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INTRODUCTION

Currently, the use of intergenerational synthetic hybrids
is relevant, since the latter combine important comple-
mentary features of both parent species. Triticale is one
of such selection developments, which is endowed with
high yield and quality of wheat and stress resistance of
rye. It is known that triticale (x Triticosecale Wittmack
ex A. Camus) is the first successful synthetic amphip-
loid cereal crop, which originated in 1874 as a result of
hybridisation of hexaploid wheat (Triticum aestivum L.)
and rye (Secale cereale L.) (Ayalew et al., 2018; Liubych
et al., 2020). The production area under this grain crop
has grown significantly in the world, as triticale com-
promises the beneficial agronomic properties of the
parent forms (Moskalets et al., 2016; Liubych et al.,
2020). In this regard, triticale grain production dou-
bled - from six million tonnes in the 1990s to almost
13 million tonnes in 2020 on a planetary scale. Triticale
is the leader in Poland in terms of cultivation world-
wide. Thus, in Ukraine, the area under triticale is five
times smaller than in Germany and three times smaller
than in Belarus or China (FAOSTAT, 2019). Presently, trit-
icale plants are used in many ways, mainly as a grain
intended for feed production (Goral et al., 2021). Fur-
thermore, in spring, the land cultivated for triticale is
used for pastures, as fresh livestock feed, or for hay
and silage. Triticale is also cultivated for bioethanol
(Randhawa et al., 2015; Liubych et al., 2020), as well
as to produce food products such as functional bakery
products (Liu et al., 2017).

The first barren ftriticale was bred in 1875 in
Scotland. Later, in 1888, Rimpau (Germany) crossed
hexaploid wheat and rye to produce the first viable hy-
brid by spontaneous chromosome doubling (Wirschum
et al., 2014; Liubych et al., 2020). European countries
were newcomers both to the creation of this essential
species and to the cultivation of a new crop adapted
to different environmental conditions. The first variety
was created in Hungary in 1968 (Blum, 2014). Selective
breeding of triticale in North America officially began
in 1954 at the University of Manitoba in Canada, from
where the industrial variety (Rosner) was bred in 1969
(Ayalew et al., 2018).

Triticale fields occupy over 4 million hectares of
land, with an average annual yield of nearly 18.4 million
tonnes of grain in 2019 (FAOSTAT, 2019). According to the
same data, Poland, Germany, Belarus, and France were
and still are the leading triticale producing countries,
accounting for 73% of global production. Germany and
France showed the highest performance, followed by Po-
land and Belarus (Randhawa et al.,2015; FAOSTAT, 2019).

Since triticale contains wheat (diploid, tetraploid,
and hexaploid), rye, and various forms (primary, second-
ary, and substituted) of triticale as its genetic resource
base, genetic variations can be continuously created (by
crossbreeding) to enrich the genetic pool (Wirschum
et al., 2014). However, the optimal use of triticale depends
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on the exact combination and use of germ plasma by
applying various breeding and genetic tools to accumu-
late the desired genes in culture. Crop selection benefits
from using both conventional and molecular selective
breeding methods.

Global climate change requires a reassessment
of the structure of acreage and species and varietal
diversity of winter crops (Intergovernmental Panel...,
2014). This is because winter crops, including triticale,
that are the leading link in ensuring sustainable pro-
duction of food grains, since they are endowed with
the highest yield potential with genetic resistance to
limiting environmental factors of a particular region,
pests, and pathogens, which is the main thing in adap-
tive agriculture (Sabagh et al., 2021; Kim et al., 2017).
Targeted introduction of particular varieties is another
way to regulate the grain productivity of triticale (Li et
al.,2013). Therefore, considering the specific features of
soil and climatic conditions of a particular region upon
introducing a particular variety allow fully coverage its
bio-potential in terms of grain yield and quality.

The purpose of this study was to create a new
genotype of winter triticale and to investigate it in
terms of productivity, yield and quality of grain, resis-
tance to lodging, shedding, brittleness of the ear, ger-
mination of grain in the ear, comprehensive resistance
to pathogens and damage by the Hessian fly, frost,
winter, and drought resistance.

MATERIALS AND METHODS

During 2008-2020, research was performed to create a
new variety of winter triticale (Mironosets), which was
investigated by genotypic and phenotypic character-
istics in the conditions of Polissia (Nosivska Selection
and Experimental Station of the National Academy
of Agrarian Sciences of Ukraine) and Forest-Steppe
(V.M. Remeslo Myronivskyi Institute of Wheat of the Na-
tional Academy of Agrarian Sciences of Ukraine (MIW
NAAS)). Triticale grain and flour was evaluated by bio-
chemical and technical indicators at the V.Ya. Yuriev
Institute of Crop Production of the National Academy
of Agrarian Sciences of Ukraine in the grain quality
laboratory. Morphological parameters of plants (leaves,
bush, ear, grain) and stages of ontogeny were studied.
Biometric plant parameters included: plant height, main
ear length, number of spikelets in the main ear, number
of grains in the main ear, grain weight from the main ear,
thousand-kernel weight, and yield from an area of 10 m2.

