ductive one, the number of productive nodes and pods per node, paying attention not only to
their total number and pairing, but also to the presence and plumpness of beans on the upper
productive nodes. We also measure the seed number per pod. In F3, offspring is assessed for
evenness and the vegetation phase lengths. In F4-5, only even high-yielding families are select-
ed; they are threshed; and the total number of seeds is estimated. General requirements for the
selection of hybrid and breeding material depend only on the direction of breeding.

Conclusions. The application of the pedigree method in pea breeding is time-consuming for
breeders and demands thoroughness at all stages. However, this approach allows detailed in-
vestigating hybrid material at the beginning of the breeding process, which increases the
breeding effectiveness. The effectiveness of the applied methods and selection ways is con-
firmed by demand for pea varieties bred at the Plant Production Institute named after VYa
Yuriev and positive feedback from manufacturers.

Key words: pea, breeding, selection, early generation, hybrid population,
genetic control of a trait, productivity
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WAXY BARLEY STARCH AS RAW MATERIAL FOR HEALTHY FOOD PRODUCTS
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The article justifies the expediency of the breeding of barley cultivars with waxy starch,
grain of which can be raw material for functional food production. The study purpose was to cre-
ate food barley cultivars with waxy starch. To accomplish this, qualitative parameters of barley
accessions were determined, and starting material was selected for breeding. The study was con-
ducted at the Plant Production Institute named after V.Ya. Yuriev of NAAS in 2015-2017. Twen-
ty four chaffy and naked barley accessions of different origin were taken as the test material.
Grain quality parameters of wild type and waxy accessions were compared. The yield, protein
and starch contents, endosperm vitreousness, and antioxidant activity were shown to depend both
on growing conditions and on genotypes. High nutritional quality of waxy barley cultivars was
proved, videlicet, significantly higher content of oil compared with accessions with wild type
starch and lower vitreousness of endosperm in chaffy accessions. Accessions with very valuable
characteristics were selected: line 12-1014 with high digestibility of protein (61.75 mg tyrosine/g
protein for pepsinolysis + trypsinolysis), line 12-945 with high antioxidant activity (2.02 mg
chlorogenic acid equivalent/g), line 12-954 with a high content of oil (3.75%) and awnless line
14-1183 with a high content of polyunsaturated -3 linolenic acid (6.09%). These lines are valu-
able both as starting material for the breeding of food cultivars, and directly for functional food
production. Waxy cultivars Shedevr and Amil were submitted to the state variety trials. Grain of
these cultivars is noticeable for high contents of starch (>60%), oil (3.45-3.47%) and fiber (3.65—
3.70%). Antioxidant activity is also sufficiently high (1.94-2.07 mg chlorogenic acid equiva-
lent/g). Being low vitreous (40—43%), cultivars Shedevr and Amil can be used for production of
flakes and flour, including extruded flour.
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Introduction. Recently, the interest in barley grain as raw material for food products has
been increasing due to its positive impact on human health. Such products lower cholesterol lev-
els in blood, regulate the glycemic index and antioxidant activity [1]. They counteract the three
most lethal diseases of the present — cardiovascular diseases, cancer and diabetes. In particular,
these diseases are associated with free radical formation, and barley grain exerts a high antioxi-
dant effect. This is especially true for waxy barley, starch of which consists of 95—-100% amylo-
pectin [2]. Therefore, creation of waxy barley cultivars that will be suitable for functional food
production is an important area of barley breeding.

Starch is a major component of barley grain, as it accounts for over 70% of dry matter [3,
4] and determines its nutritional and technological properties. Starch content was found to vary in
barley grain. For example, the total content of starch varied 45.7% to 66.4% in 112 Chinese bar-
ley cultivars [5]. The starch content ranged 58.1% to 72.2% in 10 Canadian genotypes [4]. The
starch content in seeds of 39 barley genotypes was within 51.3%—64.2% [6].

In grain of most barley cultivars, starch contains 72—78% of amylopectin, the other com-
ponent is amylose. The recessive allele of the wax gene almost completely blocks amylose syn-
thesis, and its content varies 20-25% to 0—5% related to wild type starch. In the world's assort-
ment of barley, two functional alleles and one null allele or wax allele of the wax gene were iden-
tified [7, 8]. The wax gene is localized in chromosome 1 (7H). Genotypes with normal (3:1 amy-
lopectin : amylose) starch composition have the dominant Wax gene [9, 10]. A genetic marker
was developed for the wax gene, and it is effectively used in breeding programs [11].

In addition, the wax gene is associated with an increase in contents of potent antioxidants,
B-glucans, in grain of naked and chaffy barley on average by 4.85%—6.1% [12]. There are a lot of
data on stable dependence of antioxidant activity on the genotype [13, 14, 15]. However, there
are reports that in some waxy genotypes genetic factors reducing contents of B-glucans were
identified. Researchers attribute this phenomenon to thin walls of endosperm cells [16].

The amylose content in barley starch varies 0% to 5% in waxy barley, 20-30% in wild
type accessions and is around 45% in high amylose barley [17]. The ratio of the major structural
components of starch can be changed genetically. Changes in this ratio increase the content of
dietary fiber, affecting functional characteristics of the gastrointestinal tract and human body in
general, consequently, increasing the nutritional value of barley grain. Waxy barleys have in-
creased levels of simple sugars (glucose, fructose, sucrose) and soluble fiber represented by B-
glucans in comparison with wild type ones. The contents of B-glucans and oil are higher by 40%
and 25%, respectively, in barley with the wax allele compared with wild type [2].

