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THE PROBLEM OF ASSESSING THE BAKING QUALITY
OF WHEAT WITH GENETICALLY DIFFERENT
ALLELES OF STORAGE PROTEINS

Abstract

The article is devoted to the study of the wheat samples of the 3rd classwith the same quality indicators according to
DSTU 3768, but had different baking properties. In particular, the “strength” of flour (W) significantly differed. The quantita-
tive and qualitative state of the gluten-protein complex is significant factor for obtaining grain and flour of high baking quali-
ty. But only the quality indicators of red winter wheat according to DSTU 3768 - protein content, amount and quality of glu-
ten cannot objectively characterize the baking quality of a specific batch of grain. For the main indications of the Ukrainian
standard for wheat, all batches of wheat are practically identical. Foreign buyers do not use our Ukrainian standards, they
give precedence to international methods and one of the most integral of them is the “strength” (W). The method demon-
strates the main characteristics of the physical properties of wheat dough, which maybe especially important during bread
making: elasticity (P), extensibility (L) and alveogram configuration coefficient (P/L). It has been established that the reason
is the difference in the genetically determined alleles of the storage proteins of the studied samples. In the last years "filler"
and "weak" varieties of wheat of domestic and foreign selection have appeared in Ukraine. In the conditions of replacing tra-
ditionally grown varieties of "strong" wheat in Ukraine with new high-yielding varieties of domestic and foreign breeding, it
is not enough to determine the parameters recorded in DSTU 3768 to determine the baking quality, it is necessary to intro-
duce new, more objective research methods. It is concluded that for an objective assessment of the baking properties of wheat,
international standards 1SO 27971, 1SO 21415, I1SO 5529 should be used.

Keywords: wheat, bread-making properties, *'strength" of wheat, indicators of baking quality, storage pro-
teins, standards for wheat
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Introduction

The reason for the writing of this article was the
cases when wheat with excellent basic quality indicators
belonged to 1, 2 and 3 classes according DSTU 3768, but
according to the "strength™ of wheat, "W" - is one of the
main indicators of baking quality - these batches was not
correspond to the requirements for milling wheat.

For a long time, breeding and genetic institu-
tions in Ukraine created wheat varieties of the HRW
class (Winter Hard Red Wheat), with high bread-making
properties, the so-called "strong" wheat. However, taking
into account the current trends of the domestic and world
grain markets, domestic breeders have launched breeding
programs involving new original genetic material. Breed-
ing was carried out to increase the productivity of new
varieties. The most radical improvement of wheat is pos-
sible mainly on the basis of separate hybridization - the
crossing of cultivated wheat with its wild and cultivated
relatives (for example, with rye), which, as a rule, have a
negative effect on the baking quality of wheat, but a posi-
tive effect on abiotic factors - drought resistance, frost
resistance , resistance to diseases.

In addition, in recent years, Ukraine increased in
the use of varieties of foreign origin [1]. By 2014, the
number of varieties of foreign origin in the State Register
was 18%, and as of 2018, the percentage of such varieties
is as much as 27% (Fig. 1). Of these, only 17% are nom-
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inated as strong category, and the remaining 83 are valu-
able, filler and fodder wheat.
According to "APK-Inform", farmers used more than 223
varieties of winter wheat in 2017, 15 of which occupied
for almost 52% of all sown areas. Of them, more than
12% of all areas were sown with wheat varieties of for-
eign origin [2].

So, at the moment, in Ukraine, in addition to the
traditional "strong" wheat of high quality, new varieties
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Fig. 1. The share of foreign wheat varieties in
the Register of varieties of Ukraine by year
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of Ukrainian selection and varieties of foreign origin are
grown, which are classified as “weak" and "fillers". Clas-
sificationaccordingtothe ~ "strength™  ofwheatisprimari-
lydeterminedbythepropertiesoftheprotein-glutencomplex.

