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Article’s History: Abstract. The transition of females from childbirth to lactation is a physiologically
Received: 10.05.2023 complex period characterised by metabolic, endocrine and immunological changes. In
Revised: 20.08.2023 addition, difficult labour drains the female and can lead to hypolactia. The purpose of
Accepted: 27.09.2023 the study was to determine the effect of probiotics on lactation recovery and metabolic

changes in the body of females. Among the methods used are: the determination of
lactation level, the physiological method for determining live weight, the biochemical
method for blood testing; and the statistical method. The application of Bacillus subtilis AX
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day 7-9 of the study by 12.9%, on day 10-12 - by 15.03%, on day 13-15 - by 13.93%, on day 16-18 - by 13.5% and on
day 19-21 - by 21.35% compared to the control. The total protein content in experimental cows increased by 18.92%,
globulins - by 37.26 (p<0.05), compared to the initial indicators. The activity of alanine aminotransferase, urea, and
urea nitrogen in animals of the control and experimental groups was within the normal range during the experiment.
The application of Bacillus megaterium NCH 55 to sows with hypolactation contributes to lactation recovery in sows. In
the experimental group, piglets showed a lag in growth of 18.5% on the third day and 11.39% on the tenth day due to
hypolactation. Starting from day 15, there was an increase in the live weight of suckling piglets due to the restoration
of lactation in sows by 20.56%, on day 20 - by 20.43%, on day 25 - by 30.56%, on day 30 - by 31.91%, compared to the
control. In the blood serum of experimental sows, the content of total protein increased by 10%, globulins - by 19.13%,
total cholesterol - by 40.11%, urea by 48.0%, compared to the beginning of studies (p<0.05). The activity of alanine
aminotransferase in the experiment increased by 8.95% (p<0.05), alkaline phosphatase decreased by 27.46% (p<0.05),
compared to the beginning of the study. In the blood of experimental sows, the level of circulating immune complexes
increased by 42.85% and a decrease in seromucoids by 30.43%. The practical value of the study lies in the use of

probiotics to restore the milk productivity of cows and sows after childbirth

Keywords: milk productivity; hypolactia; live weight gain; protein metabolism; metabolic adaptation

INTRODUCTION

The profitability of a dairy farm directly depends on the
milk production of each cow. If for some reason milk
yields decrease or the quality of milk worsens, the farm
loses money and becomes unprofitable. Therefore, each
farmer evaluates the capabilities of his herd and de-
cides on the balance between the cost of keeping an-
imals and making a profit from them. Increased milk
production encourages dry matter consumption due to
increased energy and nutrient requirements in animals.
Studies (Ledda et al., 2023) showed a link between dry
matter consumption and productivity. The experiment
was conducted on sheep, so it is necessary to clarify this
hypothesis on cattle.

The consequence of high milk productivity is the
appearance of a negative energy balance, which is man-
ifested in cows by lipolysis, ketogenesis, and endocrine
changes. Researchers S. Krnjaic et al. (2022) examined
the relationship between energy balance, lipolysis, and
ketogenesis in cows that were milked two and three
times a day. The results showed that cows that were
milked three times a day showed more pronounced
signs of lipolysis and ketogenesis, and lower energy
balance levels. Therefore, an increase in milk productiv-
ity affects metabolic disorders in the body of dairy cows.
In the study, the question of how reducing the amount
of milking will affect the mammary gland remained un-
resolved. A study by O. Shkromada et al. (2022) proved
that the use of probiotics helps restore milk productivity
and normalise the metabolic processes associated with
ketosis. However, the effect of probiotics on lactation
recovery remains unclear.Adding probiotics to the main
diet improves growth productivity, meat quality, and
humoral immunity, reducing the release of pathogenic
microbes. Researchers I. Kwoji et al. (2021) addressed
the possibility of using multicomponent probiotics to
improve metabolism in animals.

A paper by J. Babot et al. (2018) proves that probi-
otics effectively protect the intestinal epithelial cells
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of broilers from food intoxication. In addition, the au-
thors substantiate the effectiveness of the antimicrobial
action of probiotics in relation to Salmonella enterica
in broiler chickens. The question of the mechanism of
influence on the metabolism of chickens remains uni-
dentified. M. Tian et al. (2023) established that probiotic
and prebiotic supplements of the mother during preg-
nancy have a positive effect on the regulation of the
development of the nervous system and fetal immu-
nity. However, detailed studies are needed on microbial
metabolites that are involved in regulating fetal organ
development.

In the paper by T. Bruun et al. (2023), the problem of
long-term use of lactating sows and their subsequent
productivity for re-breeding was examined. However,
the paper does not offer solutions that would help re-
store lactation and reproductive capacity of the sow. A
production study of the effectiveness of using a probi-
otic based on viable Bacillus subtilis C-3102 spores was
conducted on the health and productivity of sows and
their piglets (Kritas et al,, 2015) showed an improve-
ment in the sow’s condition during pregnancy. An in-
crease in feed intake, improved health during lactation,
and a reduction in the period of weaning a sow before
estrus was also noted. The issue of the effect of pro-
biotics on lactation recovery in sows diagnosed with
hypolactia remained unresolved.

H. Liu et al. (2020) focused on determining the ef-
fects of a probiotic based on Pediococcus acidilactici
ZPAO17 on reproductive capacity, restoration of the
gut microbiome and metabolism in sows during late
pregnancy and lactation. The experiment did not inves-
tigate the direct effect of a probiotic on the lactation
capacity of sows. Researchers N. Nam et al. (2022) de-
termined that the use of probiotics in late pregnancy
in sows has a positive effect on reproductive ability.
However, the paper did not analyse the effect on piglet
growth. Q. Zhu et al. (2023) showed that the addition




of 4.0x10® CFU/kg of B. subtilis PB6 to the feed of sows
during late pregnancy and lactation helps to reduce the
intervals between the birth of piglets, improves live
weight gain in suckling piglets. However, there are no
studies on the effect of probiotics on the milk produc-
tion of sows.

The purpose of the study was a restoration of lac-
tation and the development of metabolic adaptation of
cows and sows using probiotics. The objectives of the
study were: determination of milk productivity in fe-
males, examination of metabolic processes in the body
of cows and sows using probiotics.

MATERIALS AND METHODS

The study was conducted in September 2022 at the
State Enterprise “Experimental Economy of the Insti-
tute of Agriculture of the North-East” of the National
Academy of Agrarian Sciences of Ukraine, located in
Sad, Sumy district, Sumy region. Sows with hypolac-
tation (5 individuals in the experimental group) were
provided with mixed feed supplemented with Bacillus
megaterium NCH 55(1x10° CFU/qg) at a dose of 5 g per
animal. In the control group (5 heads), regular mixed
feed was given for 30 days. Weight gain in suckling pig-
lets from birth to 30 days was examined to determine
the level of lactation in sows. The average weight of
piglets in each nest (8-10 heads) was determined.

In addition, this farm conducted a similar study with
Holstein cows. The study involved a total of 20 animals
from the post-calving milking group. The effectiveness of
the feed additive was determined based on experimental
samples of strains Bacillus subtilis AH 20, Bacillus licheni-
formis EA 22 at a concentration of 1x10°%, colony-forming
units per gram (CFU/G). The probiotic dosage in the ex-
perimental group of post-calving milking was 35 grams
per animal. Probiotic strains of microorganisms Bacillus
megaterium NCH 55, Bacillus subtilis AH 20, Bacillus li-
cheniformis EA 22 were manufactured and refilled in the
company PE “Kronos Agro”. All cows received a diet ac-
cording to the production group. Milk productivity was
determined in cows in the morning and evening from 4
to 21 days in the control and experimental groups.
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Examination of biochemical parameters of cow blood
serum.Biochemical parameters of cow blood were deter-
mined in cows and sows at the beginning and end of the
study. The content of total protein (SOP-BP-02-2017),
urea (SOP-BP-03-2017), albumin (SOP-BP-25-2018),
urea nitrogen, CA/R, and globulins was examined by
calculation, total cholesterol (SOP-BP-07-2017), as-
partate aminotransferase AST (SOP-BP-09-2017), ala-
nine aminotransferase alt (SOP-BP-08-2017), total
Ca (SOP-BP-05-2017), inorganic P (SOP-BP-04-2017),
magnesium (SOP-BP-06-2017), creatinine levels were
determined by Jaffe method, CIC (circulating immune
complexes were determined by enzyme immunoassay,
Seromucoids were examined spectrophotometrically
(SHIMADZU UV-1800, Japan).

Biological ethics. All experimental studies were con-
ducted in accordance with modern methodological ap-
proaches and in compliance with the relevant require-
ments and standards, in particular, they comply with
the requirements of DSTU ISO/IEC 17025:2005 (2006),
in accordance with directive 2010/63/EU (Hartung,
2010), which were approved by the conclusion of the
commission on ethics and bioethics of the Faculty of
Veterinary Medicine of Sumy National Agrarian Uni-
versity dated 05.03.2022. The keep of animals and all
manipulations were conducted in accordance with the
provisions of the procedure for conducting experiments
and experiments on animals by scientific institutions
(Law of Ukraine No. 249, 2012), the European Conven-
tion for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (European
convention..., 1986).

Statistical analysis. Statistical data were calculated
using the Fischer-Student method, considering statis-
tical errors and the probability of comparable similar
indicators. Indicators with a level of probability of more
than 95% were considered (p<0.05).

RESULTS AND DISCUSSION

Results of a study of the productivity and metabolism of cows
using a probiotic. Milk productivity of cows was deter-
mined from 4 to 21 days of lactation after calving (Fig. 1).

Productivity of cows during the use of probiotics
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Figure 1. Productivity of cows during the use of probiotics in the period of 4-21 days of lactation

Source: compiled by the authors of this study
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From the results obtained, it follows that at the
beginning of the study, 4-6 days in the control and ex-
perimental groups of animals the milking levels were
almost at the same level. On the 7th-9th day of the ex-
periment, cows of the experimental group showed an
increase in milk yield by 12.9% compared to the con-
trol group. On the tenth or twelfth day, the use of a
probiotic in the experimental group contributed to an
increase in milk yield by 15.03%. After two weeks of
the study, an increase in milk productivity in the ex-
perimental cows was established by 13.93%, compared
to the control. In the period of 16-18 days in the study

group, milking output increased by 13.5% in the group
with the use of probiotics. At the end of the study (19-
21 days), a 21.35% increase in milk productivity was
recorded in cows that received a probiotic based on ex-
perimental samples of Bacillus subtilis AH 20, Bacillus
licheniformis EA 22 strains. The conducted study proves
the positive effect of probiotics on the milk productivity
of cows in the period of the first 21 days after calv-
ing. During the experiment, the effect of a probiotic on
the metabolism of lactating cows was determined. Bi-
ochemical parameters of blood were examined at the
beginning and at the end of the experiment (Table 1-2).

Table 1. Results of biochemical studies of cow blood serum, M*m, n=5

No. Name of the parameters to be defined, units of measurement
total protein, Albumines, *Globulines,  *Albumines, *Globulines, *(A/G), Urea nit?gez n
research g/L g/L a/L % % units  mmol/L mg/‘-‘fﬂ_ ’
methods SOP-BP SOP-BP. SOP-BP.
02-2017 25-2018 Calculation 03-2017 Calculation
Control group (start of the study)
1 75.104 30.63 46.96 39.42 55.99 0.66 5.46 13.67
426 *1.25 +2.82 +1.09 £2.15 +0.052 *0.42 $1.31
Control group (end of the study)
2 70.48 31.39 37.68 42.34 58.28 0.76 4.38 13.32
492 *1.55 +2.82 *2.09 *0.91 +0.04 *0.42 *1.19
Research group (start of the study)
3 71.95 32.98 41.00 4424 53.54 0.85 6.47 18.18
£2.94 *1.25 +3.43 *2.57 227 *0.07 *0.46 +1.28
Research group (end of the study)
4 85.57 28.95 56.28 34.07 65.15 0.50 5.46 16.83
+3.44* +1.88 +5.39* +3.33* 371" *0.07* *0.57 *1.36
Reference
59-852 472 25-45?2 cat 91 ) ) 504
valctgiisfor 70-90% 27-43 33.555 38-50 50-62 0.6-1.1 3.30-6.70 8-20

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors of this study

Studies have shown that the total protein content
of cows in the experimental group was substantially
higher by 18.92% (p<0.05) at the end of the study, com-
pared to the initial indicators. Notably, the total protein
was increased in experimental animals due to an in-
crease in globulins by 37.26 (p<0.05). The calculation

of the percentage of globulins was also substantially
higher by 11.61% compared to the beginning of probi-
otic use. The content of urea and urea nitrogen in cows
of the experimental groups during the study period was
within the physiological norm and did not substantially
decrease at the time of completion of the experiment.

Table 2. Results of biochemical studies of cow blood serum, M*m, n=5

Name of the parameters to be defined, units of measurement

No. Total cholesterol. . ALT, *(AST/ALT) Total Ca Inorganic P, M .
mmol/L AST, units/L units/L units mmol/L mmol/L Ca/P, units
research SOP-BP- SOP- SOP-BP- Calculation SOP-BP- SOP-BP- Calculation
methods 07-2017 BP-09-2017 08-2017 05-2017 04-2017
Control group (start of the study)
1 3.34 68.81 17.31 3.97 2.39 1.88 0.51
*0.59 +9.25 *0.54 *0.23 *0.18 *0.66 *0.03
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Table 2, Continued

Name of the parameters to be defined, units of measurement

No. * .
Total cholesterol, . ALT, (AST/ALT), Total Ca, Inorganic P, . .
mmol/L AST, units/L units/L units mmol/L mmol/L Ca/P, units
Control group (end of the study)
2 3.63 70.62 18.08 3.56 2.70 2.10 0.90
*0.60 *4.25 *0.58 *0.2 +0.17 *0.14 +0.03
Research group (start of the study)
3 2.80 108.51 20.36 4.58 2.35 2.17 1.01
*0.69 +10.44 403 *0.73 *0.19 *0.63 *0.05
Research group (end of the study)
4 4.02 77.28 20.89 3.75 2.36 2.10 1.17
*0.78 +3.04" 311 *0.52 #0.15 *0.04 *0.23
Reference _AN2 _ 12 - 12
values for 2.20-6.602 48-108 T 10-34 19831 102 11-16
COWS 2-2. .2-2.

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors of this study

The total cholesterol content in cows of the ex-
perimental and control groups during the research pe-
riod did not exceed the physiological norm. However,
in cows of the experimental group, the AST enzyme at
the beginning of the study was higher than the per-
missible reference values and substantially decreased
by 71.22% at the end of the experiment due to the use
of a probiotic (p<0.05). The level of the alt enzyme in
animals of the control and experimental groups was
within the control level during the entire study period.
The mineral content, namely total Ca and inorganic P,

was within the normal range, which indicates a prop-
erly balanced diet for cows during lactation. During the
study, there were no negative effects on the organism
of experimental animals from probiotics based on Ba-
cillus subtilis AH 20, Bacillus licheniformis EA 22.

Results of the study of the effect of probiotics on the
productivity and metabolism of pigs. Sows were pre-
scribed a probiotic Bacillus megaterium NCH 55 to im-
prove lactation. Weight gain in piglets from birth to 30
days was determined to establish the therapeutic effect

(Fig. 2).
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Figure 2. Live weight gain in piglets when using a probiotic in the period from birth to 30 days

Source: compiled by the authors of this study

At birth, piglets on average in the nest had a
weight of 1.5 kg in the control and experimental
groups. The number of suckling piglets in the nest
ranged from 8 to 10 heads, so the calculation of the
average live weight in the nest was considered. On the
third day of the study, the piglets of the experimental
group lagged behind in weight by 18.5%, compared
to the control group due to a lack of milk in sows.

On the 10th day of the experiment, the growth lag in
suckling piglets of the experimental group decreased
to 11.39%. Weighing of piglets on day 15 showed an
increase in live weight in the experimental group by
20.56%, compared to the control group. This indicates
an increase in lactation in experimental sows treated
with the probiotic Bacillus megaterium NCH 55. On day
20 of the study, the trend continued and the piglets
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had a larger live weight by 20.43% compared to the
control group. The difference in the weight of piglets
of the experimental and control groups persists for 25
days and amounts to 30.56%. At the end of the exper-
iment, the live weight of piglets in the experimental
group was 31.91% higher than in the control group.

During the entire trial period of using a probiotic
based on Bacillus megaterium NCH 55, a positive effect
on the milk productivity of sows was determined. The
presence of possible metabolic shifts in the body of
sows was determined by biochemical parameters in
blood serum samples (Table 3-4).

Table 3. Results of biochemical studies of cow blood serum, M*m, n=5

No. total protein, g/L Albumin g/L  Total globulines,g/L  Glucose mmol/L Total cholesterol, mmol/L
Control group (start of the study)
1 80.97+0.56 31.59+1.90 40.33+2.21 4.67%0.36 1.99+0.20
Control group (end of the study)
2 79.01+1.22 31.720.99 40.16%0.88 4.42%0.41 2.13%0.19
Research group (start of the study)
3 72.90+2.30 33.40%0.77 39.32+1.94 4.48+0.30 1.67+0.05
Research group (end of the study)
4 80.19+0.63" 33.37%1.97 46.84+2.53" 4.94%0.22 2.34%0.05"
Norm* 70-80 28.0-44.0 32.9-52.0 3.33-5.55 1.56-2.86

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors of this study

The total protein content in pigs of the experimen-
tal group was substantially higher by 10% compared to
the beginning of the studies (p<0.05). The level of total

globulins increased by 19.13% (p<0.05) and did not exceed
the reference level. The total cholesterol content increased
by 40.11% compared to the start of the probiotic in sows.

