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Abstract

Six different bread wheat genotypes; two Egyptian commercial varieties (control); Giza-168 and Gemmeiza-11, and
four promising lines; L84 and L 148, resulted via hybridization and M10 and M34 via radiation mutation program) were
rheologically evaluated using extensograph and for protein, analysis using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE). The radiation mutant M10 and M34 had the highest maximum resistance which is a very
good indicator of strong gluten. The amount of gluten content was higher in M10, L148, and M34 compared to the
control samples Gz168 and Gm11. Sulfide amino acids (CYS and MET) are slightly higher in M10. The electrophoretic
results and amino acid analyzers show that the best technological quality was exhibited by M10. Radiation mutants
wheat genotypes have a protein with good characteristics, mainly gluten which is significantly higher compared to
control samples. The rheological properties measured as extensograph and gel electrophoresis were much better in
irradiated lines M10 and M34.

Keywords: radiation mutation, extensograph, SDS-PAGE, sulfide amino acids, cysteine.

Avaliacio da proteina de farinha para diferentes genétipos de trigo de pao

Resumo

Seis diferentes genotipos de trigo de pao, duas variedades comerciais egipcias (controle) — Giza-168 e Gemmeiza-11 —e
quatro linhas promissoras — L84 e L148, obtidas via hibrida¢do, e M10 e M34, via programa de mutag@o por radiagado —
foram avaliados reologicamente por meio de extensdgrafo, enquanto, para proteinas, foram feitas analises utilizando
eletroforese em gel de poliacrilamida com dodecilsulfato de sodio (SDS-PAGE). Os mutantes de radiagao M10 e M34
apresentaram a maior resisténcia maxima, o que ¢ um indicador muito bom de gliten forte. A quantidade de gluten foi
maior em M10, L148 e M34 em comparagdo com as amostras de controle Gz168 e Gm11. Os aminoacidos sulfurados
(CYS e MET) sdo um pouco mais altos no M10. Os resultados eletroforéticos e analisadores de aminoacidos mostram
que a melhor qualidade tecnoldgica foi exibida pelo M10. Os genoétipos de trigo mutantes da radiagdo possuem uma
proteina com boas caracteristicas, principalmente o gliten, que € significativamente maior em comparacgdo as amostras
do grupo controle. As propriedades reoldgicas medidas, como extensografo e eletroforese em gel, foram muito melhores
nas linhas irradiadas M10 e M34.

Palavras-chave: mutagio de radiagdo, extensografo, SDS-PAGE, aminoacidos sulfidricos, cisteina.

1. Introduction

Wheat is one of the most important cereal crops of the
world’s population in more than 40 countries including
Egypt and is the leading source of cereal protein in human
food (Egypt, 2012; Ronda and Roobs, 2011). Several studies
mainly focusing on the protein properties, with particular
emphasis on gluten strength, as a direct imaging for
baking performance. Thus, differences in baking quality
among cultivars have been related to differences in gluten
composition (Weegels et al., 1996; Wieser and Zimmermann,
2000). Determination of gluten strength and bread making
properties of flour is very important in evaluating dough
performance (Matos and Rosell, 2015). The extensograph
test are classified as empirical (descriptive) test that
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could determines and records the resistance of dough to
stretching (Amjid et al., 2013; Bonet et al., 2006; Shelton,
2008). Gluten plays a key role in determining the quality
of wheat flour (MacRitchie, 1994; Shewry and Tatham,
1997). Gluten proteins substantially control the quality of
wheat flour products (Mac Ritchie, 1984).

The relationship between gluten proteins and
elasticity of dough, and determining if this dough is
suitable for bread making, was noticed by Wall (1979).
So, the quality of bread is greatly associated with the
flour's gluten protein compositions. It is well known
that rheological properties of dough are dictated by the
amount of proteins contained. However, rheological
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properties differ even when the amount of protein remains
unchanged. This fact implies that these properties
relate not only to the proteins quantity but also to their
compositions (Singh et al., 1990; Gupta et al., 1992).

