0.05) and negative significant correlations were
determined with PMT (r=-0.71 P<0.05). Bouchra et al.,
(2017) stated the positive significant correlation
between AM value and gluten quality, BEM value, and
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protein ratio.

Relationships Between GlutoPeak Analysis and
Farinograph Analysis

When the correlation coefficients and statistical
significance between the glutopic parameters and
farinograph water absorption were examined, positive
correlations between farinograph water absorption
and AM (r=0.87 P<0.01), BEM (r=0.93 P<0.01), PM
(r=0.94 P<0.01), GPRT (r=0.93 P<0.01), GGLT (r=0.74
P<0.05), GW (r=0.94 P<0.01), GWA (r=0.94 P<0.01),
and AGGRE (=0.92 P<0.01) ) and negative
correlations with PMT (r=-0.77 P<0.01) were obtained
(Table 4). The chronograph water absorption made
with the classical method and GWA were evaluated
together and it was determined that the differences
between genotypes were significant at the P<0.05 level
in both. The mean value of water absorption results
made with the classical method was found to be 65.5%,
and the average GWA value was determined as 64.1%.
Similar to this study, Sahin et al., (2020) and
Giicbilmez et al., (2019) reported a significant
correlation between the values obtained with both
devices at the level of r=0.8280 P<0.01 and r=0.9158,
P<0.01, respectively.

Relationships Between GlutoPeak Analysis and
Alveograph Analysis

The autograph W value was evaluated with the
obtained GlutoPeak parameters. It was determined
that there were positive correlations between AM
(r=0.95 P<0.01), BEM (r=0.86 P<0.01), PM (r=0.85
P<0.01), GPRT (r=0.88 P<0.01), GGLT (r=0.67
P<0.05), GWA (r=0.82 P<0.01) and AGGRE (r=0.85
P<0.01), and negative correlations with PMT (r=-0.74
P<0.05).

Relationships Between GlutoPeak Analysis and Bread
Analyzes

When the correlation coefficients and statistical
significance between the GlutoPeak parameters and
the technological parameters obtained from the study
were examined, positive correlations were found
between the bread weight and AM (r=0.70 P<0.05),
BEM (r=0.88 P<0.01), PM (+r=0.86 P<0.01), GPRT
(r=0.85 P<0.01), GGLT (r=0.75 P<0.05), GW (r=0.89
P<0.01), GWA (r=0.89 P<0.01), AGGRE (r=0.86
P<0.01). Also, positive correlations were obtained
between bread volume and GGLT (r=0.79 P<0.01)
(Table 4).

CONCLUSION

According to the data obtained as a result of the
analysis performed with the GlutoPeak device
developed to evaluate the gluten quality in bread
wheat, the high AM, BEM, PM, and AGGRE values
indicate high gluten quality, while the high PMT value
indicates late aggregation and weak gluten.
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A high correlation between GWA and water absorption
values obtained from farinograph analysis (r= 0.94,
P<0.01) was obtained. In addition, it was determined
that there was a significant correlation between GPRT
and protein ratio (r= 0.76, P< 0.01), GGLT and wet
gluten (r=0.79, P<0.01), and GW and allograph W
value (r=0.87, P<0.01).

Rheological measuring devices such as allograph,
chronograph, and stenograph are widely used around
the world to determine dough properties and bread-
making properties of flour. However, bread wheat
breeding studies take a long time (13-15 years).
Especially in the F1-F3 stages after crossing, the
amount of seeds is low (20-25 g), and breeders are
curious about the quality values of the wheat lines they
will develop at these stages. Therefore, there is a need
for analyzers that provide information about
technological analyses using fewer samples. Since 9 g
of sample is used in the GlutoPeak device, it is
considered to be suitable for this purpose. The use of
GlutoPeak device data in breeding stages can provide
a scientifically remarkable contribution to breeders in
the selection of bread wheat in terms of technological
properties. Comparison of GlutoPeak parameters with
allograph, farinograph, or chemical analysis in
advanced stages or variety trials where the sample
amount is high; may be required to make accurate
assessments in terms of results. Considering the
analysis findings of this study (flour water absorption,
flour protein ratio, wet gluten ratio, and dough
alveograph energy value [W]), it was concluded that
GlutoPeak analysis can be used in variety
development and similar studies in wheat because it
gives results in a short time with few samples.

ACKNOWLEDGMENT

This study was produced from the Master's thesis. I
thank my colleagues for their contribution.
Statement  Summary  of

Contribution  Rate

Researchers

The authors' contribution to the study is equal.

Statement of Conflict of Interest

The authors have no conflict of interest related to the
study.

REFERENCES

AACC, (2000). Approved Methods of American
Association of Cereal Chemists.10th ed., methods:
10-10, 26-50, 55-31, 26-95, 38-12A, 56-81B, 44-15A,
Minnesota, USA.