Table 4. Results of biochemical studies of cow blood serum, M*m, n=5

No. ALT, mmol/h L AST, mmol/h L phﬁ:tahl;::se, CIC,mg/mL Seromucoids, mg/mL U::;(‘;Vli/r;_e’ Crs::‘i)rl\/ilce,
nmol/Ls

Control group (start of the study)

1 0.65%0.09 0.83%0.07 665.2+33.95 0.14+0.02 0.14%0.01 4.69+0.46 140.78%3.55
Control group (end of the study)

2 0.63%0.12 0.75%0.05 731.8+23.6 0.15+0.02 0.15+0.01 4.71x0.42 151.32+4.64
Research group (start of the study)

3 1.06%0.04 0.67+0.02 1595.2#110.9  0.07+0.01 0.23+0.02 4.54%0.15 127.92+5.40
Research group (end of the study)

4 1.15%0.01 0.73%0.02* 1157.0+104.0*  0.10£0.01* 0.16*0.01* 6.72%0.2* 127.94%1.77

Norm* 0.3-1.2 0.60-2.10 500-2500 0.1-0.3 0.11-0.19 3.3-70 100.0-200.0

Note: * - p<0.05, compared to the start of the study
Source: compiled by the authors of this study

The level of alt enzyme in sows of the experimental
and control groups was within the normal range, which
indicates the absence of intoxication of the body and
the integrity of internal organs. The AST enzyme in ex-
perimental sows increased by 8.95% (p<0.05) compared

to the start of the study but within the reference level.

The level of alkaline phosphatase in experimental
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animals substantially decreased by 27.46% (p<0.05),
compared with the initial data. At the end of the ex-
periment, the number of circulating immune complex-
es in experimental sows increased by 42.85% and the
level of seromucoids decreased by 30.43%. The sows of
the experimental group increased their urea levels by
48.0% compared to the beginning of the experiment.




Creatinine levels in the experimental and control
groups of animals remained within the physiological
norm throughout the experiment. According to the re-
sults of the study, it was established that all sows that
took part in the experiment after a month of feeding
Bacillus megaterium NCH 55 with the main diet, an in-
crease in lactation and an improvement in appetite
were observed.

Studies have shown an increase in lactation in
cows that received the probiotic. Specifically, on days
7-9 of the experiment, there was a 12.9% increase,
on days 10-12 - a 15.03% increase, on days 13-15 -
a 13.93% increase, on days 16-18 - a 13.5% increase,
and on days 19-21 - a 21.35% increase, compared to
the control group (Figure 1). Researchers Z.Varhidi et al.
(2022) proved that the use of probiotic microorganisms
contributes to an increase in milk productivity and live
weight gain in cattle. This mechanism is explained by
the stimulation of active microorganisms in the rumen.
C. Ma et al. (2020) proved the positive effects of pro-
biotic feed additives on milk consumption, productivity,
and intestinal microecology.

When determining the effect of probiotic microor-
ganisms on the metabolism of lactating cows, an in-
crease in the total protein content was established due
to an increase in the level of globulins (Table 1). The re-
sults obtained indicate an increase in the activity of the
immune response in the animal body, which coincides
with the data of Y. Zhao et al. (2023). The study showed
that the content of urea and urea nitrogen in cows of
the experimental groups during the study period was
within the physiological norm (Table 2). Researchers
C.Chang et al. (2019) established restoration of normal
metabolism, namely urea, ALT, and AST levels in the
serum of cows treated with the probiotic. The mineral
content, namely total Ca and inorganic P, was within
the normal range, which is consistent with the study by
T. Larsen & K. Moyes (2015).

Sows were prescribed a probiotic Bacillus mega-
terium NCH 55 to restore lactation. It was established
that suckling piglets increased their live weight in the
period from 10 to 30 days of probiotic use in sows
(Fig. 2).A study by O. Shkromada et al. (2022) proved the
recovery of milk productivity in cows by using Bacillus
megaterium as a feed additive. An increase in the con-
tent of total protein and globulins in the blood serum
of pigs of the experimental group was established by
S.Liao & M. Nyachoti (2017). The total cholesterol con-
tent increased in the blood of experimental pigs after
the use of a probiotic (Table 3), which is confirmed by
the study by M. Zommiti et al. (2020). Q. Zhu et al. (2023)
prove that adding probiotics to the diet of sows and
piglets promoted feed growth and consumption and
improved meat quality.

In experimental sows, the number of circulating
immune complexes increased and the level of seromu-
coids decreased after the use of a probiotic (Table 4). A
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study by C. Ma et al. (2022) confirms the positive effect
of probiotics on restoring immunity in pigs. According
to the results of the conducted studies, normalisation
of the level of AST, ALT, and alkaline phosphatase en-
zymes in the blood of sows after the use of a probiotic
was established. Researchers M. Saladrigas-Garcia et al.
(2022) established that long-term use of two strains of
Bacillus in pigs helped to improve their metabolism by
restoring the intestinal microbiome. The authors also
confirm that feeding probiotics to lactating sows does
not cause any changes in their reproductive capacity,
metabolic and health status, and in the concentration
of immunoglobulins and nutrients in colostrum and
milk. Therewith, a high level of cellular immunity and
the concentration of haptoglobin in plasma were noted
in suckling piglets after weaning.

The general conclusion from the conducted studies
is that the use of probiotic microorganisms in feeding
cattle and pigs has a positive effect on their produc-
tivity, health, and immunity. The researchers confirmed
an increase in milk production and weight gain in ani-
mals, and a recovery in metabolic parameters after the
use of probiotics in the diet. According to the results
of studies, probiotics helped to improve the immune
response, the state of intestinal microecology,and me-
tabolism. An important factor is the ability of probi-
otics to normalise the level of enzymes and immune
complexes, contributing to the overall health and pro-
ductivity of animals.

CONCLUSIONS

The research has established that the use of a probiotic
supplement based on Bacillus subtilis AH 20 and Bacillus
licheniformis EA 22 leads to an increase in lactation in
cows. Specifically, on days 7-9 of the experiment, there
was a 12.9% increase, on days 10-12 - a 15.03% in-
crease, on days 13-15 - a 13.93% increase, on days 16-
18 - a 13.5% increase, and on days 19-21 - a 21.35%
increase, compared to the control group. In cows of the
experimental group, the total protein content increased
by 18.92%, globulins - by 37.26 (p<0.05), compared to
the initial indicators. The level of the AST enzyme at
the beginning of the study was higher than normal and
substantially decreased by 71.22% at the end of the ex-
periment (p<0.05). Levels of the enzyme ALT, urea, total
Ca,and inorganic P were within the control levels in the
control animals during the study.

The use of a probiotic supplement based on Bacil-
lus megaterium NCH 55 increases lactation in sows with
hypolactia, which is directly related to live weight gain
in suckling piglets. At birth, the piglets had the same
weight, but due to hypolactia in sows of the experimen-
tal group, they lagged behind in growth on the third
day from the control group by 18.5%, on the tenth - by
11.39%. Starting from the 15th day of the experiment,
there was an increase in the live weight of suckling
piglets due to the restoration of lactation in sows of
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experimental groups by 20.56%, on the 20th day - by
20.43%, on the 25th day - by 30.56%, on the 30th day -
by 31.91%, compared to the control ones.

The effect of probiotics on the body of sows af-
fected an increase in the content of total protein by
10%, globulins - by 19.13%, total cholesterol - by

by increasing the CIC by 42.85% and reducing the level
of seromucoids by 30.43% within the physiological
norm. The prospect of further research is to determine
the dependence of the frequency of hypolactia in cows
and sows depending on the number of lactation.

40.11%, and urea - by 48.0%, compared to the begin- ACKNOWLEDGEMENTS
ning of studies (p<0.05). The level of AST in experimen-  None.
tal sows increased by 8.95% (p<0.05), alkaline phos-
phatase decreased by 27.46% (p<0.05) compared to the CONFLICT OF INTEREST
beginning of the study. The immune system is activated  None.
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Anotauis. [Mepexin caMok Big nonorie Ao NakTauii € §i3ionoriyHo CKNagHUM NepiofoMm, KM XapaKTepusyeTbCs
MeTaboNiYHUMU, eHLOKPUHHUMM Ta iIMYHONOTMIYHUMM 3MiHAMU. TaKOX BaKKi MOMOMM BUCHAXYHTb CAMKY i MOXYTb
NpU3BOAWTM A0 FinonakTii. MeTol focnigpkeHHs Byno BU3HAYEHHS BMNIMBY NPODIOTMKIB Ha BiAHOBNEHHS NaKTawii Ta
MeTaboniyHi 3pyLleHHs B OpraHi3Mi camok. BukopucrtaHi MeToam: BU3HaUYeHHS piBHS nakTauii, disionoriyHmin metoq,
BM3HAYEHHS KMBOI Macu, BioXiMiYHWUIA MeTOA, A0CNIAKEHHS KPOBI; CTAaTUCTUYHUI MeTo. 3acTocyBaHHS Bacillus subtilis
AX 20, Bacillus licheniformis EA 22 cnpwusie 36inblIeHHI0 MOMIOYHOI NPOAYKTUBHOCTI Y KOPIiB Ha 7-9 006y focniaKeHHs
Ha 12,9 %, Ha 10-12 poby - Ha 15,03 %, Ha 13-15 poby - Ha 13,93 %, Ha 16-18 poby - Ha 13,5 % Ta Ha 19-21
[oby - Ha 21,35 %, nopiBHAHO 3 KOHTposieM. BMicT 3aranbHoro 6inka y gocnigHux Kopis 36inbwmnecs Ha 18,92 %,
rnobyniHiB - Ha 37,26 (p<0,05), NOpPiBHAHO 3 MOYaTKOBMMM MOKa3HMKaMMU. AKTMBHICTb anaHiHaMiHoTpaHchepasy,
CEYOBUWHM Ta a30TYy CEYOBMHU Y TBAPMH KOHTPO/bHOI Ta AOCNIAHOT rpyn 6yB y MeXax HOPMU NPOTArOM eKCNEPUMEHTY.
3acTocyBaHHA CBMHOMATKaM 3 rinonakTieo Bacillus megaterium NCH 55 cnpuse BiZHOBNEHHI nakTaui yepes
rinoNaKTito y CBUHOMATOK MOPOCATa LOCNIAHOI rpyny BiACTaBanM y NpUpPOCTi Ha TpeTio foby Ha 18,5 %, Ha pecary -
Ha 11,39 %. MounHatoum 3 15 nobu BigdyBanock 36iNbLUEHHS XXMBOi MAacK NOPOCAT-CUCYHIB 33 PaXyHOK BiAHOB/IEHHS
nakTauii y ceuHomaTok Ha 20,56 %, Ha 20 noby - Ha 20,43 %, Ha 25 poby - Ha 30,56 % Ha 30 poby - Ha 31,91 %,
MOPIBHSHO 3 KOHTPOJbHMMU. B cMpoBaTLi KpPOBi AOCNIAHMX CBMHOMATOK 30iNblUMBCS BMICTY 3aranbHoro 6inka Ha
10 %, rnobyniHiB — Ha 19,13 %, 3aranbHoro xonectepony — Ha 40,11 %, cevoBuHM Ha 48,0 %, NOPIBHAHO 3 NOYATKOM
pocnipkeHb (p<0,05). AKTMBHICTb anaHiHamiHoTpaHcdepasu y pocniai 36inbwumecs, Ha 8,95 % (p<0,05), nyxHoi
docdartasm 3mMeHwWmBCs Ha 27,46 % (p<0,05), NOpPiBHAHO 3 MOYATKOM A0CAiAKeHHS. B KpoBi 4oCNiAHMX CBMHOMATOK
30iNblUIMBCS piBEHb LMPKY/OUYMX IMYHHUX KOMMAeKciB Ha 42,85 % Ta 3HWXKeHHS cepoMykoigiB Ha 30,43 %.
MpaKTUYHa LiHHICTb LOCNIAXKEHHS NONATAE y 3aCTOCYBaHHI NPO6iOTMKIB AN4 BIAHOBNEHHS MOMIOYHOI NPOAYKTUBHOCTI
KOpiB Ta CBMHOMATOK MiC/s NONOTiB

KniouoBi cnoBa: Mos04YHa NPOAYKTUBHICTb; FiNONAKTIA; NPUPICT XXMBOI Baru; 0OMiH binka; MeTaboniyHa aganTtauis
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at birth as risk factors for stillbirths in sows of the Ukrainian Meat breed. Experimental
data obtained from 262 sows of the Ukrainian Meat breed in the main herd of LLC
“Tavriyski Svyni” (Skadovsk district, Kherson region, Ukraine) were used for the study.
The proportion of litters containing at least one stillborn piglet, the number and
proportion of stillborn piglets in the litter were investigated over 11 years. At least
one stillborn piglet was observed in 56.9% of litters, with an average number and
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containing at least one stillborn piglet, the number, and proportion of stillborn piglets in the litter (in all cases:
P<0.001). There was a decrease in estimates of stillbirths during 2007-2013, with a gradual increase until 2017.
The farrowing season had a certain (P<0.05) influence on estimates of stillbirth rates, since the proportion of
stillbirth piglets in litters born in summer was 9.5%, and in litters born in autumn - 12.0%. The proportion of
stillborn piglets in litters sired by Duroc boars (15.0%) was significantly higher (P<0.001) than in litters sired by
Ukrainian Meat breed, Large White, or Landrace boars (10.1-10.0%). From the first to the 10th farrowing, stillbirth
rates gradually increased (in all cases: P<0.001). The number and proportion of stillborn piglets in the litter tended
to increase among sows with larger litter sizes at birth (in both cases: P<0.001). Binary logistic regression results
suggested that the probability of having at least one stillborn piglet in the litter was significantly associated with
the average live weight of piglets at birth

Keywords: stillbirths; farrowing order; litter size; year and season of farrowing; boar breed; Ukrainian Meat breed

SOWS

INTRODUCTION

The death of piglets just before or during the farrow-
ing process is a common phenomenon, resulting in
high stillbirth rates causing significant losses to the
pig industry. Accordingly, the analysis of the risk fac-
tors for the occurrence of stillbirths can help optimise
the reproductive efficiency of sows by increasing the
number of live piglets per sow per year. Stillborns
are piglets that are found dead at farrowing but are
fully formed and normally developed. There are three
classes of stillborn piglets. The first class includes an-
imals that died shortly before farrowing (prepartum
stillbirth), the second class - animals that died directly
during farrowing (intrapartum stillbirth) and, finally, the
third - animals that died immediately after farrowing
(postpartum stillbirth), most often, during the first 24
hours of life. Stillborn piglets typically account for 30-
40% of all piglet mortality from birth to weaning, as
described by S. Mencik et al. (2020). The appearance of
at least one stillborn piglet in a litter increased the risk
of piglet mortality by 1.28 times compared to litters
where stillborn piglets were not observed, as noted by
L. Rangstrup-Christensen et al. (2018).

Non-infectious risk factors for stillbirths have been
studied for a long time and are typically classified into
several groups, as described by R. Raguvaran et al.
(2017). First, these are factors related to the character-
istics of the sow. This group includes the parity number
(age of the sow), the live weight and condition of the
sow, the litter size at birth, the duration of pregnancy,
the duration of farrowing, and more. Secondly, these are
factors related to the characteristics of a newborn pig-
let. These are the interval between births, the birth or-
der of each piglet, live weight at birth, and the variabil-
ity in live piglet weights within a litter., etc. Finally, the
third group consists of factors related to environmental
and management influences, such as the diet of preg-
nant sows, the year and season of farrowing, induction
of farrowing (e.g., the use of oxytocin and other drugs),
human intervention during the farrowing process (e.g.,
palpation), stress (including temperature), and others.
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Although the genetic heritability of stillborn pig-
lets is low, with estimates ranging from 0.02 to 0.05,
the influence of breed/genetics, both of the sow and
the boar, plays a substantial role in shaping this repro-
ductive trait in pigs. Recent studies, such as that con-
ducted by V.L. Sens Junior et al. (2023), has expanded
the understanding of risk factors for stillborn piglets by
including variables such as piglet measurements, pon-
deral index, the total weight of the litter at birth, the
thickness of the sow’s backfat before farrowing, haema-
tological parameters of piglet umbilical cord blood at
birth,and polymorphism in the RNF4-Sacll gene,among
others. K. Gourley et al. (2020) showed that numerous
factors of various natures affect the stillbirth of piglets,
and these factors are closely related to each other. Ac-
cordingly, knowing the relative importance of risk fac-
tors may be important for pig specialists when dealing
with stillbirth. Identifying specific factors associated
with stillborn piglets is key to achieving this ultimate
goal (Raguvaran et al., 2017).

The problem of stillbirth of piglets is given little
attention by Ukrainian researchers. Often, this aspect
is considered as an element when assessing key fertil-
ity indicators of sows, primarily focusing on evaluating
the total number of piglets born, prolificacy (the num-
ber of live piglets in a litter), and the overall number
of piglets at weaning. Special emphasis is placed on
factorial dependence (genotypic or technological fac-
tors) of these traits, without explicitly addressing pig-
let mortality levels at birth and from birth to weaning.
There are a few exceptions where these issues have
been covered for widely recognised pig breeds glob-
ally, such as the Large White breed (LW) (Kramarenko
& Kramarenko, 2021) and their crosses with the Lan-
drace breed (Luhovyi, 2023). However, research spe-
cific to local Ukrainian pig breeds, particularly the
Ukrainian Meat breed, is currently lacking. Therefore,
the purpose of this study is to identify the risk factors
associated with stillborn piglets in Ukrainian Meat
breed sows.