The dry weight of one grain and the water con-
tent of the grain were found by drying 100 g of grain
at 80°C for 48 hours and re-weighing the sample at
zero water content. Grain samples (30 g) were ground
on LMT-2 equipped with a 1 mm mesh. Wholemeal
flour samples (1 g) were dried in an oven at 80°C for
48 hours, then 5 mg of dry flour was weighed in tin
capsules and the total N concentration was figured out




according to Dumas burning using a DA 7440 infrared
express analyser. The gluten content was found using
the Inframatic 8600 device, and dietary fibre (cellulose)
was found on the FIWE-3 analyser.

Amino acid composition was found by hydrolysis
of flour samples using 6 n. HCL containing 0.1% phenol
in an oven at 110°C for 24 h. Amino acids were found
using mercaptopropionic acid, O-phthalaldehyde. Chro-
matographic separation was performed using an ODS2
Waters Spherisorb column. The analysis was performed
using 20 mmol/L phosphate (potash) buffer (pH 6.48)
as a solvent. A standard mixture of amino acids was
prepared by mixing 8 different essential amino acids
in 0.1 N HCL and included threonine (Thr), methionine
(Met), phenylalanine (Phe), valine (Val), leucine (Leu),
isoleucine (Ile), lysine (Lys), and tryptophan (Trp).

Data on grain yield, protein concentration, and
gluten were presented as the average * standard de-
viation of five biological repeats. Differences between
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treatments and varieties were separated by two-way
analysis of variance performed in SPSS version 13.0.
To compare the obtained data, the student’s t-test was
calculated using Delta 2D software at a significance
level of p<0.05.

RESULTS

Based on the results of selective breeding work per-
formed during 2004-2017, several new genotypes were
created. Special attention should be paid to some of
the best varieties in terms of economic characteris-
tics - soft winter wheat Ariivka and winter triticale
Myronosets. Ariivka wheat variety was created using
the method of intervarietal hybridisation by repeated
individual selection from hybrid populations obtained
from the crossing of ?Donska semi-dwarf x & Line
K-6477/91. And the Myronosets variety is a method of
intervarietal hybridization from crossing ? (2Augusto x
dJaguar) x 8K9844/93 (Fig. 1).

Triticale variety
Myronosets

Figure 1. Winter triticale of Myronosets variety
Note: a, b, c - crops, d, e — removal of stamens from triticale spikelets, f, g - ear, h — grain

Source: photographed by the authors

It is known that the growing season duration (GSD)
and the phenological phases of plant development are
genetically determined parameters (Alipour et al., 2021),
which vary in insolation, precipitation, and temperature
conditions, which inherently determines plant produc-
tivity (Heimler et al., 2010; Dennett et al., 2013; Kim et
al., 2017). Therefore, the resistance of triticale Myrono-
sets plants was evaluated in the main phases of plant
development, depending on the place of cultivation. A
sharp reduction in the duration of the passage of plant

development phases affected the structure of the crop,
which affected the overall productivity of crops. In this re-
gard, a study of the adaptability of plant varieties for their
further cultivation in particular places was conducted.

It was found that for plants of the above-men-
tioned triticale variety, there is a slow development of
the ground part in autumn and spring, compared with
plants of the rye varieties under study. This was noted
in the tillering phase during 2017 and 2018. Therewith,
the average weight of the plant’s roots was 0.24 g, and
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the ground part was 1.9 g (in the Forest-Steppe). But
in the stem elongation phase, the difference between
both triticale and rye and wheat plants levelled off and

further significant differences (R<0.05) is not observed
between the dry matter accumulation indicators of the
ground part and roots (Table 1).

