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Basing on results of long-term research (2015-2021), the Plant Production Institute
named after V.Ya. Yuriev of NAAS determined the genetic and phenotypic variabilities of cereal
genotypes (winter wheat and triticale, spring barley) for useful economic characteristics,
adaptability, and grain and flour quality indicators. New breeding material was created; it allows
for expansion of new trends in the breeding of these crops; the trends are focused on increasing
the physiological value of end-use products: bread, cookies, cakes, flakes, etc. New cereal
cultivars have been bred: Haiok, Metelytsia Kharkivska, Pronia, Mavka IR, Mazurok, Tymofii,
Pudik, Yelan, Parnas, Yavir, and Shedevr. Grain and flour of these cultivars meets the
requirements of the food industries, in particular, baking and confectionery ones. The cultivars
have passed state registration and are allowed to be grown at Ukrainian agrarian enterprises.
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Introduction. According to epy FAO data[ 1], the volume of feed grain production in the
world in 2022 was expected to be 1,462 million tons, including 680 million tons of wheat. These
figures are lower by 5 million tons or by 3.1% than the 2021 figures. The predicted deficit in
cereals in the 2022-2023 will reach 0.7% (21 million tons). The current situation at the global
grain market is caused by a long drought in Argentina, a drought in several European Union
countries, and the war in Ukraine. At different levels of production intensification and various
characteristics of climatic zones of cultivation, the variety has always been and remains one of
the main factors in increasing grain yields. M.A. Lytvynenko (2006) demonstrated that a 75%
increase in grain production depended on the genetic potential of new varieties and hybrids.
Nevertheless, the vast majority of farmers only use 45-55% of the genetic potential of cereals
(wheat, rye, triticale, barley). The idea of industrial F; hybrids based on cytoplasmic or male
sterility with a certain restoration of pollen fertility is advancing very slowly. Work on food
triticale cultivars and F; hybrids is inefficient. Methods of identifying new genotypes with higher
contents of phytonutrients, such as phenolic acids, anthocyanins, flavonoids, etc., are
insufficiently used.

Scientists’ (breeders’, geneticists’, physiologists’) objective is to develop these areas of
research, allowing one to boost the biological value of products for healthy human nutrition.

Literature Review and Problem Articulation. Studies of global research centers have
proven that cereal yields can be upward regulated via breeding for quantitative traits: plant
height, number of fertile shoots, thousand kernel weight, and kernel size, via farming techniques
related to mineral fertilizers, protective agents, growth stimulants, chelated fertilizers, anti-
stressors, as well as due to irrigation of crops in critical phases of their development [3, 4].
Recently, issues of the plant product quality have become more relevant for the human food
security, which is a component of the national security of the state. Basing on the Laws of
Ukraine No. 8370-1 dated 12.22.2011 "On Food Security of Ukraine", No. 771/97-BP dated
12.23.1997 "On Basic Principles and Requirements for the Safety and Quality of Food Products",
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the Plant Production Institute plans and implements scientific research programs, the primary
purposes of which are as follows:

- To study sources and donors of valuable economic features;

- To investigate the yield formation processes and components;

- To study physiology of resistance to biotic and abiotic environmental factors;

- To evaluate product quality;

- To analyze biochemical parameters and, on this basis, to create narrow-specialized varieties and
hybrids (for certain use) [5].

Covering this topic, we emphasize that in this article we discuss wheat, triticale and spring
barley only, in accordance with the research programs, which have been performed at the Plant
Production Institute (PPI) named after V.Ya. Yuriev of NAAS for over 100 years and dealing
with grain and product quality parameters [5].

Purpose and Objectives. To analyzes of multi-year studies on wheat, hexaploid triticale
and spring barley breeding and to evaluate varieties, hybrids, and breeding material for
competitiveness in view of global trends in human nutrition.

Material and Methods. The methods of creating breeding material are inter-cultivar and
inter-species hybridization, selection of high-yielding plants from high-yielding populations and
hybrids. Winter and spring triticale, bread and durum wheat, rye, and spring barley accessions of
different geographical and genetic origins, F>—Fs populations, individual plants selected under
contrast test conditions were taken as starting material. The end-use product quality (loaf volume,
rheological parameters of dough, protein and fiber contents, wet gluten content, gluten
deformation index (GDI), sedimentation index, electrophoresis of gliadins and HMW glutenins,
identification of material with molecular markers, antioxidant activity, vitamin contents in grain,
trace minerals in wheat) was improved by traditional methods [6]. The protein and starch
contents in barley grain were measured on an InfraLUM FT-10 M 09495; waxy genotypes were
identified by Lugol's iodine staining (as Giuliani described). Kernel vitreousness was determined
on a diaphanoscope. Total antioxidant activity (AOA) was assessed by the ability of alcohol
extracts to neutralize the DPPH radical (2,2-diphenyl-1-picrylhydrazyl) [7]. The content of
phenolic compounds in grain was evaluated with Folin-Ciocalteu reagent [8]. The fat content was
measured by modified SV Rushkovsky’s method. Methyl esters of fatty acids were prepared and
investigated by Peisker's method.

The farming techniques were traditional for the Eastern Forest-Steppe of Ukraine. The
seeding rate was 3—4.5 million germinable seeds/ha; the record plot area was 5-15 m’. Elite
triticale plants were selected under contrast conditions of the zone, namely in the Kharkivska,
Donetska and Volynska Oblasts. The breeding material was evaluated for yield, grain quality,
winter hardiness, resistance to diseases and pests. High-molecular-weight (HMW) glutenin
electrophoresis for some accessions was carried out in the Laboratory WIBEX (Poland) [9].
Barley protein digestibility was determined by O. Pokrovsky and I. Ertanov’s method [10] in the
Laboratory of Medical and Biological Problems of Food Technology at the Chair of Chemistry,
Microbiology and Nutrition of Kharkiv State University of Food Technology and Trade.