MATERIALS AND METHODS
The primary materials for analysing the risk factors
of piglet stillbirth were obtained from 262 purebred
Ukrainian Meat breed sows (UMB) maintained at the
LLC “Tavriyski Svyni” farm (Skadovsk district, Kherson
region, Ukraine). The average number of farrowings was
4.2%2.5 (Mean=SD) on a scale from 1 to 10. In total, data
from 1533 farrowings were included in the analysis.
For each farrowing, the following traits were evaluated:
the number of stillborn piglets (NSB) and the stillbirth
rate (SBR) in the litter. In addition, the incidence of still-
births at the sow level (ISSL), defined as litters with at
least one stillborn piglet, was determined.

Mean=SE estimates were calculated for specific
subgroups formed based on relevant risk factor grada-
tions included in the analysis. The distribution of litter
characteristics in terms of both the number and pro-
portion of stillborn piglets deviated significantly from
normal (Kolmogorov-Smirnov d-test: P<0.01). There-
fore, the non-parametric Kruskal-Wallis test (H,,)
was used to test the null hypothesis of no significant
differences among specific subgroups. The chi-square
goodness-of-fit test was employed for comparisons of
qualitative data.

The independent variables used in the analysis
included: the year of farrowing with 11 gradations
(2007-2017), the season of farrowing with 4 gradations
(winter, spring, summer, and autumn), the breed of the
boar (UMB, LW, Landrace, Duroc), the farrowing order
(parity) with 10 gradations (P1-P10),and the total num-
ber of piglets at birth with 15 gradations (3-17 piglets
per litter). Furthermore, one quantitative trait, the aver-
age live weight of piglets in the litter at birth (AWPB),
calculated as the ratio of the litter weight to the total
number of piglets at birth, was used.

The likelihood of a linear trend was assessed using
the Spearman’s rank correlation coefficient (Rs). A bi-
nary logistic regression algorithm was applied to build
a predictive model for the presence of at least one still-
born piglet in the litter:

P(SB) = [exp(a + bxAWPB]/[1+exp(a + bxAWPB)], (1)

where P(SB) - probability of having at least one still-
born piglet in the litter; AWPB - average live weight
of the piglet in the litter at birth; a and b - regression
coefficients. The predictive value of the model (1) was
evaluated as the proportion of correct predictions, sep-
arately for ‘1’ (presence of at least one stillborn piglet in
the litter) and ‘0’ (absence of any stillborn piglets in the
litter), and for the overall model (1).

All statistical processing was performed using STA-
TISTICA v. 7 software (Stat Soft Inc.). The maintenance
of experimental animals and all manipulations with
them were conducted in accordance with the provisions
of the “Procedure for conducting scientific research,
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experiments on animals by scientific institutions” (Law
of Ukraine No. 249, 2012) and the “European Conven-
tion for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes” (European
convention..., 1986).

RESULTS AND DISCUSSION

General characteristics of the stillbirth rate. The average
number of piglets in the litter at birth over the study
period (2007-2017) was 10.9£0.07 (with a range from
3 to 17 piglets). The number of stillborn piglets in the
litter ranged from 0 to 13 (with an average of 1.2+0.04),
and the proportion of stillborn piglets varied from 0
to 100% (with an average of 10.5+0.3%). Of the 1,533
litters analysed, 872 (56.9%) had at least one stillborn
piglet. Of these, one stillborn piglet was observed in
24.7% of farrowings, two - in 16.8% of farrowings,
three - in 7.0% of farrowings four - in 4.2%, five or
more - in 4.1% of farrowings. In previous studies on
Large White pigs and crossbred Large White x Landrace
sows, similar estimates were obtained, approximately
63.3% (Kramarenko & Kramarenko, 2021) and 56.8%
(Luhovyi, 2023), respectively. Overall, it can be acknowl-
edged that this trait, which characterises the level of
stillbirth in pig herds in Ukraine, had high values, which
requires further work aimed at improving their repro-
ductive performance.

Estimates of the average number of stillborn pig-
lets in the litter varied significantly when examining
different farms. For instance, a study of nine farms with
crossbred Landrace x Yorkshire sows (Denmark) allowed
the estimation of this trait at 1.1 piglets, with a range
of 0.7 to 1.9 piglets for different farms (Rangstrup-
Christensen et al., 2018). The average number of still-
born piglets in litters of crossbred Landrace x Yorkshire
sows in five herds (Denmark) ranged from 1.0 to 2.3
piglets per litter (Schild et al., 2019). The proportion of
stillborn piglets in the litter was most often in the range
of 4% to 10% (Roongsitthichai & Olanratmanee, 2021),
although cases are known where this estimate reached
19% or more (Langendijk & Plush, 2019). Thus, the ob-
tained estimates of the average number and proportion
of stillborn piglets in the litters of UMB sows in the
studied herd (1.2 piglets and 10.5%, respectively) fall
within the values previously noted for highly produc-
tive pig herds from different countries worldwide.

Year of farrowing. The year of farrowing signifi-
cantly influenced the proportion of litters that had at
least one stillborn piglet (Pearson’s chi-square good-
ness-of-fit test: x>=55.9; df=10; P<0.001). In this regard,
for farrowings in 2017, this proportion was the lowest
(29.4%), while for farrowings in 2013, it reached the
maximum value (72.3%). On the other hand, for farrow-
ings in 2012-2014 and 2016, an increase in the propor-
tion of litters with 2-4 stillborn piglets was noted (Fig. 1).
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Figure 1. Distribution by number of stillborn piglets (NSB) per UMB sow litter depending on the year of farrowing

Note: 1 - NSB=0; 2 - NSB=1; 3 - NSB=2-4; 4 - NSB=5+
Source: compiled by the authors

The average number of stillborn piglets in the litter
ranged from 0.5 (farrowing 2017) to 1.6 heads (farrow-
ing 2012-2013). The proportion of stillborn piglets in
the litter ranged from 4.6% (farrowing 2017) to 14.8%

(farrowing 2013). Overall, the year of farrowing signifi-
cantly affected both the number and proportion of still-
born piglets in the litter (non-parametric Kruskal-Wallis
test: in both cases, P<0.001) (Table 1).

Table 1. Indicators of variability in the number (NSB) and proportion (SBR) of stillborn piglets in the litters of UMB
sows depending on the year of farrowing

NSB, heads SBR, %
Year of farrowing n
min - max Mean + SE min - max Mean £ SE
2007 95 0-9 0.9+0.14 0-60.0 7.6%1.2
2008 150 0-10 1.2#0.16 0-76.9 9.4%1.2
2009 200 0-9 1.1£0.10 0-60.0 9.60.8
2010 262 0-13 1.2#0.11 0-929 9.8+0.8
2011 261 0-38 1.2£0.09 0-571 10.3+0.7
2012 185 0-9 1.60.12 0-90.0 13.621.0
2013 177 0-38 1.6£0.13 0-100.0 14.8+1.2
2014 89 0-6 1.3£0.14 0-429 11.2#1.1
2015 45 0-4 0.9+0.17 0-333 79%1.4
2016 23 0-4 1.2£0.28 0-286 8.9£2.0
2017 17 0-2 0.5+0.19 0-286 4.6x2.0

H,, (10; 1503); P - -

54.69; P<0.001 56.38; P<0.001

Note: H,,, - non-parametric Kruskal-Wallis test; P - level of significance

Source: compiled by the authors

Previously, in a study of 91 herds in Spain over the
period 2007-2016, a significant (P<0.01) linear trend for
the temporal variability of the number of stillborn pig-
lets in the litter was also found (Koketsu et al., 2021).

Farrowing season. The farrowing season likely in-
fluenced the proportion of litters with at least one
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stillborn piglet (Pearson’s chi-square goodness-of-fit
test: x2=10.19; df=3; P=0.017). This difference was pri-
marily due to a significant increase in the proportion
of such litters in the autumn months (63.3%) com-
pared to farrowings in other seasons (52.4-57.0%)

(Fig. 2).
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Figure 2. The distribution of the number of stillborn piglets (NSB) per litter of UMB sows
depending on the farrowing season

Note: 1 - NSB=0; 2 - NSB=1; 3 - NSB=2-4; 4 - NSB=5+
Source: compiled by the authors

The average number of stillborn piglets in the lit-
ter was highest for autumn (1.4 piglets) and winter
(1.3 piglets) farrowings. However, for sows farrowing
in spring and summer, this number was the lowest, 1.1
piglets. The proportion of stillborn piglets in the litter
was highest for spring farrowings (12.0%) and lowest

(9.5%) for farrowings that occurred during the summer
months.

Overall, the farrowing season considerably influ-
enced both the number and proportion of stillborn pig-
lets in the litter (non-parametric Kruskal-Wallis test: in
both cases P<0.05) (Table 2).

Table 2. Variability indicators of the number (NSB) and proportion (SBR) of stillborn piglets in the litter of UMB sows
depending on the farrowing season

NSB, heads SBR, %
Farrowing season n
min - max Mean % SE min - max Mean £ SE
Winter 384 0-13 1.3+0.08 0-929 10.4+0.6
Spring 375 0-9 1.1+0.08 0-90.0 10.1+0.7
Summer 398 0-9 1.1+0.08 0-280.0 9.5%0.6
Autumn 376 0-10 1.4+0.09 0-100.0 12.0+0.7
Hy (3; 1533); P - - 9.00; P=0.029 10.57; P=0.014

Note: H,, - non-parametric Kruskal-Wallis test; P - level of significance

Source: compiled by the authors

Numerical studies analysing the influence of the
sow’s farrowing season on the number and proportion
of stillborn piglets in the litter often yield conflicting
results. Most often, an increased stillbirth rate was ob-
served for farrowing in the spring and summer seasons.
The authors demonstrated the influence of the farrow-
ing season on the number of stillborn piglets in the lit-
ter of crossbred sows (Landrace x Yorkshire, Denmark),
with the highest values recorded for sows farrowing
during the summer months (May to August). This was
explained by the fact that during the summer of 2014,
when the study was conducted, the average air tem-
perature was 1.6°C higher than the long-term average
(Rangstrup-Christensen et al., 2018).

Some influence of temporal fluctuations on the
stillbirth rate was also noted for Landrace sows and

crossbred Yorkshire x Landrace sows (Denmark) but
without a clear seasonal effect (Chu et al., 2022).

The seasonality in the increased number and pro-
portion of stillborn piglets in the litter may be related
to the age of the sows. For Iberian x Duroc crossbred
sows in Spain, a significant influence of the farrowing
season and the combination of “farrowing order” x “far-
rowing season” on the number of stillborn and mum-
mified piglets in the litter at birth was established. The
lowest values were noted for primiparous sows in the
spring months and sows in the 2-4 farrowings category
in the summer months. The effect of farrowing number
on stillbirth rates was most pronounced for summer
farrowing. The curve of monthly estimates of the pro-
portion of stillborn piglets in the litter demonstrated
significant seasonal fluctuations, with a maximum (for
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multiparous sows in the 2-4 farrowings category) in Au-
gust-September and a minimum in March-May. In ad-
dition, the combined effect of the duration of the pho-
toperiod, especially among sows in the 2-4 farrowings
category, was noted (Pinan et al., 2021).

Breed of the boar. A significant influence of the boar
breed on the proportion of litters with at least one
stillborn piglet was established (Pearson’s chi-square
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goodness-of-fit test: x?=13.61; df=3; P=0.004). The
highest proportion of such litters was recorded for
UMB sows inseminated with Duroc boar sperm (77.5%).
Primarily, this increase was due to the high proportion
(46.5%) of litters with 2-4 stillborn piglets (Fig. 3). When
using sperm from UMB, LW, and Landrace boars, the
proportion of litters with at least one stillborn piglet
was the lowest (55.2-58.9%).
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Figure 3. Distribution by the number of stillborn piglets (NSB) per litter of sows depending on the boar breed
Note: 1 - NSB=0; 2 - NSB=1; 3 - NSB=2-4; 4 - NSB=5+. UMB - Ukrainian Meat breed; LW - Large White breed; LN -

Landrace; DR - Duroc
Source: compiled by the authors

The boar breed also significantly influenced both
the number and proportion of stillborn piglets in the
litter (non-parametric Kruskal-Wallis test: in both
cases P<0.001). These differences were primarily

related to a substantial increase in the number (1.8
piglets) and proportion (15.0%) of stillborn piglets in
litters from sows inseminated with Duroc boar sperm
(Table 3).

Table 3. Indicators of variability in the number (NSB) and proportion (SBR) of stillborn piglets in the litters of UMB
sows depending on the breed of boar

NSB, heads SBR, %
Boar breed n
min - max Mean £ SE min - max Mean % SE
UWS 611 0-13 1.2+0.07 0-929 10.3+0.5
LW 651 0-9 1.1+0.06 0-100.0 10.1+0.5
Landrace 185 0-10 1.3+0.12 0-769 10.9+0.9
Duroc 71 0-7 1.8+0.19 0-100.0 15.0+1.5

H,, (3; 1518); P - -

18.24; P<0.001 16.40; P<0.001

Note: H,,, - non-parametric Kruskal-Wallis test; P - level of significance

Source: compiled by the authors

The paper by M. Pedersen et al. (2019) presents the
results of analysing the piglet mortality rate of cross-
bred sows (Landrace x Yorkshire) inseminated with
purebred boars of the Pietrain and Duroc breeds. Piglet
mortality at birth and within the first five days after far-
rowing was significantly lower (P<0.0001) among the
offspring of Duroc boars compared to Pietrain boars.
P. Nevrkla et al. (2021) established a significant influ-
ence of the breed/crossbreed origin of the terminal
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boar on the number of stillborn piglets. The lowest av-
erage number of such piglets was observed in litters
from Duroc x Pietrain boars (1.1 piglets), while the
highest was in litters from purebred Pietrain boars (2.8
piglets per litter). In addition, the farrowing order of the
sow also had an impact on the stillbirth rate.
Farrowing order. With an increase in the farrowing
order (i.e., the age of the sow), the proportion of lit-
ters with at least one stillborn piglet linearly increased,




ranging from 34.6% (sows with 2™ farrowing) to 83.3%
(sows with 10™ farrowing). These likely differences be-
tween animals of different ages (Pearson’s chi-square
goodness-of-fit test: x?=123.35; df=9; P<0.001) are pri-
marily due to an increase with age in the proportion of
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litters with 2-4 stillborn piglets (Pearson’s chi-square
goodness-of-fit test: x>=73.01; df=3; P=0.004) and the
proportion of litters with 5 or more stillborn piglets
in the litter (Pearson’s chi-square goodness-of-fit test:
X?=36.23; df=3; P=0.004) (Fig. 4).
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Figure 4. Distribution by number of stillborn piglets (NSB) per UMB sow litter depending on farrowing order

Note: 1 - NSB=0; 2 - NSB=1; 3 - NSB=2-4; 4 - NSB=5+
Source: compiled by the authors

Similarly, with the age of the sow, the average
number and proportion of stillborn piglets in the litter
increased (non-parametric Kruskal-Wallis test: in both
cases P<0.001) (Table 4). The lowest number and pro-
portion of stillborn piglets were observed for sows with
2" farrowing (0.6 piglets and 5.1%, respectively). In an-
imals with 3-6 farrowing, the number and proportion

of stillborn piglets ranged from 1.1 to 1.6 piglets and
9.8% to 12.6%, respectively. In the oldest sows (7t far-
rowing and above), these figures increased to 1.8-2.3
piglets and 15.1-21.4% of stillborn piglets per litter, re-
spectively. Thus, the observed dependence had a clear
linear trend (Spearman’s rank correlation coefficient: in
both cases P<0.001).

Table 4. Indicators of variability in the number (NSB) and proportion (SBR) of stillborn piglets in the litters of UMB
sows depending on the farrowing order

NSB, heads SBR, %
Farrowing number n

min - max Mean * SE min - max Mean * SE
P1 262 0-6 0.8+0.07 0-571 8.4%0.7
P2 239 0-6 0.60.06 0-429 5.1%0.5
P3 212 0-10 1.2£0.12 0-280.0 9.8%0.9
P4 195 0-38 1.1£0.10 0-571 9.3£0.8
P5 168 0-38 1.3£0.12 0-500 10.60.9
P6 143 0-10 1.6%0.15 0-769 12.6%1.1
p7 118 0-9 2.0+0.18 0-90.0 15.9+1.4
P8 90 0-13 1.8%0.21 0-929 15.1+1.6
P9 58 0-38 1.8%0.23 0-280.0 16.0+1.9
P10 48 0-7 2.3+0.28 0-100.0 21.4£30

H,(9; 1533); P - -

157.41; P<0.001 -

135.00; P<0.001

Rs (n=1533); P - -

0.295; P<0.001 -

0.260; P<0.001

Note: H,,, - non-parametric Kruskal-Wallis test; Rs - Spearman’s rank correlation coefficient; P - level of significance

Source: compiled by the authors
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Previously, R. Klimas et al. (2020) already estab-
lished that the stillbirth rate increases with the far-
rowing order (i.e., the age of the sow). In most cases,
this relationship is non-linear, with the number (pro-
portion) of stillborn piglets in the litter slightly decreas-
ing in sows with the 2" farrowing compared to primip-
arous sows but then almost linearly increasing, which
is consistent with the results obtained for UMB sows
(Table 4). On the other hand, such an increase may not
be proportional among sows of different genetic groups
(Kobek-Kjeldager et al,, 2023). Overall, both the results
of this study and the literature data (Leonard et al., 2020)
indicate that older sows have a 2-3 times higher risk of
giving birth to a stillborn piglet than younger animals.