Currently, there are cultivars with starch containing 95-100% of amylopectin (waxy bar-
ley) or 40-70% of amylose (high amylose barley) [18]. The first waxy barley cultivars were cre-
ated in Canada and Sweden, with cultivar Azhul as the initial one, as well as in Japan by chemical
mutagenesis [12, 19, 20].

Currently, the breeding of food barley, mainly naked barley with waxy starch, is exten-
sively conducted in Canada. Waxy cultivars with high contents of a-glucans (CDC Alamo, CDC
Ascent, Enduro, CDC Fibar, CDC Rattan, CDC Marlina) are known. Analogous cultivars are also
bred in Japan. Two-row naked cultivar Kirari-mochi was created; its starch entirely consists of
amylopectin (waxy, amylose-free). Being highly nutritional, Kirari-mochi is suitable for groat
production [21].

Work on creation of barley cultivars with various amilopectin / amylose ratios in starch is
widely deployed in the Czech Republic. Genotypes with increased contents of starch are used in
food production. Statistical differences in yields were revealed between cultivars with wild type
and waxy starch. For example, the average yield of waxy cultivars (4.9 t/ha) was significantly
lower than that of wild type ones (5.7 t/ha). The protein content was significantly higher in waxy
cultivars than in wild type ones (12.1% vs. 11.5%) [22]. In another study on 30 barley accessions,
there was a positive correlation between the protein content and the percentage of long chains of
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amylopectin, while the correlation between the protein content and the percentage of long chains
of amylose was negative [23].

The Department of Genetic Foundations of Breeding of the Plant Breeding and Genetics
Institute of NAAS created breeding lines with high performance, including waxy ones, with tech-
nological parameters of grain suitable for production of a wide range of products: with hard grain
for production of flour, groats, noodles, pasta and with soft grain for production of flakes and
drinks. Commercial Canadian naked cultivars Alamo and Candle served as sources of the wax
gene [2, 24].

The Plant Production Institute named after V.Ya. Yuriev of NAAS breeds waxy barley
with lines UA 0804955 (Belarus), UA 039699, UA 039701, U.S. 039748 (USA), and IR 6912
(Mexico) as the sources of the wax gene. Other breeding components were domestic cultivars. As
a result, high-performance and adapted to local growing conditions lines with waxy starch were
created [25, 26].

Barley is used in healthy food production due to its positive effects on human health [27].
Oxidative stress and inflammation are two key factors that contribute to atherosclerosis develop-
ment. Studies of barley, in particular, of its protective function in regulation of antioxidant pro-
tection, revealed powerful protective features of barley in oxidative processes and the potential
role of barley in preventing chronic inflammation in cardiovascular diseases [28]. Japanese re-
searchers reported that consumption of waxy barley groats improved the intestine functioning,
especially in the elderly [29].

Food products made from barley grain or flour with various amylopectin / amylose ratios
considerably differ in technological properties and quality. Products made from waxy barley are
characterized by reduced hardness compared to products made from wild type barley. Tortillas
from waxy barley are better rolled and less fragile [17].

Thus, the starch properties have a significant impact on the food quality, and creation of
barley cultivars with modified amilopectin / amylose ratios is essential for healthy food production.

Purpose and objective. The study purpose was to create waxy barley cultivars suitable
for functional food production. For this purpose, quality parameters of barley accessions were
determined and starting material was selected for breeding.

Materials and methods. The study was conducted at the Plant Production Institute
named after V.Ya. Yuriev of NAAS. Twenty four chaffy and naked barley accessions of different
origin with waxy and wild type starch were taken as the test material. Cultivar Vzirets, which is
the best in the zone of our investigations, was taken as the standard.

The data were statistically processed by analysis of variance; a posteriori comparison was
performed using homogeneous groups (Fisher LSD test) in software STATISTICA 10. Relation-
ships between traits were evaluated using correlation and regression coefficients.

The protein and starch contents were measured on an InfraLUM FT-10M 09495. vitre-
ousness was determined on a diaphanoscope. Waxy genotypes were identified by dyeing with
Lugol“s iodine solution (modified Juliano's method). Starch granules of waxy barley are discol-
ored to dark red or brown, and wild type starch granules — to dark-blue [30].

The antioxidant activity (AOA) of barley accessions was evaluated by capacity of ethanol
extracts to neutralize the DPPH (2,2-diphenyl-1-picyrylhydrazyl) radical. The method is based
on discoloration of ethanol solution of the stable DPPHe in the presence of ethanol extracts of
grain products containing antioxidants that are proton donors capable of neutralizing the DPPH
radical and translate it into a decolorized reduced form. The antiradical activity was determined
as described by S. Arabshahi and A. Urooj [31].

The in vitro ability of protein to be digested by proteolytic enzymes was determined by O.
Pokrovsky and I. Ertanov"s method, which consists in gradual action of proteinases (crystalline
pepsin and trypsin) on proteins [32].

Results and discussion. Weather conditions are important to obtain top-quality raw mate-
rials. For example, there is evidence that high temperature during ear formation increases the pro-
tein content and decreases the starch content in grain, depending on the genotype. There is also
evidence that waxy genotypes are more responsive to high temperatures than wild type ones [33].
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The weather conditions during the study period were various; however, they were favora-
ble for the growth and development of barley plants in the “emergence-tillering” phase. In 2015,
there was a drought in the crucial phases of earing and grain filling, and in 2016 an excessive
amount of precipitation caused plant lodging during this period (Table 1).