Results and Discussion. Over the past 10 years, wheat breeders of the Plant Production
Institute named after V.Ya. Yuriev of NAAS, have created 23 bread wheat cultivars, for example
Zapashna, Fermerka, Krasa Laniv, Prynada, Haiok, Metelytsia Kharkivska, Pronia, Mazurok, and
Mavka IR. Previously created cultivars are known to agricultural producers: Vasylyna, Alians,
Dyshonila, Doridna, Rozkishna, Statna, etc. Following the general breeding technology design
for winter and spring wheat grain quality, we selected initial sources taking into account
international databases and results of our studies, which had been accumulated since 1992 in the
National Center for Plant Genetic Resources of Ukraine. High-yielding, winter-hardy, tolerant to
overwintering, adapted to the conditions of the Eastern Forest-Steppe accessions bred by us were
hybridized with high quality donors. The material obtained at the breeding and selection stages
was evaluated, namely: by express methods in F, - F4 generations; by determination of protein
content (as dry matter (DM) percentage) and its relationship with the sedimentation index in Fs;
by rheological properties of dough in F¢ and subsequent generations; by bread-making scores,
characteristics of cookies and electrophoregrams of gliadins and HMW glutenins starting with F7.
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Selections of plants with waxy kernels, plants with soft grains and high-carotenoid genotypes are
new directions of assessments in early generations [11]. These are new areas of breeding for
wheat grain quality, such as confectionary lines. Kharkiv cultivars and lines were screened for
wild-type pin a and pin b alleles using molecular markers [12]. Due to determining kernel
hardness, water absorption capacity of flour and cookie quality parameters, a new soft-grained
winter wheat cultivar, Mazurok, was selected from our lines; it has already been included in the
State Register of Plant Cultivars Suitable for Dissemination in Ukraine. In 2016-2020, cookies
made from Mazurok flour with a water absorption capacity of 54% were 10.1 mm tall and of 87
mm in diameter; the diameter/height ratio was 8.6; the surface score was 8.3 points. The
corresponding parameters for the hard-grained cultivar (Pryvablyva) were 63%, 12.2 mm, 80
mm, 6.6, and 3.9 points, respectively [13].

Due to the use of molecular markers, recessive alleles of Vrn loci were detected in spring
wheat with a high content of carotenoids in grain. Cultivar Omskaya 41 as well as lines Lutescens
516 and Lutescens 540, which have only one dominant Frn allele, were distinguished and
hybridized with winter cultivars [14]. Waxy wheat accessions with a low content of amylose,
donors of anthocyanin pigmentation of grain and accessions with a blue aleurone layer, which are
characterized by high total antioxidant activity, were taken as starting material [15, 16]. Winter
wheat accessions in competitive cultivar trials were investigated for seven loci of storage
proteins: Gli-Al, Gli-B1, Gli-D1, Gli-A3, Glu-Al, Glu-B1, Glu-D1. We identified 8 alleles of the
Gli-Al locus, 7 Gli-Bl, 5 Gli-D1, 4 Gli-A3, 5 Glu-B1, 3 Glu-Al, and 2 Glu-D1 alleles. Most of
the identified alleles are intrinsic to Ukrainian winter wheat cultivars. At the same time, lines
with introgressed alleles, markers of wheat-rye translocations 1AL/IRS and 1BL/1RS, were
identified. Line Erythrospermum 484-19 has an introgressed allele of the Gli-D1 locus from Ae.
tauschiiat [17].

The results of long-term research into the technological and bread-making properties of
new winter bread wheat cultivars are summarized in Table 1. Of the grain quality parameters, the
total bread-making score was most strongly correlated with flour strength and dough elasticity.
The test weight and kernel vitreousness did not have significant effects on the bread quality. The
most significant negative correlation was found between the total bread-making score and the
gluten deformation index (GDI). Correlations with other parameters are better described by
polynomials; in particular, medium contents of protein and gluten in grain ensure the best quality
of bread, while both low and too high values lead to its decrease [18]. New cultivars, namely
Haiok, Pronia, and Mavka, were included in the State Register of Ukraine; they are characterized
by high protein content (12.16-12.64% DM) and flour strength (226245 W) similar to that of
check cultivars. They have high tenacity (87-88 mm) and elasticity of dough, with a loaf volume
much better than that of check cultivars and the total score of 7.8—8.6 points.

Results of scientific studies in the US captured the interest of business in white-grained
wheat cultivars, flour of which is suitable for whole grain food production, and seed coats contain
more vitamins. Such raw materials are used to make hearth bread, Mexican tortillas, noodles, etc.

However, farmers have problems with growing such wheat cultivars because of intensive
grain germination, especially after rains, if this crop is not harvested on time. Nevertheless,
genetic variability makes it possible to create resistant cultivars, so we pay attention to triticale
cultivars that are much less prone to this drawback.

Phytochemical compounds, which are contained in seed coats and germs, are valuable
ingredients of grain for human health. Phenolic compounds, anthocyanins, quinones, flavonoids,
tocopherols and others are beneficial for human health. This research trend is extremely
important in cereal breeding. Given the high functional value of the above-listed compounds for
the human body and significant variability of wheat and triticale lines and cultivars, there is a real
prospect of breeding for improved biological value of grain.