The quantitative and qualitative state of the glu-
ten-protein complex is significant factor for obtaining
grain and flour of high baking quality, the ref ore the
works of many researchers are devoted to the study of the
composition and properties of proteins [4-11]. Of all the
tested methods of protein research, the electrophoresis
method turned out to be the most effective in studying
the properties, both theoretically and practically. Electro-
phoresis is a method of fractionation of protein mixtures
in porous material (gel) under the action of direct electric
power. It is also known that electrophoregrams based on
the number, intensity, and mobility of individual compo-
nents are a distinct varietal characteristic and their char-
acter does not depend on the year and place of harvest,
protein content, and grain quality level of the same wheat
variety [8-10]. Electrophoresis makes it possible to iden-
tify individual molecules and their aggregates, the syn-
thesis of which is controlled by certain genes. The differ-
ence between varieties in the component composition of
proteins is controlled by genes, each of which is repre-
sented by a certain number of alleles and each of which
controls the number of components (subunits) character-
istic for it and the nature of their placement in the gel.

To date, catalogs of identified alleles of gliadin-
and gluten-encoding loci have been created [9, 10].

The purpose and tasks of the research

The purpose of the work is to establish methods
for determining the quality of wheat, which must be used
for the objective assessment of baker's wheat.

The object of research: three batches of wheat
grain, which according to the quality indicators deter-
mined according to DSTU 3768, belong to the 3rd class.

Research materials and methods

An analysis of the physic-chemical properties of
commercial batches of wheat grain was carried out in
accordance with the DSTU 3768 standard. Moisture con-
tent of wheat grain performed by GOST 29143-91 Glu-
ten content and Gluten Quality (Gluten index) in grain
and flour was determined out according to procedure
described in GOST 13586.1-68 and 1SO 21415-2.

Rheological quality indicators (which are con-
tractual in the case of international trade) were deter-

mined according to international standards 1SO 27971,
ISO 21415-2, 1SO 5529. on the Alveograph PC. The fol-
lowing parameters have been defined: resistance to ex-
tension (P), dough extensibility (L), curve configuration
ratio (P/L ratio), deformation energy (W), swelling index
(G) and elasticity (P200/P ratio).

To determine the genetic components, the meth-
od of electrophoresis of wheat storage proteins in a poly-
acrylamide gel was used according to the PBI (Plant
Breeding Institute, Odesa) method.

Research results and their discussion

For the main indications of the Ukrainian stand-
ard for wheat, all batches of wheat are practically identi-
cal. All the main quality parameters of wheat — the pro-
tein quantity, the quantity and the quality of gluten are in
the third class, which is acceptable for bread making due
to the baking properties (table 1).

Foreign buyers do not use our Ukrainian stand-
ards, they give precedence to international methods and
one of the most integral of them is the “strength” (W).

The method demonstrates the main characteris-
tics of the physical properties of wheat dough, which
maybe especially important during bread making: elastic-
ity (P), extensibility (L) and alveogram configuration
coefficient (P/L), alveographs welling index (G), dough
elasticity Index (le). So, according to international stand-
ards and requirements to milling wheat, the "strength”
can be more than 160-180 a.u.

The results of the determination according to the
international methods are shown in Table 2.

Despite the identity of the quality indicators ac-
cording to DSTU 3768, the indicator of "strength" of
flour and other parameters of the alveogram, the quality
of gluten in grain according to 1SO 21415-2 (Gluten in-
dex) and the Zeleny test are significantly different in
them (Fig. 2).

The first two samples differed significantly in
terms of flour strength from sample No. 3, which has a
high bread-making ability. It should be noted that the
first two wheat samples were significantly differ to sam-
ple No. 3 in terms of gluten quality (gluten index) when
using whole grain 65 and 64 vs. 95, respectively, but this
difference became insignificant when washing gluten in
flour 89 and 85 vs. 98, respectively. According to most
international contracts, the "strength" of wheat should be
160-180 alveograph units, i.e. the first two samples do
not meet the criteria of baker's wheat according to inter-

Table 1- Main quality parameters of red winter wheat samples according to DSTU 3768

Parameters Method Result
Sample Ne 1 | Sample Ne 2 || Sample Ne 3
Moisture, % GOST 29143-91 11,55 12,40 12,00
Protein content on dry basis, % GOST 10846-91 12,10 12,15 11,95
Gluten content, % * GOST 13586.1-68 21,4 21,2 21,6
Gluten quality, IDK unit* GOST 13586.1-68 80 85 78
Falling number, s GOST 27676-88 320 351 300
Bug damaged grains, % 0,4 0,7 0,5