Table 1. Features of dry matter accumulation by grain plants (2017-2018), n=27

Variety, culture
Orga:&ggeenesis, pﬁ?\i'?sr,‘;’ 1D(I)VI Myronosets (triticale) Ariivka (wheat) Borotba (rye)

Forest-Steppe Polissia Forest-Steppe Polissia Forest-Steppe ‘ Polissia

| Roots 2.3%0.18* 2.5%0.11* 1.7%0.14 2.0£0.09 3.0£0.30 3.2+0.10
Ground part 1.8+£0.10" 2.1+0.15* 1.8£0.19 1.9+£0.24 3.3%0.21 3.4%0.14

" Roots 3.2+0.28" 3.4+0.27 2.8+0.22 3.3%0.29 4.7+0.45 5.2+0.23
Ground part 2.5%0.26* 3.4%0.30 3.1+0.45 3.0£0.10 4.8+1.04 5.4+0.33

VAVl Roots 15.7%2.06 19.3%£2.00 13.5%£2.05 15.0+1.21 18.8+3.20 22.4%2.15
Ground part 19.5+1.80 20.1+2.16 15.0+2.58 16.5+1.80 20.2+3.76 19.4%+2.06

Note: * — P<0.05 relative to the control (standard); SDx —the standard mean deviation. The differences between the study

variants differ statistically at <0.05
Source: compiled by the authors

The result of successful ecological testing of plants
lies in the specific features of their reproductive biology.
Both in the conditions of Polissia and in the conditions of
Forest-Steppe, plants of the Myronosets variety form the

largest number of flowers in the inflorescence (96-121 pcs.),
seeds in an ear (73-77 pcs.), compared to wheat (62-70 and
56-59 pcs.) and rye (76-83 and 58-65 pcs.) (Table 2), which
indicates a high biological yield potential in triticale.

Table 2. Elements of grain plant productivity, Forest-Steppe (2017-2020), n=27

Variety, culture

Total number Myronosets (triticale) Ariivka (wheat) Borotba (rye)
Forest-Steppe ‘ Polissia Forest-Steppe ‘ Polissia Forest-Steppe Polissia
 Flowers in one 96+4.0 12123.0 70£3.0 6242.0 83£3.0 76£2.0
Inﬂorescence, pcs.
Spikelets in the main 32420 31220 22418 23420 28420 29420
ear, pcs.
seeds in Lhci main ear, 77£2.0 73420 562.0 59+2.0 65£2.0 58+2.0
Grain weight from 3.6+2.0 2820 16%2.0 11£20 27%2.0 24220
the main ear, g
Seed productivity 12,8420 9.1£2.0 11.2£20 7.6£2.0 6.2£2.0 7.7%2.0

of one plant

Note: * - P<0.05 relative to the control (standard); SDx - the standard mean deviation. The differences between the study

variants differ statistically at <0.05
Source: compiled by the authors

According to the duration of androgametogene-
sis and pollen viability in Myronosets plants (unlike rye
and wheat), seeds are formed and ripen from the centre
to the periphery of the ear. This feature in triticale is
important in the formation of highly viable seeds in this
part of the ear, and therefore, drought-resistant plant
populations can produce conditioned seeds even under
limiting factors. Notably, in triticale Myronosets, regard-
less of the year of research and weather conditions, the
grain yield was no less than 8.0 points.

Tests of the new variety have shown that in terms
of the number of spikelets in the ear,the number of grains
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from the main ear, the Myronosets variety is at the level
of the best varieties (Ladne, AD 256, Dorena, Slavetne,
etc.). And reliable differences obtained in terms of ear
density (28.5 spikelets per 10 cm of rachilla) indicate
that it forms a denser ear, which is characterised by a
better harvesting index. On average, for 2008-2019,
the LCH/97 line provided a yield of 6.17 t/ha, which
is 0.15 t/ha less than for the AD 256 variety. It was
found out that the high grain productivity of the variety
is formed due to an increased number of productive
stems per 1 m? (523 pcs.), a well-seeded dense ear, etc.
The amount of protein in triticale grain, its fractional




composition, the presence of essential amino acids, the
amount and quality of gluten is an important techno-
logical criterion for the nutritional value of protein and
grain quality (Rombouts et al., 2009; Xu et al., 2020).
According to 4-year studies, some triticale gen-
otypes, such as rarity (national standard), Myronosets,
can produce high stable yields of high-quality grain
in Polissia and Forest-Steppe conditions. The data in
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Table 1 shows that the above-mentioned genotypes
have high baking indicators, e.g., the grain character
is 690-720 g/l and 35-44% vitreous (flour quality in-
dicators) (Table 3).Analysis of technological indicators
of grain showed that the new variety forms grain, with
14.5% protein, 26.8% gluten. The flour from the new
winter triticale variety under study is first-class due to
its gluten content >14%.