Table 1
Weather conditions during the development periods of spring barley
Emercence-tillerin Tillering-ear Ear-formation-grain Grain
& & formation filling filling-ripening
2 2 2 2
Year preci- preci- preci- preci-
Yef. . . Yef. . . Yef. . . Yef. . .
Ye pitati- HTC (oC pitati- HTC (°C pitati- HTC (oC pitati- HTC
on, on, on, on,
mm mm mm mm

2015 291 464 159 162 70 043 350 300 086 665 117.1 1.76
2016 243  69.0 2.84 222 1190 536 263 38.0 144 559 102.0 1.82
2017 327 39 119 277 33 1.19 277 9 032 719 37 0351

The yields of barley accessions were the highest in 2017 and the lowest in 2015, which is
accounted for the weather conditions during the “ear formation” and “grain flilling” phases, how-
ever, no significant difference in the yields was noticed over the years. The performance of the
naked cultivars significantly differed from that of chaffy ones, both in the group with wild type
starch and in the waxy group (Table 2). The lower yield of naked cultivars is due to the absence
of glume, which makes up 8-10% of the grain weight. The yields of waxy accessions were lower
than those in the group with wild type starch, but this difference was not significant. Thus, in our
study, the yields of waxy accessions are similar to those of accessions with wild type starch,
which is at odds with other researchers® results [22].

Table 2
Yields of barley accessions, t/ha
Type of accessions Yield
2015 2016 2017 Average
Chaffy with wild type starch
mean 4.90 4.89 6.08 5.29
max 5.16 5.45 6.65 5.75
min 4.73 4.28 5.63 4.88
Chaffy with waxy starch
mean 4.71 4.68 5.67 5.02
max 5.08 5.35 6.18 5.54
min 4.47 3.99 5.09 4.52
Naked with wild type starch
mean 3.38 3.47 4.35 3.73
max 3.90 4.25 4.75 4.30
min 3.11 2.77 3.85 3.24
Chafty with waxy starch
mean 2.89 3.38 4.17 3.48
max 3.05 3.67 4.48 3.73
min 2.65 3.03 3.85 3.18
LSDys 0.38 0.34 0.33

Footnote. Significance level P > 0.95.
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Grain quality for food production is primarily determined by protein and starch contents.
Proteins are extremely important for the human body, since they belong to essential irreplaceable
substances. In our study, the protein content was significantly higher in naked cultivars both with
waxy (14.30%) and wild type (14.03%) starch (Table 3). There was no significant difference in
the protein content between chaffy cultivars with wild type and waxy starch (12.41% and
12.34%. respectively). In other studies [22, 23], the protein content was significantly higher in all
waxy accessions. i.e. our data are consistent with these results.

There was no significant difference in the starch content between the groups of accessions
(59.52%, 60.32%, 60.80%, 59.53%) (see Table 3). Depending on the year conditions. the starch
content was significantly higher in 2016 compared with the other years. This is in line with the
literature data indicating that low temperature during “ear formation-grain filling” period increas-
es the starch content [33].

Table 3
Protein and starch contents in grain of barley accessions, %
Type of Protein content Starch content

Toow 2015 2016 2017  Average 2015 2016 2017  Average
Chaffy with wild type starch
mean 12.88 12.21 12.15 12.41 57.90 61.54 59.13 59.52
max 13.24 12.97 12.56 12.92 59.67 63.49 60.41 61.19
min 11.86 10.59 11.28 11.24 56.94 59.30 57.69 57.81
Chaffy with waxy starch
mean 12.42 12.65 11.95 12.34 58.73 62.08 60.14 60.32
max 14.31 14.02 13.47 13.93 59.82 62.78 61.20 61.27
min 10.33 11.05 10.33 10.57 57.88 60.77 59.21 59.29
Naked with wild type starch
mean 14.22 13.90 13.98 14.03 57.97 64.27 60.16 60.80
max 17.40 15.85 15.22 16.16 59.27 67.15 63.29 63.24
min 13.65 12.46 12.03 12.71 54.80 62.95 58.72 58.82
Naked with waxy starch
mean 14.27 13.61 15.03 14.30 56.50 62.19 59.89 59.53
max 14.76 14.47 16.74 15.32 57.11 64.18 60.34 60.54
min 13.74 12.59 13.96 13.43 56.00 58.70 59.04 57.91
LSDys 0.35 242

Footnote. Significance level P > 0.95.

In addition to protein content in foods, one should know the level of protein absorption by
the human body. This parameter is determined by the biological value of protein, which depends
on the presence of essential amino acids, their ratio to nonessential ones and digestibility in the
gastrointestinal tract. Enzymatic hydrolysis can be carried out in conditions close to the condi-
tions of digestion in a living organism, which is a biochemical method for assessing protein di-
gestibility. In this case, in vitro attackability of proteins is determined, which gives the complex
characterization of the protein under investigation compared to the reference (casein). We distin-
guished waxy line 12-1014 by the amount of soluble products of pepsinolysis and trypsinolysis
(61.75 mg tyrosine/g protein). Other lines and cultivars had significantly lower digestibility than
that of line 12-1014 (Table 4).