Long-term investigations in different countries (the US, Canada, Poland, Australia,
Algeria, France and others) convince us of good adaptability of triticale and profitability of its
cultivation. Cultivars bred by scientists in Poland (Lamberto, Pavo, Moderato) and other
countries (Mykhas, Dubrava, Mara) can consistently yield more than wheat and rye by 20-30%.
This result is achieved not only due to better adaptability, higher yield, but also due to optimized
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chemical load on agrocenoses [19]. The breeding of hexaploid triticale is rapidly developing
towards increasing the production of better quality grain, overwintering cultivars and preserving
adaptive capacities [9, 19]. New food and universal triticale cultivars, namely Amos, Rarytet,
Nikanor, Plastun Volynskyi, and Yaroslava, are noticeable for excellent qualities of gluten, dough
and bread. These cultivars yield 8.5-11.5 t/ha.

Table 1
Technological and bread-making properties of grain of the new winter bread wheat
cultivars, PPINAAS, 2015 — 2020

Total
Test ‘ijrr::; Protein }ﬁlf;n t]e)r?;:%th e];toe llll%ﬁ) Flour FElastici Loaf bread-
Cultivar weight, content, & GDI yexie strength ty index volume making
sness, o, content, P), ility, N 3
g/L o DM % o ,W (le),% ,cm score,
%0 %0 mm mm

points

Bunchuk,
check cultivar
Podolianka,
check cultivar

794 55 1281 239 48 87 66 245 59 705 8.3

812 44 1281 258 63 78 80 243 56 660 7.7

Mazurok 778 29 1329 25 81 38 74 111 52 660 69
Mavka 802 51 1216 234 61 89 65 245 57 748 86
Pronia 820 53 1267 239 51 87 68 249 58 745 9
Haiok 806 51 12.64 246 51 88 60 226 62 692 7.8
Metelytsia 775 44 1259 248 61 73 68 218 62 662 7.8
Kharkivska

Vyhadka 803 47 12.62 242 57 98 54 250 63 680 8.1
Prynada 813 54  13.87 51 8 78 289 68 710 89

Krasa Laniv 801 38 1274 245 49 86 71 258 66 707 8.3
Harmonika 789 52 1297 268 63 72 78 234 58 742 8.3
Patriotka 787 42 1273 232 43 101 69 302 71 702 8.3

Scientists of the Plant Production Institute named after V.Ya. Yuriev of NAAS managed
to combine high performance with short stems and excellent bread-making properties in one
genome, maintaining complex resistance to biotic and abiotic factors. Genetic sources of triticale
from Polish, Slovakian and Romanian research centers potentially give high yields, but they have
weak gluten. We investigated a Raryten/KHAD 7 population under contrast conditions and
identified constant high-yielding triticale lines with plant heights of 60-130 cm and high
technological parameters (Table 2).

Table 2
Morphological and technological features of the triticale cultivars
(average for 2016 - 2021)
. Total
Plant . Protelq Wet Dough Dough Flour  Loaf bread-
. . Yield, contentin gluten - s .
Cultivar height, . GDI  tenacity extensibi strength, volume, making
t/ha  grain,DM content, . 3
cm o o (P), mm lity, mm W cm score,
° points

Rarytet, check
cultivar
Podolianka,
check cultivar

132 6.87 15.2 17.4 55 71 74 194 627 9

102 6.02 15 27 63 72 69 207 657 8.8

Amos 129 7.33 15 16.9 58 75 79 203 640 9
Tymofii 92 9.94 15.5 17 54 84 81 210 701 9
Pudik 90 10.14 153 20.3 45 81 77 226 727 9
Yelan 94 10.36  14.9 19 50 72 77 229 800 9
LSDo.05 12 0.4 0.22 1 13 19 10 9 72 0.6
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Correlation analysis of the morphological and technological characteristics of semi-dwarf
triticale cultivars and lines showed that the bread quality was significantly correlated with dough
stability time and resistance (r=0.69), farinograph quality number (r=0.76), loaf volume (r =0.76)
and especially crumb elasticity (r=0.82) and bread porosity (r=0.87). There was no significant
correlation between the falling number and the total bread-making score or between the falling
number and loaf volume.

The results of research into relationships between bread-making parameters served as a
basis for creating new genotypes with specific expression of the gluten protein traits. Further, this
was used in the breeding of new competitive triticale cultivars with a desirable plant height
(Table 3).

Table 3
Physical properties of dough from grain of the new triticale cultivars
(PPI NAAS, average for 2015 - 2022)
Dough parameters
Cultivar Dough Resilience, Resistance, Dgugh Softening Farmograp h
development . . stability time, quality
. . min y degree, BU
time, min min number

Rarytet, check 5 ¢s 6.46 9.17 9.1 87 74
cultivar
Podolianka, 2.82 102 13.07 15.47 73 85
check cultivar
Tymofii 2.85 10.75 13.6 15.15 81 84
Pudik 2.9 10.5 13.4 13.85 75 86
Yelan 3.2 12.5 15.7 17.2 62 90
Baltiko 1.8 1.5 3.3 5.4 170 32
Stil 2.0 1.2 3.2 4.0 200 39
LSDy.05 0.2 2.19 241 2.72 28.8 13.1

Environmental trials of the new semi-dwarf triticale cultivars bred by the PPI named after
V.Ya. Yuriev of NAAS in Ukraine (Kharkiv, Melitopol), Poland (Rzeszoéw, Czeszéw), the US
(California, Davic), Australia, Germany demonstrated that they were high-yielding and had good
technological properties. New cultivars, namely Pudik, Yelan, according to the fariograph data,
were not inferior to valuable and strong wheat, overwintered very well and showed good
adaptability in general, including resistance to major diseases of cereals.