AACCI, (2010). Approved Methods of the American
Association of Cereal Chemists, AACCI method 55-
10.01, Approved methods of analyses 11th edition,
The Association: St. Paul, MN.



KSU Tarim ve Doga Derg 27 (4), 929-939, 2024
KSU J. Agric Nat 27 (4), 929-939, 2024

Arastirma Makalesi
Research Article

Aktan B, (1992). Farkhh Azot Uygulamasinin
Makarnalik Bugday Kalitesine Etkisi (Tez no
22811). [Doktora Tezi, Ankara Universitesi Fen
Bilimleri Enstitiisii Gida Bilimi ve Teknolojisi Ana
Bilim Dal]. Yiiksekogretim Kurulu Ulusal Tez
Merkezi.

Al-Saleh, A., & Brennan, C. S., (2012). Bread wheat
quality: some physical, chemical and rheological
characteristics of Syrian and English bread wheat
samples. Foods, 1(1), 3-17. https://doi.org/10.3390/
foods1010003.

AOAC, (2000). Official Methods of Analysis of
Association of Official Analytical Chemists, 17th ed.
method 992.23, Gaithersburg, MD.

Aydogan S, (2016). Kuru ve Sulu Yetistirme
Sartlarinin Ekmeklik Bugday Cesitlerinin Verim
Ve Kalitesine Etkisinin Belirlenmesi (Tez no
430342). [Yuksek Lisans Tezi, Selcuk Universitesi
Fen Bilimleri Enstitiisii Tarla Bitkileri Anabilim
Dali]. Yiiksekogretim Kurulu Ulusal Tez Merkezi.

Aydogan, S., & Soylu, S. (2017). Ekmeklik Bugday
Cesitlerinin Verim ve Verim Ogeleri ile Bazi Kalite
Ozelliklerinin Belirlenmesi. Tarla Bitkileri Merkez
Arastirma Enstitiisii Dergisi, 26(1), 24-30.

Baslar, M. & Ertugay, M. F. (2011). Determination of
protein and gluten quality-related parameters of
wheat flour wusing near-infrared reflectance
spectroscopy(NIRS), Turkish Journal of Agriculture
and Forestry, 35, 139-144. https://doi.org/10.3906/
tar-0912-507.

Bordes, J., Branlard, G., Oury, F. X., Charmet, G., &
Balfourier, F. (2008). Agronomic characteristics,
grain quality, ty and flour rheology of 372 bread
wheat in a worldwide core collection. Journal of
Cereal Science, 48 (3), 569-579. .https://doi.org/
10.1016/1.j¢s.2008.05.005.

Bouachra, S., Begemann, J., Aarab, L., & Hiisken, A.
(2017). Prediction of bread wheat baking quality
using an optimized GlutoPeak®-test method.
Journal of Cereal Science, 76, 8-16.
https://doi.org/10.1016/j.jcs.2017.05.006.

Daba, S. D., Simsek, S., & Green, A. J. (2021).
Predictive ability of four small-scale quality tests
for dough rheological properties and baking quality
in hard red spring wheat. Cereal Chemistry, 953),
660-672. https://doi.org/10.1002/cche.10410.

Egesel, C. O., Kahriman, F., Tayyar, S,. & Baytekin,
H. (2009). Ekmeklik Bugdayda Un Kalite
Ozellikleri ile Dane Veriminin Kargsilikl
Etkilesimleri ve Uygun Cesit Secimi. Anadolu
Tarim ve Bilim Dergisi, 242), 76-83.

Elgin, A., Ertugay, Z., Certel, M., & Kotancilar, H. G.
(2002). Tahil ve iiriinlerinde analitik kalite
kontrolii ve laboratuvar uygulama kilavuzu,
Atatiirk  Universitesi, Ziraat Fakiiltesi Ofset
Tesisleri, 867, 245s, Erzurum.

Elgiin, A., Tirker, S., & Bilingli, N. (2001). Tahil ve
urinlerinde analitik kalite kontrolii, Konya Ticaret

938

Borsasi, No: 2, 112 s, Konya.

Erekul, O., Oncan, F., Erekul, A., Yava, 1., Engiin, B.,
& Koca, Y. 0. (2005). Tleri ekmeklik bugday
hatlarinda verim ve bazi kalite 6zelliklerinin
belirlenmesi, Tirkiye VI. Tarla Bitkileri Kongresi,
5(9), 111-116.

FAO, (2020). Cereal supply and demand brief.
http://www.fao.org/worldfoodsituation/csdb/en.

Giroux, M. J., & Morris, C. F. (1998). Wheat grain
hardness results from highly conserved mutations
in the friable components puroindoline a and b.
Proceedings of the National Academy of Sciences of
the United States of America, 95(11), 6262-6266.
https://doi.org/10.1073/pnas.95.11.6262.

