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CONTENT AND BIOLOGICAL VALUE OF PROTEIN IN GRAIN OF SPRING BARLEY
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In 2015-2017, the Plant Production Institute named after V.Ya. Yuriev of NAAS studied
the dependence of protein content on growing conditions and genotype and evaluated its biologi-
cal value for food production. Seventy barley lines and cultivars belonging to different varieties
and originating from different eco-geographical regions were the test material. It was established
that under the similar weather conditions of 2015-2017 the protein content in grain of spring bar-
ley accessions insignificantly depended on the cultivation conditions and was mainly determined
by the genotype. In naked barley accessions, this parameter was significantly higher (12.05-
15.46%) than that in chaffy ones (10.91-13.82%). Among the chaffy cultivars, Rezerv was the
only cultivar with the protein content significantly exceeding the average throughout the experi-
ment (13.82%); as to naked cultivars, 11 of 16 cultivars had protein contents higher than the av-
erage. In six-row barley, both in chaffy and in naked accessions, the protein contents were lower
those in two-row barley. Cultivars Parnas and Berkut were singled out by protein digestibility as
an index of biological value (69.80 and 74.20 mg of tyrosine per g of protein, respectively).
Berkut was created by selecting from a hybrid population Parnas / Omskiy Golozyornyy 1, there-
fore, Parnas is a possible source of highly digestible protein, which may be of interest in barley
breeding for the production of baby and dietary foods.

Key words: spring barley, cultivar, protein content, biological value, protein digestibility,
naked barley

Introduction. Barley was grown for food at least 10,000 years ago and was popular even
in ancient Egypt, Greece and Rome. Over time, barley bread began inferior to wheat and rye
ones, which were better to the taste. However, in some regions (Africa, Tibet, China, Korea, Ja-
pan) barley never lost its value as a food product. Recently, barley has also become of interest in
other highly civilized countries — Canada, the USA, Australia, Finland, Sweden, Denmark,
France and others. In 2006, the U.S. Food and Drug Administration (FDA) qualified grain as
food that reduces the risk of coronary heart disease, i.e. as functional food. The very term «func-
tional food» was born in Japan in the mid-1980s. It is a product that has therapeutic and prophy-
lactic effects on the human body, i.e., in addition to the energy value, provides normal physiolog-
ical functioning of human systems [1, 2].

Analysis of publications, pose the problem. Proteins are of a great importance to the
human body; they cannot be substituted by other substances, because they belong to irreplaceable
essential substances. The minimum requirement of the human body for protein is 0.5 g per 1 kg
of body weight, but it is the lower margin of safety for the life-sustaining activity; this will satisfy
the protein requirement for 60% of the population. The optimal requirement is 0.75 g per kg of
body weight; this provides an adjustment for stress situations and digestibility of proteins. The
maximum requirement for proteins is 1.1 g per kg of body weight and is the upper margin for the
life-sustaining activity; it satisfies the requirement for proteins of 95% of the population. For
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sportsmen, military servicemen and men of reproductive age, the requirement for proteins is even
higher — 2.0-3.0 g per kg of body weight [3, 4].

In addition to protein content in foods, one should know the level of protein digestibility
by the human body. This parameter determines the biological value of protein, which is due to the
presence of irreplaceable amino acids, their ratio to replaceable ones and digestibility in the gas-
trointestinal tract. Digestibility of protein can be measured biochemically by enzymatic hydroly-
sis in conditions simulating those in a living organism. In this case, in vitro digestibility is deter-
mined, which comprehensively characterizes the protein under study related to the reference pro-
tein (casein) [3].

Given the paramount importance of protein to the human life, creation of high-protein cul-
tivars of agricultural crops, including barley, one of the most valuable cereals for functional nutri-
tion, is among the objectives of breeding. However, while breeders place a high priority on pro-
tein content, its quality is mainly studied in the context of forage for livestock husbandry. The
same applies to definition of requirements for the barley grain quality as a foodstuff [5].

The protein content in grain is strongly influenced both by the growing conditions and by
the genotype, and the growing condition effect is stronger. Concentration of available for plants
nitrogen in soil is a factor increasing the protein content in grain. However, high protein content
achieved owing to nitrogen fertilizers, is associated with an increase in replaceable amino acid
(glutamic acid, proline, glutamine) amounts and with a relative decrease in amounts of irreplace-
able ones (lysine, tryptophan) [1]. Negative correlation between the protein content and lysine
amount in protein is typical for most barley cultivars, i.e., the higher the protein content in barley
grain is, the lower its biological value is [6].

O.I. Rybalka with colleagues extensively studies the breeding of barley cultivars for func-
tional nutrition. For example, they found that the protein content in naked accessions was always
higher (17.14-21.06%) than in chaffy ones (12.5-14.05%), which was observed both for winter
and for spring accessions. They also found that there was no significant correlation between the
grain size and protein content in grain of naked cultivars, whereas a clear negative relationship
was established for chaffy ones. When the digestibility of protein in barley groats from naked
cultivars and in commercial groats was evaluated, solubility of protein in 50% 1-propanol was
found to be significantly higher for all the samples of barley groats than for samples of groats
from wheat cultivar Selianka (21.7%). The fraction of soluble proteins in groats from naked cul-
tivars was also higher (33.4-45.9%) than that in commercial groats (29.3%). As to the growing
conditions, the soluble protein content increases under dry conditions [1, 7].