Gliadin is not only has a direct impact on the wheat quality
in terms of dough strength, but also controls the quality of the
end product (bread). The genetic linkage between gliadins
and low molecular weight glutenin subunit (LMW — GS),
is the assumption of the previous results (Gianibelli et al.,
2001). Glutenins are polymeric protein that consist of two
subunits connected with disulphide bonds; high molecular
weight glutenin subunits (HMW — GS, 80 — 130 kDa)
and low molecular weight glutenin subunits (LMW — GS,
10 — 70 kDa) as well as, these subunits are responsible for
elasticity of gluten (Song and Zheng, 2008).

Furthermore, wheat proteins was calcified according to the
solubility. Albumins were water soluble, globulins were salt
soluble, gliadins alcohol soluble and the glutenins were
divided into acid soluble and acid insoluble fractions.
Some of dough characteristics is due to main fractions
of total acid insoluble gliadin and glutenin where, dough
strength and baking quality is significantly contributed
to glutenin, while dough extensibility is significantly
contributes to gliadin (Blakeney et al., 2009).

Wheat proteins are separated and characterized by
acrylamide gel electrophoresis in the presence of sodium
dodecyl sulfate technique by Bietz and Wall (1972).
One of the most physical mutagens is y-radiation, these
mutagens are broadening genetic variability as well as,
increasing means of cultivars thus, helping plant breeders
to select and segregate followed generations starting from
second generation (M,) till stable mutated generation.
However, y-irradiation induce mutants in bread wheat
for tolerance to drought leading to release of 26 varieties
worldwide (Al-Naggar et al., 2007; FAO, 2012). On the
other hand, regarding to irradiation of cereals, gamma
irradiation is very effective for decontamination and
disinfestation of cereals. No significant decreasing trend
was observed in amino acids except methionine at a dosage
of 10 kGy and higher (Aziz et al., 2006).

Hence in this study, different genotypes of bread
wheat were milled, evaluated by extensograph, analyzed
of protein composition using SDS—Page and finally amino
acids of protein flour were analyzed. The study hope

Table 1. Bread wheat genotypes.

serve as a guide in wheat breeding programs especially
for promising bread wheat genotypes comes from gamma
radiation mutation at low doses.

2. Material and Methods

The study was carried out at the experimental farm of
the Plant Research Department, Nuclear Research Center,
Inshas, Egypt during the two successive wheat growing
seasons 2016/2017 through 2017/2018. The soil at the
experimental site was loamy sand to sandy.

2.1. Genetic materials

Six bread wheat genotypes (7riticum aestivum L.), that
were showed in Table 1; two Egyptian commercial varieties
namely; Giza—168 and Gemmeiza—11, and four promising
lines namely; L84, L148, M10 and M34 developed by the
wheat breeding program of the Atomic Energy Authority,
Inshas, Egypt, (Al-Azab-2013), were used in this investigation.

Physiochemical analysis of wheat flour

The wheat samples were milled on a Chopin laboratory
mill (Chopen CD1). Before being milled, the samples
were conditioned to 14.0% moisture for 20-24 hours.
Moisture and protein content for wheat after conditioning
are analyzed. Wheat flour analyses that were presented in
Table 2 were determined using (Perten IM9500, Sweden)
and evaluated according to AACC (2000). These quality
tests of wheat flour i.e.; protein content (AACC 46—12),
wet gluten (AACC 38-12 A), gluten index (AACC 38-12 A)
were evaluated according to AACC (2000).

2.2. Rheological characteristics

Dough rheological analyses which was consisted of flour
(100 g), salt (1.8 g) and water (achieved by extensograph
test) are described below. Extensograph characteristics were
determined according to the ICC 114/1 and AACC 54-10 methods
(ICC, 1996; AACC, 2000). The following parameters were
determined in a Brabender extensograph: the dough Energy
[A, cm?], Maximum Resistance [R _ , Brabender unit (BU)],
Resistance at Sem [R, , BU], Extensibility [E , mm)], ratio
of Maximum Resistance to Extensibility [R_ /E ].