* - grading was carried out on whole-milled grain
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Table 2 — The results of the determination quality parameters according to the international methods

Parameters Method Results
Sample Ne 1 Sample Ne 2 Sample Ne 3
«Strength» (W), u.a. 1ISO 27971 152 170 250
Elasticity (P), mm ISO 27971 44 75 69
Extensibility (L), mm ISO 27971 111 65 100
Configuration coefficient(P/L) 1ISO 27971 0,40 1,15 0,69
Dough Elasticity Index (Ie), % 1ISO 27971 55 50 62,
Gluten content*, % ISO 21415-2 26,4 23,9 23,2
Gluten Quality (Gluten index)* ISO 21415-2 65 61 95
Gluten content™*, % I1SO 21415-2 25,6 24,7 25,4
Gluten Quality (Gluten index)** ISO 21415-2 89 85 98
Test Zeleny, mi ISO 5529 31 28 45

* - determination was made on whole grain
** _ the determination was carried out on flour
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Fig. 2. Alveograms of 3 samples hard red winter wheat

national requirements, despite the fact that they were
assigned to the third class according to DSTU 3768.

The sedimentation determination according to
Test Zeleny was also significantly different - 31 ml and
28 ml in the first two samples against 45 ml in the third
sample.

It follows from the above that only the quality
indicators of red winter wheat according to DSTU 3768 -
protein content, amount and quality of gluten cannot ob-
jectively characterize the baking quality of a specific

batch of grain.

The samples were also examined by electropho-

retic analysis of the spectra of storage (gluten)
proteins gliadins and glutenins, as key components of the
formation of the baking quality of wheat grain. To date,
catalogs of identified alleles of gliadin- and gluten-
encoding loci have been created, which allow recording
the features of gluten proteins in the form of formulas of
any variety known in the world [12]. Modern genetic
research combined with technological tests indicate that

Table 3 — Results of electrophoretic analysis of gluten proteins gliadins and glutenins of wheat samples

GREEN, PROCESSING GRAIN: TECHNOLOGY AND QUALITY

) ) Gliadins Glutenins
Sample Biotype || % biotypes
1A 1B 1D 6A 6B 6D 2-1A 1A || 1B || 1D
- . 3 4 1 1 1 1 1 1
Alleles of gliadin- and gluten-encoding
loci of common winter wheat varieties 4 4 2 2 3
in Ukraine, which determine high bak- 10 15 7 4 3 3 5
ing qualit
g quallty 10 4 4
No I 1 80 n n 1 1 2 1 1 2 n 1
) 2 20 n n 1 1 2 1 1 2 4 2
1 78 3 3 1 3 2 1 1 2 2 1
No 2
2 22 2 1 1 3 2 1 1 2 2 1
N3 1 67 4 1 4 3 2 2 1 1 1 1
) 2 33 10 15 4 4 2 3 1 2 5 1
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the technological specialization of varieties, or the suita-
bility of their flour for the manufacture of certain types of
products, including bakery products, can be predicted
based on the allelic composition of loci encoding the
biosynthesis of wheat grain proteins and starch [13].

It can be seen (Table 3) that the provided sam-
ples are not homogeneous according to the electrophoret-
ic spectra of reserve proteins. The main biotypes of the
first sample of wheat are represented by new alleles at
the main loci of both gliadins and glutenins, which are
not typical for winter wheats of Ukraine GId1A, GId1B,
GIt1B, and in their composition have an allele at the key
locus Glt 1D, which causes a sharp negative impact on
bakery quality. This is evidenced by the results of quality
indicators that reflect the genetically determined quality
of wheat grain - the "Strength" of flour and the Zeleny
sedimentation indicator. Therefore, it is most likely that
sample No. 1 is a variety of foreign origin, which is also
evidenced by the uncharacteristic (new) alleles of glia-
din- and gluten-encoding loci for our conditions. It was
the lack of adaptability to our climatic conditions that led
to a sharp deterioration of the organoleptic and physical
properties of wheat batch No. 1, the wrinkling of the
grain surface, and the abnormal (whitish) color of the
grain, which negatively manifests itself in the commer-
cial form of wheat. Sample No. 2 contains alleles com-
mon in our agricultural zone, but all of them have a nega-
tive effect on the quality of wheat grain (gliadin-
encoding loci Gld 1A3, GId 1B3, Gld 1D1), but produce
an increase in yield and improve the physical properties
of the grain. All genotypes with the above-hidden alleles
have high resistance to diseases and abiotic factors of
cultivation and cause a sharp decrease in the baking qual-
ity of wheat. Sample No. 3 is an example of a typical
"strong" wheat of Ukrainian selection with excellent bak-
ing properties, which is confirmed by the "strength" in-
dex of wheat, the quality of gluten according to 1SO
21415-2 (Gluten index) and the indicator of the Zeleny
test. The alleles that have a positive effect on the baking
properties of wheat include the gliadin-encoding loci Gld
1A4 and Gld 1A10, Gld 1B1 Gld 1B15 and especially
the gluten-encoding locus Glt 1B5.