In arid 2012, Russian researchers recorded the highest protein content in barley acces-
sions, and in 2013 with sufficient water availability — the lowest. Cultivars Hetman, Bezynchuk-
skyi 3, Povolzhskiy 65, Vitiaz were defined as sources of high protein content [8]. In other stud-
ies, it was found that naked two-row barley Omskiy Golozyornyy 1 exceeded naked six-row
Omskiy Golozyornyy 2 and chaffy Omskiy 90 in terms of protein content (18.82%, 16.19% and
16.00%, respectively). In addition, the grain evenness in the multi-row cultivar was significantly
lower (49.6% vs. 74.0-76.3% in other cultivars) [9].

Researchers from the Republic of Tatarstan found that the protein content in grain of 22
barley cultivars of different eco-geographical origin was determined rather by air temperature
than by varietal characteristics. The protein content was 12.21-16.69% in dry years, and in years
with sufficient water availability it was reduced to 9.9-11.8% [10].

VV Glukhovtsev drew similar conclusions on the influence of weather conditions on the
protein content in barley grain [11], namely — the protein content was more influenced by air
temperature in June than during the grain filling phase. In addition, he found that the protein con-
tent significantly positively correlated with the contents of lysine, threonine and valine (r = 0.85—
0.99). As for the content of irreplaceable amino acids, other researchers revealed that their
amounts in all protein fractions of flour were 6—12% lower than those in barley grain [12].

Research on medical and preventive properties of barley grain is huge in the world. The
amino acid composition of protein, reference intake [13], potential preventive effects of barley
grain [14, 15], grain quality and composition, etc. are studied. [16].
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Chinese scientists studied 10 two-row barley cultivars and found that the protein content
varied greatly, depending on the sowing date and cultivar, but there was no relationship between
the sowing date and cultivar. A significant difference between cultivars was noticed in the con-
tents of hordeins B, C and D [17], which confirmed the findings of J.L. Molina-Cano et al. [18].

In a study of 30 barley accessions with various protein content, correlation were found be-
tween the protein content, molecular structure and starch granule size: the protein content signifi-
cantly negatively correlated with the amylose content, and positively — with the amilopectin con-
tent. The starch granule size positively correlated with the starch content [19].

The Plant Production Institute named after V.Ya. Yuriev of NAAS consistently creates
cultivars with increased protein content. In studies of 60 barley cultivars of different eco-
geographical origin, the protein content in grain was found to depend on the growing conditions
(including predecessor) and genotype. In waterlogged 2005, the protein content dropped to 9.44-
9.48% in cv. Scarlett, Aspekt and Efekt. In arid years, this parameter rose to 15.13-15.82% (Par-
nas, Merkurii) [20]. In 2013, which was very unfavorable for barley, the experiments were con-
ducted on 17 cultivars in three locations with various soil and climatic conditions. It was found
that cv. Zdobutok, Dokaz and Dyvohliad had the highest protein contents (15.38—15.59%), while
in cv. Parnas and Dokaz Proof this parameter was the most stable [21].

The aim and tasks of the study. Thus, studies on dependence of protein content on the
growing conditions and genotype are widely conducted in breeding. However, results of these
studies differ both by location and by cultivars. Therefore, such experiments do not lose rele-
vance. As for the quality of barley protein, the number of such studies in breeding is very limited.
Proceeding from the unmet need for food cultivars, it is necessary to deepen investigations of
quality features of barley grain and their variability, depending on the growing conditions and
genotype.

Materials and methods. The study was conducted at the Plant Production Institute
named after V.Ya. Yuriev of NAAS in 2015-2017. Seventy spring barley lines and cultivars of
different eco-geographical origin were taken as the test material. The cultivars and lines were
grown in variety trial plots with an area of 10 m?. Significance of differences between variants
was tested by analysis of variance; post hoc comparisons to generate Homogeneous groups (Fish-
er LSD) were performed in the STATISTICA software package. The protein content in grain was
measured on an Infralume FT-10M 09495.

The protein digestibility was evaluated in the Laboratory of Medical and Biological Prob-
lems of Food Technology at the Chair of Chemistry, Microbiology and Nutrition of Kharkiv State
University of Nutrition and Trade. The in vitro protein digestibility by proteolytic enzymes was
assessed by O. Pokrovsky and 1. Yertanov's method [22], which is based on a gradual action of a
proteinase system consisting of crystalline pepsin and trypsin on proteins.

Fermentation was carried out in two 60-minute steps. Step I was pepsin fermentation at
pH = 2.0; step II — trypsin fermentation at pH 8.0.

Samples containing 150 mg of protein were transferred in 2 test tubes, and 15 mL of 0.02
N HCI was added. 15 mg of pepsin was placed in one test tube. The other (control) test tube had
no enzyme. Samples were incubated at 38°C for 120 minutes with constant stirring. To determine
soluble pepsinolysis products, 0.2 mL of digest was taken from the test tubes, and 2 mL of 10%
trichloroacetic acid was added to the digest aliquot. The test tubes were incubated for at room
temperature 20 minutes, and then they were centrifuged at 6,000 rpm for 10 minutes. The amount
of soluble pepsinolysis products was measured in supernatants by the Lowry method, and the
pepsin digestibility was calculated.