Litter size at birth. The total number of piglets at
birth significantly influenced (Pearson’s chi-square
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goodness-of-fit test: x*=204.75; df=14; P<0.001) the
proportion of litters with at least one stillborn piglet.
This was primarily due to the likely increase in the pro-
portion of farrowings with 2-4 (Pearson’s chi-square
goodness-of-fit test: x?=183.16; df=14; P<0.001) and
five or more (Pearson’s chi-square goodness-of-fit test:
x?=125.56; df=14; P<0.001) stillborn piglets with an in-
crease in the litter size (Fig. 5).

In summary, for litters with 3-8 piglets at birth, the
proportion of those that had at least one stillborn pig-
let varied between 23.7% and 33.0%. However, starting
from litters with 9 or more piglets at birth, this propor-
tion increased almost linearly. Finally, in litters with 17
piglets, there was always at least one stillborn piglet
present, with most cases (87.2%) having 2 or more still-
born piglets (Fig. 5).
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Figure 5. Distribution by the number of stillborn piglets (NSB) in UMB sow litters
based on the total number of piglets at birth (TNB)

Note: 1 - NSB=0; 2 - NSB=1; 3 - NSB=2-4; 4 - NSB=5+
Source: compiled by the authors

The average number and proportion of stillborn
piglets in the litter for sows whose litter size ranged
from 3-8 piglets at birth varied between 0.2-0.6 pig-
lets and 3.9-15.4%, respectively (Table 5). For litters
containing 9-13 piglets at birth, these values ranged
from 0.8-1.5 piglets and 7.8-11.2%, respectively. For
litters containing 14 or more piglets at birth, these

values reached 2.4-4.4 piglets and 17.1-26.0%, respec-
tively. Therefore, litter size significantly influenced the
number and proportion of stillborn piglets in the lit-
ter (non-parametric Kruskal-Wallis test: in both cases
P<0.001), and this relationship had an almost linear
form (Spearman’s rank correlation coefficient: in both
cases P<0.001).

Table 5. Indicators of variability in the number (NSB) and proportion (SBR) of stillborn piglets in the litters of UMB sows
depending on the total number of piglets at birth (TNB)

NSB, heads SBR, %
TNB, heads ! min - max Mean = SE min - max Mean £ SE
3 14 0-1 0.3+0.13 0-333 9.5+4.2
4 13 0-2 0.6x0.24 0-500 15.4%6.0
5 28 0-2 0.4+0.11 0-40.0 7121
6 38 0-1 0.2+0.07 0-16.7 3.9%1.2
7 61 0-7 0.6x0.15 0-100.0 8.4£2.2
8 88 0-4 0.5+0.09 0-500 6.1x1.1
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Table 5, Continued

TNE, heads n NSB, heads SBR, %
min - max Mean * SE min - max Mean £ SE
9 167 0-7 0.7+0.08 0-778 7.8£0.9
10 256 0-9 0.8+0.08 0-90.0 7.9£0.8
11 222 0-6 1.1+0.08 0-545 10.0+0.7
12 238 0-7 1.3%0.09 0-583 10.5+0.7
13 170 0-10 1.50.11 0-769 11.220.9
14 121 0-13 2.4+0.19 0-929 17114
15 59 0-9 2.7£0.25 0-60.0 18.0+1.7
16 39 0-10 3.2+0.31 0-625 19.9%2.0
17 19 1-9 4.4%0.54 5.9-529 26.03.2

Hi(9; 1533); P

331.80; P<0.001 -

176.94; P<0.001

Rs (n = 1533); P

0.440; P<0.001 -

0.305; P<0.001

Note: H,,, - non-parametric Kruskal-Wallis test; Rs - Spearman’s rank correlation coefficient; P - level of significance

Source: compiled by the authors

The paper by M. Pedersen et al. (2019) previously
demonstrated that as litter size at birth increased, the
mortality of piglets in the first five days after farrow-
ing (including stillborn piglets) also increased. In litters
with 14 piglets, the mortality rate was 12-15%, while in
litters with 24 piglets at birth, the mortality estimate
was almost twice as high (24-27%). M. van den Bosch
et al. (2022) showed that each additional piglet in the lit-
ter led to a reduction in the average birth weight of pig-
lets by 17.6 grams, an increase in farrowing duration by
an average of 11 minutes, and, consequently, an increase
in the proportion of stillborn piglets in the litter by 0.5%.

The question of the threshold of litter size above
which stillbirth rates would increase rapidly is note-
worthy. In this study, this threshold separated litters
with 13 or fewer piglets from those with 14 or more

piglets at birth (Table 5). In the paper by N. Nam &
P. Sukon (2021) on crossbred Landrace x Yorkshire (Vi-
etnamese) sows, the proportion of stillborn piglets in
litters containing 5-10 and 11-13 piglets at birth did
not differ (3.6 and 1.7%, respectively), but these litters
had a significantly lower proportion of stillborn piglets
compared to litters with 14-21 piglets (6.7%). Thus, the
results obtained for UMB sows fully coincide with the
earlier findings.

Average live weight of a piglet at birth. The average
live weight of a piglet at birth ranged from 0.600 to
2.440 kg (with an average of 1.362+0.008 kg).This char-
acteristic proved to be a significant factor in predicting
the presence or absence of at least one stillborn pig-
let in the litter (logistic binary regression: x?=204.75;
df=1380; P<0.001). The resulting model was:

P(SB)=[exp(4.2856 - 2.9087xAWPB)]/[1+ exp(4.2856 - 2.9087xAWPB)], )

where P(SB) - probability that there would be at least
one stillborn piglet in the litter;

AWPB - average live weight of the piglet in the litter at
birth (Table 6).

Table 6. Indicators of the binary logistic regression model for the presence of stillborn piglets
in UMB sow litters depending on the average live piglet birth weight (AWPB)

Indicator Assessment
Intercept (a) 4.2856
AWPB -2.9087
x5 P 236.57; P<0.001

Forecast accuracy, %:

absence of a stillborn piglet in the litter 49.0
presence of at least one stillborn piglet in the litter 79.9
total 66.8

Note: x? - Pearson’s chi-square goodness-of-fit test; P - level of significance

Source: compiled by the authors

Scientific Horizons, 2023, Vol. 26, No. 10

27



28

Risk factors associated with stillbirth of piglets in Ukrainian Meat breed sows

The average predictive value of this model was
66.8%, and it performed well in predicting the pres-
ence of at least one stillborn piglet in the litter
(79.9%), but relatively less well in predicting the ab-
sence (49.0%). As expected, litters with lower live pig-
let birth weights (0.5-1.0 kg) had a very high risk (77%

or higher) of having at least one stillborn piglet. Con-
versely, litters with live piglet birth weights of 1.8 kg
or higher had a low risk (25% or less) of stillborn pig-
lets (Fig. 6). The 50% probability of giving birth to such
a piglet in the litter corresponded to an average live
birth weight of 1.5 kg.
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Figure 6. Logistic regression of the presence/absence of at least one stillborn piglet in the litter based on the average
live piglet birth weight (AWPB)
Note: for the Y-axis: O - no stillborn piglets in the litter; 1 - at least one stillborn piglet in the litter

Source: compiled by the authors

It has been previously shown that the birth weight
of piglets is one of the factors associated with the
risk of stillbirth. For instance, 43.3% of live-born pig-
lets had a birth weight below 1 kg, while among still-
born piglets, this percentage was 60.9% (Udomchanya
et al., 2019). Besides live birth weight, stillborn piglets
were found to have significantly lower body mass index
and ponderal index, indicating that they were dispropor-
tionately long and thin. Therefore, these indices proved
to be better indicators of stillbirth risk than live piglet
birth weight alone (Lanh & Nam, 2022).

The reasons explaining the link between low piglet
body weight and increased stillbirth risk may include
the following: lighter fetuses suffer from nutrient de-
ficiency due to improper placental functioning during
gestation period, they have a higher chance of broken
umbilical cord, and they are more susceptible to hypox-
ia during farrowing (Udomchanya et al., 2019). On the
other hand, very heavy piglets at birth may experience
difficulties during farrowing due to their large size rel-
ative to the maternal pelvis, leading to prolonged far-
rowing, hypoxia, and stillbirth. Thus, selection for high
uniformity in litter birth weights shows great promise
as a method for improving piglet survival at birth.

CONCLUSIONS

The obtained values for the average number and propor-
tion of stillborn piglets in the litters of Ukrainian Meat
breed sows (UMB) from the studied herd (1.2 piglets

Scientific Horizons, 2023, Vol. 26, No. 10

and 10.5%, respectively) correspond to the previously
noted estimates for high-productivity pig herds in vari-
ous countries worldwide. It was statistically demonstrat-
ed that the year of farrowing significantly influenced (in
all cases: P<0.001) the proportion of litters containing
at least one stillborn piglet, including the number and
proportion of stillborn piglets in the litter. Notably, there
was a substantial decrease in stillbirth estimates from
2007 to 2013, followed by a gradual increase until 2017.
The season of farrowing also possibly (P<0.05) had an
impact on stillbirth rates, with Llitters from sows farrow-
ing in summer having a stillbirth rate of 9.5%, while
those farrowing in autumn had a rate of 12.0%.

The proportion of stillborn piglets depended on
the breed of boar. The breed of the boar used for breed-
ing also influenced the proportion of stillborn piglets. It
was significantly higher (P<0.001) in litters sired by Du-
roc boars (15.0%) compared to litters sired by boars of
other breeds (10.1-10.0%). It was found that older sows
had a 2-3 times higher risk of giving birth to stillborn
piglets compared to younger animals.Among sows with
larger litter sizes at birth (more than 14 piglets), both
the number and proportion of stillborn piglets in the
litter significantly increased (P<0.001). The results of
binary logistic regression indicated that litters with low
piglet weights (0.5-1.0 kg) had a very high risk (77%
and higher) of containing at least one stillborn pig-
let. Future research prospects include analysing the
combined influence of identified risk factors for piglet




stillbirth in Ukrainian Meat breed sows (UMB) and other
local breeds in Ukraine.
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AHorTauis. YacTo BinbyBaeTbca Bennka 3arnbenb nopocsat 6eanocepenHbo nepep abo nig yac npouecy onopocy. Lia
npobnema Npu3BOAMTb 1O BUCOKOIO PiBHS MEPTBOHAPOLXKEHHS, O HAHOCUTb CEPMO3Hi 36UTKM rany3i CBMHApPCTBA i
noTpebye HeraHoro BupilleHHs. [0N0BHOK METOK A0C/IIKEHHS CTAN0 OLiHIOBAaHHS HOMEpPY ONopoCy CBUHOMATKM,
3aranbHOI KiIbKOCTi MOPOCST NpY HAPOOXKEHHI, pOKY Ta CE30HY OMOPOCY, NOPOAM KHYypa-NAiAHMKA Ta CepefHboi Macu
NOpOCATU Y THI3AI NPU HAPOOXKEHHI K HAKTOPIB PU3MKY MEPTBOHAPOMXKEHHS MOPOCAT Y CBUHOMATOK YKPAiHCbKOI
MacHOi nopoau. [Ins pocnifkeHHs 6yno BMKOPUCTAHO eKCMepuMMEHTaNbHi [AaHi, OTpUMaHi Big 262 CBMHOMATOK
YKpaiHCbKOI MICHOT nopoau ocHoBHOro ctaga TOB «TaBpivicbki cBMHI» (CkalOBCbKMIA palioH, XepCOHCbKA 061acTb,
YkpaiHa). YacTky rHisg, Lo Mictuam xoda 6 ogHe MepTBOHApOAKEHE NMOPOCS, KiflbKiCTb Ta YaCTKy MEPTBOHAPOAKEHUX
nopocaT y rHisai 6yno gocnimxkeHo nporarom 11 pokie. Xoya 6 ogHe MepTBOHaponkeHe nopocs 6yno BigMiyeHo
B 56,9 % rHi3pg, cepenHs KiNbKiCTb Ta YacTka MepTBOHAPOMXKEHUX MOPOCAT Y rHi3ai ctaHoBuna 1,2 ron. ta 10,5 %,
BignosigHo. OTpUMaHi pesynbTaTv CBiAYaTh MPO BUCOKO BipOrigHUIM BMIMB POKY OMOPOCY HA YACTKY MHi3[, LWO MiCTUAM
X04a 6 0gHe MepTBOHAPOKEHE NOPOCS, KiNIbKiCTb Ta YaCTKy MEPTBOHAPOKEHMX NMOPOCAT Y FHi34i (Y BCiX BUNAAKax:
P<0,001).BigMiveHO CyTTEBE 3HMXKEHHS OLIHOK PiBHS MEpPTBOHapokeHHs npoTarom 2007-2013 pp. i3 ix noctynosum
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3pocTaHHsam fo 2017 p. Ce3oH onopocy MaB nesHuit (P<0,05) BNMB Ha OLiHKM PiBHS MEPTBOHAPOAXKEHHS, OCKiNbKK
4acTKa MEPTBOHAPOIOXKEHMX NOPOCAT Y THi3AaX, L0 HAPOAMAMCS BAITKY, CTaHOBMAA 9,5 %, a y rHi3pax, Wwo Hapoaunmncs
BoceHn — 12,0 %.YacTka MepTBOHapOMKEHWUX MOPOCKT Y FHi3AaX, 0OTPUMAHMX Bif, CBUHOMATOK, IKMX 6yno 3annigHeHo
CnepMot0 KHypiB-MigHMKiB nopoam Atpok (15,0 %) 6yna siporiaHo Buwoto (P<0,001), HiX B rHi3gax, oTpUMaHmX
Bifl CBMHOMATOK, IKMX ByN0 3annigHEHO CNepMOt0 KHYpPiB-MAiAHUKIB YKPAiHCbKOi MICHOI, Benukoi 6inoi abo nopoam
naHgpac (10,1-10,0 %). Big nepworo no 10-ro onopocy OuiHKM piBHS MepTBOHApOAXXEeHHS MOCTYNOBO 3pocTanu (y
BCix Bunagkax: P<0,001). KinbKicTb Ta 4aCTka MEPTBOHAPOKEHUX NOPOCAT Y THi3A4i Manu TEHAEHLi0 A0 3pOCTaHHS
cepep, CBMHOMATOK i3 BEIMKMM PO3MipOM THi3aa Npu HapoaKeHHi (B 06ox Bunazkax: P<0,001). Peaynbtatt 6iHapHOi
NOTiCTUYHOT perpecii cBifuYMAM Npo Te, Lo MMOBIPHICTb MPUCYTHOCTI X04a 6 0LHOrO MEPTBOHAPOLAXKEHOIO MOPOCATH
y rHi3ai, byna BiporigHO NoBM3aHa i3 cepefHbO XXMBOK MACOH MOPOCATU NPU HAPOLXKEHHI

KntouoBi cnosa: MepTBOHapOKEHHS; HOMEp OMopocy; po3Mip rHi3fda; pik Ta Ce30H Onopocy; nopoa KHypa-
NAiAHWMKA; CBUHOMATKM YKPATHCbKOT MICHOI Nopoam
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is to determine the immunomorphological changes in the lymphoid tissue of the trachea and bronchial system, in
the regional lymph nodes of the lungs and in the spleen in calves naturally affected by infectious rhinotracheitis.
The experimental studies were based on the research of immunomorphological reactions in lymphoid tissue
during infection of young cattle with Bovine alphaherpesvirus 1, using polymerase chain reaction, histological
and immunohistochemical methods. According to the results, it was established that hyperplasia of trachea-
associated lymphoid tissue was observed in the trachea, and hyperplasia of bronchial-associated lymphoid
tissue was observed in the lungs; the affected areas of the trachea and lungs were infiltrated with lymphocytes,
macrophages and plasma cells. The immunomorphological reactions of regional lymph nodes demonstrate
hyperplasia of B- and T-dependent zones, and in the spleen - hyperplasia of T-dependent zones of the white
pulp. Thus, immunocompetent cells of lymphoid tissue associated with B- and T-dependent areas of the trachea,
bronchial system of the lungs and regional lymph nodes of the lungs, and with T-dependent areas of the spleen,
are directly involved in the pathogenesis of infectious rhinotracheitis of respiratory type calves. Antibacterial
therapy with antibiotics destroys pathogenic and normal flora in the intestine, but they are not effective enough
on viral infection, therefore, production trials of effective means of specific prophylaxis and vaccination are the
primary task of veterinary medicine

Keywords: cattle; herpesvirus; polymerase chain reaction; pathology; immunomorphology; associative diseases

INTRODUCTION

Diseases of young animals caused by viruses occupy an
important place in the structure of diseases of cattle.
The etiological structure of infections of calves is rep-
resented by: infectious rhinotracheitis, viral diarrhoea,
parainfluenza, respiratory syncytial virus, rotavirus, and
coronavirus - the causative agents of all these infec-
tions are opportunistic viral flora that activate when
natural resistance of the organism is suppressed. As
noted by M.J. Counotte et al. (2016), the above infec-
tions lead to significant economic losses, including
treatment costs, ineffective prevention, reduced pro-
ductivity of sick calves and their death. They account for
34.1-47% of all diseases under conventional livestock
production methods, and more than 60% of all diseases
in young cattle under industrial methods.

According to C. Iscaro et al. (2021), these diseases
affect 82-100% of calves under one year of age, some of
them recurrent - 9.6-17.2%. The causative agent of rhi-
notracheitis is the genomic virus BHV-1 (Bovine Herpesvi-
rus 1), which is resistant to low temperatures, unstable to
the external environment and sensitive to various chem-
icals: 2% formalin solution, 1-2% hot alkali solution, 10-
20% quicklime solution, 0.3% estosteril-1 solution. Ex-
posure to sunlight for 48 hours kills the virus.

