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Nevzat AYDIN et al.

EFFECTS OF THE 7RS.1BL WHEAT-RYE TRANSLOCATIONON
KERNEL AND BRAN CONTENT OF BREAD WHERT
(Triticum aestivum L.)

ABSTRACT

In this study, the effects of rye translocation on some quality properties and mi-
neral content of whole wheat kernel and bran were investigated.The plant material
consisted of 147 recombinant inbred lines (RILs) and five control cultivars, inclu-
ding the parent. The genotypes were grown in Turkey at two different locations for
two consecutive years. In the study, lines with and without rye translocation were
determined by SDS-PAGE and PCR analysis, and the glutenin subunits of the lines
at Glu-A1, Glu-B1, Glu-A3 and Glu-B3 loci were also analyzed. The protein, starch,
fat, ash, dry matter, acid detergent insoluble fiber (ADF), neutral detergent inso-
luble fiber (NDF), potassium (K), phosphorus (P) and magnesium (Mg) contents
of kernels and bran of the RILs were determined. Statistically significant differen-
ces were found between the genotypes in terms of all the examined characteristics
except the amount of dry matter. The RILs carrying translocation 1RS.1BLhad a
higher average ADE, NDF, protein content, ash content, K, Mg, and P contents of
kernels, as well as a higher average ADE, NDF, ash, and K bran contents than the
RILs without thetranslocation. The bran of the RILs without thetranslocationhad
higher values in terms of fat, starch, and phosphorus content. The results indicate
that wheat- rye translocation1RS.1BL has a significant effect on both whole wheat
kernel and bran content, and can be used to enrich the content of wheat bran.

Keywords: Rye Translocation, Grain, Location, Quality.
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1RS.1BL CAVDAR TRANSLOKASYONUNUN EKMEKLIK
BUGDAYDA (Triticum aestivum L.) TARNE VE
KEPEK iCERIGINE ETKILERI

0z

Bu ¢alismada IRS.1BL ¢avdar translokasyonunun tam bugday tanesi ve kepegin
bazi kalite 6zelliklerine ve mineral icerigine etkisi arastirilmustir. Bitki materyali
147 rekombinant kendilenmis hat (RIL>ler) ve ebeveyn dahil bes kontrol ¢esidinden
olusmustur. Genotipler Tiirkiyede iki yil iist Gste iki farkli yerde olmak tizere top-
lam dort gevrede yetistirilmistir. Calismada 6nce I1RS.1BL ¢avdar translokasyonu
olan ve olmayan hatlar SDS-PAGE ve PZR analizi ile belirlenerek hatlarin Glu-A1,
Glu-B1, Glu-A3 ve Glu-B3 lokuslarindaki glutenin alt birimleri analiz edilmistir.
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Daha sonra RILlerin tane ve kepeklerinin protein, nisasta, yag, kiil, kuru mad-
de, asit deterjanda ¢oztinmeyen lif (ADF), n6tr deterjanda ¢6ztinmeyen lif (NDEF),
potasyum (K), fosfor (P) ve magnezyum (Mg) igerikleri belirlenmistir. Kuru mad-
de miktar1 disinda incelenen tiim 6zellikler agisindan genotipler arasinda ista-
tistiksel olarak onemli farkliliklar bulunmugtur. IRS.1BL ¢avdar translokasyonu
tastyan hatlarin tanelerinde ortalama ADF, NDE, protein icerigi, kiil orani, K, Mg
ve P icerikleri ¢avdar translokasyonu tagimayan hatlardan daha ytiksektir. Cavdar
translokasyonu tastyan hatlarin kepekleri ise ortalama ADF, NDF, kiil ve potasyum
icerigi bakimimdan daha yiiksek degerlere sahip iken, ¢avdar translokasyonu ta-
simayan hatlarin kepekleri yag, nisasta ve fosfor icerigi bakimindan daha yiiksek
degerlere sahip olmustur. Sonuglar, 1RS.1BL ¢avdar translokasyonunun hem tam
bugday tanesi hem de kepek igerigi tizerinde 6nemli bir etkiye sahip oldugunu ve
bugday kepegi icerigini zenginlestirmek i¢in kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Cavdar Translokasyonu, Bugday Tanesi, Lokasyon, Kalite.