Table 3. Indicators of grain properties of winter triticale varieties, average for 2017-2020 (n=4)

Grain indicators

45

Cultivar TKW, g Grain unit,g/l | Protein content, % Ezmgrl:’t;? Fat content, % | Starch content, %
Rarytet (control)  47.4%0.9 717.5%2.1 13.5%0.5 23.4%0.3 2.0x0.1 62.0%0.2
Myronosets 46.2*+1.5 690+1.5* 14.5%0.2* 26.8+0.2" 2.0+0.0 63.10.3"
Woltario 45.0+1.0" 720£2.4 12.9%0.3 22.5%0.3* 2.1+0.0 61.8+0.4
Pawo 44.3+0.8" 704+1.8" 13.6+0.7 26.5%0.2* 1.9£0.0 63.4%0.7*
Ariivka (wheat) ~ 50.3%1.2* 786%2.1* 14.6+0.4" 29.7%0.5* 2.2+0.0 59.5+0.8*
Borotba (rye) 42.0+1.1* 680+0.9 10.8+0.9* 11.3+0.7* 2.0+0.0 70.3%£0.6"

Note: * - grain unit; ** - P<0.05 relative to control (standard); SDx - standard mean deviation. The differences between

the study variants differ statistically at p<0.05
Source: compiled by the authors

Analysis of the fractional composition of triticale
grain proteins of the Myronosets variety showed the su-
periority of spare proteins gliadins and glutenins (49.3%)
over water-soluble proteins - albumins and globulins
(36.4%) (Table 4),which is reflected in the higher quality of
gluten, dough, bread, and overall bakery score (8.7 points).
Rye has lower average and low baking properties (bread

volume - 305 ml, total baking score 3.8 pts) caused by a
low content of water-insoluble proteins (37.3%). The role
of the ratio of gliadins to gluten (Gli/Glu) was established
in determining the quality of gluten triticale of the variety
under study with high baking properties of the Rarytet
variety, which has a Gli/Glu ratio of 0.9, and which together
with wheat have higher quality indicators.

Table 4. Ratio of protein fractions and baking properties of triticale, wheat and rye,
Forest-Steppe, average for 2019-2020 (n=4)

Grain indicators

. Content, %
Cultivar Gli + Gl Gli/GL Bread volume. ml Overall baking score,
albumin + - . glutenin u u ead volume, pts
. gliadin (Gli)
globulin (Glu)
Rarytet 36.4%0.3 24.5£0.3 26.7£0.5 51.2 0.9 512475 9.0
(control)
Myronosets 34.9+0.2* 22.8+0.4 26.5%0.3 49.3 0.9 520+5.1* 8.7
Woltario 43.5%0.6 20.7%0.3 18.3+0.2 39.0 1.1 440+3.0* 6.5
Pawo 41.7+0.5 21.0+0.4 19.1+x0.4 40.1 1.2 407+5.4* 6.2
Ariivka (wheat)  34.6*0.5* 26.2+0.7 29.4%0.1 55.6 0.9 608+12.8* 8.4
Borotba (rye) 50.5+0.2* 20.8+0.3 16.5+0.6 37.3 1.3 305+8.2* 3.8

Note: * - P<0.05 relative to the control (standard); SDx - the standard mean deviation. The differences between the study
variants differ statistically at <0.05
Source: compiled by the authors

It is known that the combination of increased plant
productivity with low growth and high baking properties
in one variety while maintaining complex resistance to ad-
verse environmental factors is important for strengthening

its competitiveness (Martiniello, 2011; Liu et al., 2017).
In the Myronosets variety, this was achieved. According
to the results of hybridological analysis, in crosses of
Myronosets plants with tall-growing varieties in the first
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generation, heterosis is observed towards reducing the
stem of hybrids compared to the parent forms based on
“stem height”. However, there is a different type of inher-
itance among hybrid combinations involving the newly
created variety (depression, partial negative inheritance,
intermediate inheritance, and partial positive dominance).
Phenotypic changes in traits in F1 hybrids indicate that
genetically, indicators for the “stem height” trait are dom-
inated not only by the additive type of gene interaction,
but also by negative dominance and super-dominance.
The quality of triticale grain depends not only on
the gluten content and quality, but also on the carbo-
hydrate-amylase complex of the grain (AlijoSius et al.,
2016). The study of the features of starch content in
grain and the carbohydrate-amylase complex allowed
figuring out that the starch content in grain of these
varieties and crops is quite high and amounts to 64.0-
68.8% (Table 1). Starch is the main component of grain,
so its content, condition, and properties always affect the

800
700 I
600
500
400 L
300 1
200
100

Total content a, mg/100 g DM

rheological properties of the dough, and therefore the
quality of the final products. Notably, triticale grain con-
tains a considerable total amount of sugars and has a
lower starch gelatinisationtemperature,aswellas highly
active a-amylase (Guzmanetal.,2011; Goraletal.,2021).