2.3. SDS-PAGE analysis

Grains of each sample were ground with liquid nitrogen
to obtain fine powder then proteins profiling of samples

Genotype Pedigree Maturity
L84* Sids 4 x Giza-168 Early
L148* Maryout-5 x Giza-168 Moderate
M10** Sids-4 / 350Gy Very early
M34** Aseel-5 / 350Gy Moderate /Late
Giza-168 (Gz168)*** Mrl / Buc // Seri CM 930468M-0Y-0M-2Y-0B Moderate
Gemmeizall (Gm11)*** BOW?”S”/KVZ”S”// TC/SERI82/3/GIZA168/SKHAG61 Moderate

*Lines developed via hybridization; **Mutants developed via gamma radiation; ***Cultivars as control.
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was performed using SDS—PAGE according to Laemmli
(1970) and the data obtained from SDS—PAGE was scored
for the presence (1) and absence (0) of the bands and
entered in a binary data matrix.

2.4. Amino acid analysis

Amino acids were quantitatively analyzed with the
Biochrom 31 amino acid analyzer (Amersham, Britain)
according to Xiao—ling et al. (2008). A known volume
was injected into the amino acid analyzer to estimate the
amino acid profile for each sample (tryptophan could not
be determined by this method).

2.5. Statistical analysis

The results were expressed as the mean of three
replicates. The data were statistically analyzed using
SAS®9.2 software (SAS, 2009). The general linear model
procedure was applied and Duncan’s multiple range test
was used to compare the mean values at P < 0.05.

3. Results and Discussion

The gluten strength which playing an important role in
predicting the industrial quality, is determined by the protein
content of wheat flour (Fufa et al., 2005). The amount of
protein in bread wheat was ranged from 6 to 28% (Lasztity,
1995). Dough has the viscoelastic ability due to the wheat
protein content of both glutenin and gliadin, this ability is
considered a unique characteristics. Main functional parts of
gluten (gliadin and glutenin) have inter and intra-molecular
disulfide bonds. Gliadin, with intra-molecular disulfide bonds,
is responsible for the dough cohesiveness, while glutenin,
with inter- and intra-molecular disulfide bonds, is responsible
for elasticity of dough (Veraverbeke and Delcour, 2002).

Table 2 represented the amount of protein in whole
wheat grain and wheat flour as well as, the amount of
gluten in wheat flour of the six samples. These wheat grains
and flours had significant differences (p < 0.05) in their
protein content and therefore serve as our experimental
samples. The amount of protein content in whole wheat
showed significant differences among most of samples,
though the highest amount of protein in flour found in
sample M 10 (the mutants sample) 14.1%. As well as, wet
gluten increased significantly in mutant samples (M 10 and
M34) compared to control samples (Gz168 and Gm11)

due to irradiation treatment. This finding was also found
by Lee et al. (2017) where wet gluten was increased by
gamma irradiation. So, the flour that had high amount of
protein plays a crucial role in forming the strong, cohesive
dough. In addition, gas is trapped and produce light backed
products. The previous properties represent great diversity
of wheat products; pasta, noodles, cookies, and breads
(Day et al., 2006; Laze et al., 2019).

Further studies by Shelton (2008) revealed that the
protein content is the way to determine wheat and flour
purchases, i.e., water absorption and gluten strength.
Moreover, protein content can be related to end-product
attributes, i.e., texture and appearance. High protein content
is used for products with chewy texture, i.e., pan bread
and hearth bread where, low protein content is used for
crisp or tender products, i.e., snacks or cakes.

3.1. Rheological characteristics (Extensograph parameters)

Extensograph tests performed on six bread wheat
genotypes (L84, L148, M10, M34, Gz168 and Gm11) in
order to assess their technological quality. The obtained
data showed that there were some differences in the values
of specified parameters Table 3 and Figure 1.

The water absorption of dough is significantly
(P <0.05) increased in the samples L148, M10 and L84
compared to control samples except for sample M34.
In addition, all extensograph parameters, i.e., dough
energy, maximum resistance, resistance at Scm and
extensibility were significantly (P < 0.05) increased in
sample M 10 compared to all samples under investigations.
Extensibility generally increases with protein content and
it is desirable for dough strength to respond in this way
as well (Blakeney et al., 2009).