ik

1. INTRODUCTION

Wheat is the most widely cultivated and produced cereal in Turkey and many
other countries. It is a crucial raw material for various products, particularly for
making bread, which is a staple food for many people, especially in developing
countries. In Turkey, bread alone accounts for 56% of daily calorie and 50% of daily
protein consumption needs, and the average daily bread consumption per person
is approximately 400 grams (TUIK, 2014; TPMA, 2021). Wheat is primarily used
in the flour industry. Before using wholemeal flour, industrialists must consider its
properties and how they will affect the final product’s quality. Since bread quality
is closely related to the flour’s chemical composition, it is necessary to know the
amount of moisture, ash, protein, starch, fat, crude fiber, and free acidity values in
the flour (Lasztity, 1996).

Bran, a by-product consisting of wheat husks and other wheat particles sepa-
rated from the flour during the sifting of flour after the milling stage of wheat, is
used in the feeding ruminant animals. Ruminant animals can digest this product
at around 70-75%. Wheat bran contains higher amounts of crude protein, fat, cel-
lulose, and ash than the kernel of wheat (Prueckler et al., 2014). Ruminants can
utilize the protein, energy, and highly digestible cell wall fractions of wheat bran
extremely well. Therefore, it is used instead of some of the other grains or protein
sources in the rations (Zhao et al., 2011). In addition to food groups such as car-
bohydrates, fats, and proteins, animal organisms also require mineral substances
(Bailey, 2001). Wheat bran is a valuable feed ingredient as it contains a higher con-
centration of mineral substances than the kernel.
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Structural carbohydrates found in roughage are divided into two groups: neut-
ral detergent insoluble fiber (NDF), which includes cellulose, hemicellulose, and
lignin, and acid detergent insoluble fiber (ADF), which includes cellulose and he-
micellulose. The amount of NDF and ADF that ruminants consume with their ra-
tion, according to their physiological status, affects the degree of feed digestibility
and the resulting benefits (Mertens, 1987; Van Soest et al., 1991; Moon et al., 2002;
Zhao et al., 2011; Tekce and Giil, 2014).

The major protein in wheat is gluten, composed of gliadins and glutenins.
Gluten accounts for 78-85% of the proteins in wheat (Vetter, 1984; Marconi et
al., 2000). Gluten proteins in wheat are categorized into High Molecular Weight
(HMW) and Low Molecular Weight (LMW) types (Hsia and Anderson, 2001).
HMW glutenin subunits, which are controlled by three gene loci, have been iden-
tified as Glu-1A, Glu-1B, and Glu-1D, and are located on the long arms of group
1 chromosomes (1AL, 1BL, and 1DL) (Payne et al., 1987). The LMW subunits
are encoded by the Glu-A3, Glu-B3, and Glu-D3 loci, located on the short arms
of chromosomes 1A, 1B, and 1D, respectively (Jackson et al., 1983). TheGlu-A3
locus has six different alleles (a, b, ¢, d, e, f), the Glu-B3 locus has nine (a, b, ¢, d,
e f, & h, i), and the Glu-D3 locus has five (a, b, ¢, d, e) different alleles. It is known
that alleles in the Glu-B3 locus, which is one of the LMW glutenin subunits, have
an effect on improving dough quality and Glu-A1 HMW subunits affect the rhe-
ological properties of dough (Vetter, 1984; Payne et al., 1987; Marconi et al., 2000;
Hsia and Anderson, 2001).

Rye introgressions are used in wheat breeding to improve agronomic perfor-
mance, disease resistance, and adaptation to environment (Graybosch, 2001; Eh-
daie et al., 2003; Kim and Johnson, 2004; Hoffman, 2008; Sharma et al., 2009; Giileg
et al., 2021). Of several wheat-rye translocations used in wheat breeding, translo-
cationIRS.1BLhas been shown in numerous studies to increase the agronomic per-
formance but has a negative effect on wheat quality (Graybosch, 2001; Moiraghi
et al., 2013). The low quality of wheat genotypes carrying rye translocations is due
to the absence of LMW glutenin subunits at the Glu-B3 locus and the presence of
secalin proteins transferred from rye (Zeller and Hsam, 1984). However, the this
translocation may not only affect the bread-making quality but also animal nutri-
tion, so it is important to determine the chemical contents of both the kernel and
bran. In recent years, interest in whole wheat flour and wholemeal bread has incre-
ased worldwide, and the importance of bran in animal nutrition has been further
understood. This study investigates the effects of HMW-LMW glutenin subunits
and the IRS.1BL translocationon some quality parameters and the mineral con-
tents of wheat kernel and bran in trials conducted in four different environments.
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2. MATERIALS AND METHODS