Herpesvirus diseases of cattle are widespread, with
bovine herpesvirus infection type 1, or Infectious Bo-
vine Rhinotracheitis IBR-1 (IBR-1), being the primary
cause. K.J. Mars et al. (2019) reported that economic
losses from respiratory diseases of young cattle in
countries with well-developed commercial livestock
production are enormous, with mortality rates of 5-20%
and sometimes as high as 60%. As noted in the work of
Zh. Atambekova et al. (2023), reproduction of herpesvi-
ruses in susceptible cells is a complex process involv-
ing many virions, cells, virus-inducing and virus-modi-
fying enzymes subdivided into stages of development
of herpetic infection: primary infection of the skin and

mucous membranes; ‘colony-formation” and acute gan-
glion infection; latent infection with the herpes virus. In
addition to rhinopharynagitis, associated infectious dis-
eases of cattle are: viral diarrhoea, mucous membrane
disease, parainfluenza type 3, respiratory syncytial virus
and adenovirus infections, mycoplasmosis, chlamydia,
pseudomoniasis, trichomoniasis and trichinellosis.

JJ. Hodnik et al. (2021) estimate that clinical syn-
dromes in the feedlot are frequently associated with
respiratory infections. Disease in cattle on IBR-1 should
be prevented before it occurs and becomes latent in
animals that have recovered from primary infection, as
any type of stress that increases endogenous cortisol
levels, including administration of exogenous corticos-
teroids, can lead to virus recurrence. K. Kydyshov et al.
(2022) state that during virus reactivation, infected cat-
tle excrete IBR-1 virus through the eyes, nose and gen-
ital secretions. Close contact between large numbers of
cattle establishes ideal conditions for the rapid spread
of IBR-1 virus. Serum-neutralising antibodies prevent
infection but do not eliminate degradation or release
of latent BHV-1 virus.

The purpose of this research is to explore the mor-
phological and cellular composition and to determine
the immunomorphological changes in lymphoid tis-
sues associated with the trachea and bronchial system
of the lung, and in pulmonary lymph nodes and spleen
in calves.

THEORETICAL OVERVIEW

IBR-1 infection of cattle is a viral infection occurring
predominantly in the respiratory and urogenital sys-
tems, characterised by elevated body temperature, scar-
ring and necrotic inflammation of the mucous mem-
branes of the upper respiratory tract, eyes, genitals,
central nervous system and abortive lesions. The caus-
ative agent of IBR-1 infection in cattle is herpesvirus
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BHV-1, family Herpesviridae, subfamily Alphaherpesviri-
nae, genus Varicellovirus.

World Organisation for Animal Health (WOAH)
(2017) classified herpesviruses according to the cell
types involved in the infectious process, their per-
sistence in the natural host and their pathogenicity
against phylogenetically similar organisms. They clas-
sified them into three groups according to differences
in virulence to phylogenetically similar organisms. Ac-
cording to the data, the virus is considered to be classi-
fied into strains: type 1 IBR, type 2 (subtypes 2a and 2b)
and type 3 (subtypes 3a and 3b). BHV-1 is associated
with the major clinical syndromes, Infectious Pustular
Vulvovaginitis (IPV) and Infectious Pustular Balanopo-
sthitis (IPB).

According to the research data of J. Wang et al.
(2007), BHV-1 has a size of 150-200 nm and is a cu-
bic symmetric phage containing 162 phages. The sed-
imentation constant of the mature virus is 1630-1830
S. BHV-1 is viable for 7-9 minutes at 60-70°C, inacti-
vated within 20 minutes at 56°C, 4-10 days at 37°C, 50
days at 22°C. BHV-1 is sensitive to acetone, ether, and
chloroform, e.g., a 1:500 formalin solution inactivates
the virus in 24 hours,and a 1:4000 formalin solution in-
activates the virus in 46 hours. As reported by S. Nandi
et al. (2009), when infecting cattle, the virus persists in
the organism for 6-12 months and poses a threat to
healthy animals in the herd, and IBR-1 virus is cultured
in calf kidney cells and cattle embryos.

C. Righi et al. (2023) reported that the incubation
period of BHV-1 is 2-21 days, but the clinical picture
depends on the type and course of the disease, man-
ifested by upper respiratory tract lesions, vaginitis,
encephalitis, conjunctivitis and arthritis to varying
degrees. In addition, cattle of any gender and age are
susceptible to BHV-1, but the disease is most severe
in young beef cattle. As established by G. Duca et al.
(2022), genital infections in female heifers and heifers
are characterised by purulent vulvovaginitis, ovariitis,
orchitis and salivary gland infection, with pustules and
vesicles developing on the genitals and penis of af-
fected bulls. According to J.V. Rosete Fernandez et al.
(2023), in lactating cows, BHV-1 viruses can cause in-
trauterine foetal death, abortion late in pregnancy and
death of non-viable calves a few days after birth, and
there are known cases of acute mastitis in cows result-
ing in reduced milk production.

As reported by P. Mottaghian et al. (2022), kerato-
conjunctivitis caused by BHV-1 can be either independ-
ent or concomitant with other diseases. In this disease,
the mucous membranes of the conjunctiva, cornea and
third eyelid become inflamed, resulting in lacrimation,
increased sensitivity to light and mucosal oedema. The
cornea often loses transparency and becomes cloudy,
and a warty cortex appears. According to C.A. Evans
etal. (2021),typical neurological signs in young animals
are acute agitation, aggression and impaired motor
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coordination. In contrast, severe depression is observed
in some animals. The disease is accompanied by muscle
tremors, convulsions, salivation and paralyses,ending in
death. Cutaneous aetiology of BHV-1 is observed mainly
in bulls and is characterised by skin lesions of the anus,
spine, perineum, buttocks and scrotum, accompanied by
hair loss and eczema-Llike rash, and lesions are accompa-
nied by genital lesions anal crepitus or orchitis, as noted
by A. Martucciello et al. (2023).

Assessment of the general pathogenesis is associ-
ated with clinical and morphological manifestations of
various respiratory lesions of viral aetiology in cattle,
and in many cases these diseases are interrelated, com-
plicating accurate diagnosis and the development of
therapeutic and preventive methods for the treatment
of IBR-1.According to S.R.Compton (2020), pathological
autopsies, virological studies, histopathological studies,
histopathological studies using polymerase chain reac-
tion (PCR), and immunohistochemical studies are cur-
rently being performed to fully diagnose BHV-1 to ex-
plore its pathogenesis and immunogenesis. To enhance
epidemiological surveillance of infectious diseases, a
multidimensional Syndromic Surveillance (SyS) system
is gaining popularity, allowing simultaneous evaluation
and synthesis of information from different data sources,
as planned in the work of C. Faverjon et al. (2019).

In a work by E.R. Snyder et al. (2019), reported that
the presence of infection is only indicated by analysing
viral DNA in the nucleus of nerve cells. The BHV-1 viral
genome consists of double-stranded DNA with a viri-
on diameter of 120-140 nm, which encodes about 70
proteins, among which 33 structural and more than 15
non-structural proteins were identified. Nine structural
proteins have been identified in the viral DNA (VP105,
VP90, VP74, VP64, VP54, VP50, VP47, VP40, and VP31),
but the proteins VP74 and VP90 involved in A-gene
conversion have the greatest immunogenicity.

As reported by T.G. McDaneld et al. (2022), molec-
ular diagnostic techniques have the advantage of high
throughput of analysis and rapid results, allowing sci-
entists to amplify a very small DNA sample sufficiently
for detailed research. The PCR, histological and immu-
nohistochemical data obtained from the liver demon-
strate that the liver is a key organ for etiological di-
agnosis and that viral glycoproteins, which are located
in the envelope on the surface of the virion, play an
important role.

MATERIALS AND METHODS

The experimental study was based on histological and
immunohistochemical methods of analysis of immu-
nomorphological reactions in lymphoid tissues during
infection of young cattle with BHV-1 virus. The meth-
ods of analysis and synthesis, diagnostics, analogy, and
systematisation were used as a methodological foun-
dation. The objects of the research were tissue sam-
ples of trachea, bronchi, lung lymph nodes and spleen.




The incidence of IBR-1 has a seasonal character, due
to sharply increasing resistance in the winter months.
Experimental trials were conducted in the cold period -
from October to December 2022, on cattle in farms of
Chui oblast, Kyrgyzstan. Histological and immunohis-
tochemical studies were conducted at the Department
of Veterinary and Sanitary Expertise, Histology and Pa-
thology, Kyrgyz National Agrarian University named af-
ter K.I. Skryabin.

Lymphoid tissue is represented by lymphoid folli-
cles, therefore, to determine the initiation of immune
response to airborne pathogens and antigens, it is nec-
essary to perform a morphological evaluation of lym-
phoid tissue associated with the trachea, bronchi, re-
gional lymph nodes of the lungs and spleen of young
cattle killed by IBR-1. Following the method of analogy,
two groups, control and experimental, 3 heads in each,
aged 4-5 months, were developed and subjected to
pathological autopsy. Histological preparations of the
trachea, lungs, lung lymph nodes and spleen of the
control group were taken from clinically healthy calves.
Samples of pathological material of the experimental
group from infected animals were taken during the pe-
riod of maximum manifestation of clinical signs (tem-
perature reaction, oppression, inflammatory processes
in the upper respiratory tract, serous discharge from
the nasal cavity and eyes). Laboratory tests of blood
serum from 10 heads of diseased calves for the pres-
ence of antibodies to the BHV-1 virus by PCR method
were performed.

Tissue samples were stabilised no later than 2
hours after slaughter. Tissue samples of the trachea,
lungs, lymph nodes and spleen were prepared in the
laboratory according to the generally accepted methods
of the European Food Safety Authority (EFSA) (Istituto
Superiore di Sanita, 2021) and fixed in 10% neutral for-
malin solution for histological and immunohistochemi-
cal studies. Paraffin blocks were developed, from which
thin histosections 3-5 pm in diameter were prepared.
Hematoxylin-eosin and Van-Gizon methods were used
for staining tissue samples.

The animals were kept, cared for and fed accord-
ing to the provisions and diets recommended for this
type of animals. The peroxidase-anti peroxidase (PAP)
method and anti-PCNA (proliferating cell nuclear anti-
gen) monoclonal antibody, Clone PC10, were used for
immunohistochemical studies. Histological prepara-
tions were examined using a LEICAICC 50 HD binocular
microscope at magnifications of 50, 100 and 200. Mi-
crophotography was performed using the digital cam-
era of this microscope. All experimental studies were
carried out in accordance with modern methodological
approaches and in compliance with relevant require-
ments and standards, in particular, the European Con-
vention for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes (1986).
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RESULTS

The assessment of tissue damage from IBR-1 disease
is based on pathological and anatomical changes and
clinical examination. This work describes the morpho-
functional state of immunogenic peripheral organs -
lymphoid tissue associated with the trachea, lungs, re-
gional lymph nodes and spleen. Autopsy of young cattle
with severe IBR-1 acute respiratory inflammation usu-
ally demonstrates serous conjunctivitis, catarrhal pyo-
genic rhinitis, laryngitis, tracheitis and mucosal lesions
of the appendicular cavities.

The clinical picture of the condition of experimen-
tal animals was marked by swelling, hyperaemic mu-
cosa of the nasal cavity covered with mucopurulent
plaque, erosive lesions of various shapes and sizes,
purulent exudates accumulating in the nasal cavity
and appendicular cavities, on the mucous membranes
of the larynx and trachea. Severe forms of IBR-1 rhi-
notracheitis contribute to pathohistological changes
in regional bronchial and mediastinal lymph nodes
and the spleen. Therefore, acute serous or serous-ne-
crotising lymphadenitis and follicular hyperplasia are
noted in calves. In the acute form of IBR-1 in calves,
the tracheal mucosa is locally necrotised, and the lu-
men of alveoli and bronchioles in the affected area
is filled with serous exudate, the interstitial tissue is
markedly oedematous, there is hyperaemia and haem-
orrhages on the skin of the nasolabial mirror. When the
eyes are affected, the conjunctiva becomes hyperaemic
with oedema spreading to the conjunctiva of the eye-
ball, which may be covered with plaques established by
papillary nodules, small erosions and ulcers up to 2 mm
in size. Usually, on days 3-5, a dry cough appears, which
later changes to a moist cough with serous purulent
discharge from the eyes and nasal passages. Breathing
becomes more frequent, heavy, predominantly abdom-
inal type, accompanied by wheezing. Sick animals are
lethargic, inactive and mostly lying down. Feed refusal
and cachexia are noted.

The lymph nodes of calves with respiratory IBR-1
demonstrate serous or serous-necrotising lymphadeni-
tis, follicular hyperplasia and, as the disease progresses,
lymph node atrophy, a decrease in the number of lym-
phoid follicles and thinning of the paracortical zone.
EFSA AHAW Panel et al. (2017a) identified that IBR-1
in the spleen of severely affected calves demonstrated
necrotic lymphocytes and small cell foci with infiltra-
tion, with 12 cases presenting 52.2% necrosis and dev-
astation of lymphoid tissue. The asymptomatic form of
viral herpetic infection of cattle is due to the prolonged
persistence of BHV-1 virus in the animal and manifests
itself in three main forms: latent, chronic, and slow viral
infection. J.H. Hernandez-Medrano et al. (2021) report-
ed that when the body is infected with the virus, spe-
cific humoral and cellular immunity factors including
antibodies, macrophages, lymphocytes, and leukocytes
exert a protective effect. The latent nature of BHV-1
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in individual animals depends on the Immunofluo-
rescence Assay (IFA) antibody assay, but the PCR test
determines the presence of the virus even at an early
stage of the disease with high sensitivity.

IBR-1 infection can be presumed based on clin-
ical, pathological and epidemiological findings, but
laboratory serological or virological investigations are
required to confirm the diagnosis. Comprehensive lab-
oratory diagnostic procedures are designed to identify
the causative virus or the viral component of the spe-
cific antibodies it induces. Laboratory costs for meas-
uring antibody titres in serum are low compared with
those for histopathology, virus isolation and molecular
testing. However, estimates of antibody titres in indi-
vidual serum samples are limited and sometimes very
unreliable, thus, serum must be collected from several
animals in the acute and convalescent phases to prop-
erly assess the association between seroconversion
and disease, but the total cost of such diagnostic tests
can be very high. The assessment of immunity during
BHV-1 diagnosis is made by the indication of specific
receptor molecules - immunoglobulins IgA, IgM and
IgG (Immunoglobulin A, M, G), which are consistently
synthesised in recurrent herpes virus, becoming cru-
cial for protection against infection. In the presence
of complement, antibodies neutralise the extracellular
virus, but complement deficiency increases the suscepti-
bility of the animal to infection. When the BHV-1 virus
is not confirmed by antibodies, it can be an intracellular
virus, in which case virus multiplication is inhibited by
cellular factors such as T-lymphocytes, macrophages,
and polymorphonuclear leukocytes. On the one hand,

cellular immune factors cause lysis of infected cells,
promoting the escape of intracellular virus and its sub-
sequent neutralisation by antibodies, and on the other
hand, cellular immune factors affect neighbouring nor-
mal cells, preventing them from becoming infected. An-
tibody development and the cellular immune response
are the result of the interaction between the virus, the
cells responsible for immunity, namely the different
subpopulations, lymphocytes without marker T cells or
B cells, monocyte-macrophages and granulocytes, and
their products.

If the pathogen is identified in laboratory tests,
the presence of histological tests for immunomorpho-
logical reactions provides confidence that the patho-
gen is indeed causing disease in the animal. Calves that
presented clinical signs of infectious rhinotracheitis
were tested with PCR tests for the BHV-1 virus. Tracheal
histosections from a clinically healthy calf of 4 months
of age are presented in Figure 1 (a). The control group
represents histosections from healthy animals that were
PCR-negative and had unchanged tracheal mucosa. The
tracheal tissue of calves infected with IBR-1 at the age
of 4 months is presented in Figure 1 (b). Changes in
the tracheal mucosa and its lamina were identified; the
glands were infiltrated with lymphocytes, plasmocytes,
histiocytes and neutrophils. In histosections of trachea
samples from IBR-1-infected calves aged 4 months, ac-
tive mitosis of lymphoblasts, which were detected in
the centre of the lymphoid tissue associated with the
tracheal mucosa (Fig. 1 (c)), was observed when stain-
ing with the PAP method using the monoclonal anti-
body Anti-PCNA.