Radiation mutation at dose 350 Gy might be responsible
for the highest increment in extensograph characteristics
of dough. Similar findings are obtained by Teixeira et al.
(2012) who found that the extensibility value is increased
due to generated modification in gluten structure when wheat
flour is subjected to irradiation treatment. Furthermore,
Ibrahim (2008) found that irradiation treatment at dose
500 Gy of different cultivars of flour wheat increased the
dough energy, resistance and extensibility compared to
control samples. The extensograph properties of dough
with good breadmaking quality include high resistance

Table 2. Protein and gluten content of flour of six wheat genotypes.

Protein % (on dry base)

Genotypes Whole Wheat grain Wheat Flour Wet Gluten (%) Gluten index (%)
L84 15.14+£0.06 13.3*+0.15 39.3°+0.11 354+ 0.6
L148 14.6°+0.10 14.0°+0.57 35.1¢+1.20 55+ 0.0
M10 15.0¢+0.06 14.1°+0.06 36.4% +0.06 87¢+£0.5
M34 16.0°+0.03 13.7°+£0.11 37.2¢4+0.08 614+ 0.0
Gz168 12.8°+0.06 11.1*+0.08 30.8°+0.09 45¢+0.6
Gmll 12.1* £ 0.06 10.7¢+0.31 27.3*+0.06 70+ 0.6

Values are means + S.E. of three replicates; Values followed by different letters in the same column are significantly different

(P < 0.05) using Duncan’s test.
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Table 3. Extensograph parameters of wheat flour of six wheat genotypes.

Time L84 L148 M10 M34 Gz168 Gmll

WA (%) 60.1¢¢£0.05 63.2¢+0.11 61.33+0.66 58.7°+£0.66 51.5*+£0.23 59.5*+0.28
E (cm?) 81¢+£0.5 69°+2.3 158+ 0.5 884+ 3.7 58+ 0.6 62*+ 0.3
R . (BU) 135 min. 417°+0.3 432¢+ 0.6 904f+£2.6 553¢+2.1 403*+ 0.3 4624+ 1.1

R, . (BU) 325 +0.57 356°+3.7 512F+£0.3 400¢+5.7 389¢+ 1.7 427¢+4.3
E_(mm) 139+ 1.5 117¢+ 0.5 141+ 0.6 127¢+£2.9 46+ 2.8 97+ 2.0
R . J/E ratio 3.00£0.2 3.7°+£0.1 6.4°+ 0.1 3.1*£0.2 8.7¢+ 0.1 47°+0.5
WA = Water Absorption; E = Dough Energy; R~ = Maximum Resistance; R, = Resistance at Scm; E_= Extensibility;

R_/E_ = Maximum Resistance/Extensibility ratlo BU = Brabender unit; Values are means + S.E. of three rephcates Values

max X

followed by different letters in the same row are significantly different (P < 0.05) using Duncan’s test.
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Figure 1. Extensogram of (A) hybridized bread wheat line L148 (B) radiation mutation bread wheat M10
mutation bread wheat M34 and (D) control bread Gemmeiza 11 (Gm11), (Ex) Extensibility, (MR) Maximum

(C) radiation
Resistance.
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to extension, high dough energy and long extensibility
(Shelton, 2008; Slumir, 2005).

3.2. SDS-PAGE analysis

In the present study the protein components of gluten
protein (GP) like; gliadin (a-, B-, y-, and ©- gliadin)
and glutenin [Low molecular weight (LMW) and High
molecular weight (HMW)], and non-gluten protein
(NGP) like; albumin and globulin of different bread wheat
varieties were separated by SDS-PAGE electrophoresis for
characterization and evaluation of genetic diversity among
the given set of genotypes. Proteins banding pattern of
different wheat verities are showed in electrophorogram
in Figure 2. The molecular weight marker in our study

SO MIWH

uipel|9 SO M1

Figure 2. Electrophorogram showing banding pattern of
wheat proteins of different genotypes; M = Marker, 1 =1148;
2 =184; 3 =MI10; 4 =M34; 5 =Gz168; 6 = Gml1; HMW
GS = High molecular weight glutenin subunits; LMW
GS = low molecular weight glutenin subunits; a, B, 7,
o = Gliadin fractions; NGP = Non-gluten protein.