For trypsinolysis, the contents of the experimental and control test tubes were neutralized
with 5M sodium hydroxide, and 15 mL of 0.08 N NaHCO3 was added. 30 mg of trypsin was
placed in the experimental test tube. Trypsinolysis was carried out at 38°C for 120 minutes with
constant stirring. To determine the total digestibility (the amount of soluble products of protein
hydrolysis by successive action of pepsin and trypsin), 0.2 mL of digest was taken from the test
tubes, and 2 mL of 10% trichloroacetic acid was added. The test tubes were incubated at room
temperature for 20 minutes and then centrifuged at 6,000 rpm for 10 minutes. The amount of sol-
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uble hydrolysis products was evaluated by the Lowry method, and the pepsin and total digestibili-
ties of protein were calculated.

Results and discussion. The weather conditions during the study years little differed;
therefore, the protein content in grain of the accessions was similar across the years. The HTC
over the study years exceeded 1.5. There was a severe drought associated with high temperatures
during the grain filling phase in 2017, nevertheless, the negative effect of such weather conditions
was compensated by waterlogging during the tillering and earing phases, which contributed to the
high productive tillering capacity.

To determine the genotype effect on the protein content, all the accessions were grouped
according to their features, namely: chaffy with wild-type starch (about 20% amylose, 80% amy-
lopectin), chaffy with waxy starch (100% amylopectin), naked with wild-type starch and naked
with waxy starch.

The protein content was significantly higher in naked accessions than in chaffy ones
(14.08-14.30% vs. 12.11-12.37%, respectively) (Tables 1 and 2).

Table 1.
Protein content in chaffy spring barley accessions with wild-type and waxy starch
Ac/ﬁilselon Cultivar/ Variety 2017 ;(Oe la g 2015 Average
1 2 3 4 5 6
Vzirets submedicum 11.48** 12.97 13.20 12.55
Komandor nutans 13.06 12.45 12.00 12.50
08-1385 Balzam nutans 12.56 11.99 13.24 12.60
08-2455 Grin nutans 12.34 10.59%* 12.94 11.96
12-215 Stymul nutans 12.65 12.34 12.87 12.62
12-523 Lider nutans 13.68 12.03 11.67** 12.46
09-2162 rikotense 10.76** 12.26 12.01 11.68**
Vakula rikotense 10.68** 12.49 12.04 11.74%**
Khadar nutans 11.60** 12.09 11.77** 11.82%**
04-476 Modern inerme 11.65%* 12.79 11.72%* 12.05
Cozvan nutans 11.86 11.60** 11.57** 11.68**
Etyket submedicum 11.25%* 12.69 13.90* 12.61
Inkliuzyv nutans 12.85 12.78 12.71 12.78
Parnas nutans 12.32 12.01 11.86 12.06
99-103/96-18 Dokaz nutans 12.32 11.69** 13.07 12.36
03-18/99-9 Alegro nutans 12.32 12.46 12.98 12.59
Agrariy nutans 12.01 12.89 13.63 12.84
08-73 Maliovnychyi nutans 12.47 12.76 13.71 12.98
06-658a Khors nutans 12.53 12.76 12.90 12.73
08-182 Podyv nutans 12.37 12.79 13.14 12.77
09-837 Avgur nutans 12.19 12.34 12.35 12.29
Rezerv nutans 13.37 13.56 14.52% 13.82%*
Ranger nutans 11.19** 10.99** 11.45%* 11.21%**
Tolar nutans 12.96 13.04 13.19 13.06
Getman nutans 11.49%* 13.13 12.01 12.21
Sviatogor nutans 11.28** 13.38 13.26 12.64
Xanadu nutans 12.25 12.60 12.35 12.40
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Continue Table 1.

1 2 3 4 5 6
Germes nutans 12.51 14.15* 12.40 13.02
Donetskyi 15 13.27 11.90 12.66 12.61
Donetskyi 14 12.61 14.18%* 12.86 13.22
Donetskyi 12medicum 12.47 13.43 12.07 12.66
Brovar nutans 11.59%* 13.54 12.66 12.60
Ladny nutans 10.77** 12.30 11.61** 11.56**
llek 9nutans 11.30%* 14.00* 12.35 12.55
Sofiara nutans 11.91 13.24 11.76** 12.30
Shakira nutans 12.11 12.85 12.94 12.63
Kangoo nutans 12.31 12.90 10.817%** 12.01
Sebastian nutans 11.34%** 12.04 10.78** 11.39%**
Novosadsky 294 nutans 12.27 14.40%* 12.87 13.18
13-652 inerme 11.41%* 14.12* 12.40 12.64
Pasadena nutans 11.57** 14.39%* 12.06 12.67
Ratnik nutans 11.63%* 13.49 13.31 12.81
Abalak nutans 11.14%* 11.77%* 13.64 12.18
Vyklyk nutans 12.10 13.89* 12.00 12.66
Zvershennia nutans 12.56 13.76* 13.40 13.24
Badioryi submedicum 11.20%* 11.75%* 12.40 11.78%*
Dzherelo nutans 12.87 13.60 13.25 13.24
Mean (chaffy with wild-type starch) 12.04 12.52 12.56 12.37
max 13.68 14.40 14.52 13.82
min 10.68 10.59 10.78 11.21
06-652 11.40%* 12.43 11.19%* 11.67**
09-791a 13.10 14.02* 13.47 13.53
12-954 13.47 13.05 12.93 13.15
12-1014 10.33%* 11.05%* 11.68%* 11.02%*
12-833 11.34%** 12.73 11.27** 11.78**
12-473 Shedevr pallidum 10.45%* 11.96 10.33** 10.91**
12-476 Amil pallidum 11.09%* 12.70 14.31%* 12.70
LSDys 0.95
Mean (chaffy with waxy starch) 11.60 12.56 12.17 12.11
max 13.47 14.02 14.31 13.53
min 10.33 11.05 10.33 10.91

* — the protein content is significantly higher than the average (12.81%),
** — the protein content is significantly lower than the average, p <0,05.