During 2015 - 2017, the main quality indicators
of a large number of batches of red winter wheat destined
for export and processing were determined. Most of the
indicators, such as Protein Content, Quantity and Quality
of gluten, the Falling Number, the Test Weight of the
grain from year to year were in the same interval, but the
"strength" of flour was characterized by a clear tendency
to decrease. Thus, if as early as 2015, the number of
wheat samples with a "strength" indicator of more than
180 a.u. was only 10%, then in the following years their
number rapidly increased to 15 and 17% in 2016 and
2017, respectively.

What explains the tendency to decrease the bak-
ing quality of commercial batches of wheat grain in re-
cent years? The results of electrophoretic analysis of glu-
ten proteins gliadins and glutenins of three different
batches of red winter wheat showed their genetically
determined difference in allelic composition (Table 3).

Until recently, wheat varieties with alleles causing low
baking quality were absent from the Register of Varieties
of Ukraine, and especially its south, has always been a
zone of cultivation of high-quality commercial grain of
winter wheat, and the varietal composition stood out with
high genetic potential. Such varieties were created by the
Breeding and Genetics Institute, special attention was
paid to baking quality, and each breeding line was annu-
ally passed through a hard "sieve" according to the fol-
lowing parameters: grain hardness, flour vyield, flour
"strength” (W), alveogram configuration index (P/ L),
dough elasticity index (le), dough stability during knead-
ing, water absorption capacity of flour, Hagberg's hum-
ber, volume of bread and its evaluation, tolerance to
grain damage by the shell bug [14, 15].

Currently, there is a tendency to enter the Regis-
ter of “filler’and “weak”wheat varieties. These include
varieties of foreign origin and some domestic varieties,
the baking properties of which have not been sufficiently
studied, because it is known that recently the main crite-
rion for entering a variety into the register is to surpass
the standard variety exclusively in terms of yield. That is
why recently flour mill technologists and bakers are
sounding the alarm - it is not possible to bake normal
bread, even if the raw materials meet class 2 and 3 ac-
cording to DSTU 3768. The imperfection of the existing
system of methods for assessing bakery quality leads to
numerous problems in the production of bakery products
and execution of international contracts.

Conclusions

1. In the conditions of replacing traditionally
grown varieties of "strong" wheat in Ukraine with new
high-yielding varieties of domestic and foreign breeding,
it is not enough to determine the parameters recorded in
DSTU 3768 to determine the baking quality, it is neces-
sary to introduce new, more objective research methods.

2. Ukraine exports a significant part of wheat
grain, therefore, when determining the baking quality, it
is necessary to apply internationally recognized methods
and standards: 1SO 27971, I1SO 21415, 1SO 5529 in order
to avoid misunderstandings during the execution of con-
tracts.

3. The analysis of commercial batches of wheat
by the method of electrophoresis of storage proteins
showed the presence of new alleles of gliadin-gluten-
encoding loci in the genotype, which were not character-
istic of Ukrainian wheat, and their presence is observed
mainly in varieties of leading European seed companies.
Every year, the share of such varieties with a low genet-
ically determined level of baking quality is increasing.