Table 4. Polymorphism of wheat gluten bands.

from 10 to 245 kDa was used, while Shuaib et al. (2010)
mentioned that the range from 10 to 200 kDa.

The results in Table 4 showed that the total number of
bands with ranged from 14 to 16 in different genotypes.
The bands on the gel were differed in the intensity of
the band color on the gels, which represents different
quantitative profiles of gluten fractions, that is, reflected
in a similar distribution of protein bands in the bars as well
as glutenin and gliadin. However, Figure 2 and Table 4
showed that the lane numbers 2, 3, 4 and 6 representing
the genotypes L84, M10, M34 and Gm11, respectively,
had less number of protein bands as compared to the other
genotypes L148 and Gz168.

In Figure 2, the electrophoretic testing of gluten
fractions, the largest number of protein bands are
located in the area of molecular mass of 23 and 62 kDa,
the area of (B, y, and o) glutenin and gliadin (LMW).
The obtained results are the same trend with Tomi¢
and Torbica (2011) who found the area ranged between
35 and 60 kDa. Meanwhile, separation of gliadin from
glutenin in solution is similar to protein separation
where, the theory of separation is depending on size.
These methods like; size-exclusion high-performance
liquid chromatography (SE-HPLC), size-based capillary
electrophoresis, field flow fractionation (FFF), size-
based gel electrophoresis, and gel filtration (Wrigley
et al., 2000).

Furthermore, in Figure 2 the small area located
below the molecular mass 23 showed the non-gluten
protein (NGP) which is ranged from 18 to 25% (Table 5).
Also, Veraverbeke and Delcour (2002) mentioned that the
NGP are mainly lower than 25 kDa. The same average
percentage of NGP was found also by Merlino et al. (2009)

L1148 L84 M10 M34 Gz168 Gmll
Monomorphic 9 9 9 9 9 9
Polymorphic(without unique) 5 6 6 7 2
Unique 2 0 1 0 0 3
Polymorphic(with unique) 7 6 6 7 5
Total bands 16 15 15 15 16 14
Table 5. Classification of wheat gluten and non-gluten proteins.
Protein content (%) L148 L84 M10 M34 Gz168 Gmll
Gliadin and Glutenin (gluten protein) 81.3 80.0 80.0 80.0 75.0 78.6
Non Gluten protein 18.8 20.0 20.0 20.0 25.0 21.4
Gliadin content (%)
a Gliadin 23.1 25.0 25.0 25.0 16.7 27.3
B, v Gliadin 53.8 50.0 50.0 50.0 58.3 54.5
o Gliadin 23.1 25.0 25.0 25.0 25.0 18.2
Glutenin content (%)
LMW GS 76.9 75.000 75.0 75.0 75.0 81.8
LMW GS = low molecular weight glutenin subunits.
Braz. J. Biol., 2021, vol. 81, no. 3 pp.719-727 723
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and Zili¢ et al. (2011) who stated that about 20% of the
total wheat protein is albumins and globulins.

Mostly, the general opinion that the secondary role
in influencing the flour quality tends to the albumins and
globulins (Gianibelli et al., 2001; Singh et al., 2011).
The polymorphism of wheat gluten bands is presented
in Table 4. The monomorphic bands are mainly the most
exhibited bands of total protein band in all samples under
study. Gliadin proteins, with intra-polypeptide in disulfide
bonds, are the gluten proteins in the form of monomeric
polypeptides in flour extract.