Protein-amino acid composition is one of the
most complex properties of grain composition. Amino
acid composition determines the biological value of
food and food products (according to the total amount
of non-essential amino acids) as their biochemical cri-
terion (Jaskiewicz & Szczepanek, 2018). The analysed
soft wheat genotypes differ significantly (P<0.05) in
terms of ash, moisture, protein, and starch content. Sig-
nificant differences between the analysed genotypes
were found in the lipid content (P<0.05). All wheat
genotypes were characterised by high protein content
and optimal starch and lipid levels. Figure 2 shows a
qualitative analysis of essential amino acids in some
grain genotypes.

m Triticale (Myronosets variety)
Wheat (Ariivka variety)

Rye (Borotba variety)

0 4 ' —,
. Y3
S
S

Non-exchangeable amino acids

Figure 1. Content of essential amino acids in triticale, wheat, and rye grains

Source: compiled by the authors

6000 T
5000
4000
3000

0 "J.x - ,I.I ‘\

1000

Total content a, mg/100 g DM

= Triticale (Myronosets variety)
Wheat (Ariivka variety)
Rye (Borotba variety)

2000
Isoleucine Valine Leucme

TCNEAA

Non-exchangeable amino acids

Figure 2. Content of essential amino acids in triticale, wheat, rye grains, BCAA, TCNAA index
Note: (BCAA - aminoacids with branched side chains; TCNAA - total content of non-replaceable amino acids)

Source: compiled by the authors
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Figures 2 and 3 show that different genotypes of
cereals showed different content of essential amino ac-
ids. It was found that the content of such amino acids as
leucine (1442 mg/100 g),valine (733 mg/100 g), phenyl-
alanine (720 mg/100 g) and isoleucine (510 mg/100 g)
is most pronounced in triticale grain. While in rye grain,
the content of which was lower than in triticale and
amounted to 1343 mg/100 g for leucine, 481 mg/100 g
for valine, and 396 mg/100 g for isoleucine. The triticale
of Myronosets variety is superior (4919 mg/100 g DM) to
Ariivka wheat variety (3977 mg/100 g DM) and Borotba
rye variety (3241 mg/100 g DM) in total amino acid con-
tent. However, it is somewhat inferior to wheat grain in
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terms of tryptophan and isoleucine content. In general,
the triticale grain of the Myronosets variety is charac-
terised by a high content of protein and amino acids,
which indicates its high nutritional value.

Regarding the pathogens of leaf diseases, the most
widespread on grain crops, the following were found:
Blumeria graminis (DS)fsp. tritici Speer, Puccinia recondite Rob
ex Desm f.sp. Septoria tritici Rob. et Desm.|n the conditions of
Polissia and Forest-Steppe, the ecological test of the triticale
of Myronosets variety allowed estimating the resistance of
plants during 2017-2020 and compared with other variet-
ies (Table 5) in terms of the degree of damage by powdery
mildew, septoria, brown rust, root rot, and ear fusarium.

Table 5. Resistance of triticale plants of different varieties to diseases, pts (2017-2020), n=4

Disease Year Rarytet (control) Myronosets Woltario
Forest-Steppe Polissia Forest-Steppe ‘ Polissia Forest-Steppe ‘ Polissia
2017 9 9 9 9 9 9
2018 9 8 9 8 9 9
Powdery 2019 9 9 9 8 9 9
mildew
2020 9 9 9 8 9 9
mean 9.0 8.8 9.0 8.3 9.0 9.0
2017 8 7 9 8 9 9
2018 8.8 9 7.5 9 9
Brown rust 2019 8.5 8.5 9 8 8 9
2020 7.5 8.0 9 9 8 9
mean 8.0 8.0 9.0 8.5 8.5 9
2017 7.0 8 9 8 9 9
2018 8.0 8.8 9 9 9 8
Septoria 2019 8.0 8.5 9 8 9 75
2020 8.5 7.5 9 9 9 8
mean 8.0 8.0 9.0 8.5 9.0 8.0
2017 8 8 9 8 9 8
2018 8 8 9 8.0 9 7.5
Root rot 2019 8 8 9 8.5 9 7.0
2020 8 8 9 7.5 9 8
mean 8.0 8.0 9 8.0 9.0 8.0
2017 8 8 9 8 9 8
i 2018 8 8 9 7.5 9 7.5
F“sat’)'l‘.‘m head 2019 8 8 9 8 9 7
ight
2020 8 8 9 9 9 7
mean 8.0 8.0 9.0 8.5 9.0 7.5

Source: compiled by the authors

As data from Table 5 shows, the Myronosets variety
showed the greatest resistance during the study period
to powdery mildew (8.9 points), septoria (8.2 points),
its values did not significantly exceed the control-rar-
ity variety. Thus, it is advisable to use the new triticale
variety in the selection breeding process for immunity,
namely as a source of complex resistance to pathogens.