Gugbilmez, C. M., Sahin, M., Akcacik, A. G., Aydogan,
S., Demir, B., Hamzaoglu, S., Gir, S., & Yakigir, E.
(2019). Evaluation of GlutoPeak test for prediction
of bread wheat flour quality, rheological properties,
and baking performance. Journal of Cereal Science,
90, 1-9. https://doi.org/10.1016/j.jcs.2019.102827.

Giines, E., & Turmus, E. (2020). Diinyada ve
Turkiye’de Gida Giivenligi/Giivencesinin Hububat
Sektéri  Yontuyle Degerlendirilmesi. 7Tirkiye
Biyoetik Dergisi, 73), 124-143. doi: 10.5505/
tjob.2020.36449.

Huen, J., Boérsmann, J., Matullat, 1., Béhm, L.,
Stukenborg, F., Heitmann, M., Emanuele, Z., &
Elle, K. A. (2018). Wheat flour quality evaluation
from 'Baker's perspective: Comparative assessment
of 18 analytical methods. European Food Research
and Technology, 244(3), 535-545. https://doi.org/
10.1007/s00217-017-2974-3.

ICC, (2008). International Association for Cereal
Science and Technology, Standart No.115/1, 116/1,
121, Vien.

JMP, (2003). JMP 5.0.1, A business unit of SAS, Cary,
NC.

Kara, B., Acun, S., & Gil, H. (2020). Ekmeklik
Bugdayda (Triticum aestivum L.) Tane Iriliginin
Unda Baz1 Kalite Ozelliklere Etkisi. Black Sea
Journal of Agriculture, 3, 246-252.

Keceli, A, & ikincikarakaya S. U. (2013). Ban
Ekmeklik Bugday (Triticum aestivum L.)
Cesitlerinde Farkli On Bitki Uygulamalarmin
Kalite Ozellikleri Uzerine Etkileri. Tarla Bitkileri
Merkez Arastirma Enstitiisii Dergisi, 2X2), 41-58.

Kristensen, P. S., Jense, J., Andersen, J. R., Guzman,
C., Orbabi, J., & Jahoor, A. (2019). Genomic
prediction and genome-wide association studies of
flour yield and allograph quality traits using
advanced winter wheat breeding material, Genes,
10, 669. https://doi.org/10.3390/genes10090669

Kiin, E. (1996). Tahillar-I (Serin Iklim Tahillary).
Ankara Universitesi Ziraat Fakiiltesi Yayinlari,
Yayin No: 1451, Ders kitabi1 431, Ankara.

Malegori, C., Grassi, S., Ohm, J., Anderson, J., &
Marti, A. (2018). GlutoPeak profile analysis for
wheat classification: skipping the refinement


https://doi.org/%2010.1016/j.jcs.2008.05.005
https://doi.org/%2010.1016/j.jcs.2008.05.005
http://www.fao.org/world
https://doi.org/10.1073/pnas.95.11.6262
https://doi.org/10.1016/j.jcs.2019.102827
https://dx.doi.org/10.5505/tjob.2020.36449
https://dx.doi.org/10.5505/tjob.2020.36449
https://doi.org/10.3390/genes10090669

KSU Tarim ve Doga Derg 27 (4), 929-939, 2024
KSU J. Agric Nat 27 (4), 929-939, 2024

Arastirma Makalesi
Research Article

process. Journal of Cereal Science,
https://doi.org/10.1016/5.jcs.2017.09.005.

Marti, A., Augst, E., Cox, S., & Koehler, P. (2015).
Correlations between gluten aggregation properties
defined by the gluteal test and content of quality-
related protein fractions of winter wheat flour.
Journal of Cereal Science, 66, 89-95.
https://doi.org/10.1016/j.jcs.2015.10.010.

Melnyk, J. P., Dreisoerner, J., Bonomi, F., Marcone, M.
F., & Seetharaman, K. (2011). Effect of the
Hofmeister series on gluten aggregation measured
using a high shear-based technique. Food Research
International, 44(4), 893-896. https://doi.org/
10.1016/j.foodres.2011.01.053.

Menderis, M., Atl, A., Kéten, M., & Kilic, H. (2008).
Gluten Indeks Degeri ve Yas Gluten/Protein Orani
ile Ekmeklik Bugday Kalite Degerlendirmesi.
Harran Universitesi Ziraat Fakiiltesi Dergisi,
123), 57-64.

Okur, Y. (2017). Ekmeklik bugday kalitesini
degerlendirmede kullanilan kimyasal ve fiziksel
ozelliklerin incelenmesi (Tez no 4565717). [Yiiksek
Lisans Tezi, Hacettepe Universitesi Fen Bilimleri
Enstitiisiit Kimya Miihendisligi Anabilim Dali].
Yiiksekogretim Kurulu Ulusal Tez Merkezi.