Non-gluten protein are mainly monomeric but both
albumins and globulins tend to form polymers by forming
inter-chain disulphide (Veraverbeke and Delcour, 2002).
In addition, albumins are mostly monomeric physiologically
active proteins (Goesaert et al., 2005). On the other hand,
the polymorphic bands either with or without unique
bands are lower in number than monomorphic bands
(Table 4). Wrigley et al. (2006) mentioned that glutenin are
polymeric protein, with disulfide bonds combine individual
polypeptides of glutenin together. Meanwhile, the bands
particularly Line number 1 (L148),4 (M10) and 6 (Gm11)
were unique among most of the genotypes.

Regarding to radiation mutation, the obtained mutant
M10 came from low radiation dose program (350 Gy)
showed slight effects on wheat protein compared to
wheat protein of the study by Le Maire et al. (1990) who
treated wheat flour with 10 kGy y-radiation and found a
sharp reduction in the quantity of protein in SDS-Page.
However, our study are in agreement with Stoklosa et al.
(2012) in using low radiation doses.

In previous studies, wheat directly exposed to elevated
radiation from 50 to 100 kGy, dramatic changes were
found, protein degradations (Deschreider, 1996), specific
and nonspecific amino acid damage (Patten and Gordy,
1964), disruption in hydrogen bond (Williams and Hunt,
1963) and disulfide bonds splitting (Doguchi, 1969).

3.3. Chemical composition of Gluten

Protein quality is related to its gluten properties and
formation. When wheat flour is washed with water, starch,
non-starchy polysaccharides and water-soluble constituents
are drained and ruby mass (gluten) is left. About 80-85% of
total weight content of gluten is protein, 5% for lipids and
the mostly remainder is starch and non-starch carbohydrates
(Wall, 1979; Wieser, 2007).

Table 5 summarized the classifications of wheat gluten
and non-gluten proteins. The gluten protein (GP) ranged
from 75% (Gz168) to 81.3% (L148) of total protein in
samples under investigation. While, non-gluten protein
(NGP) ranged from 18.8% (L148) to 25% (Gz168) of
total protein.

Gluten combines starch granules in a surrounded matrix
and then consists of hundreds protein components which
are represent either as monomers or, as olig-polymers
(collected together by inter/intra- disulfide bonds) (Wrigley
and Bietz, 1988; D’ Ovidio and Masci, 2004; Torbica et
al., 2016). Thus, the relation between gliadin and glutenin
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is mainly needed to form dough. During the early stage
of mixing a dough is not formed even though all the
water may have been absorbed. Gluten is composed from
the mixture of gliadin and glutenin, the mixture formed
viscoelastic matrix may differ in the number of hydrogen
bonds in both gliadin and glutenin molecules. However,
glutenin is mainly determined the rate of interaction due
to its specific surface area (Sapirstein and Fu, 2000).

It is widely accepted that gliadin accounts for the viscous
properties, and glutenin imparts the strength and elasticity
that are necessary to hold the gases that are produced during
fermentation and baking (Khatkar et al., 1995; Mddenes
et al., 2009). Gliadin surface is considered hydrophobic
in its native state (Arangoa et al., 2000). The higher
exposure dose of gamma radiation to protein, increased
availability of hydrophilic amino acids (Matloubi et al.,
2004). High dose of irradiation treatment about 10 kGy
and above caused gliadin protein is more adhesive and
compact. Moreover, the environmental factors is mainly
affected protein content while, genetics playing a minor
role in protein (low or high) content (Blakeney et al.,
2009). However, low doses either used in inducing wheat
mutants or used in treated wheat flour, were make slight
changes might be useful and promising in bread making.

3.4. Amino acid composition of bread wheat genotypes

As shown in Table 6, the analysis of amino acids in
the wheat grain showed differences between examined
wheat genotypes. Qualitative analysis represented the
differences in amino acid composition where, seventeen
different amino acid have been identified.

Table 6. Amino acid composition of wheat gluten of two
genotypes.