The new advantages of triticale over bread wheat in terms of yield capacity, adaptability,
grain quality, and biological value are not yet fully used in grain production and processing
industry.

Barley is a recognized cereal crop all over the world; it is functional food, i.e. it is able to
ensure the healthy functioning of the body, suitable for the production of dietic and baby foods
[20-24]. We studied starting material and bred new spring food barley cultivars. In order to
provide dietic and baby foods, a breeding program was implemented to cross domestic cultivars,
which are well-adapted to the conditions of Eastern Ukraine and resistant to lodging and diseases,
with waxy naked accessions [25].

In addition to high performance, a food cultivar is supposed to have high-quality grain,
i.e. contain a lot of proteins with high percentages of essential amino acids, which are extremely
important for the human body. Naked barley accessions contain significantly more protein than
chaffy ones. At the same time, the protein content in waxy chaffy barley lines is higher (12.60—
16.80% DM) than in those with wild-type starch (11.2-15.9% DM). However, high protein
content is only one indicator of the usefulness for the human body. Protein digestibility is
important. We showed that cultivars Parnas and Berkut had highly digestible protein: 69.80—
74.20 mg of tyrosine per 1 gram of protein compared to 53.90 mg/g in wheat (Table 4) [25].
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Table 4
In vitro digestibility of spring barley proteins by human gastrointestinal enzymes, 2018

Amount of soluble products of protein hydrolysis,
mg of tyrosine per 1 g of protein

Accession (combination) Pepsinolysis +

Pepsinolysis Trypsinolysis Trypsinolysis
Parnas 15.2 54.6 69.8
Berkut (Parnas/Omskiy Golozyornyy 1) 25.5 48.7 74.2
Akhilles 14.05 38.75 52.8
Omskiy Golozyornyy 1 14.3 41.8 56.1
14-105 (Omskiy Golozyornyy 1 /Parnas) 9.05 58.55 67.6
13-802 (Parnas/Omskiy Golozyornyy 1) 14.3 38.6 52.9

Thus, cultivars Parnas and Omskiy Golozyornyy 1 are sources of high protein digestibility
by proteolytic enzymes. Kernel hardness, which is determined by endosperm vitreousness is an
important technological parameter in barley food industry. Barley cultivars with vitreous grain
are used for groats production, while with low vitreousness — for flakes and flour. This trait was
established to be variable and the variability of this trait largely depends on genotype. According
to our data, the vitreousness of naked and chaffy accessions varied 90% to 100%, and 22% to
51%, respectively. Dry weather during the ripening period contributes to the formation of
vitreous grain.

The creation of barley cultivars suitable for the production of functional foods is
impossible without determination of antioxidant activity (AOA), which has a therapeutic and
preventive effect on the human body, namely, it contributes to the normal physiological
functioning of human systems. We demonstrated the variability and dependence of the
antioxidant activity on genotype and growing conditions (Table 5).

Table 5
Antioxidant activity and oil content in spring barley grain (2017 - 2020)
Antioxidant
Accession Variety Starch ilcligvrg}g];ﬁf/agc?cf oil Cf;zl tent,
equivalent
Parnas, PPI nutans Wild-type 2.77 2.7
Yavir, PPI nudum Wild-type 2.95 3.08
01/12/54 nutans waxy 2.74 3.75
Shedevt, PPI rikoteuse waxy 2.59 3.45
CDC Alamo nudum waxy 3.46 3.04
CDC Candle nudum waxy 2.96 2.8
Golozyornyy 1 nudum Wild-type 2.79 2.45

Oil content and its fatty acid composition is an important component of the nutritional
value of barley grain. Barley oil contains healthy polyunsaturated omega-3 (linolenic acid). It was
reported that the genes determining the waxy trait could be linked with genetic determinants
increasing the lipid content in barley. Our results are in agreement with other researchers’ data as
we found that the oil content in waxy grain was significantly higher (up to 3.75%) than in grain
from accessions with wild-type starch (2.48-2.47%). Of the chaffy cultivars with a high level of
linolenic acid (6.09-2.47%), Hatunok, Berkut and Oscar were selected. In order to provide dietic
and baby foods, a breeding program was implemented to cross domestic and foreign cultivars, in
particular waxy naked accessions with cultivars, which are well-adapted to the conditions of
Eastern Ukraine and resistant to lodging and diseases. We created lines with high protein
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digestibility (61.75 mg of tyrosine per 1 g of protein), high antioxidant activity (2.02 mg/g of
chlorogenic acid equivalent), increased content of polysaturated (omega-3) linolenic acid in oil
(6.09%), which is valuable genetic material for spring food barley breeding. We created waxy
cultivars, namely Shedevr and Amil, which can be used in healthy food production due to their
valuable economic characteristics and quality indicators (Table 6). Fiber and minerals, which are
not synthesized by the human body, play strategic roles in adequate nutrition. We analyzed chaffy
and naked barley cultivars and lines of different origins. The ash content in the investigated
barley accessions ranged 2.18% to 3.20% in chaffy barley and 1.60% to 1.83% in naked barley.