2.1 Plant Material

In this research, we used 147 recombinant inbred lines (RILs) obtained by hyb-
ridizing cultivars Tosunbey x Tahirova2000, along with five control wheat culti-
vars. All accessions had white grains. The parents are known to have significant
differences in quality characteristics. Tahirova2000 variety has higher potential in
terms of grain yield. However, the Tahirova2000 variety exhibited good cold tole-
rance. Cv. Tosunbey carries HMW glutenin subunits 1, 17+18, 5+10 and Glu-A3b,
Glu-B3b, Glu-D3b LMW glutenin subunits. Cv. Tahirova2000 carries HMW glu-
tening subunits 2%, 7+9, 5+10 HMW and Glu-A3e (null), Glu-B3j (null), Glu-D3b
LMW glutenin subunits. Control cultivars were Tosunbey, Tahirova2000, Ada-
na99, Nevzatbey and Altay2000. Tahirova2000 has the Glu-B3j subunit, indicating
a IRS.1BL translocation.

2.2. Trial Locations

Trials were conducted in Samsun/Bafra (41°34'N-35°54'E) and Eskisehir
(39°39'31"N-31°2'13"E) locations in Turkey during 2012-2013 and 2013-2014
growing seasons. Samsun/Bafra is known for its high yield potential and ample
precipitation, while Eskisehir represents the Middle Passage Zone of Turkey with
relatively low precipitation rates. The experiments were sown using a plot planting
seeder (Wintersteiger) and harvested with a plot combine harvester (Hege 80). The
plot size was 6.47 m x 1.2 m at sowing, 5 m x 1.2 m during the growing season, and
4 m x 1.2 m at harvest. An edge effect of 50 cm was taken from both sides of the
parcels. The sowing frequency was adjusted to 400-450 seeds per square meter. 15
kg/decare of N were used in Samsun, and 10 kg/decare of N in Eskisehir. P fertiliza-
tion was done at 6 kg/decare. In Eskisehir, irrigation was done once (35-40 mm) in
the summer of 2013 and 2014 and the total precipitation was 332.8 mm and 316.7
mm in the two years, respectively. In Bafra/Samsun the total precipitation during
the wheat growing seasons was 416.2 mm and 283.3 mm in 2012-13 and 2013-
14, respectively, The average temperatures during the wheat growing seasons were
14.4°C and 13.3°C in Bafra/Samsun location in 2012-13 and 2013-14, respectively,
and 10.7°C and 10.5°C in Eskisehir. The trials were generally successful with no
significant damage observed.

2.3. Quality Analysis
Wheat samples were ground using a standard laboratory mill (Brabender Qu-

adrumat Jr.; AACC Method 26-50). The debranning process was carried out with a
Loyka ESM-200 sieve shaker using a 415 pm sieve at 150 rpm for 1 minute.
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Protein contents of whole wheat flours were determined using the flour module
of the Perten Inframatic 9500 device (Perten Instruments, Sweden) and expres-
sed as a percentage at 14% moisture content (Koyuncu, 2009). Damaged starch
contents of wheat flours were measured using an amperometric damaged starch
measuring device (Chopin - SLMWtic) following the the International Cereal
Science and Technology Association (ICC, 2011) protocol ICC Method 172. Da-
maged starch values were read at 14% moisture content. The ash content of wheat
flours was determined by using the flour module of the Perten Inframatic 9500
device (Perten Instruments, Sweden) and expressed as the amount in dry matter
(Koyuncu, 2009).

The ADE, NDE potassium, phosphorus, and magnesium contents of bran
samples were determined using IC-1035FE and IC-0912FE calibrations in the Foss
XDS NIR device.