Amino acid Gml1l” M10™
Aspartic (ASP) 6.4 5.74
Therionine (THR) 3.25 2.84
Serine (SER) 4.7 4.1
Glutamic (GLU) 28.5 28.44
Glycine (GLY) 4.55 4.51
Alanine (ALA) 4.45 4.75
Valine (VAL) 4.77 4.61
Isoleucine (ILE) 3.8 34
Leucine (LEU) 6.3 6.95
Tyrosine (TYR) 3.42 3.45
Phenylalanine (PHE) 5.14 4.89
Hisitidine (HIS) 2.7 2.55
Lysine (LYS) 3.36 2.84
Argnine (ARG) 5.85 5.18
Proline (PRO) 9.45 10.5
Cysteine (CYS) 2.05 3.26
Methionine (MET) 1.31 1.99
Total 100 100

*Cultivars as control and expressed on 14.1% protein basis;
**Mutants developed via gamma radiation and expressed on
10.7% protein basis.
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The content of glutamic amino acids was 28.44% and
28.50% in sample M10 and Gm11, respectively.

The protein amino acid fractions; glutamine, proline,
glycine and cysteine exhibit similarities in proportions in
different cereals and bread wheat genotypes. Quantitative
analysis of protein bread wheat showed that the highest
percentage of all identified amino acids presented in
glutamic acid, glycine and proline (Knezevi¢ et al., 2013).
Glutamic acid, the main amino acids in all cereal protein, is
played an important role in metabolism of nitrogen in cell
in addition, gliadins storage glutamic acid as glutamine.

Glutamine is the most abundant amino acid in gluten
proteins and chiefly responsible for the water-binding capacity
of gluten. In fact, dry gluten absorbs about twice its own
weight of water. Moreover, glutamine residues are involved in
frequent protein-protein hydrogen bonds (Bauer et al., 2003).

On the other hand, proline content was increased sample
M10 (mutant sample) compared to sample Gm11 (control
sample). Our obtained results are in the same trend with
(Bachiri et al., 2014) who mentioned that the proline content
was increased in gamma irradiated sample at dose 150 Gy
compared to non-treated samples. The accumulation in
the proline content had been demonstrated in many cereal
and grains and in different cases of stress (Al-Rumaih and
Al-Rumaih, 2008).

As previously mentioned in Table 1 sample M10,
mutant via gamma radiation at dose 350 Gy, showed higher
amount of sulfide amino acids, i.e., cysteine (3.26%) and
methionine (1.99%) compared to sample Gm11 (2.05%)
and (1.31%), respectively. Generally in gluten protein
amino acids, cysteine residues even in a minor amounts
played an essential role in gluten functions and structure.

Cysteine (oxidized form) normally form inter-chain
disulphide bonds within and between proteins (Wieser,
2007). The main functional goal of disulfide bonds is
determining of both structure and properties of wheat gluten
proteins. Disulphide bonds are formed between sulthydryl
groups of cysteine residues, either within a single protein
(intra-chain) or between proteins (inter-chain) (Koehler
and Wieser, 2003). The increment in disulphide bonds
due to the act of free radicals as oxidizing agents causing
more s-s groups in the dough resulting in high resistance
to extension (Ibrahim, 2008).

Intra-chain disulfide bonds is formed by cysteine
residues in S-rich prolamins (a-type gliadins, y-type
gliadins and LM W-subunits) while, inter-chain disulfide
bonds is formed by cysteines residues found only in LMW
(Shewry and Tatham, 1997).

5. Conclusion

From the results of this study it is concluded that
rheological assessment and evaluation of genetic diversity
and identification of wheat genotypes by SDS-PAGE is
playing an important role in molecular weight analysis
of wheat proteins. The study could help in improving
the efficiency of wheat breeding programs in cultivars
development especially in developing countries like

Braz. J. Biol., 2021, vol. 81, no. 3 pp.719-727

Egypt. Breeders handle thousands of promising lines and
mutants induced via gamma radiation to be whittled down
to the few lines and mutants that may end up as varieties.
Therefore, radiation mutation could be one of the promising
treatments in plant breeding programs. Furthermore,
the breeding program to be successful quality wise, the
breeder needs to work with a cereal chemist who manages
a laboratory that has all the equipment needed to screen
breeding lines at the different stages of their development
in the breeding process.
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