There were significant differences in the protein content depending on the genotype. For
example, the protein content of chaffy cv. Rezerv was significantly higher (13.82%) than the av-
erage across the chaffy accessions (12.81%). This cultivar is characterized by high drought toler-
ance, therefore the increased protein content is inherent to it, like to all cultivars belonging to the
steppe ecotype. This parameter was also high in cv. Zvershennia, Dzherelo (13.24%), Donetskyi
14 (13.22%), and Novosadsky 294 (13.18%) (see Table 1).

A number of cultivars and lines had a low protein content, significantly lower than the av-
erage: Ranger (11.21%), Sebastian (11.39%), Ladny (11.56%), 09-2162, Cozvan (11.68% ),
Vakula (11.74%), Badioryi (11.78%), Khadar (11.82%). These accessions belong to the Western
European type, they are low-protein and suitable for brewing. Among the chaffy waxy acces-
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sions, the following cultivars and lines had a low-protein content: Shedevr (10.91%), 12-1014
(11.02%), 06-652 (11.67%), 12-833 (11.78%) (see Table 1).

Naked accessions were characterized by higher protein content compared to chaffy ones.
For example, the protein content in cv. Hatunok (15.46%), Merlin (15.23%), Kozatskyi
(15.16%), Alamo (14.93% ), Akhilles (14.61%), Golozyornyy 1 (14.56%), Mebere (14.54%),
Millhouse, Maiskiy (14.29%) significantly exceeded the average (see Table 2). None of the naked
accessions had protein content significantly lower than the average.

Table 2.
Protein content in naked spring barley accessions with wild-type and waxy starch
. . . Year

Variety Line/Cultivar 2017 2016 2015 Average
nudum 13-301 13.44 13.90* 11.24%* 12.86
nudum Berkut 13.69 14.16* 12.76 13.54
nudum Millhouse 15.99%* 14.47* 12.40 14.29*
nudum Golozyornyy 1 14.68* 14.06* 14.94* 14.56*
nudum Richard 14.50* 12.72 12.88 13.37
coeleste Buck 11.66** 12.03 12.46 12.05
nudum Akhilles 14.15* 15.22* 14.45%* 14.61%*
nudum Maiskiy 14.29* 14.20* 14.37* 14.29*
nudum Oskar 13.47 13.68 14.60* 13.92%*
nudum Hatunok 15.14* 15.38%* 15.85% 15.46%*
nudum Merlin 15.73* 14.36* 15.60%* 15.23*
nudum Kozatskyi 15.06* 15.19%* 15.23%* 15.16%*
nudum Omskiy golozyornyy 1 13.72%* 13.24 14.52* 13.83*
Mean (naked with wild-type starch) 14.26 14.04 13.93 14.08
max 15.14 15.38 15.85 15.46
min 11.66 12.03 11.24 12.05
nudum Mebere 14.38* 14.47* 14.76* 14.54*
nudum Candle 13.96* 12.59 13.74%* 13.43
nudum Alamo 16.74%* 13.76* 14.30* 14.93*

LSDys 0.95

Mean (naked with waxy starch) 15.03 13.61 14.27 14.30
max 16.74 14.36 15.60 14.93
min 13.96 12.59 13.74 13.43

* — the protein content is significantly higher than the average (12.81%),
** — the protein content is significantly lower than the average, p <0,05.

Six-row accessions generally had significantly lower protein contents compared to two-
row ones in all the groups. Thus, with the average across the chaffy accessions of 12.11-12.37%,
the protein content in six-row accessions was 10.91-11.74%. The exception was cultivar Amil
with a protein content of 12.70% (see Table 1), but even this level was low in comparison with
other chaffy accessions. Similarly, six-row naked cultivar Buck had a significantly lower protein
content (12.05%) than the average across the naked accessions.

High protein content is a very important feature for food barley breeding and food produc-
tion. Nevertheless, in addition to protein content, its biological value should be taken into ac-
count. Determination of the digestibility of plant protein by the human digestive system is a
method for evaluating the biological value of protein.