DISCUSSION

Triticale is the first artificially created grain crop that can
to a certain extent predominate in terms of economically

valuable characteristics of wheat and rye (Blum, 2014;
Jaskiewicz et al., 2019). Presently, triticale culture has ex-
tensive breeding, industrial, and consumer opportunities
(Gao et al., 2013; Liubych et al., 2020; Goral et al., 2021).
The triticale of Myronosets variety can take its rightful
place among grain crops since it has high grain quality
indicators, productive potential, and stable yields on an
annual basis.

Triticale has a very narrow genetic basis (Blum,
2014; Kim et al.,2017), since most of its germplasm was
obtained from only a few materials that were crossed

Scientific Horizons, 2022, Vol. 25, No. 9
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with each other (Ayalew et al., 2018). Crossbreeding of
improved wheat and rye varieties allows getting the best
genetic combination to take advantage of the genetic
benefits from the selection breeding capabilities of both
parentspecies (Moskaletsetal.,2016;Blountetal.,2017).

Back in 1937,Blakeslee & Avery noted that cross-
ing wheat as the parent plant and rye as a pollen donor
most often resulted in sterile hybrids. However, when
colchicine usage induced polyploidy, they concluded
that the chemical doubled the number of chromosomes
and produced fertile offspring (Blum, 2014). Based on
this knowledge, in 1937, the scientist Pierre Civodron in
France improved the technique of obtaining reproduc-
tive offspring by crossing wheat and rye. Applying new
selection methods, he created many industrial species
with good production qualities (Blum, 2014; Moskalets
etal.,2016; Parent et al.,2017; Ogbonnaya et al., 2017,
Laze et al., 2019; Pradhan et al., 2020).

Triticale refers to carbohydrate, energy-concen-
trated nutrients (Wang et al., 2020). Recently, apart from
corn, it is one of the most important nutrients and energy
sources in the nutrition of domestic and farm animals in
Ukraine (Sikora et al.,2019).Grains,as well as by-products
obtained from triticale processing, are extremely suitable
well-digested nutrients for domestic and farm animals,
as they contain a large amount of starch and are relatively
poor in raw fibre (Makowska et al.,2020). The importance
of triticale in direct human nutrition or indirectly as food
is great (Zhu, 2018). However, global production of triticale
and other cereals is not proportional to the increase in the
global population (Glamoclia et al., 2017).

This artificial species is of interest due to its nu-
tritional value, which in many ways exceeds the value
of wheat and rye (Tricker et al., 2016; Sheteiwy et al.,
2018). The nutritional value of triticale grain is condi-
tioned upon its high content of protein, essential amino
acids, minerals, vitamins B, PP, E, and carotenoids. As
noted, (Shishlova, 2016; Gao et al., 2016; Jaskiewicz &
Szczepanek, 2018), triticale culture is not very discrim-
inatory in terms of growing conditions and is the most
capable among other crops in the zone of weak realisa-
tion of biological potentials (AlijoSius et al., 2016). Cur-
rently, there are several varieties of winter and spring
triticale with high productivity, grain quality and stable
expression of economic characteristics (Blum, 2014;
Wirschum et al., 2014). Not all varieties have valuable
economic characteristics that meet the requirements of
baking and alcohol use (Blount et al., 2017; Glamoclia
et al., 2018). Therewith, the expansion of the triticale
gene pool with such properties is important for national
food safety (Moskalets et al., 2016).

Essential and non-essential amino acids play a
significant role in the human diet (Wan et al., 2017; Ya-
sir et al., 2019). Due to their branched-chain structure,
the essential amino acids - valine, leucine, and isole-
ucine - are collectively referred to as branched-chain
amino acids (BCAAs). These amino acids play a crucial
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role in skeletal muscle, not only as a major component
of proteins, but also as an energy source, especially
during exercise. BCAAs are also involved in the regu-
lation of protein metabolism in skeletal muscle cells
(Tsunekawa et al., 2021).

Branched chain amino acids (BCAAs), such as leu-
cine,isoleucine,and valine,are essential for healthy func-
tioning of cells and organs (Almeida et al., 2020). Many
authors (Kihlberg & Ericson, 1964; Morey et al.,1983; Den-
nett et al.,2013; Tsunekawa et al.,2021) proved that high
dietary intake of BCAAs prevent the prevalence of over-
weight and obesity in adults. The BCAA index of triticale
grain is 1.4 times higher than that of Ariivka wheat grain
and 1.5 times higher than that of rye, which confirms its
nutritional and consumer value, from the flour of which
it is advisable to produce functional bakery products.