According to the current requirements to food barley cultivars, they are expected to have
vitreous endosperm. Vitreousness is an external trait of the grain quality; it reflects the structure
of internal tissues of grain. In ripe barley grain, starchy endosperm cells are filled with starch
granules immersed in the protein matrix. For floury endosperm, weak bonds between starch
grainules and proteins are intrinsic. In vitreous endosperm, such bonds are very strong. Vitreous-
ness is influenced by growing conditions during the “grain filling” and “ripening” phases: the
more frequent dry days are, the higher this index is. Vitreous grain usually contains more protein
than floury one.
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Table 4

In vitro digestibility of waxy barley proteins by gastrointestinal digestive enzymes, 2017

Amounts of soluble products of proteinolysis, mg tyrosine/g protein

Accession

Pepsinolysis +

Pepsinolysis Trypsinolysis trypsinolysis
Amil 9.15 34.65 43.80
CDC Alamo 7.70 39.60 47.30
12-954 15.95 21.00 36.95
12-952 11.15 28.70 39.85
12-1014 14.85 46.90 61.75

Footnote. Significance level: n=5, P >0.95, ¢ <5.

In our study, the vitreousness of chaffy cultivars was significantly lower (49%, 51%) than
that of naked ones (94%, 88%). At the same time, waxy cultivars had a lower vitreousness than
wild type cultivars, but this difference was insignificant (Table 5). Thus, having soft grain, waxy
accessions are suitable for production of flour, including extruded flour, and flakes.

Table 5
Endosperm vitreousness in barley accessions, %
Type of accessions Vitreousness
2015 2016 2017 Average
Chaffy with wild type starch
mean 51 44 59 51
max 56 53 80 63
min 48 32 45 42
Chaffy with waxy starch
mean 47 51 49 49
max 49 56 54 53
min 36 25 41 34
Naked with wild type starch
mean 92 94 96 94
max 99 99 99 99
min 84 90 91 88
Naked with waxy starch
mean 84 86 97 89
max 94 99 100 98
min 65 67 93 75
LSDys 9.5

Footnote. Significance level P > 0.95.

The effects of the growing conditions during the crucial phases of vegetation on endosperm
vitreousness in spring barley cultivars were investigated. The precipitation during the “ear for-
mation — grain filling” period reduced vitreousness, especially in naked cultivars (r = -0.846).
There was only a positive tendency between the sum of effective temperatures in the “ear for-
mation — grain filling” phase and vitreousness in chaffy cultivars, while in naked ones there was a
significant positive correlation ( r = 0.803).

Rise in temperature in the “grain filling — ripening” phase significantly increases endosperm
vitreousness, with the correlation coefficient ranging within 0.526—0.875. The dependence of
vitreousness on the precipitation amount in the “grain filling — ripening” phase is insignificant,
since a negative tendency was only observed. This is accounted for the fact that in the research
area precipitation is usually very rare and showery during the “grain filling — ripening” period in

barley, which can not significantly affect the parameters under investigation.
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The antioxidant activity is a major factor determining the value of food for human health. The
level of this parameter in barley is one of the highest among cereals. We found that the antioxidant
activity depended both on the genotype and on the conditions of cultivation and analysis type.
Thus, the highest AOA was recorded in 2016, the lowest - in 2015 (Table 6). At the same time,
there was a steady dependence of the AOA on the genotype, which is consistent with numerous
data of other researchers [13, 14, 15]. Under any conditions, the AOA was the highest in naked
genotypes with waxy starch. This parameter had no significant differences within the other groups
of accessions, with the lowest values in chaffy accessions with wild type starch (see Table 6).

Table 6
Antioxidant activity of barley accessions, mg chlorogenic acid equivalent/g
T ¢ . Antioxidant activity
ype 01 accessions 2015 2016 2017 Average
Chaffy with wild type starch
mean 1.07 2.33 2.21 1.87
max 1.25 2.84 242 2.17
min 1.01 1.63 1.98 1.54
Chaffy with waxy starch
mean 1.06 2.57 2.22 1.95
max 1.12 2.84 243 2.13
min 1.00 1.99 2.06 1.68
Naked with wild type starch
mean 1.01 2.74 2.29 2.01
max 1.21 2.99 2.83 2.34
min 0.85 244 2.08 1.79
Naked with waxy starch
mean 1.14 3.14 2.37 2.22
max 1.29 3.46 2.60 2.45
min 0.92 2.96 2.18 2.02
LSDys 0.18

Footnote. Significance level P > 0.95.

It should be noted that among all the accessions the highest AOA was in naked cultivar Al-
amo (up to 3.46 mg chlorogenic acid equivalent/g), which is considered the reference for this
parameter in the world.

According to the literature data, genetic factors that control the waxy trait can be associated
with genetic factors that increase the lipid content in barley [12, 34]. Our results are consistent
with these data. The oil content in grain of waxy accessions is significantly higher (2.92-3.52%)
than that both in chaffy (2.55%) and in naked (2.53%) accessions with wild type starch (Table 7).
Among the waxy accessions, the oil content is significantly higher in chaffy accessions (3.52%)
compared to naked ones (2.92%).