Ozkaya, H., Ozkaya, B. (2005). Ogiitme Teknolojisi,
Gida Teknolojisi Dernegi Yayinlari. 30, 757s,
Ankara.

Patel, M. J., & Chakrabarti-Bell, S. (2013). Flour
quality and dough elasticity: Dough sheetability.
Journal of Food FEngineering. 115, 371-383.
https://doi.org/10.1016/;.jfoodeng.2012.10.038.

Pomeranz, Y. (1987). Modern Cereal Science and
Technology. 486, VGH Publishers, Inc.

Posner, E. S. (2009). Wheat Chemistry and
Technology, AACC International Inc. 466s, 119-
152, USA.

Sharma, A., Garg, S., Sheikh, I., Vyas, P., & Dhaliwal,
H. S. (2020). Effect of wheat grain protein
composition on end-use quality. Journal of Food
Science and  Technology, 67, 2771-2785.
https://doi.org/10.1007/s13197-019-04222-6.

Sahin, M., Akcacik, A. G., Aydogan, S., Demir, B.,
Gugbilmez, C. M., Hamzaoglu, S., Gur, S., &
Yildirim, T. (2020). Ekmeklik bugday (Triticum
aestivum)  genotiplerinin  gluten  kalitesinin
glutopik cihazi ile degerlendirilmesi. Harran Tarim
ve Gida Bilimleri Dergisi 24 (2), 151-164.

79, 73-T79.

939

Sahin, M., Akcacik, A. G., Aydogan, S., Demir, B.,
Hamzaoglu, S., Glugbilmez, C. M., Gur, S., &
Yakisir, E. (2019). Kuru ve sulu sartlarda
yetistirilen ekmeklik bugday genotiplerinin farkh
reolojik analiz cihazlar1 ile kalite ve teknolojik
ozelliklerinin degerlendirilmesi. Bahri Dagdas
Bitkisel Arastirma Dergisi 82), 216-231.

Sahin, M., Akcacik, A. G., Aydogan, S., Hamzaoglu, S.,
Demir, B., & Yakisir, E. (2017). Kishk ekmeklik
bugday cesitlerinde zeleny sedimantasyon ile verim
ve bazi kalite oOzellikleri arasindaki iligkilerin
incelenmesi. Bahri Dagdas Bitkisel Arastirma
Dergisi 1), 10-21.

Tyagi, S., Mir, R. R., Balyan, H. S., & Gupta, P. K.
(2015). Interval mapping and meta-qtl analysis of
grain traits in common wheat (Triticum aestivum
L.). Euphytica, 201, 367-380. https://doi.org/
10.1007/s10681-014-1217-y.

Wang, K., Dupuis, B., & Fu, B. X. (2017). Gluten
aggregation behavior in high-shear- based
GlutoPeak test: Impact of flour water absorption
and strength. Cereal Chemistry, 94(5), 909-915.
https://doi.org/10.1094/cchem-05-17-0084-r.

Wang, J., Hou, G. G., Liu, T., Wang, N., & Bock, J.
(2018). GlutoPeak method improvement for gluten
aggregation measurement of whole wheat flour,
Food Science and Technology 90, 8-14.
https://doi.org/10.1016/j.1wt.2017.11.059.

Wiertz, J. (2018). GlutoPeak methods- RFC. In:
Wiertz, J. (Ed.), Brabender® GmbH & Co. KG-sales
seminar 2018 GlutoPeak methods- a quick
overview, 7-13, Germany.

Wieser, H. (2007). Chemistry of gluten proteins. 3rd
International symposium on sourdough, 24(2), 115—
119.

Williams, P. C., El-Haramein, F. J., Nakkoul, H., &
Riwhawi, S. (1986). Crop quality evaluation
methods and guidelines. ICARDA, Aleppo, 142,
Syria.

Williams, R. M., O’Brien, L., Eagles, H. A., Solah, V.

A., & Jayasena, V. (2008). The influence of
genotype, environment, and genotype X
environment interaction on wheat quality.

Australian Journal of Agricultural Research 59 (2),
95-111. https://doi.org/10.1071/ar07185.

Zaweija, B., Makowska, A., Gutsche, M. (2020).
Prediction of selected rheological characteristics of
wheat based on gluteal test parameters. Journal of
Cereal Science 91, 102898. httpsi/doi.org/
10.1016/j.jcs.2019.102898.


https://doi.org/10.1016/j.jcs.2017.09.005
https://doi.org/10.1016/j.jcs.2015.10.010
https://doi.org/10.1016/j.jfoodeng.2012.10.038