Most of the amino acids present in the analysed
genotypes of triticale, rye, and wheat are leucine (636-
1442 mg/100 g), phenylalanine (396-720 mg/100 g),
valine (291-733 mg/100 g), lysine (264-425 mg/100 qg),
isoleucine (222-715 mg/100 g), and threonine (481-
598 mg/100 g).Gluten protein consists of the monomers
gliadin and polymer glutenin, which are recognised as
the main reserve proteins of wheat, rich in asparagine,
glutamine, arginine, and proline (Rombouts et al., 2009;
Brzozowski & Stasiewicz, 2017),but very low in such nu-
tritionally important amino acids as lysine, tryptophan,
and methionine (Byrne et al.,2012; Glamoclia et al.,2018).
Humans and animals can synthesise nine essential amino
acids from 20 amino acids. The remaining amino acids,
which are considered essential amino acids, must come
from food. These include cysteine (as well as tyrosine),
a semi-essential amino acid, since it can only be syn-
thesised from methionine and phenylalanine (Kihlberg
& Ericson, 1964; Aho & Koivistoinen, 2009). The amino
acid composition is important for determining the nu-
tritional value of cereals for human and animal nutri-
tion (Mosaddek et al., 2013; Penuelas et al., 2020).

Elevated levels of lysine depend on biosynthe-
sis, in which the enzymes aspartokinase (AK) and di-
hydrodipicolinate synthase (DHPS) play an important
role (Postles et al., 2016). An increase in lysine synthe-
sis can be achieved by expressing enzymes (AK, DHPS)
that are insensitive to lysine feedback inhibition. This is
achieved in grain seeds with a high lysine content (Kon-
dratenko et al., 2015; Xu et al., 2020). Tryptophan acts
a precursor of the neurotransmitter serotonin and the
pineal hormone melatonin. The tryptophan content ob-
tained in the analysed wheat genotypes was lower than
the content reported by Gafurova et al. (2002) (1.8-2%),
which is higher than that reported by other researchers
(Kihlberg & Ericson, 1964; Aho & Koivistoinen, 2009)
(0.92-1.0%), but similar to the content reported by Kon-
dratenko et al. (2015) (on average 1.07%). According to
some authors (Aho & Koivistoinen, 2009; Ackah et al.,
2021), cereals contain the amino acid methionine in
minimal amounts. Phenylalanine is essential for the growth




and development of young children, and therefore it is
enough to consume it in lesser amounts (Singh et al.,
2012; AlijoSius et al., 2016).

CONCLUSIONS

A study of the possibilities for agricultural reform has
resulted in the following conclusions. As an analysis
of global agricultural experience showed, the effec-
tive functioning of the agricultural sector could not be
achieved without appropriate regulation of tax mecha-
nisms. In each country, the taxation system has its own
specific features, which reflect the current state and
trendsinagricultural development.Primarily,the income
tax system is applied, while land taxation has the func-
tion of levelling the conditions of agricultural activity.

Each country adapts its agricultural taxation sys-
tem according to the current economic situation and
specific historical background of the state. There are two
main approaches to setting up a taxation system for ag-
ricultural producers: unified and specialised. In Azerbaijan,
the tax legislation classifies the simplified tax as a state
tax, although in terms of content and essence it can be
considered a special tax regime. The government pro-
vides a large number of benefits for enterprises that are
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involved in the agricultural sector. Yet, the incentive mech-
anisms must be used rationally, as poor management will
not only fail to achieve the long-term goals but will also
deteriorate the overall situation in a particular area.

Based on a system-structural approach, a system
of definite steps that would optimise the agricultural
taxation system in Azerbaijan has been developed. These
can be divided into two key areas: the design of a co-
herent and transparent system of taxation of agribusi-
nesses and the establishment of a system to monitor
the effectiveness of enterprises in utilising the various tax
incentives.

The modernisation and efficiency of the tax system
and the use of new approaches to taxation have always
been and will be of great interest to entrepreneurs and
ordinary citizens alike. Efforts towards the improvement of
the tax system must be sustained at all times. This issue
should always be on the national government's agenda. In
summary, the findings of this investigation and the con-
clusions drawn from it can be used as an effective scientific
basis for further studies on the prospects for amending
the Tax Code in the agricultural sector. This study may
prompt other researchers to approach the issue from a
new perspective.
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BioekonoriuHi oco6nuBocTi,
6ioxiMiuHi Ta $pi3nKo-XiMiYHi NTOKa3HUKU 3epHa HOBUX FreHOTUNIB

TeraHa 3axapiBHa Mockaneupb?, BanenTtuH BitaniitoBuu Mockaneup?,
lOpiit Muxaiinosuu bapar?, puropiii IBaHoBuu Mognparos?, Baagum Mukonaiioeuu Menexartuii*