After burning barley grain, organic carbon-free ash, which is a concentrate of grain miner-
als, remains. We found that the ash content was, expectedly, significantly higher in chaffy acces-
sions. This parameter does not depend on starch composition. The fiber content is of great im-
portance for the digestive processes. Total fiber, as a complex of nutritional value, consists of
insoluble and soluble components. We revealed that the average content of fiber in waxy acces-
sions was higher than that in wild type ones, but the difference was insignificant (Table 7). This
is only partially consistent with other researchers™ results [12, 35, 36].

As a part of vegetable oils, including barley oil, unsaturated fatty acids are very important
for healthy human nutrition. Barley oil is different from others by high levels of such acids, in
particular, of polyunsaturated ®-3 linolenic acid. In our study, the linolenic acid content was the
highest in chaffy cultivars with wild type starch bred at the Plant Production Institute nd. a V.Ya.
Yuriev of NAAS: in Lider (6.64%), Krasen (6.52%), Vzirets (6.50%), and Ahrarii (6.30%).
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QOil, ash and fiber contents in grain of barley accessions, % (2017)

Table 7

Type of accessions

Oil content

Ash content

Fiber content

Chaffy with wild type starch

mean 2.55 2.29 4.19
max 2.88 2.40 5.03
min 2.07 2.17 3.08
Chaffy with waxy starch
mean 3.52 2.11 4.32
max 3.75 2.35 4.90
min 3.35 1.83 3.65
Naked with wild type starch
mean 2.53 1.66 2.13
max 3.08 1.78 2.85
min 2.02 1.45 1.70
Naked with waxy starch
mean 2.92 1.74 2.19
max 3.04 1.80 2.33
min 2.80 1.68 2.05
LSDys 0.26 0.18 0.16

Of the waxy barley lines and cultivars, the highest contents of polyunsaturated fatty acids
were found in cultivar Shedevr (linolenic acid 5.85%, linoleic acid 54.68%), awnless line 14-
1183 (linolenic acid 6.09%), and naked cultivar Candle (linoleic acid 54.80%) (Table 8).

Table 8

Fatty acid composition of oil in waxy barley grain, methyl esters of fatty acids,
% related to the sum

Myri- Myri- Palmi- Palmit- Stea- Oleic Lino- Linol- Arachi- Eico-
Ac'ces— stic stoleic tinic  oleic  rinic leic enic donic  senic
SION - C14:0 Cl14:1 Cl16:0 Cl6:1 CI8:0 CI8:1 CI8:2 CI8:3 (C20:0 C20:1
Vzirets 0.81 0.67 21.78 0.65 1.26 14.82 5224 6.50 0.43 0.06
Shedevr 0.19 - 20.68 0.30 1.39 16.28 54.68 5.85 0.23 0.10
12-954 037 022 19.85 0.28 1.19 18.80 5335 5.29 0.29 0.09
14-1183 0.61 045 21.28 042 1.01 16.53 53.05 6.09 0.21 0.06
CDC 0.21 - 20.63 040 144 1678 54.80 5.12 0.22 0.07
Candle
CDC 0.22 - 21.00 0.38 1.51 18.55 5275 5.13 0.22 0.07
Alamo

The waxy lines with the best quality and economic parameters were submitted to the state
variety trials: lines 12-473 and 12-476 called Shedevr and Amil, respectively. The yields of these
lines amount to 5.38-5.43 t/ha, which is higher by 8—12% than that of standard Vzirets. The pro-
tein content is medium; the starch content is high (>60%) (Table 9). The oil content (3.45-3.47%)
and fiber content (3.65-3.70%) are high. The antioxidant activity is also sufficiently high (1.94—
2.07 mg chlorogenic acid equivalent/g). Grain of cultivars Shedevr and Amil is characterized by
low vitreousness (40—43%,), therefore, it is suitable for production of flakes and flour, including
extruded flour.

The lines of high nutritional quality of grain are used in breeding as starting material for
hybridization. Cultivars Shedevr and Amil were submitted to the state variety trials.
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Table 9
Characteristics of waxy barley cultivars (2015-2017)

Indication
. . . Antioxi-
Cultivar  Yield, Protein Starch Vitreous- Oil Ash Fiber dant ac-
t/ha content, content, ness. % content, content, content, tivity
% % ’ % % % ’
mg/g
Shedevr  5.43 11.13 60.11 43 3.45 3.20 3.65 1.94
Amil 5.38 12.70 60.66 40 3.47 3.21 3.70 2.07

Conclusions. Thus, as a result of the study, high nutritional qualities of grain of barley
waxy cultivars were demonstrated. In particular, such barley genotypes have significantly higher
oil contents than wild type accessions, and their endosperm is less vitreous in chaffy accessions.
Several accessions with very valuable characteristics were selected: line 12-1014 with a high
protein digestibility (61.75 mg tyrosine/g protein for pepsinolysis + trypsinolysis), line 12-945
with a high antioxidant activity (2.02 mg chlorogenic acid equivalent/g). Line 12-954 was singled
out due to the oil content (3.75%); awnless line 14-1183 — due to a high content of
polyunsaturated ®-3 linolenic acid in oil (6.09%). Such lines are valuable both as starting
material for the breeding of food cultivars and directly for functional food production. Having
appropriate economic and qualitative parameters, cultivars Shedevr and Amil can be used for
production of flakes and flour.
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COPTH AYMEHIO 3 WAXY-KPOXMAJIEM K CUPOBHHA JIVIA ITIPOJAYKIIII
3/{0POBOI'O XAPYYBAHHA