2.4. Molecular Analysis

The SDS-PAGE was used to determine the HMW and LMW glutenin subu-
nits of the RILs (Masci et al., 2000; Gianibelli et al., 2001). Wheat genotypes with
theIRS.1BL translocation lack wheat LMW glutenin subunits as the short arm of
chromosome 1B is missing. Instead, rye-specific secalin bands appear on the gel.
The absence of Glu-B3 and the presence of secalins were taken as identificators of
the 1RS.1BL translocation (Zeller and Hsam, 1984).

DNA isolation from seed was performed using the ZR Plant/Seed DNA mi-
niPrep™ Kit. The presence of theGlu-B3b allele was detected using primers as as
specified by Wang et al. (2009). The total volume of the PCR reaction solution
was 20 pL. To this solution, 1X PCR buffer (50 mM KCl, 10 mM Tris-HCI, pH 9.0,
0.1% Triton X-100), 0.1 mM dNTPs, 1.5 mM MgClZ, 1.0 U Taq polymerase, 10
pmol DNA primer, and 50 ng DNA sample were added. The reaction underwent
initial denaturation at 94 °C for 5 minutes, followed by denaturation at 94 °C for 45
seconds, annealing at 56-61 °C for 45 seconds, elongation at 72 °C for 90 seconds,
and final extension at 72 °C for 8 minutes. PCR products were run on a 2% (w/v)
agarose gel at 130-150 volts for 1.5 hours to verify primer amplification. The gel
was then imaged using the BioRad gel imaging system.

2.5. Evaluation of Data and Statistical Analysis

The variance analysis of the collected data was conducted using the JMP 10
statistical program, following the partial lattice trial design (JMP, 2010).
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3. RESULTS AND DISCUSSION

3.1. SDS-PAGE Results

The population of RILs screened here showed 16 different combinations of
HMW and LMW glutenin subunits, ranging from two to 16 lines with a given
combination. Cv. Tahirova2000 carried HMW glutenin subunits 2%, 7+9 and 5+10,
and GluA3e, GluB3j, GluD3balleles of LMW glutenins while cv. Tosunbey caries
HMW glutenin subunits 1, 17+18, 5+10, and GIuA3b, GluB3b, GluD3b alleles of
LMW glutenins (Fig.1). Among 147 RILs analyzed, 60 included rye translocations,
while 87 did not.

3.2. PCR Results

In PCR using the Glu-B3b primers, a band of 1570 bp in size was observed. It
was determined that 60 of the lines included rye translocation, and 87 of them did
not contain rye translocation (Fig. 2).

— T ——T
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Figure 1. SDS-PAGE photograph showing bands for HMW and LMW
glutenin subunits in some lines
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lad 14 15 16 ' 23

Figure 2. Gel photograph of lines scanned with Glu-B3b primer
( -: not containing 1BL.1RS, +: containing 1BL.1RS)

3.3. Quality Analysis Results of Kernel and Bran

Statistically significant differences were found at a 1% level between years and
locations in terms of all characteristics examined in the kernel and bran samples of
the genotypes, except for the dry matter ratio (Table 1). The kernel protein content
of RILs ranged from 11.2% to 15.0%, the starch content from 63.8% to 68.7%, the
fat content from 0.91% to 1.54%, and the dry matter content from 89.5% to 89.9%.
In the bran, the protein content ranged from 15.0% to 17.8%, the starch content
from 17.9% to 28.8%, the fat content from 3.63% to 5.32%, and the dry matter
content from 88.3% to 89.3% (Table 1).

The ADF content ranged from 2.46% to 3.74%, NDF content from 14.8% to
17.0%, K content from 0.357 to 0.497, Mg content from 0.123% to 0.159%, and
P content from 0.371 to 0.409. In the bran, ADF content ranged from 8.79% to
13.1%, NDF content from 26.8% to 31.6%, K content from 0.897 to 1.076, Mg con-
tent from 0.249 to 0.299, and P content from 0.552 to 0.637 (Table 1).