Analysis of the digestibility of protein by proteolytic enzymes showed that the protein of
cv. Parnas and Berkut (naked) was highly digestible (69.80—7420 mg/g) (Table 3). The trypsinol-
ysis data are especially conspicuous (54.60—48.70 mg/g).
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Table 3.
In vitro digestibility of protein of spring barley accessions by GI enzymes, 2017

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

Accession - :
Pepsinolysis Trypsinolysis Pepsinolysis +
Trypsinolysis
Wheat Doskonala 17.05 36.85 53.90
Amil 9.15 34.65 43.80
13-301 14.30 36.30 50.60
Parnas 15.20 54.60 69.80
Berkut (Parnas / Omskiy 2550 4370 7490
golozyornyy 1)
Vzirets 11.55 25.80 37.35
Akhilles 14.05 38.75 52.80
Alamo 7.70 39.60 47.30
Omskiy golozyornyy 1 14.30 41.80 56.10

Significance level: n=5,P >0.95, <5

Cultivar Berkut was created by selecting from hybrid population Parnas / Omskiy
Golozyornyy 1. Thus, Parnas can be a source of highly digestible protein. This is important for
the breeding of cultivars for dietic and baby food production.

Conclusions. Thus, it was established that under similar weather conditions the protein
content in grain of spring barley accessions was mainly determined by the genotype. In naked
barley accessions, this parameter was significantly higher (12.05-15.46%) than in chaffy ones
(10.91-13.82%). Of the chaffy accessions, Rezerv was the only cultivar with the protein content
(12.81%) significantly exceeding the average throughout the experiment (13.82%). Eleven of 16
naked accessions had the protein contents significantly exceeding the average.

Cultivars Parnas and Berkut were noticeable for to the biological value of protein (69.80
and 74.20 mg of tyrosine per g of protein, respectively). Since cv. Berkut was created by select-
ing from a hybrid population Parnas / Omskiy Golozyornyy 1, Parnas is can be a source of highly
digestible protein. This is important for the breeding of barley cultivars for the production of baby
and dietic foods.
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BMICT TA B1OJIOI'TYHA LIHHICTD BLIIKA Y 3EPHI 3PA3KIB AYMEHIO APOI'O

'Baceko H.I, 2CepiK M.JL., 'Kozauenko M.P., 1HayMOB o.r., "Baxenina 0.€.,
'Conouneunnii ILM., 'Cononeuna O.B., Mlensxina T.A.

= [HcTutyT pocaunnunTBa iM. B.S1. FOp‘eBa HAAH

? _ Jlep>kaBHUI YHIBEPCHTET XapUyBaHHS Ta TOPTiBIi

Mera i 3aga4i gociaigxenns. MeToro JOCTIKEHHS OYyJI0 BUAICHHS T€HOTHUIIIB 3 BACOKHM BMiC-
ToM OliKa K Marepiaiay A CelEeKIIMHUX TOCHIIKEHb 13 CTBOPEHHs COPTIB SIUMEHIO SPOTO
Xap4oBOT0 HANPsIMy BUKOPUCTaHHS. [[71s1 ibOoro Oys10 AOCIIIKEHO MIHJIMBICTh BMICTY OUIKa Y
PI3HUX 3pa3KiB SUYMEHIO — IUTIBYACTUX 1 TOJIO3EPHUX 13 3BUUAHUM Ta waxy Kpoxmajiem. 3 Me-
TOIO0 BU3HAYEHHS LIHHOCTI Olj1ka 0ys10 BU3HAUYEHO HOTO MEPEeTPaBIIOBAHICTb.

Marepiaau i meroau. JlocmipkeHHs: MpoBoawiIM B [HcTUTyTI pocnuuHHuuTBa iM. B.SI. FOp‘eBa
HAAH y 2015-2017 pp. Buxigaum matepianom Oynu 70 J1iHIN Ta COPTIB SUMEHIO SPOTO Pi3-
HOT'O €KOJIOro-reorpadiyHoro mNoxoKeHHs Ta pi3HOBUAIB. COpTH Ta JiHIT BUPOILyBaJld B J0-
CHTiIax COPTOBUIIPOOYBaHHS, TuTOMIA AUTSTHKU 10 M°. IcTOTHICTB BiaMiHHOCTEH Mik BapiaHTa-
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MU BH3HAYaJy 3a JOMOMOroo aucnepciiinoro ananizy ANOVA, anoctepiopHe NOPIBHSAHHS —
3a Homogenous groups (Fisher LSD) nmo nporpami STATISTICA 10. BmicT 6i1ka B 3epH1 BU-
3Havyanu Ha UadpalllOM OT-10M 09495.

[lepeTpapmroBaHicTh O1JIKa BU3HAYAIM B JIabopaTopii MEIUKO-0107I0TIYHUX TPOOJIEM TEXHOJIOTIi
Xap4yoBHX MPOJYKTIB Ha Kadeapi XiMii, MikpoOioorii Ta XapuyBaHHs [[ep:kaBHOTO yHIBEpCH-
TETy XapuyBaHHs Ta TOpTiBii Ha ocHOBI MeTonuku O. [Tokposckoro i M. Dpranosa.