'Baceko H.I., 'Ko3zauenko M.P., 'Haymos O.I'., 'Cononeunnii I1.M., 'Baxenina O.€.,
'Cononeuna O.B., 'Tlosnusxos B.B., 'lenskina T.A. 'Tnbuenxo HK., 'Cynpyn O.I.,’Cepix M.JL.
1IHCTI/ITyT pocimaaMNTBA iM. B.S. IOp“eBa HAAH, Vkpaina

? JlepaBHuii YHIBEPCUTET XapuyBaHHS Ta TOPriBii, Ykpaina

VY crarTi 0OrpyHTOBAHO JOLIJIBHICTH CENEKIIi COPTIB AYMEHIO 3 WaXy-KpOXMajieM, 3epHO SKHX
MO3Ke OYTH CHPOBUHOIO JIJIsl BAPOOHUIITBA MPOIYKTIB (DYHKI[IOHAIEHOTO XapyyBaHHS.

Meta pociaigxeHHsi. MeTor TOCTIKEHHS OyJI0O CTBOPEHHSI Xap4OBUX COPTIB SYMEHIO 3 Waxy-
KpoxMmazeMm. s nporo Oyno BU3HAUYEHO MOKA3HUKH SKOCTI 3pa3KiB sIUMEHIO Ta BHUJIIJICHO BU-
X1THUH MaTepian i CeNeKIii.

Martepiaan ta metoau. [ocnimkenns nposenaeHo B IHctutyti pocnuaHunTBa iM. B.S. FOp“era
HAAH y 2015-2017 pp. Buxigaum matepianom Oynu 24 IUIiBYaCTHUX Ta TOJIO3EPHUX 3pa3Ku
APOTO TYMEHIO PI3HOTO MOXOHKEHHS.

OO6roBopeHHsi pe3yabTaTiB. Y pe3ynbrari MOCIIIHKCHHS TPOBEACHO MOPIBHIHHS MOKA3HUKIB
AKOCTI 3epHa 3pa3KiB 31 3BUUAHUM Ta WaxXy-KpoxMmayeM. Y CTaHOBJICHO 3aJIeKHICTh ypOXKai-
HOCTI, BMICTy OLJIKa, KPOXMAJTIO, CKJIOMOMIOHOCTI €HI0CTIEpMY, aHTHOKCUAAHTHOT aKTHBHOCTI
K BiJl YMOB BUPOIIYBaHHS, TakK 1 BiJi FTEHOTUITY. BCTaHOBIEHO BUCOKY MOXKUBHY SIKICTh 3€pHa
TaKUX COPTIB — ICTOTHE MEPEBUILIEHHS BMICTY Oii y MOPIBHSAHHI i3 3pa3KaMu 31 3BUYaiHUM
KpoxMaseMm, OLIbIl HHM3bKa CKIOMOMIOHICTH EHJOCIepMY ILTIBYACTHX 3pa3KiB. BuaineHo
OKpeMi 3pa3KH 3 JyKe [IHHUMH XapaKTepucTukamu — JiHis 12-1014 3 BUCOKOIO mepeTpaBitio-
BaHicTIO O1nKa (61,75 Mr Tupo3uny Ha 1 r OlIKa 3a CyMOIO MENCHHOII3Y 1 TPUIICUHOIIZY), Ji-
Hig 12-945 3 BUCOKOIO aHTHOKCHUJIAHTHOIO aKTHBHICTIO (2,02 MT/T 3a €KBIBaJCHTOM XJIOpPOTe-
HOBO1 KUCIOTH), NiHig 12-954 3a Bmictom ouii (3,75 %) Ta 6e3octa minist 14-1183 3a BMicToM
MOJIIHEHACUYEHO1 ®-3 JiHOJIeHOBOI KuciaoTh (6,09 %). o JlepkaBHOTO COPTOBUIIPOOYBAHHS
nepenaHo coptu 3 waxy-kpoxmainem llleneBp 1 Amin. 3epHO IUX COPTIB Ma€ BHCOKHI BMICT
kpoxMmaito (nonaz 60 %), onii (3,45-3,47 %) Ta xnitkoBunu (3,65-3,70 %). locTaTHbO BHCO-
KOIO € aHTHOKCHUJAaHTHA aKTUBHICTH (1,94-2,07 MI/T 3a €KBiBaJICHTOM XJIOPOT'€HOBOT KUCIIOTH).
3a Hu3bKOMW0 ckionoAioHicTIO (40—43 %) coptu LlleneBp 1 AMia MOXYTh OyTH BUKOPUCTaHU-
MU /71 BAPOOHUIITBA IJIACTIBIIB Ta OOPOIIIHA, B TOMY YHCIi €KCTPYAOBaHOTO.

BucHoBku. TakuM YMHOM, YCTAHOBJIEHO BUCOKY Xap4OBY LIIHHICTh COPTIB STUYMEHIO 3 KPOXMaJeM
3MiHEHOTo CKjaay. BunineHo niHii 3 BUCOKUM BMICTOM MOKMBHHUX PEYOBHUH, SIKI € IHHUMH 1
SK BUX1THUM MaTepiai JJis CeNeKIlli XapuoBUX COPTIB, TaK 1 O€3MOCEPEIHBO JIJIsi BUTOTOBJICH-
HS IPOAYKTIB (pyHKIIOHANBHOTO XapuyBaHHs. J[o Jlep:kaBHOTO cOpTOBUNIPOOYBaHHS mepesaa-
Ho coptu llenesp 1 Amin, lleneBp BHeceHuil 10 [lep:kaBHOro peecTpy COpTiB POCIHMH, MPU-
JMATHUX JJI TomupeHHs B Ykpaini 3 2019 p.