Figure 1. Tissue samples of the trachea of a four-month-old calf: a) Control group; b) In IBR. Haematoxylin-eosin
staining; c) In IBR. PAP method, Anti-PCNA monoclonal antibody, Clone PC10. Microscope magnification x200

Source: compiled by the authors

Immunomorphological analyses of the bronchial sys-
tem of clinically healthy animals and calves with IBR-
1. Figure 2 (a) Histosection specimens from a clinically
healthy calf aged 4 months present bronchial mucosa
without any changes. The lymphoid tissue associated
with the bronchial system is in a state of relative quies-
cence, as delineated by the arrows. Figure 2 (b) demon-
strates hyperplasia of bronchus-associated lymphoid
tissue, disintegration of bronchioles walls with their
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replacement by connective tissue, lung parenchyma
along bronchiolar system infiltrated with plasmocytes,
lymphocytes, macrophages and neutrophils. Figure 2
() using the PAP method and the monoclonal antibody
Anti-PCNA, labelled histosection specimens of trachea
from IBR-1 infected calves aged 4 months. Hyperpla-
sia of broncho-associated lymphoid tissue and active
proliferation of lymphoblasts were established, which
is emphasised by white arrows.
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Figure 2. Tissue samples of the bronchial system of a four-month-old calf: a) Control group; b) In IBR. Haematoxylin-
eosin staining; ¢) In IBR. PAP method. Anti-PCNA monoclonal antibody, Clone PC10. Microscope magnification x200

Source: compiled by the authors

Immunomorphological analysis of lung paren-
chyma from clinically healthy calves and IBR-1-in-
fected calves is demonstrated in Figure 3. The con-
trol group, marked in Figure 3 (a), was characterised

by free alveolar cavities with isolated macrophages,

as indicated by the black arrows. In addition, mac-
rophages and small lymphocytes were located in the
walls of the alveoli. Figure 3 (b) presents lung tissue

samples from IBR-1 infected calves at 4 months of
age. Numerous cubic alveolocytes are identified and
the lumen of the alveoli contains sloughed alveolo-
cytes, macrophages and necrotic mass as indicated by
the black arrows. Figure 3 (c), the Van Gieson method
demonstrates fibrosis of lung parenchyma and disin-
tegration of alveoli in IBR, which is marked by white
arrows.

Figure 3. Tissue samples of lung alveoli of a four-month-old calf: a) Control group, b) In IBR. Haematoxylin-eosin
staining; c¢) In IBR. Van Gieson’s staining method. Microscope magnification x400

Source: compiled by the authors

Immunomorphological analysis of regional lymph
nodes of lungs of clinically healthy calves and IBR-1
infection is presented in Figure 4. Figure 4 (a) in the
control group calves lymph nodes demonstrate lym-
phoid follicles with light centres marked with black
arrows and lymphoid follicles without light centres
marked with white arrows. Figure 4 (b) in IBR demon-
strates hyperplasia of the B-dependent zone of lymph
nodes, where the number and size of lymph follicles

with light centres are increased, and active mitosis of
lymphoblasts in the light centre of lymph follicles is
observed. In addition, hyperplasia of the T-dependent
zone of lymph nodes is noted. In Figure 4 (c) using the
PAP method with monoclonal antibody Anti-PCNA, ac-
tive proliferation of lymphoblasts in the luminal centre
of lymphoid follicles and hyperplasia of B-dependent
zone of lymph nodes, which are indicated by white ar-
rows, were identified in IBR.

a)

Q)

Figure 4. Tissue samples of regional lymph nodes of lungs of a four-month-old calf: a) Control group; b) Serous
purulent lymphadenitis in IBR. Haematoxylin-eosin staining; c) In IBR. PAP method. Anti-PCNA monoclonal antibody,
Clone PC10. Microscope magnification x100

Source: compiled by the authors
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Analysis of the obtained data in Figure 4 demon-
strates that B- and T-dependent zones of regional
lymph nodes are actively functioning, indicating the
development of humoral and cellular immune response
to IBR-1. Figure 5 presents an immunomorphological
analysis of the spleen of clinically healthy animals and
young cattle infected with IBR-1.Figure 5 (a) presents a
red circle - T-dependent periarterial zone and a green
circle - B-dependent zone of spleen white pulp in
calves of the control group. Figure 5 (b) demonstrates

hyperplasia of the white pulp of the spleen in IBR,
where the T-dependent zone demonstrates clusters of
lymphocytes around vessels, and the B-dependent zone
has no distinct lymphoid follicles. In the red pulp, the
presence of erythrocytes, lymphocytes, macrophages,
plasma cells, neutrophils and blast cells can be seen.As
noted in Figure 5 (c), IBR demonstrates active prolifera-
tion of lymphoblasts in the T-dependent zone, while in
the B-dependent zone, there are only isolated lymphoid
follicles with weak proliferation of lymphoblasts.

9

Figure 5. Spleen tissue samples of a four-month-old calf: a) Control group. Red circle indicates T-dependent periarterial
zone, blue circle B-dependent zone in the form of lymphoid follicles; b) In IBR. Haematoxylin-eosin staining; c) In IBR.
PAP method. Anti-PCNA monoclonal antibody, Clone PC10. Microscope magnification x100

Source: compiled by the authors

The results of the spleen examination indicate that
T-dependent sites are more active and are responsible
for the development of the body’s cellular immune re-
sponse. It appeared that trachea-associated lymphoid
tissue is closely related to the presence of herpesvirus
BHV-1 pathogen. IBR-1 is morphologically manifested by
hyperplasia of lymphoid tissue, an increase in the num-
ber of lymphocytes, plasma cells and immunoblasts in
the centre of the lymphoid tissue, and its distribution
over the entire area of contact with the mucous mem-
brane, infiltration of the trachea and tracheal glands
with lymphocytes, plasma cells and macrophages. In
addition, the research confirmed that with the active
participation of herpesvirus BHV-1, there is a change
in broncho-associated lymphoid tissue, which is mor-
phologically accompanied by its hyperplasia and infil-
tration of the bronchial system and alveolar walls with
lymphocytes, plasma cells and macrophages. It was es-
tablished that infection of four-month-old calves with
IBR-1 virus leads to follicular hyperplasia of regional
lymph nodes with subsequent atrophy as the disease
progresses. Histopathologically, it is expressed by a de-
crease in the number of lymphoid follicles, and thin-
ning of the paracortical zone, i.e. atrophy of B-and T-de-
pendent zones of lymph nodes.

DISCUSSION

The various causes of respiratory diseases of cattle co-
incide in their clinical manifestation, but when making
a definitive diagnosis, require mandatory pathological
autopsy and pathohistological studies. The respira-
tory form of IBR-1 requires careful examination of the
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bronchi and bronchioles of the lungs, which are repre-
sented by inflammation of the mucous membrane of
the upper respiratory tract, emphysema, frothy fluid in
the bronchioles and bronchopneumonia. The results
of this research corroborate the findings reported by
D.Anita et al. (2010), where immune cells of the trachea,
pulmonary-bronchial system, regional lymph nodes
and white pulp of the spleen are directly involved in
the pathogenesis of the respiratory form of IBR-1 in
calves. The research established that infectious bovine
rhinotracheitis is IBR-1, a febrile disease caused by a
primary viral infection, which is usually accompanied by
respiratory distress, tracheal vesiculation, tracheal mu-
cosal lesions covered with exudate of mucus, pus and
fibrin. Based on the experimental data of R. Mandelik
et al. (2021), it was found that in IBR-1, extrudates are
easily removed from the tracheal mucosa, exposing a
smooth and intact membrane, whereas in broncho-
pneumonia, multifocal pale areas and mucosal necrosis
are observed. Massive keratoconjunctivitis and some-
times encephalitis may occur in young animals. Some
IBR-1 strains cause acute gastroenteritis, which is diffi-
cult to distinguish from dyspepsia and enterotoxemia.
The results of the histological analysis confirmed
the data obtained at autopsy and demonstrated the
presence of changes not detectable at macroscopic ex-
amination. Assessing immunomorphological reactions
in the lungs of 4-month-old calves infected with IBR-1,
it was noted that there were numerous cube-shaped al-
veolar cells near the alveolar wall, and in the lumen of
the alveoli they were exfoliated; the presence of mac-
rophages and necrotic masses on fibrotic parts of the




lung parenchyma was noticeable. In the pathological
anatomical research of S. Comakli et al. (2019), lobular,
serous and serous haemorrhagic pneumonia were ob-
served in calves infected with the respiratory form of
IBR-1. The lungs presented with white thick bronchial
secretions and cavities of various sizes that were filled
with white contents. In most cases, these changes were
found in the cephalic and middle lobes of the lungs.
In severe cases, pulmonary gangrene with putrefac-
tive pleurisy, dilated haemorrhages and intra-alveolar
oedema were observed. EFSA AHAW Panel et al. (2017b)
indicated that in the respiratory form of IBR-1, necrosis,
desquamation and atrophy of lymphoid tissue, hyper-
plasia of the T-dependent zone of the white pulp of the
spleen was observed in the spleen of calves. Notably,
these areas are more active and responsible for the
development of the cellular immune response of the
organism.

IBR-1 is initiated by multiple viruses and is, there-
fore,a multipathogenic respiratory disease of cattle that
causes bacterial pneumonia; when infected sexually in
adults, infectious pustular vulvovaginitis; and the kera-
toconjunctival form in calves. It is believed that IBR-1
is a disease in which the viral genome fuses with the
genome of the host cell, causes immune dysfunction,
and the organism is completely neutralised from viral
infection, but the stress factor increases the incidence
of the disease and on the background of reduces resist-
ance.The results of these observations confirm the data
of N. Beristain-Covarrubias et al. (2019), IBR-1 causes
acute morbidity of about 75% and more than 50% mor-
tality of cattle in farms due to secondary infections. The
natural gateway for entry of BHV-1 is the mucosa of
the upper respiratory tract. Inflammatory processes in
infectious rhinotracheitis led to hemostasis disorders,
changes in blood properties, increased platelet aggre-
gation, and developing microvascular thrombosis in
various organs and tissues, such processes were ob-
served in the trachea and lungs.

At agricultural cattle breeding and rearing en-
terprises in Kyrgyzstan, live vaccines “TRIVAK”, “BOVI-
LIS” and “HYPRABOVIS-4" are used for the prevention
of IBR-1 in cattle, but the possibility of residual vac-
cine viruses in immunised animals should be consid-
ered. According to A.E. Erdem and B. Sareyylipoglu
(2022), adherence to a four-year vaccination schedule
reduces the incidence of disease in the herd and mini-
mises the number of virus carriers. Successful eradica-
tion of IBR-1 has been achieved in Denmark, Finland,
Norway, Sweden, Austria, Switzerland and parts of Italy
by adopting a strategy of separating infected animals
and Differentiating Infected Vaccinated Animals (DIVA).
Vaccines usually prevent the development of clinical
signs and significantly reduce virus spread after infec-
tion, but do not completely prevent infection. L.F. Garcia
et al. (2020) inform that in moderate epidemics of the
BHV-1 virus, it is reasonable to use a labelled vaccine

Irgashev et al.

lacking specific glycoprotein gE (Glycoprotein E) anti-
bodies to vaccinate up to 5% of positive animals in a
herd, followed by culling. Parenteral administration of
a mutant viral vaccine with deleted gE in BHV-1, used in
combination with diagnostic testing and targeted culling
according to a strategy of testing and slaughter of sero-
positive animals infected with field strains, has led to the
eradication of the disease in some European countries.

Vaccination of cattle against BHV-1 herpesvirus is
a priority in meat production in Kyrgyzstan. Most vac-
cines are administered intramuscularly or intranasally
from 20 days of age, depending on the type of anti-
gen, and the timing of vaccination is determined by the
calendar of preventive measures on the farm. As the
research of J. Baruch et al. (2019) demonstrates, the fol-
lowing rules must be observed to maximise vaccine ef-
ficacy: only vaccinate healthy animals; vaccinate before
herd selection, considering that the immune response
develops on day 14; plan revaccination of calves dur-
ing the weaning period, as immunisation with colos-
trum affects the effectiveness of prophylaxis; heifer
cows should be vaccinated 2-4 weeks before calving.
As reported in research by B.W. Newcomer (2021), eco-
nomic losses in infectious rhinotracheitis: under-fertil-
isation due to abortions and stillbirths is in the range of
5-30%; birth of non-viable calves about 10%; decrease
in milk yield during the disease in the range of 50-60%;
mortality of young animals from serous pneumonia is
about 20%; under-receipt of live weight gain in young
animals - 50-70%; increase in the number of cows with
multiple unfertilised inseminations up to 30%; reduc-
tion of calf yield per 100 cows by 5-10%.

The study demonstrated that IBR-1 causes signif-
icant economic losses to livestock production and is
associated with multi-organ infections leading to se-
vere morbidity and mortality, therefore, it is important
to find inexpensive and practical methods that allow
selective detection of the BHV-1 antigen. In addition,
it is advisable to establish an IBR-1-free breeding herd
by gradually removing herpes-positive animals from
regular breeding lots and replacing them with healthy
calves. In farms in Kyrgyzstan that have experienced an
outbreak of herpesvirus BHV-1, the purchase and sale
of cattle, regrouping of animals, and export of forage,
care items and milk products from sick animals with-
out prior disinfection are prohibited. Sick animals shall
be assigned to separate service personnel. Carcasses
of slaughtered animals are sold without restrictions if
there are no anatomical changes. It is forbidden to buy
and sell livestock, rearrange livestock, move feed, care
for sick animals and export dairy products on farms
where herpesvirus BHV-1 has occurred without prior
disinfection. Sick animals should be segregated in a
separate attendant. Carcasses of slaughtered animals
can be sold without restrictions if there are no ana-
tomical changes. Milk from clinically sick IBR-1 cows
is pasteurised at 70°C for 30 minutes, while milk from
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clinically healthy animals is used without restrictions.
Farm restrictions are lifted after the animals have re-
covered and veterinary and sanitary measures have
been completed, but not earlier than 30 days after the
last vaccination.

CONCLUSIONS

As a result of the conducted research, it was estab-
lished that since IBR-1 is the most widespread viral dis-
ease of cattle, its pathomorphological signs need more
detailed investigation. IBR-1 of cattle causes significant
economic damage to production and it is necessary to
make a timely diagnosis and conduct effective thera-
peutic and prophylactic measures. Clinical examination
of calves identified typical signs of the respiratory form
of infectious rhinotracheitis in cattle: increased body
temperature by 1.5-2°C, hyperemic nasolabial trian-
gle, serous conjunctivitis, serous catarrhal rhinitis, dry
cough, eventually changing to wet cough, rapid breath-
ing, predominantly abdominal type with rales. To qual-
itatively diagnose infectious rhinotracheitis in cattle,
PCR assays for the presence of infectious disease in
agricultural farms were analysed. Calves with clinical
signs of infectious rhinotracheitis were tested by PCR
tests for the BHV-1 virus, which was positive in 100%
of cases.

Histological examination of the lungs in the ma-
jority of calves indicated serous-neutrophilic pneumo-

in the spleen. In addition, IBR-1 in calves demonstrates
dense infiltration of lymphocytes, macrophages and
plasma cells in the affected organs of the trachea and
lungs. There is hyperplasia of lymphoid tissue in the
trachea, bronchial system of the lungs, regional lymph
nodes of the lungs and corresponding areas of the
spleen. In some calves, the respiratory form of IBR-1 re-
sulted in fibrosis of pulmonary foci, with complications
in the form of serous pyogenic inflammation of the tra-
chea and lungs. The data on histopathological changes
in lymph nodes of the lungs and spleen of calves in the
acute form of IBR-1 were clarified and supplemented.

The main means of controlling BHV-1 is routine
vaccination, which prevents clinical manifestations of
the disease in the vaccinated person, and protection of
the foetus from infection and careful analysis of the ep-
izootic situation in the farm. For qualitative diagnosis
of infectious rhinotracheitis in cattle, it is necessary to
comprehensively analyse the IBR-1 situation in farms,
distinguish clinical signs of infectious diseases in ani-
mals, and conduct a thorough evaluation of the results
of serological, pathological, and histological studies.
From the standpoint of relevance and usefulness of the
investigation described in this research, further inves-
tigation of IBR-1 herpesvirus and its new strains as fre-
quently occurring diseases of cattle on modern farms
seems promising.