OOroBopeHHs pe3yJibTaTiB. YCTaHOBIEHO, IO B morogHux ymoBax 2015-2017 pokiB BMiCT
OinKa y 3epHi 3pa3KiB SUMEHIO SPOr0 B 3aJICKHOCTI BiJl YMOB BHPOIIYBaHHS ICTOTHO HE 3Mi-
HIOETHCS 1 BUBHAYAETHCS, B OCHOBHOMY, T€HOTUTIOM. Y 3pa3KiB TOJIO3€PHOTO SUMEHIO IeH To-
Ka3HUK icToTHO Bumwmid (12,05-15,46 %), mix y mwiiBuactux (10,91-13,82 %). Cepen 1utiBuac-
TUX COPTIB ICTOTHO BUIIMH 3a CE€peHE 3HAUEHHS IO JOCTiy BMICT Oinka OyB JuIle y COPTY
Peseps (13,82 %), a y ronozepuux —y 11 copTiB 3 16 BUBUEHUX. Y HIECTUPSATHUX SUMEHIB, K
IJTIBYACTHX, TaK 1 TOJIO03E€PHOT0, BMICT OLTKa HWKYUN, HIXK Y IBOXPSAHUX. 3a MEepeTpaBIoBa-
HICTIO OUTKA SIK MTOKa3HUKOM O10JI0TIYHOI MIHHOCTI BHIIeHO copth [lapHac i bepkyt (69,80 1
74,20 mr tupo3uny Ha 1 r 6inka BignosigHo). Copt bepkyTt cTBOpeHo n1060poM 3 ribpumHOl
nomyrsii [Tapuac / Omckuit ronozepusiii 1, Tomy [lapHac € MOXIMBUM pKepesioMm Oiika 3
BHCOKOIO TIEPETPABIIOBAHICTIO, IO TPEICTABIISE 1HTEPEC IS CEJEKIlil COPTIB SUMEHIO IS
BUPOOHUITBA MPOAYKLIT JUTSIYOIO Ta IIETUYHOTO XapuyBaHHS.

BucHoBkH. TakuM YMHOM, Y pe3ysbTaTi TPUPIYHUX JOCITIKEHb BUIUIEHO 3pa3Kd i3 CTaOLIbHO
BHUCOKUM BMicToM Oinka. Lle ronosepHi coptu BiTun3HsHOI cenekuii ['arynok (15,46 %), Ko-
3aupbkuii (15,16 %), Aximnec (14,61 %) ta 3akopaonnoi Merlin (15,23 %), Alamo (14,93 %),
Mebere (14,54 %), Millhouse (14,29 %), I'onmo3epusriit 1 (14,56 %), Maiickuii (14,29 %).

YcTaHOBIIEHO, IO XapaKTEPHUM € OLIbLI HU3BKUI BMICT OUIKa y IIECTUPSAHUX 3pa3KiB y MOpPiB-
HSIHHI 3 JBOXPSIHUMH Y BCiX BHIUICHUX Tpymax.

3a moka3HUKOM O10JIOT14HOI IIHHOCTI O1Kka BuaiiaeHo coptu Ilaprac 1 bepkyr (69,80 1 74,20 mr
TUpo3uHy Ha | r Oinka BinnmosinHo). Copt IlapHac € MOXIMBUM JKepesnoM Oijka 3 BUCOKOIO
nepeTpaniIoBaHicTio. Lle Mae 3HaUEHHS IS CETNEKIlii COPTIB SIMMEHIO ISl BUPOOHUIITBA IIPO-
IOYKIiI TUTSYOTO 1 JIETUYHOTO Xap4yyBaHHS.

Knrwouosi cnosa: sumins saputi, copm, émicm 0i1Ka, 6i0102I1YHA YIHHICMb, NePempasio8aHicmy
oinka, 20103epHULL AYMIHD

CONAEP/KAHUE U BUOJIOTHYECKAA IEHHOCTbD BEJIKA B 3EPHE ObPA3I]OB
AYMEHA APOBOI'O

'Bacbko H.H., 2Ceplznc M.JL, 'Kosauenko M.P., 1HayMOB AT., "Baxenuna O.E.,
'Cononeunsiit ILH., 'Cononeunas O.B,, 'Nlenskuna T.A.

' — Mucruryt pacrennesonctsa um. B.SI. IOpsesa HAAH, Vipanma

2 lNocynapcTBeHHBIM YHUBEPCUTET MUTAHUS U TOPTOBIU

Heuap 1 3aga4n uccaenopanus. Llenapto uccienoBanust ObUIO BbIAEICHHE FEHOTHIIOB C BBICOKHM
coJiepKaHueM OeJIKa B 3epHE KaK MaTepuaa JUIs CeICKIIMOHHBIX UCCIICAOBAHUH 110 CO3JaHHIO
COPTOB STYMEHSI SIPOBOTO MUILEBOTO HAMpPABICHUS UCIIONB30BaHUsA. [y 3Toro ObUIO0 Mcceno-
BaHO M3MEHYMBOCTb COJIEpKaHUs OeslKka y pa3IMuHbIX 00pa3LoB sIUMEHS — IUIEHYAThIX U T0JI0-
3epHBIX ¢ OOBIYHBIM U Waxy KpaxmanoM. C LeJblo olpeieNeHus IEHHOCTH Oellka Obula omnpe-
JIeJIeHa €ro epeBapuMOCTb.