Table 6
Characteristics of the waxy spring barley cultivars (2017 - 2021)
Trait
Antioxida
) Protein . . ) nt activity,
Cultivar Yield. t/ha content Starch  Vitreous- Oil Ash Fiber mg/g of '
’ DM % > content, % ness, % content, % content, % content, % chlorogem
c acid
equivalent
Shedevr 5.43 11.13 60.11 43 3.45 3.2 3.65 1.94
Amil 5.38 12.7 60.66 40 3.47 3.21 3.7 2.07

Thus, barley accessions of the genetic diversity from the NCPGRU and the breeders’
working collection of the PPI named after V.Ya. Yuriev of NAAS are promising materials for
creating new spring barley cultivars suitable for food production, including dietic, baby and
prophylactic nutrition.

Conclusions. Our studies in 2015-2021 demonstrated the variability of useful economic
characteristics, in particular, grain and flour quality indicators, in winter bread wheat, winter
triticale and spring barley.

New breeding material, which is adapted to the conditions of Eastern Forest-Steppe of
Ukraine, was created; it is superior to the check cultivars in terms of quantitative and qualitative
characteristics.

The new trends in cereal (wheat, triticale, barley) breeding are proposed; they which
involve wide using assessments of flour quality, especially protein, starch, dough-forming ability,
antioxidant activity, waxy determinants, oil, unsaturated fatty acids, phenolic compounds,
tyrosine (protein digestibility indicator), etc.

The new cereal cultivars were bred; their grain is suitable for the production of groats,
pasta, cookies, high-quality bread, and flakes. These are winter wheat cultivars Haiok, Pronia,
Mazurok, and Mavka IRO; winter triticale cultivars Tymofii, Pudik and Yelan; spring barley
cultivars Parnas, Berkut, Shedevr, Amil, and Troian. These cultivars have passed the state
registration and are approved for growing at Ukrainian agrarian enterprises.
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CURRENT STRATEGY OF CEREAL BREEDING

Kyrychenko V.V., Vasko N.I., Leonov O.Yu., Shchypak H.V., Suvorova K.Yu., Morhun O.V.
Plant Production Institute named after V.Ya. Yuriev of NAAS, Ukraine

Purpose and Objectives. To analyzes of multi-year studies on wheat, hexaploid triticale and

spring barley breeding and to evaluate cultivars, hybrids, and breeding material for
competitiveness in view of global trends in human nutrition.

Material and Methods. Triticale, winter and spring bread wheat, and spring barley accessions of

different geographical and genetic origins, F,—Fs populations, individual plants selected under
contrast test conditions were taken as starting material. The farming techniques were
traditional for the Eastern Forest-Steppe of Ukraine. Elite triticale plants were selected under
contrast conditions of the zone, namely in the Kharkivska, Donetska and Volynska Oblasts.
The breeding material was evaluated for yield, grain quality, winter hardiness, resistance to
diseases and pests. linter-cultivar and inter-species hybridization was applied. The loaf
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volume, rheological parameters of dough, protein and fiber contents, sedimentation index,
electrophoresis of gliadins and HMW glutenins, antioxidant activity, vitamin contents, and
trace minerals were measured by traditional methods. The protein and starch contents in barley
grain were measured on an InfraLUM FT-10 M 09495; waxy-genotypes were identified by
Lugol's iodine staining (as Giuliani described). Kernel vitreousness was determined on a
diaphanoscope. The total antioxidant activity (AOA) was assessed by the ability of alcohol
extracts to neutralize the DPPH radical (2,2-diphenyl-1-picrylhydrazyl). The content of
phenolic compounds in grain was evaluated with Folin-Ciocalteu reagent. The fat content was
measured by modified SV Rushkovsky’s method. Methyl esters of fatty acids were prepared
and investigated by Peisker's method. High-molecular-weight (HMW) glutenin electrophoresis
for some accessions was carried out in the Laboratory WIBEX (Poland). Barley protein
digestibility was determined by O. Pokrovsky and I. Ertanov’s method in the Laboratory of
Medical and Biological Problems of Food Technology at the Chair of Chemistry,
Microbiology and Nutrition of Kharkiv State University of Food Technology and Trade.

Results and Discussion. The diversity of genetic sources from the starting material of wheat,
triticale, and spring barley was described. The prospects of creating lines and cultivars of these
crops with good quality grain, flour, dough, and cookies in the Eastern Forest-Steppe of
Ukraine with significant changes in the temperature during the plant ontogenesis were
proven.In the winter wheat breeding for grain quality, special attention was paid to crossing
high-yielding and adapted to overwintering in the Eastern Forest-Steppe accessions bred by us
with donors of good quality. It is necessary to evaluate the breeding material of bread wheat:
express methods in F,—F4 generations to determine the protein content and its correlation with
the sedimentation index in Fs, rheological properties of dough in Fs and subsequent
generations, comprehensive assessment of bread-making qualities, characterization of cookies,
gliadin and glutenin electrophoresis, starting with F;. Due to determining kernel hardness,
water absorption capacity of flour and cookie quality parameters, a new soft-grained winter
wheat cultivar, Mazurok, was selected from our lines; cookies made from Mazurok flour with
a water absorption capacity of 54% had the surface score was 8.3 points. By using molecular
markers, cultivars Omskaya 41 as well as lines Lutescens 516 and Lutescens 540 with high
content of carotenoids and only one dominant V7n allele were identified. It was proven that the
medium contents of protein and gluten in grain ensured the best quality of bread, while both
low and too high values led to a decline in its quality.In the triticale breeding, it was found that
the triticale bread quality was significantly influenced by dough stability time and resistance
(r=0.69), farinograph quality number (r=0.76), loaf volume (r =0.76) and especially crumb
elasticity (r=0.82) and bread porosity (r=0.87). There was no significant effect of the falling
number on the loaf volume and the total score. To create high-yielding semi-dwarf triticale
cultivars, accessions of the Western European ecotype are crossed with the best lines (bred by
us in the Eastern Forest-Steppe) and tested under contrasting conditions.In the barley breeding,
it is necessary to determine not only the protein amount in grain, but also its digestibility. We
showed that cultivars Parnas and Berkut had highly digestible protein: 69.80 - 74.20 mg of
tyrosine per 1 gram of protein compared to 53.90 mg/g in wheat. Kernel hardness, which is
determined by endosperm vitreousness, is an important technological parameter. The
vitreousness of naked and chaffy accessions varied 90% to 100%, and 22% to 51%,
respectively. Dry weather during the ripening period contributes to the formation of vitreous
grain. The variability and dependence of the antioxidant activity, contents of mineral
compounds and oil both on genotype and growing conditions were established. In order to
provide dietic and baby foods, a breeding program was implemented to cross domestic and
foreign cultivars, in particular waxy naked accessions with cultivars, which are well-adapted to
the conditions of Eastern Ukraine.