nia with pyogenic bronchiolitis. The respiratory form of ACKNOWLEDGEMENTS
IBR-1 in calves included hyperplasia of lymphoid tissue  None.
in the bronchi of the trachea and lungs, hyperplasia of
B- and T-linked areas of regional lymph nodes in the CONFLICT OF INTEREST
lungs and hyperplasia of T-linked areas of white pulp  None.
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AHoTauis. KoHueHTpauis xynobu Ha obMexeHUX TepuTopiax, MOPYLUEHHSI PEXUMY XapyyBaHHS, AncbanaHc Mikpo-
Ta MakpoeneMeHTIB CNpUSOTb MPUTHIYEHHIO NPUPOAHOI PE3UCTEHTHOCTI OpraHi3aMy, HeAOCTaTHbOMY Habopy XXMBOI
Macu TBapUHMU, WO NPU3BOAUTbL A0 3POCTAHHS IHPEKLiMHMX 3aXBOPHOBAHb MOMOAHSKA 3 BUCOKMMU MOKA3HUKAMM
BMMYLLEHOro 336010 Ta nagexy xynobwu. [xxepeno 36yaHuKa iHdekLii puHOTpaxeiTy — repnesipyc BenMKoi poratoi
Xyno6w Bovine alphaherpesvirus 1 - nepelKoyKa€e po3BUTKY TBAPUHHULbKOI rany3i, TOMy HEOOXiAHO LYKATU MOX/IUBI
niaxoaum Woao NpodinakTMKM Ta KOHTPOK AaHOT iHeKLii. MeTor AoCniAXKeHHS € BU3HAYEHHS iIMyHOMOPGhONOriYHmMX
3MiH y NiMbOIAHIM TKaHMHI Tpaxei Ta BpOHXianbHOT CUCTEMM, Y perioHapHUX NiIMBATUYHUX BY3NaxX NereHb i B cenesiHui
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B TeNAT, Ki MPUPOAHO XBOPi Ha iHhEKUiMHMI pUHOTPaxeiT. B 0CHOBY ekcnepuMeHTaNbHUX AOCNIOXEHb NOKIaAEeHO
BMBYEHHS IMYHOMOPMONOriYHMX peakLin y NiMDOIAHIA TKaHWHI Nig Yac iHbiKyBaHHS MONOAHSKA BENUKOi poraTtoi
Xynobwu Bipycom Bovine alphaherpesvirus 1, i3 3aCTOCYBaHHSIM MOJIiMEPA3HOI NIAHLLLOMOBOI peakLii, NcToNoriyHux Ta
iMYHOriCTOXiIMiYHMX MeTOoAiB. 3a pe3ynbrataMu OOCNIAXEeHb BCTAHOBMEHO, WO B Tpaxei cnocTepiranacs rinepnnasisa
Tpaxee-acoLioBaHoi NiMMOiILHOI TKaHMHK, @ B JlereHax — rinepnnasia OGpoHxianbHo-acouiioBaHoi NiMAOigHOI
TKaHWHW, NMPU LbOMY YpaxeHi AiNSHKM Tpaxei Ta nereHb Oynu iHQinbTpoBaHi NniMdouutamu, Makpodaramm Ta
NNasMaTUYHUMKU KNITUHaMKU. B iMyHOMOpdOonorivHnx peakuiax perioHapHuX NiMGaTMyYHMX BY3NiB Bif3HAYalOTb
rinepnnasito B- i T-3aneXHUx 30H, @ B cenesiHui - rinepnnasito T-3anexHux 30H 6inoi nynbnu. Takum UYMHOM,
iMYHOKOMMETEHTHI KNiTUHU NiMBOIAHOT TKAHUHM, acouiioBaHi 3 B- i T-3anexHUMu aingHkamum tpaxei, 6poHxianbHoi
CUCTEMMU NiereHb i perioHapHUX NiMMaTUYHKUX BY3NiB JlIereHb, a TaKoX 3 T-3aNeXHUMU AiNgHKaMKU cenesiHku, 6epyTb
6e3nocepenHio y4yacTb y natoreHesi iHQEKLIAHOrO pUHOTPaxeiTy TeNaT pecnipaTopHoro Tuny. AHTMBakTepianbHa
Tepanis aHTMBIOTMKAMM 3HULLYE NATOTeHHY Ta HOPManbHY (GOPY B KULLEYHUKY, aNe HeLOCTaTHbO eeKTUBHO Ait0Tb Ha
BipYCHY iHpeKLit0, TOMY BUPOOHMYI BUNPOOYBaHHA ePekTUBHMX 3ac0biB cneundivyHoi NpodinakT1km Ta BakUMHALLi €
nepLIo4YeproBUM 3aBAAHHAM BeTepUHapii

KniouoBi cnoBa: Benuka porata xyno06a; repnesipyc; noniMepasHa NaHLOroBa peakLig; natonoris; imyHomopdonoris;
acouiaTMBHi xBopobu
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is crucial. The purpose of this study is to describe the pathological changes in aborted
fetuses and placental tissue in cows with neosporosis. Macroscopic examination of
fetal and placental parts was performed through pathological dissection. The gestation
age (days) was determined using the formula: 68+2.25xCRL (cm) and/or from historical
data. DNA of N. caninum was detected by polymerase chain reaction in all fetuses
and/or fetal parts of placentas described in the study. It was found that the majority of
abortions occurred at 4-5 months of gestation. External examination revealed isolated
instances of skin hyperemia and haemorrhages throughout the body. Some fetuses
were mummified. Autolysis of the fetus and placental parts was observed in most
cases. Placentitis and oedema of the placental tissue were also noted in some cases.
Internal examination of fetuses revealed changes in the brain, skeletal muscles, heart,
lungs, liver, spleen, and kidneys, in addition to characteristic autolysis. These changes,
including grey foci in the brain with a light grey centre, white foci, and multiple white
streaks in skeletal muscles and the tongue, can be attributed to typical pathological
changes in aborted fetuses with neosporosis. These changes are rare but can impact
the determination of the cause of abortion, narrowing down the factors responsible
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INTRODUCTION
Abortion remains one of the main challenges in the
dairy industry, as reproductive efficiency is crucial, and
the failure to obtain offspring can result in significant
losses. In many studies, abortion rates range from 5
to 12%, representing a substantial loss of calves and
future economic losses (Moore et al., 2021). Infections
continue to be the most important cause of abortion
in cattle. The infectious agents causing abortions can
vary depending on the country in which they occur, with
Neospora caninum often being referred to as the most
common pathogen on an international level (Mee, 2020).

Neosporosis is a disease caused by an obligate
intracellular protozoan parasite called Neospora can-
inum (Apicomplexa, Sarcocystidae), which is known to
cause abortions and stillbirths in cattle, as described by
M.Reichel et al. (2020) and D. Lindsay & J. Dubey (2020).
Authors like C. Klein et al. (2019) established that dogs,
coyotes, wolves, and dingoes are definitive hosts of
N. caninum, becoming infected by ingesting bradyzoites
present in tissues of intermediate hosts such as cattle,
deer, sheep, buffalo, bison, rodents, birds, and horses,
which acquire infection by ingesting oocysts of the par-
asite through contaminated food or water.

In the study by J. Perotta et al. (2021), it is described
that N. caninum infection in cattle can occur through
various routes: horizontal (ingestion of oocysts), exog-
enous transplacental (ingestion of oocysts by pregnant
cows), and endogenous transplacental (reactivation of
latent infection in the fetus within the pregnant cow).
Transplacental transmission of N. caninum is the most
efficient method and leads to endemic infections. The
endogenous infection cycle in the host population is
continuous since infected cows give birth to infected
calves, which, in turn, enter the breeding herd and con-
tinue to spread the infection.

If a cow becomes infected within the first 100 days
of pregnancy when lymphoid tissues are developing,
the survival of the fetus is unlikely because infectious
agents directly kill fetal cells, leading to resorption or
fetal mummification (Donahoe et al., 2015). The paper
by M. Reichel et al. (2018) noted that during the second
and third trimesters, the fetus develops an increasing
ability to mount an immune response (IgG antibody
production). However, in many cases, this response is
inadequate, as abortion is the most common outcome
of infection during mid-pregnancy. Infections occurring
in the third trimester, after the fetal immune system is
nearly fully developed, are more likely to result in the
birth of infected but clinically healthy calves. Neverthe-
less, the birth of uninfected calves can occur very rarely,
and fetal death is also a possible outcome.

P. Melendez et al. (2020) reported that neosporo-
sis-related abortions in cattle typically occur between
the 3rd and 9th months of gestation, with the major-
ity of cases happening during the 4th to 6th months
of pregnancy. Aborted fetuses are often found in an
autolytic state with the accumulation of serosanguin-
ous fluid in body cavities, but they may also be fresh
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or mummified, with no specific pathological changes
typically observed. S. Donahoe et al. (2015) noted that,
in some cases, pathological dissection of the fetus can
reveal hydrocephaly, hypoplasia of the cerebellum and
brainstem, as well as scattered white or dark foci in the
brain, spinal cord, heart, and skeletal muscles. K. Uesaka
et al. (2018) described that placentitis and changes in
the placental cotyledons are most commonly observed
in the placental tissue. The pathological-anatomical
changes were more pronounced in fetuses during the
first and second trimesters of intrauterine development
than in the last trimester. This means that the gesta-
tional age at the time of abortion affects the degree
of damage to the fetus and placental tissues. Infected
calves may exhibit symptoms such as hypotrophy, atax-
ia, hind limb paresis, exophthalmia, scoliosis, hydro-
cephalus, and spinal cord atrophy.

Neosporosis causes significant economic losses. For
example, the financial expenses related to N.caninum in-
fection were estimated at 710 USD (438-1043) per dairy
cow, and annual economic costs were estimated at 40.5
million USD (24.6-60.3) for Turkey. These losses comprise
67.3% due to abortion, 16.8% due to extended calving
intervals, 4.6% due to milk loss, 3.5% due to additional
artificial insemination, and 7.7% due to veterinary and
diagnostic expenses, as described in the study (Demir
et al,, 2020). In Brazilian dairy herds, approximately 20%
of abortions are linked to neosporosis, resulting in an-
nual losses of approximately 51.3 million USD (Perotta
et al., 2021). In Argentina, economic losses are estimated
at 33 million USD per year for dairy cattle and 12 million
USD for beef cattle (Campero et al., 2023).

Since reproduction is a key element in agricul-
tural production, detecting pathological changes in this
context can contribute to the development of effective
strategies for neosporosis control and prevention. This,
in turn, will preserve herd health and have a positive im-
pact on the economic indicators of the farming industry.
The purpose of this study is to describe the pathologi-
cal-anatomical changes in aborted fetuses and placental
parts with detected N. caninum DNA in Ukraine.

MATERIALS AND METHODS

Between 2019 and 2022, 126 cases of abortion were in-
vestigated. Of these, 43 cases were attributed to N. can-
inum. A case was defined as an aborted fetus and/or
placental part from a cow, resulting in the examination
of 36 fetuses and 34 placental parts. Fetuses and pla-
centas were submitted to the laboratory by veterinary
practitioners from dairy and dairy-meat cattle farms in
various regions of the country.

The dissections and pathological-anatomical exam-
inations of fetuses and placental parts were conducted
in the dissection room of “Centre Veterinary Diagnos-
tics” LLC (Kyiv), following the methodology described
by JF. Mee (2016). This methodology encompasses
both external and internal examinations, involving the
investigation of all organs and organ systems at the
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macroscopic level, for both fetuses and placental parts.
The gestational age at which the abortions occurred
was determined based on data provided by the owners
of the aborted animals, in the absence of information,
using the formula (1):

duration (days) = 68 + 2.25xCRL (cm), (1)

where CRL represents the length from the crown to the
tail root of the fetus (Mee, 2020).

DNA from N. caninum was detected in all cases from
fetal organs (including the brain, cerebellum, thymus,
heart, lungs, liver, spleen, kidneys, adrenal glands, aboma-
sum, skeletal muscles) and placental parts using the pol-
ymerase chain reaction (PCR) method. Amplification reac-
tions were carried out using a commercial test kit from a
European manufacturer on the QuantStudio 5 Real Time
PCR System (Thermo Fisher Scientific, USA), following the
manufacturer’s recommendations. Thus, N. caninum was
determined as the cause of abortion in each of the cases.

Sample collection for genetic-molecular research
(PCR method) was performed directly in the dissection
room of “Centre Veterinary Diagnostics” LLC during the
pathological-anatomical examination. All manipula-
tions with aborted fetuses and placental parts were
performed in accordance with the provisions of the Or-
der for scientific institutions conducting research and
experiments on animals (Law of Ukraine No. 249, 2012)
and the European Convention for the Protection of Ver-
tebrate Animals Used for Experimental and Other Sci-
entific Purposes (European convention..., 1986).

RESULTS AND DISCUSSION

Based on the medical history and calculations using
the formula for gestational age, it was determined that
abortions caused by N. caninum occurred at the follow-
ing gestational months: at 4 months in twenty cases, at
5 months in thirteen cases, at 6 months in six cases, at
7 months in two cases, and at 8 months in two cases.
Upon external examination of the fetuses, it was found
that out of thirty-six fetuses, twenty-nine showed signs
of autolysis (Fig. 1), while two were fresh.

Figure 1. Autolysis of the fetus and fetal part
of the placenta in a cow
Source: photographed by the authors
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Five fetuses with fetal membranes were mummified
(Fig. 2). Moreover, individual findings included skin hy-
peremia and focal haemorrhages on the skin throughout
the body, accumulation of red-coloured fluid under the
skin throughout the body in twelve fetuses, and accumu-
lation of gelatinous-like masses under the skin and in
skeletal muscles throughout the body in nine fetuses. Cor-
neal opacification was observed in twenty-nine fetuses.

Vo AR e

Figure 2. Mummified fetus ina coW
Source: photographed by the authors

During internal examination of the fetuses, watery
consistency of the brain was observed in ten cases,
and hyperemia in seven cases. Individual findings in
the brain included multiple grey-coloured foci with a
light grey centre, ranging in diameter from 1 to 4 mm,
and hyperemia of the brain’s soft meninges. Dark-red
fluid was observed in the thoracic and abdominal cav-
ities in twenty-six fetuses. Generalised tissue redden-
ing was noted in eleven fetuses. Heart hyperemia was
found in three fetuses. Atelectasis of the lungs was
observed in thirty-one fetuses. Interstitial oedema of
the lungs - in two fetuses. Hyperemia of the lungs was
noted in one fetus. The liver showed flaccid consistency
in eleven cases, oedema in two cases, uneven coloura-
tion in three cases, and uneven colouration of the liver
along with grey-coloured foci with diameters ranging
from 2 to 8 mm in three fetuses. Individual findings
included icterus of the liver, hepatomegaly, congestive
hyperemia, and firm consistency of the liver (Fig. 3).
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Figure 3. Unevenly coloured liver in a cow fetus (arrow)

Source: photographed by the authors
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Flaccid consistency of the spleen, a smeared pat-
tern, and the presence of dirty-red fluid oozing from
the spleen’s cut surface were found in eleven fetuses,
while oedema was found in four fetuses. Red colour-
ation of the renal capsule and perirenal fat, softening
of the renal cortical layer, were identified in eleven
fetuses, hyperemia of the kidneys in five, and multi-
ple grey-coloured foci with diameters ranging from
1 to 4 mm in the renal cortex in one fetus. Multiple
white-coloured streaks with diameters ranging from 1
to 4 mm in skeletal muscles were observed in two fe- N
tuses (Fig. 4), multiple white-coloured streaks ranging g AN R 4&5\3
from 2 to 6 mm in length in skeletal muscles in three  Figyre 6. Oedema of the fetal part of the placenta (arrow)
fetuses,and in two fetuses, white-coloured streaks were  §oyree: photographed by the authors
observed in the tongue (Fig. 5).

Figure 7. Fibrinous placentitis. Fibrin on and between
Figure 4. Multiple white streaks in skeletal muscles chorion fronds (arrows)
of the fetus (arrows) Source: photographed by the authors

Source: photographed by the authors

Thus, in this study, autolysis was present in
twenty-nine out of thirty-six fetuses (Fig. 8) and mani-
fested as corneal opacification; accumulation of gelat-
inous-like masses under the skin and in skeletal mus-
cles or red-coloured fluid under the skin throughout
the body; accumulation of dark-red fluid in the thoracic
and abdominal cavities; generalised tissue reddening;
flaccid liver consistency; flaccid consistency, smeared
pattern,and dirty-red fluid oozing from the spleen’s cut
surface; red colouration of the renal capsule and perire-
nal fat, softening of the renal cortical layer.

H Fetal autolysis

02.11.2021

Figure 5. Multiple white streaks in the tongue Fresh fetus
of the fetus (arrows)
Source: photographed by the authors = Mummified fetus
Autolysis of the placenta was found in nineteen
samples, oedema of the placenta (Fig. 6) - in three, fi-
brinous placentitis - in three (Fig. 7), serous placenti-
tis - in two, foci of chorionic necrosis - in one. Placenta Figure 8. Condition of the studied fetuses
without visible changes was observed in one case. Source: photographed by the authors
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Autolysis can obscure or distort pathological-an-
atomical changes and, as a result, negatively affect
the determination of the direct cause of abortion. Fur-
thermore, the results of the conducted study indicate
a weak manifestation and infrequent occurrence of
changes, except for signs of autolysis, in the fetuses
and fetal parts of the placenta due to neosporosis. For
example, a study of 655 cases of bovine abortions in
California found that approximately 20% of examined
fetuses showed no specific pathological anatomical
changes (Clothier & Anderson, 2016), and any other
changes present could have been concealed by autoly-
sis.According to the authors who have investigated this
issue, specific changes in fetuses and placentas for ne-
osporosis were also not found (Costa et al., 2021; Nayeri
etal, 2022).

Various data indicate that aborted fetuses from
cows infected with N. caninum, both experimentally
(Jiménez-Pelayo et al, 2019) and naturally (Dubey
et al., 2017), were predominantly in a state of autolysis
of varying severity. However, cases of mummification
also occur. Fetal mummification is not a characteristic
feature of neosporosis because it occurs far from al-
ways and can be a consequence of other factors: viral
bovine diarrhoea, leptospirosis, fungal diseases, me-
chanical factors such as umbilical cord compression
and/or torsion, uterine torsion, placental insufficiency,
genetic anomalies, abnormal hormonal backgrounds,
and chromosomal anomalies (Lefebvre, 2015).

Some sources J. Dubey et al. (2017) report cases of
hydrocephalus, cerebellar hypoplasia, and hypoplas-
ia of brain tissue. There were no such changes in this
study. The pathological-anatomical examination of the
fetuses showed that most commonly, the brain had a
watery consistency, typically a result of the presence of
a large amount of fluid (Njaa, 2012). Hyperemia of the
brain was also often detected. Only in isolated cases
were multiple grey-coloured foci with a light grey cen-
tre,ranging in diameter from 1 to 4 mm, and hyperemia
of the brain’s soft meninges found. These changes in
the brain are histologically consistent with foci of ne-
crosis (Donahoe et al,, 2015).

In all cases, atelectasis of the lungs was noted, in-
dicating that the fetus did not breathe, which is normal
for aborted fetuses (Ancker & Agerholm, 2010).In some
cases, hyperemia and oedema of the interstitial con-
nective tissue of the lungs were found, which are non-
specific changes that can result from various factors.
Multiple white-coloured foci with diameters ranging
from 1 to 4 mm and multiple white-coloured streaks
in skeletal muscles and the tongue, ranging from 2 to
6 mm in length, were observed in some fetuses, which
are indicative of necrosis. These changes are similar
to those described earlier and are very rare (Dubey
etal, 2017).