Marepuansl 1 Metoabl. Mccnenosanus nposoawin B MHcturyTe pacreHueBonacrtsa uMm. B.S.
IOpreBa HAAH B 2015-2017 rr. UcxoausiM MaTepuanom 0butM 70 TMHUNA U COPTOB sTUMEHS
SPOBOT0 PA3JIUYHOIO 3KOJIOro-reorpaduyeckoro nmpoucxoxaeHuss. Copra v JUHUM BbIpAIIH-
BAJIM B OIIBITAX COPTOMCITBITAHHS, TUIOMAb ACISHKA 10 M. CyIIECTBEHHOCTD Pa3IHUMii MEX-
Iy BapMaHTaMU OIPEAEISUIM C IIOMOILBIO AUCIIEPCUOHHOIO aHAJIN3a, allOCTEPUOPHOE CpaBHE-
nue — no Homogenous groups (Fisher LSD) no mporpamme STATISTICA 10. Conepxanue
Oenka B 3epHe onpenensiin Ha MadgpalIlOM OT-10M 09495.
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[lepeBapuMocTh Oenka Onpenessuii B JabOpaTOpUN MEAUKO-OMOIOTHIECKUX MPOOIeM TEXHOIIO-
T'UH MUAIIEBBIX MPOAYKTOB Ha Kadeape XUMHUH, MUKpOOUOJIOTHH U TUTaHus [ ocy1apcTBEHHOTO
YHUBEPCUTETA MUTAHUA U TOPToBiIM Ha ocHOBe MeToauku O. [lokposckoro u M. OpraHosa.

OO0cy:x1eHne pe3yJbTaTOB. Y CTaHOBIEHO, uTO B ycnoBusix 20152017 rr. conepkanue Oenka B
3epHE 00pa3IoB STUMEHS SPOBOTO B 3aBHCHUMOCTH OT YCJIOBHI BBIpAIIMBAHUS CYIIIECTBEHHO HE
W3MEHSETCS U ONPEAEIAeTCSs, B OCHOBHOM, T€HOTHIIOM. Y 00pa3iioB TOJ03EPHOTO SUMEHS 3TOT
MoKasaTelb cyiiecTBeHHO Bhite (12,05-15,46 %), uem y menvatsix (10,91-13,82 %). Cpeaun
TUICHYATBIX COPTOB COJIEp)KaHUE OeNKa CYIIECTBEHHO BBIIIE CPETHETO MO OMBITY OBUIO TOIBKO
y copta Peszeps (13,82 %), a y rono3epubix — y 11 copToB u3 16 n3y4eHHBIX. Y HMIECTUPSTHBIX
SYMEHEH, KaK MJIEHYAThIX, TaK U TOJO3EPHBIX, COIEpKaHUe OelKa HUXKEe, YeM Yy ABYPSIHBIX.
ITo nepeBapumocTu Oenka Kak MOKa3aTesto OMOJIOrMYecKoi IEHHOCTHU BblAeNeHbl copTa [lap-
Hac u bepkyt (69,80 u 74,20 mr Tupo3uHa Ha 1 r 6enka coorBeTcTBeHHO). CopT bepkyT co-
3mad oToopom u3 TuOpuaHON omyssiuu [laprac / Omckwuit romo3epHsnit 1, moatomy [lapuac
SBIIIETCS BO3MOXKHBIM HMCTOYHHUKOM O€lika ¢ BBICOKOW MEPEeBAPUMOCTBHIO, MPEICTaBISIIOIINM
WHTEPEC JJISI CEJICKIIUU COPTOB STUMEHS JIJIsl TTPOU3BOACTBA MPOIYKIIUUA JETCKOTO M JUCTHYE-
CKOT'0 MHUTAHMUS.

BoiBoabl. Takum 00pa3oMm, B pe3ynbTaTe TPEXJETHHX HCCIEAOBAHUN BbBIAENIEHBI 00pa3ibl CO
CTaOWILHO BBICOKUM COZECpXKaHUEeM Oelika. DTO TrOJIO3EpPHBIE COPTa OTEUECTBEHHON CENICKIINH
I'arynok (15,46 %), Kozaupkuii (15,16 %), Aximnec (14,61 %) u 3apy6exxknoit Merlin
(15,23 %), Alamo (14,93 %), Mebere (14,54 %), Millhouse (14,29 %), T'onozepnsbrii 1
(14,56 %), Maiickuii (14,29 %).

YcTaHOBIIEHO, UTO XapaKTEPHBIM €CTh 00Jiee HU3KOE COoAepKaHue OeNka y IMeCTUPSIHBIX 00pas-
IIOB B CPAaBHEHUU C JIBYPSAIHBIMU BO BCEX BBIICJIEHHBIX TPYIIIaX.

[To mokazaTento OHONOrHUECKOi IIEeHHOCTH Oenka BwiAeseHbl copTa [lapuac u bepkyt (69,80 u
74,20 mr tupo3uHa Ha 1 T 6enka coorBercTBeHHO). CopT IlapHac siBiseTCs BO3MOXKHBIM HC-
TOYHUKOM O€JIKa C BBICOKOHN NEpPEeBapUMOCTbIO. DTO MMEET 3HaUY€HUE ISl CENEKIMU COPTOB
SUMEHS JJIs1 TPOU3BOJICTBA MPOIYKIIUH I€TCKOTO U IUETUYECKOTO MUTAHUS.

Knrouegvie cnosa: sumens sposoil, copm, cooepaicanue 6eaxa, buoaiocudeckas YeHHoCmb,
nepesapumocms 0eKd, 20103ePHblll AUMEHb

CONTENT AND BIOLOGICAL VALUE OF PROTEIN IN GRAIN OF SPRING BARLEY
ACCESSIONS

'Vasko N.L, ?Serik M.L,, 'Kozachenko M.R., 'Naumov O.G., 'Vazhenina O.E., 1Solonechnyi
P.M., 'Solonechna 0.V, 'Sheliakina T.A.