YHcTuTyT capiBHMUTBA HauioHanbHoi arpapHoi akaaeMii Hayk YkpaiHu
03027, Byn. Caposa, 23, c. HoBocinku, YkpaiHa

[MonTaBCbKWUIt AEPXKABHUI arpapHuUii yHiBepcuTeT
36003, Byn. CkoBopoau, 1/3, M. MNonTaga, YkpaiHa

*HauioHanbHKI1 yHiBEpCUTET BiopecypciB i MPUPOLOKOPUCTYBAHHS
03041, syn. leHepana Pogimuesa, 19, M. Kuis, YkpaiHa

“TMonicbKMi HaLioOHaNbHWIA YHiBEPCUTET
10002, Crapwit 6-p, 7, M. Xutomup, YkpaiHa

AHotauiq. MpeacraBneHHi LOCNioKEHHS [,O3BOMMAN Binblue PO3KPUTM 0COBAMBOCTI HOBMX COPTIB MLUEHUL MAKOI 03UMOI
Ta TPUTUKANE 03MMOr0, LEMOHCTPYIOUM HiOEKONOTiYHMI NOoTeHLian ix NociBiB Ta BioXiMiyHi Ta Pi3nMKO-XiMiUHi MOKA3HUKK
3epHa, WO MaE aKkTyanbHWI xapakTep. Y cTaTTi HaJaHi pe3ynbTaT 3 cenekLiiHoi poboTu TpUTUKane 03MMOro, BUCBITIIEHO
napameTpu NPOAYKTUBHOCTI, BIOXIMIYHUIA CKNAL 3epHa HOBOrO COpTy MupoHoceLb. MeTol focniaxeHb Byno CTBOpUTH
HOBI FEHOTUNM TPUTUKANE O3MMOrO i MNLWEHMLI MAKOI 03MMOI Ta BMBYMTM iX 32 BIOEKONOriYHMM NOTeHLianoM Ta
6ioxiMi4YHMMM Ta Di3MKO-XiMIYHMMM MOKA3HWKaMM 3epHa. B poboTi BUKOpUCTaHi 6ioMeTpruHi, hi3nKo-XiMiuHi, 6ioXiMiuHi
Ta MaTeMaTUuHi MeToau pocnigkeHb. CopT MUpOHOCeLb MA€E BUCOKY YPOXaMHICTb 3epHa (6,8-7,2 T/ra), BUCOKMA
BMICT Binky (214.2%) i cknag He3aMiHHMX aMiHOKMCOT, WO MiATBEPAXKYE MOro XapyoBYy Ta CMOXMBYY LiHHICTb, 3
HopoLLHa SKOro AOLINbHO BUpO6NSTH QYHKLIiOHaNbHI xNib6obynoyHi Bupobu. Bneplue Bu3HayeHo, WwWo copT TpUTHKane
MupoHoceLb 33 BICTOM 3arasibHWX aMiHOKMCIOT nepeBaxae (4919 mg/100 g DM) nweHuueto copty ApiiBka
(3977 mg/100 g DM) i »xuT0 copT bopoTtbby (3241 mg/100 g DM). BctaHoBNEHO, L0 3€PHO TPUTUKANE NOCTYNAETHCS
3epHy NLEeHUL 3a BMiCTOM TpunTodaHy i i3onerumHy. XXMTo NOCTYNaETbCA 3epHY NIWEHUL 33 YCiMa HEe3aMiHUMUMU
aMiHOKMCNOTaMK OKPiM NedumHy, a nepep TpUTUKane yciMa amiHOKMCIOTaMW, OKpiM TpuntodaHy. Haibinblwe
npencTaBNeHUMM aMiHOKMCIOTaMu B 3epHi TpuTukane 6ynu: JlediumH (1442 mr/100 r), Banin (733 mr/100 1),
@eninanaHin (720 mr/100 1) i 13oneiumnH (510 mr/100 r), y sxxuta - NleiumnH (1343 mr/100 r), Banin (481 mr/1001) i
@eHinanaHin (396 mr/100 r). Moganblwa WMpoka aapecHa iHTPOLYKLiS HOBOTrO COPTY B arpOeKOCUCTEMAXx [03BOMUTb
36inblWKMTK 06CArM 3epHa LiHHOMO SIK KOPMY AN TBAPUH, TaK i AN BUrOTOBNEHHS QYHKLIOHAaNbHUX XNi600YN0UHMX
BMpOGiB

KniouoBi cnoBa: He3aMiHHi aMiHOKMCNOTH, EKONOr0-aAanTUBHI BNACTMBOCTI, DiOEKONOriYHUI NOTeHLian, AKiCTb 3epHa

Scientific Horizons, 2022, Vol. 25, No. 9