The ADE, NDE, K, Mg, and P contents in the kernel and bran were higher in
the first year, starch and fat contents were higher in the second year (Table 2). Dry
matter content was found to be higher in the first year in the kernel and in the
second year in the bran. Protein, starch, dry matter, NDE, K, Mg, and P contents
in the kernel were found to be higher in the Samsun location. Starch, ash, fat, and
ADF contents were higher in Eskisehir. Protein, dry matter, ADF, NDF, K, Mg, and
P contents in the bran were higher in the Samsun.
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Table 1. The mean values and ranges of the quality traits of the genotypes in the
combined data of the years and locations

Traits Mean (%) Range (%) CV % SD
PC Kernel 12.7 11.2-15.0 9.62 1.22
Bran 16.3 15.0-17.8 6.99 1.14
sc Kernel 67.0 63.8-68.7 2.22 1.49
Bran 23.5 17.9-28.8 11.9 2.79
FC Kernel 1.25 0.91-1.54 16.0 0.20
Bran 4.61 3.63-5.32 5.03 0.23
AC Kernel 1.34 1.16-1.52 104 0.14
Bran 5.25 4.58-5.62 4.95 0.26
Kernel 89.7 89.5-89.9 0.38 0.34
DM
Bran 88.8 88.3-89.3 0.96 0.85
Kernel 3.05 2.46-3.74 18.0 0.55
ADF
Bran 11.3 8.79-13.1 8.76 0.99
Kernel 15.7 14.8-17.0 4.39 0.69
NDF
Bran 29.2 26.8-31.6 3.39 0.99
K Kernel 0.420 0.357-0.497 10.5 0.044
Bran 0.983 0.897-1.076 6.92 0.068
M Kernel 0.137 0.123-0.159 8.03 0.011
§ Bran 0.281 0.249-0.299 4.98 0.014
b Kernel 0.387 0.371-0.409 3.88 0.015
Bran 0.601 0.552-0.637 3.99 0.024

PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF: Acid detergent fiber,
NDF: Neutral detergent fiber, K: Potassium, Mg: Magnesium,P: Phosphorus CV: Coefficient of variation

Table 3 shows the ratios of protein, starch, fat, ash, and dry matter in grain and
bran for the Glu-Al, Glu-B1, Glu-A3, and Glu-B3 loci. At the Glu-AlI locus, the
starch and dry matter ratios were higher in the kernel, while the bran had higher
protein, fat, and ash ratios. The fat ratio was higher in the bran of the genotypes
carrying the 7+9 subunit (Glu-B1 locus). The difference between the protein, star-
ch, fat, ash, and dry matter ratios in the kernel and bran of genotypes was signifi-
cant for the Glu-B3 locus (Table 3). Specifically, for the Glu-B3 locus, the ratio of
starch and dry matter (DM) was higher in the kernel, while the protein, fat, and ash
ratios were higher in the bran. Additionally, genotypes carrying the j subunit (i.e.,
the rye translocation) had higher protein and ash ratios than those carrying the
b subunit (i.e., without the rye translocation), while the starch and fat ratios were
lower in genotypes with rye translocation.
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Table 2. Mean values of investigated traits for locations and years (%)

Years Locations
Traits
2012-2013 2013-2014 Samsun Eskisehir
Kernel 13.7 11.6 13.2 12.1
PC
Bran 16.6 15.9 17.1 154
sc Kernel 66.2 67.8 67.2 66.8
Bran 22.1 24.9 22.7 24.3
Kernel 1.20 1.29 1.20 1.29
FC
Bran 4.45 4.77 4.48 4.73
Kernel 1.41 1.27 1.32 1.36
AC
Bran 5.30 5.20 5.23 5.27
Kernel 89.5 89.8 89.8 89.6
DM
Bran 89.4 88.2 89.6 88.0
Kernel 3.25 2.84 2.86 3.23
ADF
Bran 12.1 10.5 11.6 10.9
Kernel 16.2 15.2 16.0 154
NDF
Bran 29.8 28.6 29.3 29.1
Kernel 0.434 0.405 0.441 0.398
K
Bran 1.015 0.959 1.008 0.959
Kernel 0.141 0.132 0.141 0.132
M
8 Bran 0.292 0.269 0.291 0.270
Kernel 0.393 0.382 0.392 0.383
P
Bran 0.616 0.587 0.615 0.587

PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF: Acid detergent fiber,
NDEF: Neutral detergent fiber, K: Potassium, Mg: Magnesium, P: Phosphorus