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

? _ Kharkiv State University of Nutrition and Trade, Ukraine

The aim and tasks of the study. The study purpose was to identify genotypes with high protein
content in grain as material for breeding to develop of food spring barley cultivars. To accom-
plish this, the protein content variability in different barley accessions — chaffy and naked
ones, with wild type and waxy starch — was studied. To determine the protein value, its digest-
ibility was determined.

Materials and methods. The study was conducted at the Plant Production Institute named after
V.Ya. Yuriev of NAAS in 2015-2017. Seventy spring barley lines and cultivars of different
eco-geographical origin were taken as the test material. The cultivars and lines were grown in
variety trial plots with an area of 10 m®. Significance of differences between variants was test-
ed by analysis of variance; post hoc comparisons to generate Homogeneous groups (Fisher
LSD) were performed in the STATISTICA software package. The protein content in grain was
measured on an Infralume FT-10M 09495.
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The protein digestibility was evaluated by O. Pokrovsky and I. Yertanov's method in the Labora-
tory of Medical and Biological Problems of Food Technology at the Chair of Chemistry, Mi-
crobiology and Nutrition of Kharkiv State University of Nutrition and Trade.

Results and discussion. It was established that in 2015-2017 the protein content in grain of
spring barley accessions did not change significantly, depending on the growing conditions,
and was mainly determined by genotype. The protein content was significantly higher
(12.05%—15.46%) in naked barley accession than in chaffy ones (10.91%—-13.82%). Of the
chafty cultivars, the protein content significantly exceeded the average throughout the experi-
ment in Rezerv (13.82%) only, while 11 of 16 naked cultivars under investigation had protein
contents higher than the average throughout the experiment. In six-row barley, both in chafty
and naked accessions, the protein content was lower than that in two-row barley. Cultivars
Parnas and Berkut were distinguished by protein digestibility, (69.80 and 74.20 mg of tyrosine
per gram of protein, respectively) as an indicator of biological value. Cultivar Berkut was cre-
ated by selection from a hybrid population Parnas/Omskiy Golozyornyy-1, therefore Parnas is
a possible source of protein with high digestibility, which is of interest for the breeding of bar-
ley cultivars to produce baby and dietic foods.

Conclusions. Thus, the three-year study resulted in identification of accessions with consistently
high protein content. These are domestically bred naked cultivars Hatunok (15.46%), Kozat-
skyi (15.16%), Akhilles (14.61%) and foreign cultivars Merlin (15.23%), Alamo (14.93%),
Mebere (14, 54%), Millhouse (14.29%), Golozyornyy 1 (14.56%), and Mayskiy (14.29%).

It was found that a lower protein content was intrinsic to six-row accessions in comparison with
two-row ones in all the studied groups.

Cultivars Parnas and Berkut (69.80 and 74.20 mg of tyrosine per gram of protein, respectively)
were distinguished by biological value of protein. Parnas is a possible source of protein with
high digestibility. This is important for the breeding of barley cultivars to produce baby and
dietic foods.

Keywords: spring barley, cultivar, protein content, biological value, protein digestibility,
naked barley
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YPOKAHHICTh TA CTABLILHICTh MUPOHIBCbKHX COPTIB AUMEHIO
o3umMoro

I'ynzenko B.M.
MupoHniBcbkuii iHcTUTYT TiieHuni imeni B.M. Pemeciia HAAH, Ykpaina

VY 2012/13-2016/17 pp. npoBeeHO TOPIBHIBHE BUITPOOYBAHHS COPTIB SUMEHIO O3MMOTO
MmuponiBcbkoro iHcTuTyTy mmeHuni imeni B.M. Pemecna HAAH pisaux pokiB (1987-2017)
peecTpaiii 3a BpOKAWHICTIO Ta CTaOUIbHICTIO. Pe3ynbTaTh CHCTEMHOI OIIIHKM 32 HHU3KOKO
apaMeTpUYHUX 1 HemapaMeTpUYHUX CcTaTUCTUYHMX Moka3HukiB Ta AMMI 1 GGE biplot
3acBIqUWIM, 10 BHeceHl 1o [epxkpeectpy B 2014-2017 pp. coptu Ilanagin MupoHiBCbKHH,
Atnant Muponiscekuit, MIIT SIcon, MIIT Ockap, MIII ['mapiatop mepeBa)karoTh CTBOpPEHI Ha
MOTIEPEIHIX eTamnax CeJeKUiiiHOT poOOTH COPTH SIK 3a HPOXYKTHBHUM, TaK 1 aJalTUBHUM
MOTEHLIaJIOM. Y TOH K€ yac K CTaTUCTUYHI MOKa3HUKH, Tak 1 Bizyamnizauii AMMI 1 GGE biplot
BKa3YIOTh, 1II0 BUUIEHI COPTH PI3HATHCA 32 PEAKIII€I0 HA KOHTPACTHI YMOBH POKIB JOCITIJIKEHb, a
BIJIMOBIJTHO JI0 ILOTO Y BUPOOHUYUX YMOBaX JOMOBHIOBATUMYTH OJMH OJIHOTO 3a BIJIOBIJHOTO
(bopMyBaHHS COPTOBOI'O CKIIALY.
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