Knrouoei cnoea: sumins, cenexkyis, waxy-Kpoxmaib, aminosd, AMiIONeKmut, aHMUOKCUOAHMHA
AKMUBHICMb, BMICI MA NEPEeMPABIIO8AHICIb OLIKA, HCUPHOKUCTOMHUL CKAAO Ol
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COPTA AYMEHA C WAXY-KPAXMAJIOM KAK CBIPBE JlV/IA IIPO/1YKTOB
3/JOPOBOI'O IIHTAHHUA

'Baceko H.M., 'Kupuuenko B.B., 'Ko6szesa JI.H., 'Kozauenko M.P., 'Haymos A.T'.,
'Cononeunsiii I1.H., 'Baxenuna O.E., 'Cononeunas O.B., 'Tlo3gusxos B.B., 'lensxuna T.A.
'Mnpuenko H.K., 'Cynpyn O.I.,’Cepux M.JI.

1I/IHCTHTyT pactenueBoacTBa uM. B.S. FOpreBa HAAH, Vkpauna

2 TocyIapCTBEHHBI YHUBEPCHTET INTAHKS U TOPrOBIIH, YKpauHa

B cratbe ob6ocHOBaHa 11€71€CO00PA3HOCTh CEJIEKIUU COPTOB SYMEHS C WaxXy-KpaxmalioM, 3€pHO
KOTOPBIX MOKET OBITh CBHIPbEM IS IPOM3BOACTBA MPOIYKTOB (PYHKIIMOHATIHHOTO TIUTAHHS.
Heab ucciaenoanus. Lenabio nuccnenoBanus ObIO CO3aHNE MUILEBBIX COPTOB SIUMEHS C Waxy-
KpaxMasuoMm. J1Jist 3Toro ObIIN ONpeAeseHbI IIOKA3aTeNd Ka4eCcTBA 00pa3ioB SYMEHS U BBIICIICH

UCXOJHBIA MaTepua JIsl CeIeKIUH.

Marepuansl M MeToabl. Vccnenosanus nposenensl B MHcTUTyTE pacreHueBoacrsa um. B.SL.
IOpreBa HAAH B 2015-2017 rr. UcxonHpIM MaTepuaioM ObUTH 24 TUICHYATHIX M TOJ03EPHBIX
o0pasiua poBOro STYMEHS PA3TUIHOTO MTPOUCXOKICHUS.

OOcy:xneHune pe3yabTaToB. B pesynbrare mccineaoBaHus MPOBEICHO CpPaBHEHHME IMOKa3aTelei
KadecTBa 3epHa o0pasllioB ¢ OOBIUHBIM M Waxy-kKpaxmayioM. OmpejeneHa 3aBUCUMOCTb ypo-
XKaillHOCTH, colepkaHus OerKka, Kpaxmala, CTEKJIOBHIHOCTH JHIOCIEpMa, aHTHOKCHIAHTHOM
AKTUBHOCTH KakK OT YCJOBMH BBIPALMBAHUS, TAK U OT F€HOTHUIIA. Y CTAHOBJIEHBI BHICOKHUE ITH-
TaTeNbHBIE KAUeCTBA 3epHA TAKUX COPTOB — CYILIECTBEHHO 00Jiee BHICOKOE COJIepKaHue Macia
B CpPaBHEHUH C 00paslamMu ¢ OOBIYHBIM Kpaxmaiom, Oojiee HHM3Kas CTEKJIOBHIHOCTH JHJIO-
criepMa IJIeHYaThIX 00pa31oB. BeieneHsl oTaenbHbIle 00pa3ibl ¢ OUEHb [IEHHBIMU XapaKTepu-
ctukamu — quHus 12-1014 c Bbicokoi mepeBapumocThio Oenka (61,75 mr Tupo3uHa Ha 1 r
Oenka 1o cyMMe IMernCUHOIN3a U TPUIICUHONN3A), TUHUS 12-945 ¢ BBICOKOW aHTHOKCHIaHTHOM
aKTUBHOCTHIO (2,02 MI/T TI0 KBUBAJIEHTY XJIOPOTEHOBOI KHCIOTHI), tuHUSA 12-954 1o conep-
xanuto macina (3,75 %) u 6e3octast muuus 14-1183 mo comepxaHuio MOIMHEHACHIIICHHON M-3
nuHoNeHoBoU KucnoThl (6,09 %). B T'ocynmapcTBeHHOE COPTOHMCHBITAHUE TEpEIaHbl COpTa C
waxy-kpaxmasuom llleneBp u AMui. 3epHO 3TUX COPTOB XapaKTEPU3YETCs BBICOKUM CO/IEepKa-
HueM kpaxmaina (cBeimre 60 %), macna (3,45-3,47 %) u xknetuarku (3,65-3,70 %). Jocrarou-
HO BBICOKOM SIBIISIETCSI aHTMOKCUAHTHAsI aKTUBHOCTD (1,94—2,07 MI/T 110 3KBUBAJICHTY XJIOPO-
reHoBol kucioTsl). [To Hu3KoM creknoBuanoct (40—43 %) copra llleneBp u Amun mMoryt
OBITh HCIOJIB30BAHBI I IPOM3BOJICTBA XJIONBEB U MYKHU, B TOMY YHCIIE€ SKCTPYIUPOBAHHOM.