Conclusions. Our studies in 2015-2021 demonstrated the variability of useful economic
characteristics, in particular, grain and flour quality indicators, in winter bread wheat, winter
triticale and spring barley.New breeding material, which is adapted to the Eastern Forest-
Steppe of Ukraine, was created; it not inferior to the check cultivars: winter bread cultivars
Haiok, Pronia, Mazurok, and Mavka; winter triticale cultivars Tymofii, Pudik, and Yelan;
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spring barley cultivars Parnas, Berkut, and Shedevr, which have passed the State registration
procedure and are approved for growing at agrarian enterprises of Ukraine.The new trends in
cereal (wheat, triticale, barley) breeding are proposed; they involve an extended program of
testing products for healthy nutrition, using assessments of flour quality, especially protein,
starch, dough-forming ability, antioxidant activity, waxy determinants, oil, unsaturated fatty
acids, phenolic compounds, tyrosine (protein digestibility indicator), etc.

Key words: winter wheat, winter triticale, spring barley, yield, grain quality, fiber, protein,
genetic resources, antioxidant activity, phytonutrients, adaptability.

CYYACHA CTPATEIIA CEJIEKIII 3EPHOBHX KYJ/IbTYP

Kupuuenko B.B., Bacbko H.I., JIeonos O.1O., [llunak I'.B., CyBoposa K.}1O., Mopryn O.B.
Incrutyr pocnunnunTa iMeni B.S. FOp’eBa HAAH, Ykpaina

Mera i 3apaui gocaimkenns. [IpoBectu anami3 6araTopivHUX JOCTIKEHB 13 CENEKIIil MIIESHUI],
TeKCaIIOITHUX TPUTHKAJIE, SYMEHIO SPOTO Ta OI[IHUTH COPTH, TOpHIH, CeNeKIIHHUI MaTepia
Ha KOHKYPEHTOCIPOMOXKHICTh 3 OISy Ha CBITOBI TEHCHLIIT XapuyBaHHS JIIOIUHH.

Martepian Ta MeToau. Buxinnuii maTtepian: 3paskd TPUTHKAJIE, MIIEHUIII M'SIKOT 03UMOT Ta Apof,
SYMEHIO SIPOT0 PI3HMX 3a reorpadiuHuM Ta TEHETHMYHUM TMOXOKEHHsM, momyisuii Fo— Fs,
OKpeMi pOCIIMHH BiJliOpaHi y KOHTPAaCTHUX YMOBAaX BUIIPOOYBaHb. TEXHOJOTISI BUPOIYBAHHS €
3araJlbHONIPUMHATOIO Ui cXigHoi uyactunHu Jlicocremy Ykpainu. [loOip emiTHUX pociuH
TpPUTHKaJE 3IHCHIOBAIM Yy KOHTPACTHMX yMOBaX 30HM Ta JIOKaliid, a came XapKiBCbKa,
Honenpka Ta BommHcbka oOmacti. OLiHKY CeNeKIifHOro Marepially NpPOBOAWIM Ha
BPOXAMHICTh, AKICTh 3€pHA, CTIHKICTH J0 MEepe3uMiBIi, XBOPOO 1 IIKITHUKIB. Bukopucrana
BHYTpPIIIHBOCOPTOBa Ta BMJOBa riOpuauszaiis. O6'eM xmiba, peoJOriuyHI HmapameTpH Ticra,
BMICT OUTKa Ta KIITKOBHHH, IHJEKC CEIMMEHTAIlli, eleKTpodope3 riiaguHiB Ta TIIOTCHHUHIB,
imeHTUdIKaIiss Marepiany 3a MOJEKYISIpHUMH MapKepaMy, aHTHOKCHUIAHTHA aKTHBHICTb,
BMICT BITaMiHIB Yy 3€pHI, a TaKoXX MIKPOCJIEMEHTIB y TINEHUIl) MPOBOIMIN
3araJIbHOTPUMHATUMH MeToJaMH. BMicT Oika Ta KpoXMallio B 3€pHI SIUMEHIO MPOBOIMIN HA
“TnppaJIOMDPT-10 M 09495”, waxy-reHoTHnu ineHTU(IKYBaId MeToaoM (dapOyBaHHS
HomauM posumHOM Jlroronms (3a JDkymiani). CriIononmiOHICTH 3epHa BH3HAYald Ha
niadanockomi. 3arajibHy AaHTHOKCHUIAHTHY aKTUBHICTH (AOA) OLIHIOBAIM 3a 3aTHICTIO
CIMPTOBUX EKCTPAKTIB HeHWTpanizyBatu paaukan DPPH* (2/2 — dipheny 1-1 — picrylhydrazy).
Bmict ¢deHompHUX cCmodMyk |y 3epHI BHBUYEHO 3 BHUKOpHCTaHHSAM peaktuBy Folin-
Ciocalten. BmicT >kxupy 3HEXHMPEHOTO 3aIMIIKy 3a MojudikoBaHoio wmeroaukoio C.B.
PymkoBcpkoro. MetuinoBi edipy KUPHUX KHCIOT Ta IX BHU3HAUYEHHS MPOBOAMIHM 32
metoaukoro Ilefickepa. EnexTpodope3 TIIOTEHHWHIB OKpEeMHUX 3pas3KiB 3JIHCHIOBAT B
nabopatopii Wibex (ITonbima). IleperpaBmtoBaHicTh OiTka SYMEHIO BU3HAYaAM Yy J1aboparopii
MEIMUKO-OIOJIOTTYHUX ~ [pOOJeM  TEXHOJIOTii  Xap4yoBMX  MPOAYKTIB  Ha  Kadenapi
ximii, MikpoOionorii Ta xapuyBanas XJ{YXiT na ocHoBi Meromuku O. IlokpoBchkoro Tta
I. Epranosa