4. An effective method for assessing the baking
quality of samples is the method of electrophoretic analy-
sis of wheat gluten proteins. The results of electrophoret-
ic analysis are used to identify specific GIt/GId alleles
that are associated with the baking properties of wheat,
analysis of genetic homo/heterogeneity of wheat sam-
ples, genetic purity of seed material, genetic purity of
wheat varieties.
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MPOBJIEMA OLIHKHA XJIIBONEKAPCHKOI SIKOCTI NILEHMUIII 3
I'EHETUYHO PI3BHUMMU AJIEJISAMU 3AITACHHUX BIJIKIB
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Anomauin

Cmammsa npucesuena 00CIONCEHHIO 3pa3Ki@ nuenuyi 3-20 K1acy 3 0OHAKOGUMU NOKAZHUKAMU SKOCMI 34 I:l
JICTY 3768, ane 3 pisHumu xaibonexkapcoKumu 61acmusocmsamu. 30Kpema, Cymmeeo SIOPI3HANACA «Cuna» OOpowHa
(W). Kinokicnuti ma sxicHuil ¢cman KieuKOGUHO-0LIKOB020 KOMNIEKCY € 8A2OMUM (PAKMOPOM O OMPUMAHHSL 3EPHA
nweHuyi ma OOpowHa 8ucoKkoi xuibonekapcobroi skocmi. Ane nuwe noxaswuku axocmi, axi peenamenmye JCTY 3768
(6micm Oinka, Kinokicme i AKICMb KLEUKOBUHU) sl 3¢PHA YePBOHOI 03UMOL NUUEHUYT He MOAICYMb 00'€EKMUBHO XapaKkme-
pusyeamu XaibonekapcvKi AKocmi KOHKpemHoi napmii 3epHa. 3a 0OCHOBHUMU NOKA3HUKAMU YKPAIHCbKO20 CMAHOapmy
6ci napmii nuenuyi nPakmudro ioenmuuni. Ino3emui noKynyi ne KOPUCMYIOmMbCsa HAWUMU YKPATHCOKUMU CINAHOAPA-
M, BOHU 8IO0AIOMb nepesazy MidCHaApOOHUM MeMmOoOaMm, cepeod SKUX OOHUM i3 HAUBALOMIWUUX € OYIHKA NOKAZHUKA «CU-
aay (W). Lleti memoO 0emMoncmpye OCHOBHI Xapakmepucmuxu QisuuHux 61acmugocmell NULEHUYHO20 Micma, sKi Mo-
2HCYmb OYmMu 0COONUBO BANCIUSUMU NPU BUNIKANHI X1i0a: enacmuunicms (P), posmascnicmo (L) ma xoegpiyienm xongi-
eypayii anveeocpamu (P/L). Bcmanoéneno, wo npudunoio pisHol «cuiu» 00CIiONCY8AHUX 3PA3KI6 3epHA NUeHUYL € pi3-
HUYS 8 2eHEMUYHO 00YMOBIEHUX ANleNAX 3anacHux 6inkie. Ocmannivu pokamu 6 Yxpaini 3'asunuca « pinepu» ma «cnao-
Ki» copmu nuieHuyi 8imyusHaHoi ma 3apyoixicHoi cenekyii. B ymosax 3aminu mpaouyitiHo 8Upouyy8anHux cOpmis «Culb-
HOI» nuienuyi 8 YKpaini HOBUMU 8UCOKOBPONCAUHUMU COPMAMU BIMYUSHAHOI ma 3apyOidcHOI ceneKkyii 015 BU3HAUEHHs
X1ibonexkapcvKoi AKocmi He0OCMamHbo eusHauYumuy napamempu, saxi sagixcosani ¢ JJCTY 3768. [na kopexmmuoi oyinku
xXnibonexapcokux eracmueocmeti HeoOXioHo 3anpoeadumu Hoi, 6inbut 00'ckmusHi memoou docaioxcenHs. 3poobaero
BUCHOBOK, WO 0/ 00 €EKMUBHOI OYIHKU XIOONEKAPCHKUX 61ACTNUBOCMEN 3ePHA NUEHUY] HeODXIOHO BUKOPUCTIOBYBAMU
midicnapooni cmanoapmu ISO 27971, 1SO 21415, 1SO 5529.

Kuarouosi ciioBa: mueHuis, xJjidonekapcbki BJaCTHUBOCTI, «CHJIa» MIIEHUI, MOKA3HUKHU XJIi0onekapchb-
KOI SIKOCTI, 3anacHi 0ij1ku, CTAHAAPTH HA MIIIEHUITIO.
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