Table 3 shows the ratios of ADE, NDFE, and mineral matter (K, Mg, P) in the
kernel and bran for the Glu-A1, Glu-BI1, Glu-A3, and Glu-B3 loci in the genotypes
analyzed in the study. The bran within the four loci had higher ADE, NDEF, and
mineral substance ratios. ADF, NDF, K, and Mg ratios were higher in both ker-
nels and brans with rye translocation at the Glu-B3 locus compared to kernels
and brans without rye translocation. The P ratio was higher in bran without
rye translocation.
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Table 3. Mean values of HMW and LMW loci in kernel and bran for the inves-
tigated properties

. Protein Starch Fat Ash DM
. Line
Locus Subunit Numb.
UMDEL  Kernel Bran Kernel Bran Kernel Bran Kernel Bran Kernel Bran
Glu-A1 1 68 12.7 16.2 66.9 238 1.27 4.61 1.35 5.25 89.7 88.8
2* 79 12.8 16.4 66.9 232 1.24 4.66 1.34 528 89.7 88.9
Glu-B1 7+9 60 12.7 16.3 67.0a 23.6 1.27 4.67 a 1.34 527 89.7 88.8
17+18 87 12.8 16.3 66.7 b 234 1.24 4.59b 1.35 5.25 89.7 88.8
Glu-A3 b 73 12.9 16.4 66.8 23.6 1.26 4.64 1.34 5.26 89.7 88.8
e 74 12.7 16.2 67.0 234 1.25 4.63 1.35 5.26 89.7 88.8
b
Glu-B3 (-1BL.IRS) 87 12.6 b 16.3 67.4a 24.0a 1.30a 4.73a 1.31b 5.24 89.7 88.8
J
(+1BL.IRS) 60 13.0a 16.3 66.4b 229b 1.20b 453b 1.38a 528 89.7 88.8

Table 3 continue

. ADF NDF K Mg P
. Line
Locus Subunit Number
umbe Kernel Bran Kernel Bran Kernel Bran Kernel Bran Kernel Bran
Glu-Al 1 68 312a 113 15.7 29.2 0.423 0.972 0.138 0.280 0.390 0.599 b
2% 79 297b 11.3 15.7 29.2 0.422 0.986 0.138 0.283 0.388 0.605a
Glu-B1 7+9 60 3.05 11.3 15.6 29.1 0.420 0.976 0.137 0.281 0.388 0.601
17+18 87 3.03 11.3 15.8 29.3 0.425 0.982 0.139 0.282 0.390 0.603
Glu-A3 b 73 3.08 11.2 15.8 29.2 0.427 0.971b  0.139a 0.282 0.391a 0.601
e 74 3.01 113 15.6 293 0.418 0.987a 0.137b 0.281 0.387b 0.603
Glu-B3 b 87 3.03b 112b  155b 289 0.412b  0970b 0.136b  0.281 0.387b  0.604
(-1BL.IRS) ’ : - b - : : - - :
J
(+1BL.IRS) 60 3.05a 11.5a 159a 29.6a 0.433a 0.988a 0.140a 0.281 0.391a 0.599

Tables 4 and 5 present the results of the quality analysis of the Glu-A1, Glu-B1,
Glu-A3, and Glu-B3 loci, as well as their combinations in kernel and bran. When
examining the effect of loci alone on the kernel, it is observed that the Glu-B3 locus
increases the protein, starch, fat, ash, NDF, K, and Mg ratios in the grain compared
to other loci (Table 4). When examining the effect of the triple combination of loci
in the kernel, the Glu-BI x Glu-A3 x Glu-B3 combination has a significant effect on
protein, starch, Mg and P ratios.

When examining the effect of individual loci on the bran, it is observed that
theGlu-B3 locus increases the ratios of starch, fat, ash, ADF, NDF, and K (Table 5).
The combinations of Glu-Al x Glu-Bland Glu-A1l x Glu-B3increases the ratios of

ANAJAS, 2024, Cilt 39, Say! 1, Sayfa 71-86



Nevzat AYDIN et al.

fat, ash, and ADF in the bran. These data suggest that the effects of individual loci
and their combinations on quality and mineral matter in bran and kernel may vary.