OOroBopeHHs1 pe3yJbTaTiB. YCTaHOBJICHO PI3HOMAHITTS T€HETHYHUX JDKEPEN Cepell BUXITHOTO
MaTepiany TMIIEHUIl, TPUTHKAJE, SYMEHIO siporo. J[OBEIEHO MNepCleKTUBHICTh CTBOPEHHS
JHIA Ta COPTIB LMX KYIbTYp 3 AKICHUMHU TOKAa3HMKAMHU 3€pHa, OOpPOILIHA, TICTa, MEYHMBA B
ymoBax Cxinnoi yactunu Jlicocreny YkpaiHu Ipu CyTTEBUX 3MiHAX TEMIEPATYPHOTO PEKUMY
y IpoIeCi OHTOTEHe3y pociuH.B cenekiii nmeHuIi 03uMoi Ha SKIiCTh 3epHa 0COOJIHMBY yBary
NPUIUISUIA CXPEIIYBaHHIO BUCOKOTIPOYKTHBHHX, aIalTOBAHUX JI0 YMOB MEPE3UMIBIII CXiIHOT
yactuHu Jlicocteny 3pas3kiB BJIACHOI CeNeKIlii 13 JOHOpaMu mapaMmerpiB sSKOCTi. OuiHkKy
CENeKI[IfHOr0 MaTepiajly MIIEHHUI M SKOi HEOOXiJHO MPOBOJUTH: EKCIpPeC METOAU Y
redepanisix Fo—F4 mist Bu3HaueHHS BMICTY OUTKa Ta 3B'SI30K 3 MOKA3HUKOM ceIuMEHTallii y Fs,
peosoriyHi  BIAacTUBOCTI TicTa Yy FgTa HAcTymHUX TOKOJIHHAX, 3arajibHy OIHKY
XJT100TIEKapChKUX SIKOCTEH, XapaKTEPUCTUKY TeUnBa, eIeKTpodopeTHuHi GOopMyNu TTiafuHy
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Ta IOTeHiHy, nounHaoud 3 F;. [lngxoM BU3HaueHHS TBEPAOCTI 3€pHA, BOAOMOIIIMHAIBHOL
3IATHOCT1 OOPOIIHA, a TAaKOK MapaMeTpiB SIKOCTI MeYMBa 31 CTBOPEHUX HAMM JIiHINA BUALICHO
HOBHH M’SIKO3EpHHI COPT MIIeHUIII 03UMOT Ma3ypox i3 OLIHKOIO MOBEpXHi rneuynsa §,3 Oanu 3a
BOJIOTIOTTIMHANIBHOI 3/1aTHOCTI GopomrHa 54%. Ilpu 3acTocyBaHHI MOJIEKYJISIPHUX MapKepiB
BuniieHo coptu Omckas 41 ta minii Jltorecuenc 516, Jlrorecuenc 540 3 BUCOKHM BMICTOM
KapOTHHOI/IB, [0 MAIOTh JIMIIIE OJWH JOMIHAHTHHH anens Vrn. JloBeneHo, mo BMICT OiTka Ta
KJICMKOBHHHU B 3€pHI MPH CEpEeHIX 3HAYCHHSAX 3a0e3MeuyloTh HaWKpally SKICTh XJi0a, a sk
HU3bKI, TaK 1 HaMIPHO BHUCOKi 3HAYCHHS NMPHU3BOIATH J10 1i 3HMKEHHA.B cenekiuii Tputnkane
3’ICOBaHO, IO Ha sKIiCTh Xyiba 13 OOpoIIHAa TPUTHKaJlEe ICTOTHO BIUIMBAIOTH CTIHKICTH Ta
omipHicTh Ticta (r=0,69), 3aranpHa BasomeTrpuyHa oiiHka (r=0,76), o0'em xmiba (r=0,76) 1
ocobnmBo enactuuHicTh M'skyma (r=0,82) Ta mopucticts xiiba (r=0,87). [cTOTHOTO BIITHBY
yuciaa MaaiHHA Ha o00'eM xmiba 1 3arajdbHy OLIHKY He BinMmiueHo. /[l cTBOpeHHs
BHCOKOBPOXXAHUX KOPOTKOCTEOJIOBUX COPTIB TPUTHKAJIC BUKOPUCTOBYIOTHCS CXPELIyBaHHS
3pa3KiB 3axiJHOEBPOMEUCHKOTO EKOTHIlYy 13 KpaIllMMHU JIHIIMH BIJIACHOI ceiekiii (yMOBHU
cxigHoro Jlicocremy) 3a yMOB BHUIIPOOYBaHHS Yy KOHTPAacTHHX yMmMoBax.B cenekuii sumeHro
HEOOXIJTHUM € BHU3HAUEHHS HE TUIBKM KUIBKOCTI OUIKY B 3€pHI, a TakoX piBEHb HOro
NEpeTPaBIIOBAHOCTI Ta 3acBoloBaHOCTi, y copriB Ilappac Ta bepkyr Bu3HaueHO
BMICT THpO3uHy 69,80-74,20 mr Ha | rpam 6inka npu 53,90 mr/r y nmenuni. Baxiusum
TEXHOJIOTTYHUM TOKa3HUKOM IPU BUTOTOBJICHI MPOIYKTIB Xap4yBaHHS 3 SUYMEHIO € TBEPIICTh
3epHa, sIKa BU3HAYAETHCS CKIIOMOIIOHICTIO €HI0CIEPMY, Y TOJIO3EPHUX 3pa3KiB Bapitoe Big 90
1o 100%, mriBuatux Bix 22 no 51%. JloBeneHo, o nocymuuinBa moroja y nepioa 103piBaHHS
CIpUsS€ YTBOPEHHIO CKJIOMOMIOHOTO 3€pHa SYMEHI0. BcCTaHOBIEHO BapiaOeNbHICTh Ta
3aJIeKHICTh PIBHS AHTUOKCHJIAHTHOT aKTHUBHOCTI, BMICTY MIHEpaJIbHHUX CIOJYK Ta OJil Bif
TeHOTHITY Ta YMOB BUpOIyBaHHs. [y 3a0e3medeHHs] MPOAYKTaMU JTUTSYOTO Ta JIETUYHOTO
XapuyBaHHS BUKOHAHO MPOTrpaMy CeNeKIii Je nmeperdayeHo CXpellyBaHHs COPTIB BITYU3HAHOT
Ta  3apyObKHOI  ceiekwii —  JpKepena waxy roJIO3€pHOTO  THUIY, 13  COpTamHu
BHCOKOAJIAIITOBAHUMHU JI0 YMOB CXIJJTHOi YaCTMHU YKpaiHu.