BoiBoabl. TakuM 00pa3zom, yCTaHOBIIEHA BBICOKAs MUIIEBAs IEHHOCTh COPTOB STUMEHS C KpaxMma-
JIOM U3MEHEHHOIO COCTaBa. BplIeNIeHHbIE JIMHNHN, XapaKTEPU3YIOIIHECS BBICOKUM COJIEPIKaHH-
€M MUTATEJIbHBIX BEIIECTB, SBJSIOTCSA LEHHBIMU M KaK HMCXOJHBIA MaTepuai JJsl CeleKIUU
MUILIEBBIX COPTOB, TAK U HEMOCPEICTBEHHO ISl U3TOTOBJICHUS MPOIYKTOB (PYHKIIMOHAIBHOTO
nutanus. B I'ocygapcTBenHoe ucnbitanue nepenansl copra llenesp u Amun, lllenesp BHeceH
B ['ocynapcrBennslii peectp ¢ 2019 1.

Knroueswvie cnosa: AUYMEHRDb, celleKyus, waxy-Kpaxmai, amMuiosa, amMmuloneKmuH,

AHMUOKCUOAHMHAS AKmueHocCnb, codepOfcaHue u nepesapumocms 6ele<a, .?fCupHOKHCJZOI’I’leZIZ
cocmdae macaa
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WAXY BARLEY STARCH AS RAW MATERIAL FOR HEALTHY FOOD PRODUCTS

"Vasko N.L, 'Kozachenko M.R., '"Naumov O.G., 1Solonechnyi P.M., 'Vazhenina O.E.,
'Solonechna 0.V, "Pozdniakov V.V, 'Sheliakina T.A., 'Tichenko N.K., 1Suprun 0.G,, *Serik
M.L.

'Plant Production Institute nd. a. V.Ya. Yuriev of NAAS, Ukraine

*State University of Food Technology and Trade, Ukraine

Purpose and objective. The study purpose was to create waxy barley cultivars suitable for func-
tional food production. For this purpose, quality parameters of barley accessions were deter-
mined and starting material was selected for breeding.

Materials and methods. The study was conducted at the Plant Production Institute named after
V.Ya. Yuriev of NAAS in 2015-2017. Twenty four chaffy and naked barley accessions of dif-
ferent origin with waxy and wild type starch were taken as the test material.

The data were statistically processed by analysis of variance; a posteriori comparison was per-
formed using homogeneous groups (Fisher LSD test) in software STATISTICA 10. Relation-
ships between traits were evaluated using correlation and regression coefficients.

The protein and starch contents were measured on an InfraLUM FT-10M 09495, vitreousness
was determined on a diaphanoscope. Waxy genotypes were identified by dyeing with Lugol“s
iodine solution (modified Juliano's method). The antioxidant activity (AOA) of barley acces-
sions was evaluated by capacity of ethanol extracts to neutralize the DPPH (2,2-diphenyl-1-
picyrylhydrazyl) radical. The antiradical activity was determined as described by S. Arabshahi
and A. Urooj. The in vitro ability of protein to be digested by proteolytic enzymes was deter-
mined by O. Pokrovsky and I. Ertanov*s method, which consists in gradual action of protein-
ases (crystalline pepsin and trypsin) on proteins.

Results and discussion. Grain quality parameters of wild type and waxy accessions were com-
pared. The yield, protein and starch contents, endosperm vitreousness, and antioxidant activity
were shown to depend both on growing conditions and on genotypes. High nutritional quality
of waxy barley cultivars was proved, videlicet, significantly higher content of oil compared
with accessions with wild type starch and lower vitreousness of endosperm in chaffy acces-
sions. Accessions with very valuable characteristics were selected: line 12-1014 with high di-
gestibility of protein (61.75 mg tyrosine/g protein for pepsinolysis + trypsinolysis), line 12-
945 with high antioxidant activity (2.02 mg chlorogenic acid equivalent/g), line 12-954 with a
high content of oil (3.75%) and awnless line 14-1183 with a high content of polyunsaturated
-3 linolenic acid (6.09%). These lines are valuable both as starting material for the breeding
of food cultivars, and directly for functional food production. Waxy cultivars Shedevr and
Amil were submitted to the state variety trials. Grain of these cultivars is noticeable for high
contents of starch (>60%), oil (3.45-3.47%) and fiber (3.65-3.70%). Antioxidant activity is
also sufficiently high (1.94-2.07 mg chlorogenic acid equivalent/g). Being low vitreous (40—
43%), cultivars Shedevr and Amil can be used for production of flakes and flour, including ex-
truded flour.

Conclusions. Thus, the high nutritional value of barley varieties with modified starch composi-
tion was proven. High-nutrient lines, which are valuable both as starting material for the
breeding of food varieties and directly for the production of functional foods, were distin-
guished. Varieties Shedevr and Amil were submitted to the State variety trials, and Shedevr
has been entered in the State Register of Plant Varieties Suitable for Dissemination in Ukraine
since 2019.

Key words: waxy starch, barley, amylose, amylopectin, antioxidant activity, protein content and
digestibility, fatty acid composition of oil
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