Table 4. Quality analysis results of HMW and LMW loci and combinations in kernel

Source df PC SC FC AC ADF NDF K Mg P DM
MS

Glu-Al (A1) 1 0.492 0.075 0.090 0.0005 2.92%% 0.328 0.0003 0.000003 0.0003 0.135
Glu-B1 (BI1) 1 0.548 14.4* 0.147 0.039 0.059 2.37 0.002 0.0004 0.0005 0.043
Glu-A3 (A3) 1 5.04 4.03 0.022 0.003 0.618 2.02 0.009 0.0008* 0.002** 0.367
Glu-B3 (B3) 1 17.9°  142.2%%  1.28%  0.630**  0.033 18.1*  0.056** 0.002** 0.002** 0.115
Alx Bl 1 5.47 0.870 0.193 0.045 0.070 0.001 0.004 0.0004 0.001 0.084
Alx A3 1 4.31 7.06 0.007 0.008 0.002 0.874 0.003 0.0006 0.001* 0.049
Alx B3 1 3.40 0.072 0.163 0.020 0.025 0.030 0.005 0.00009 0.001 0.060
Blx A3 1 0.008  0.019 0.206* 0.063 1.01 0.993 0.006 0.00006 0.0004 0.002
Bix B3 1 0.466 0.117 0.036 0.018 0.005 0.441 0.0003 0.00004 0.0003 0.110
A3x B3 1 1.35 0.159 0.045 0.048 0.792 0.143 0.008 0.0001 0.0005 0.004
Alx BIx A3 1 2.07 0.036 0.111 0.0005 0.229 0.624 0.004 0.0004 0.0008 0.009
Alx Blx B3 1 0.067 0.489 0.041 0.013 0.323 0.308 0.00001  0.000001 0.0003 0.077
Alx A3x B3 1 5.46 0.848 0.008  0.00002 0.053 0.206 0.002 0.0005 0.0008 0.032
Blx A3x B3 1 15.9* 14.0* 0.029 0.002 0.032 0.488 0.004 0.001** 0.002** 0.465*%

Alx Blx A3x B3 1 9.16 10.4 0.121 0.032 0.0002 1.40 0.006 0.001** 0.002* 0.101

Error 1160 2.99 3.15 0.053 0.028 0.405 0.829 0.003 0.0002 0.0003 0.118

** P <0.05, ** P <0.01 level of significance, PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF:
Acid detergent fiber, NDF: Neutral detergent fiber, K: Potassium, Mg: Magnesium,P: Phosphorus, df: degrees of freedom

As it generally contains more protein than the kernel, Wheat bran is an impor-
tant feed source, especially for ruminants (Unal, 2002; Balandran-Quintana et al.,
2015). It was found that the lines analyzed in the study had higher protein in their
bran compared to their kernels. Protein ratio in both bran and kernel was found to
be higher in 2012-2013 compared to 2013-2014 years. Similarly, the average pro-
tein content of the lines was higher in Samsun than Eskisehir. Mut et al. (2017)
reported that the contents of protein, ash, fat, starch, ADF, and NDF in the kernel
vary depending on genotypes and years. Hossain et al. (2013) has shown that in
wheat bran, dry matter, ash, and calcium contents vary depending on the location
(environment), while ash, protein, fat, and calcium contents vary depending on the
genotypes. Stated studies support the results of this study.
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Table 5. Quality analysis results of HMW and LMW loci and combinations in bran