BucHoBkm. 3a pe3ynpTaTaMu BJIACHUX JIOCHIKEHb, mpoBeneHux 3a 2015-2021 poxu
BCTaHOBJICHO MIHJIUBICTh T'€HOTHITIB MIIEHUII M'SIKOT 03UMOi, TPUTUKAJIE O3UMOTO Ta SYMEHIO
SAPOro 32 KOPUCHUMH TOCIIOIAPCHKUMHU O3HAKaMH, 30KpeMa 3a SIKICHUMU MOKa3HUKaMH 3€pHa
Ta OopomrHa.CTBOPEHO HOBMIA CENEKI[IMHUNA Martepiai, SKUH aJanTOBAaHUM O YMOB CXiJHOI
yactuHu Jlicocteny YkpaiHu, IO HE MOCTYNAIOThCA COpPTaM-CTaHIapTaMm, a came O3UMOi
M’sikoi mmenwntni — [aiiok, [Iponsi, Ma3zypok, MaBka , Tpurukane o3umoro — Tumodiit, [Tymik,
€nanp, ssumento siporo — Ilapnac, bepkyr, Llleaesp, mo npoiimu /JlepxkaBHy peecTparito Ta
JOMYIIeH] 0 BUPOIIYBAaHHS B arpomianpuemMcrBax Ykpainu.lIpomoHyOThCs HOBI HampsMu
CeNeKIil 3epHOBUX KyIbTyp (MIIEHUISI, TPUTUKAJIE, SUYMIHb)3 BUKOPUCTAHHSAM IIMPOKOT
IporpamMy TECTYBaHHS MPOAYKIII Ui 37J0pPOBOTO XapuyBaHHs, AKi IHepeadadaroTh IIHPOKE
BUKOPUCTAHHS OLIHOK 32 SIKICTIO OOpOIIHa, a 0COOIUBO, OLIKa, KPOXMAIIO, TICTOYTBOPIOIOYOT
3IaTHOCTi, QHTHUOKCHJIAHTHOI aKTMBHOCTI, HAsBHOCTI JETEPMIHAHTIB WaX), BACOKOTO BMICTY
OJNii, ~HEHAaCHMYCHMX JKUPHUX KHUCIOT, (PEHOJBHUX CHOJYK, THPO3UHY (ITOKa3HUKA
NEPeTPaBIOBAHOCTI), TOLIO.

Kniouogi cnoea: nuienuys ozuma, mpumukaie o3ume, A4MIiHb aputl, YyPOICauHicmb, AKICHb
3epHa, KNimKo8uHa, OLIOK, 2eHeMU4Hi pecypcu, AHMUOKCUOAHMHA AKMUBHICMb, A0aNMUBHICMb.
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