Source df PC SC FC AC ADF  NDF K Mg P DM
MS
Glu-Al (A1) 1 5.31 43.4 0.268 0.161 0.009  0.096 0.022 0.001 0.005* 1.20
Glu-B1 (B1) 1 0.546 7.60 0.832% 0.027 0.026 6.14 0.004 0.00009 0.0003 0.166
Glu-A3 (A3) 1 5.16 6.02 0.015 0.001 3.15 0.708  0.030* 0.00004 0.0004 0.004
Glu-B3 (B3) 1 0.891  149.3* 514 0.248 122 567 0.039*  0.0000007 0.003 0.002
Alx Bl 1 0.065 21.6 1.34%* 117 11.4*  0.676 0.003 0.0003 0.0006 0.018
Alx A3 1 1.59 1.27 0.085 0.016 0.055  0.012 0.003 0.0008 0.001 0.379
Alx B3 1 0.002 26.2 0.927** 0.610** 9.62*% 2.03 0.004 0.0004 0.0007 0.210
BIx A3 1 1.65 0.418 0.040 0.015 1.64 1.34 0.0002 0.00002 0.0000006  0.001
Bix B3 1 0.282 19.9 0.472 0.026 115 1.29 0.026* 0.00009 0.0004 0.062
A3x B3 1 0.070 1.59 0.209 0.114 0.865  0.022  0.0001 0.00001 0.0001 0.377
Alx BIx A3 1 119 1.41 0.010 0.0000006  2.76 0.525  0.0007 0.00002 0.0006 0.029
Alx Blx B3 1 0.047 8.16 0.183 0.107 0.001 0933 0.0003 0.00002 0.00007 0.021
Alx A3x B3 1 115 8.65 0.0002 0.146 0.014 121 0.00006 0.00006 0.0003 0.292
Blx A3x B3 1 6.91 7.38 1.13%* 0.164 4.24 1.92 0.004 0.003* 0.002 0.527
Alx Blx A3x B3 1 4.38 231 0.194 0.068 0.115 1.36 0.011 0.0008 0.0005 0.355
Error 1160 2.23 12.9 0.134 0.084 1.94 1.70 0.007 0.0005 0.001 1.60

** P <0.05, ** P <0.01 level of significance, PC: Protein content, SC: Starch content, FC: Fat content, AC: Ash content, DM: Dry matter, ADF:
Acid detergent fiber, NDF: Neutral detergent fiber, K: Potassium, Mg: Magnesium, P: Phosphorus,

It is desirable to have appropriate amounts of ADF in the ration according to
the age of the animal. These amounts increase with the age of the animal and vary
between 19-25% (Khafipour et al., 2009; Tekce and Giil, 2014). In the study, the
ADF content of the kernels used varied between 2.46% and 3.74%, while in the
bran, it varied between 8.79% and 13.1%.

Ruminants cannot produce enough saliva when the NDF ratio is between 16-
25%. Optimum efficiency can be achieved when the NDF ratio is between 25-32%.
When the NDF ratio exceeds 32%, feed intake is limited by rumen capacity (Camp-
bell et al., 1992; Khafipour et al., 2009; Tekce and Giil, 2014). In this study, the NDF
ratio in the kernel (15.7%) was lower than the optimum level, while the NDF values
in the bran were higher (29.2%) and at the optimum level. This indicates that bran
is more valuable in animal nutrition.

In animal nutrition, the P ratio should be at least 0.3-0.5%, the magnesium ratio
should be a minimum of 0.35%, and the potassium ratio should be 0.70% in the
total ration (McDowell, 1992; Harris et al., 1994). The study found high ratios of P
(0.6%) and K (0.98%) in bran. Although the Mg ratio is low, it is still higher in bran
than in the kernel (Table 1). This study shows that wheat bran is a more valuable
animal feed in terms of mineral content.
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4. CONCLUSION

The study examined some quality characteristics such as ADE, NDEF, dry matter,
protein content, ash, fat, and starch ratios, as well as K, Mg, and P ratios in both
whole kernel and bran, and attempted to associate those with the presence/absen-
ce of the IRS.1BL wheat-rye translocation, and specific allelic variation at several
gluten loci. In the kernels, there was no effect of the 1RS.1BLtranslocation on ADF
and DM; all other tested parameters were signicantly affected by its presence. The
average ADE, NDE, protein content, ash content, K, Mg, and P contents in the
kernels of RILs carrying the translocation were higher than in those without it.
The kernels of RILs without the translocationhad higher fat and starch content. In
the bran, there was no statistically significant effects of the translocation on dry
matter, protein, and Mg content. On the other hand, The bran of RILs carrying the
translocation had higher ADF, NDE, ash and K contents, while those without it had
higher fat, starch, and P content. This demonstrates that the wheat-rye translocati-
on IRS.1BLhas significant effects on the properties of both wheat kernel and bran.
Lines with the translocation may be better for the production of whole wheat bread
with higher protein and mineral content. The bran of such genotypes may be more
advantageous in animal nutrition.
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