Uneven colouration of the liver, as mostly observed
in this study, can be a sign of dystrophic changes. In
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addition, grey-coloured foci with diameters ranging
from 2 to 8 mm, which can sometimes also be observed
in abortions caused by Listeria monocytogenes, Sal-
monella spp., and bovine herpesvirus-1 (BHV-1), were
found (Njaa, 2012). Individual findings included oede-
ma, congestive hyperemia, icterus, and hepatomegaly,
which can be the result of various factors as they are
not commonly mentioned in the context of neosporo-
sis. In most cases, no visible changes were found in the
spleen, while in some, oedema was observed. Apart
from autolysis, the kidneys showed hyperemia and, in
isolated cases, multiple grey-coloured foci in the renal
cortex with diameters ranging from 1 to 4 mm, indicat-
ing necrosis or inflammation.

It is worth noting that abortion can be entirely trig-
gered by an infection localized exclusively in the pla-
centa and is often the focus of pathological changes
rather than the fetus itself. Virtually all infectious
agents causing abortion are transported to the preg-
nant uterus through the bloodstream and therefore in-
itially localise in the placenta, possibly later spreading
to the fetus (Ancker & Agerholm, 2010). In the current
study, autolysis of the placenta was predominantly ob-
served, making it difficult to evaluate changes in many
cases. There were also cases of oedema, serous placen-
titis, and focal chorion necrosis. Similar changes in the
fetal part of the placenta are described in abortions
caused by bovine herpesvirus-1 (BHV-1), Campylobacter
fetus, and Tritrichomonas foetus (Njaa, 2012).

In summary, most of the pathological anatomical
changes identified in this study can manifest due to
the involvement of other infectious agents in fetuses
and placentas. Therefore, attention should be paid to
this when establishing a preliminary diagnosis, and ad-
ditional methods of investigation, such as histological
and genetic-molecular analysis (PCR method), should
be used to establish a final diagnosis. However, among
all the findings, the changes in the brain, skeletal mus-
cles, and tongue, which are rarely reported for other
causes of abortion, are valuable for establishing a pre-
liminary diagnosis.

CONCLUSIONS

Any information related to N. caninum is important for
the development and implementation of measures to
combat bovine neosporosis in Ukraine. Considering its
impact on the reproduction of cattle worldwide, ex-
amining the prevalence of N. caninum in the country
is crucial. This study established that abortions due to
neosporosis occurred between 4-8 months of preg-
nancy, but most of them were between 4-5 months.
When evaluating the condition of fetuses and the fetal
part of the placenta, autolysis was observed in most
cases. In addition to changes characteristic of autolysis,
some fetuses exhibited pathological changes in skele-
tal muscles, the brain, liver, kidneys, and the fetal part
of the placenta, which, based on other sources and our




research, are common in aborted fetuses due to ne-
osporosis and are considered nonspecific. Changes such
as grey-coloured lesions with a light grey centre in the
brain,white-coloured lesions,and multiple white stripes
in skeletal muscles and the tongue can be attributed to
typical pathological changes seen in aborted fetuses
due to neosporosis. While these changes are rare, they
can still serve as diagnostic markers for identifying the
cause of abortion.

The association of some pathological changes
identified in this study with neosporosis requires fur-

Nyzhnyk

deeper into the pathological changes associated with
neosporosis in cows and their impact on aborted fe-
tuses and the placenta. Understanding the mechanisms
underlying these changes will help better comprehend
the nature of the disease and develop more effective
strategies for prevention and treatment.
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MaTonoroaHaToMi4Hi 3MiHM y a6opTOBaHUX NJIOAIB Ta NJIOA0BOI YaCTUHU NNALEHT
KOpiB 3a HeoCnoposy

borgaH KOpiioBuy HMXHUMK

AcnipaHT
HauioHanbHuMI yHiBepcuTeT BiopecypciB i NpUpPOLOKOPUCTYBAHHS YKpaiHu
03041, syn. lepois O6opoHu, 15, M. Kuis, YkpaiHa
https://orcid.org/0000-0001-5846-8480

AHoTauis. HepooTpvMaHHs npunaoay yepes abopT 3aBAA€ BEIMKOI LIKOAM MOMOYHIA MPOMUCIOBOCTI Y BCbOMY CBITi i
cknapae pecstku MinbioHiB ponapis CLUA. Neospora caninum — HainpocTiniwmin napaswt Tuny Apicomplexa, 36yaHuK
Heocrnopo3sy — xBopobu, ika y KopiB NposBASETbCS abopTaMu abo HapooXeHHSIM c1abkoro NOTOMCTBA, TOMY BapTo
NPUAINUTK yBary Uit npobnemi. MeTa LaHOro AOCNIAXKEHHS — ONMCATM NATONOrO0AHATOMIYHI 3MiHM Y ABOPTOBAHMX
naoA4iB Ta NAOAOBIM YaCTWMHI NAALEHT KOPiB 33 Heocnopo3y. MakpockoniyHe AOCAIOXEHHS NAOAIB Ta NA040BOI
YaCTUHU NNALLEHT KOPiB BUKOHYBANOCS LWISXOM NAaTONOr0AaHAaTOMIYHOIO pO3TUHY. TepMiH TiNbHOCTI (AHI) BU3HaYanu 3a
dopmynoto - 68 + 2,25xCRL (cM) i/abo 3 paHnx aHaMHesy. Y BCiX, OMMCaHMX Y AOCAIMKEHHI, nnoaax i/abo nnoaoBmx
YyactnHax nnaueHT BuseneHo OHK N. caninum meTonom noniMepasHoi NaHLUIOroBoi peakuii. BctaHoBneHo, wwo
6inbwictb abopTiB BiAbyBanMch Ha 4-5 Micsaui TiNbHOCTI. 3@ 30BHILUHLOrO OMNSAY BMABNEHO, MOOAMHOKO, FiNnepemito
WKipX Ta KPOBOBM/IMBM Ha LWIKipi MO BCbOMY Tiny. Takox Aeski nnogn 6ynm mymidikoBaHi. Y 6inbwocTi BMNaaKis
BiAMiYanu aBTONI3 NAOAY Ta MAOAOBOI YAaCTMHM MNALEHTU. TakOX B AE9KMX BMMAAKax BigMivanu nAaueHTuT Ta
HabpsK NNOA0BOI YAaCTUHM NNALLEHTW. 38 BHYTPILUIHBOIO AOCNILKEHHS NIOAIB, OKPIM 3MiH XapaKTepHUX aBTONi3y, Y
LesKUX BUSBASAN 3MiHU B TONOBHOMY MO3KY, CKENETHUX M'A3aXx, CepLii, NereHax, neviHui, cenesiHui, Hupkax. Taki 3miHu
SIK 0CepefikM Ciporo Koibopy 3 CBIiTN0-CipMM LEHTPOM B FOJIOBHOMY MO3KY, 0cepeaku B6ifioro Koibopy i MHOXMHHI
CMYXKKM BiNoro Konbopy B CKEIETHUX MA3ax Ta A3MLLI MOXHA BiAHECTM 40 XapaKTEPHWMX MATONOr0aHAaTOMIYHMX 3MiH
nns abopToBaHWX NNOLIB 3@ Heocnoposy. Lli 3MiHM piako TpannaoTbCs, ane MOXyTb BNAMHYTU Ha BCTAHOB/IEHHS
NPpUYMHU abOPTY, 3BY3MBLUM KONO YMHHUKIB, SKi MOTO BUKIMKAKOTD

KniouoBi cnoBa: Benivka porata xypnoba; Neospora caninum; abopT; MakpOCKOMiYHi 3MiHM; NaTONOrOAHATOMIYHUNA
pO3TUH
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dialaldehyde,aminotransferase activity) were used. Cows were divided into two groups: the first group was a control
group, where no treatment was used, and cows of the second group received a comprehensive treatment method.
A decrease in the level of calcium to 1.68%0.53 mmol/L, phosphorus - 0.98£0.16, selenium - 0.64+0.1 mmol/L, an
increase in the level of magnesium to 1.15%0.17 mmol/L, an increase in aspartate aminotransferase to 121.33+3.91
units, alataminotransferase to 79.31%6.53 units, and total bilirubin to 10.21+0.55 mmol/l, malone aldehyde up to
8.27%£0.41 mmol/L, and ceruloplasmin up to mmol/L 2.14%0.39 in chronic mycotoxicosis caused by zearalenone
and deoxynivalenol. When using a complex treatment regimen for animals, a substantial change and approximation
to the reference levels of selenium, creatinine, AST, ALT, malonic aldehyde, and ceruloplasmin were established. The
use of the proposed treatment regimen increases the fertilising capacity of cows after the 1st calving by 18.15%,
cows aged 3-4 years - 30.12%, and cows of the older age group - by 40.47%.A complex method of treatment of cows
for mycotoxicosis caused by zearalenone is proposed using an acidifier based on organic acids, a sorbent based on
celeolite and an aromatase inhibitor, which can be used in livestock farms for the production of milk and meat of

various forms of ownership to restore and normalise the reproductive ability of cows

Keywords: mycotoxins; reproduction; aromatase inhibitor; antioxidant protection

INTRODUCTION

One of the widespread problems in cattle breeding is
the use of concentrated and coarse feed affected by
mycotoxins, in particular, the Fusarium genus. The low
reproductive capacity of cows causes substantial eco-
nomic damage to livestock farms due to overspending
of feed on infertile animals, premature culling, early
abortions, and germ resorption, which leads to an in-
crease in the cost of products created, and a decrease in
the competitiveness of enterprises. Therefore, improv-
ing the methods of reproduction of cows remains the
main task of veterinary specialists in farms. Due to the
use of animals and sperm imported from abroad, the
quality of feed and the requirements for keeping breed-
ing stock are becoming increasingly important.

Therewith, some studies report the development
of destructive changes in the ovaries, uterus (Bailey
et al., 2019), kidneys, liver (Yang et al.,, 2020). Authors
S.Fedorenko et al. (2017) and L. Silva et al. (2021) argue
that the use of feed with a high content of zearalenone
leads to an increase in the level of estrogen-like sub-
stances, the main of which are 3-searalenol, a-searale-
nol in a ratio of 1:11, but the author provides data at
laboratory-created levels of zearalenone, but the study
remains relevant in production conditions when the
level of individual mycotoxins is due to accumulation
during harvesting, storage, and preparation of feed for
consumption.Researchers E. Lee et al. (2021) report that
as a result of chronic poisoning caused by [3-searalenol,
follicular cysts occur in the ovaries of cows due to a
violation of the synthesis of follicle-stimulating and
luteinising hormones due to inhibition of the forma-
tion of the a-isomer of releasing hormone, with lute-
inising hormone-sensitive receptors playing a leading
role, and this study is aimed at restoring the balance
of follicle-stimulating and luteinising hormones. In the
paper by G. Zhang et al. (2018), it is reported that in
chronic mycotoxicosis, the formation of sex hormones
is suppressed due to destructive changes in the ovaries,
which manifest themselves in the form of optosis of
cells of the ovarian cortical layer.
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Similar results were obtained by other researchers,
M. Abdel-Kareem et al. (2019), indicating a negative ef-
fect of mycotoxins on the reproductive capacity of cows
and heifers of mating age. The authors propose a large
number of means to reduce the negative impact of
mycotoxins on the body of cows, namely preservatives
in the collection and storage of feed, sorbents in the
preparation of feed and hepatoprotectors in the treat-
ment of cows with mycotoxicosis. However, as noted by
L. Silva et al. (2021), long-term use of feed containing
zearalenone leads to ovarian dysfunction due to apop-
tosis of cortical layer cells and organisation of brain
and mezentorial layer cells. H Kadokawa (2020) pro-
vides data confirming the violation of cyclical changes
in the types of endometrium of the uterus during the
sexual cycle, and therefore there is an imbalance of
hormones: sex - estradiol, progesterone and those
that are formed in the hypothalamus - releasing factor
(a-and B-isomers), and pituitary-follicle - stimulating
and luteinising, as indicated by another researcher.

The purpose of the study was to investigate the ef-
fectiveness of using a comprehensive treatment regi-
men for cows with mycotoxicosis using certain types of
celeolites, organic acids, and lipid oxidation inhibitors.

MATERIALS AND METHODS

The study was conducted in milk production farms
Agrofirm “Lan’”, Agrofirm “Mriya”, and Limited Liability
Company Agrofirm “Vladana”, Sumy region during 2019-
2021. In each farm, the number of cows was examined
and a diagnosis of mycotoxicosis was established. Then
the cows were divided into two groups (in each farm). In
the first experimental group of cows, a complex appli-
cation of biological agents was used to reduce the ef-
fect of zearalenone on the reproductive ability of cows
(an acidifier based on organic acids, a sorbent based
on celeolite, and an aromatase inhibitor). The acidifier
was added to drinking water, creating a concentration
of 0.1%, which was given to the cows for 5 days. Cele-
olite-based sorbent was used at the rate of 2.5 kg per




1 ton of feed for 14 days. An aromatase inhibitor (letro-
zole) was used at a dose of 30 mg once, orally, when the
dominant follicle reached a diameter of 18 mm. In the
second group (control), no funds were used.

Therewith, the types of ovarian and uterine pathol-
ogy were considered (they were established by transs-
trect examination using a sensor with a Convex matrix
of 6-9 MHz (Ultrasonix RP). The dynamics of some bio-
chemical parameters in all experimental groups is es-
tablished. Therewith, generally accepted methods were
used to determine calcium by reaction with Arsenazo
[11, magnesium - by reaction with xylidyl blue, activity
of ataminotransferases (AST, ALT) - kinetic method (in
vitro), activity of aspartate aminotransferase (AST) - ki-
netic method (in vitro), urea - urease method; total and
direct bilirubin (according to the Endrashik method);
activity of y-lutamyltransferase - with the substrate
L-y-glutamyl - p-nitroaniline, malone dialaldehyde
(MDA) was performed spectrophotometrically. The next
step was to determine the effectiveness of the use
of biologically active agents on reproductive ability.
Therewith, fertilisation indicators, insemination index,
and hidden abortions were established.

All experimental studies were conducted in ac-
cordance with modern methodological approaches
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and in compliance with the relevant requirements and
standards, in particular, they meet the requirements of
DSTU ISO/IEC 17025:2005 (2006). The keep of animals
and all manipulations were conducted in accordance
with the provisions of the procedure for conducting
experiments and experiments on animals by scien-
tific institutions (Law of Ukraine No. 249, 2012), the
European Convention for the Protection of Vertebrate
Animals used for Experimental and Other Scientific
Purposes (1986).

RESULTS AND DISCUSSION

Biochemical parameters are markers of pathological
changes both in the body as a whole and in individual
organs and systems. Some biochemical parameters of
the blood were examined, indicating both metabolic
disorders (calcium, phosphorus and magnesium), toxic
effects of mycotoxins (AST, ALT, total bilirubin), and vi-
olations of antioxidant protection in violation of lipid
oxidation under the influence of zearalenone (seleni-
um, malonic aldehyde Te ceruloplasmin) to diagnose
and predict the occurrence of gynecological pathol-
ogy. The results of studies of changes in individual bi-
ochemical parameters of cow blood for mycotoxicosis
are presented in Table 1.

Table 1. Comparison of biochemical parameters of blood in cows for mycotoxicosis

Control group

Cows after applying

Indicator (n=12) acidifier (n=12) reference indicators P

Calcium, mmol/L 1.68+0.53 2.23%0.31 24-2.6 0.38
Phosphorus, mmol/L 0.98+0.16 1.2+0.34 1.45-2.1 0.556
Magnesium, mmol/L 1.15+0.17 0.89+0.13 0.8-1.15 0.246
Selenium, mmol/L 0.64%0.1 1.1+0.15" 0.8-1.9 0.018
Creatinine, nmol/d 107.3+¥4.59 82.6%£3.5* 80.0-130.0 0.001
AST 121.33%+391 67.25%7.61** 10.0-50.0 0.001
ALT 79.31£6.53 37.28+4.12* 10.0-30.0 0.001

De Ritis Indicator 1.53 1.8 1-15
Bilirubin, umol/L 10.21+0.5 7.65%1.13 0.3-7.0 0.061
Malonic aldehyde, mmol/L 8.27+0.41 5.27%0.69" 4.5-6.0 0.002
Ceruloplasmin, umol/L 2.14%0.39 1.69%0.47 1.6%2.0 0.393

Note: * - p<0.05, ™ - p<0.001
Source: compiled by the authors

Therewith, a positive increase in the use of a com-
plex treatment regimen for cows with mycotoxicosis is
shown. When using an acidifier based on organic acids
together with a sorbent based on celeolite and an aro-
matase inhibitor, a result was obtained indicating the
restoration of calcium levels, while in the control group
(cows in whose diet the amount of zearalenone exceeded
400 mg/kg) it remained at the level of 1.68+0.53 mmol/L.
In addition, when exposed to mycotoxins, in particular,

deoxynivalenol, magnesium levels were recorded at the
upper limit of the reference limit, which also contrib-
uted to a decrease in calcium levels and an imbalance
of calcium, phosphorus, and selenium. There is evidence
indicating a correlation between selenium levels and
the fertilisation capacity of cows.

The use of the proposed treatment regimen for
cows under the influence of zearalenone and deoxyni-
valenol contributed to a decrease in malone aldehyde
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by 1.57 times and ceruloplasmin - by 1.27 times. No-
tably, these indicators have restored their level to the
same level in healthy animals. In addition, the pro-
posed scheme helped to reduce toxic effect on the
body of cows. This is indicated by a decrease in AST

by 1.8 times and alt by 2.13 times, which is confirmed
by studies by other authors (Kinoshita et al., 2018). Re-
ducing the toxic effect and restoring the antioxidant
protection of the cow’s body led to an increase in re-
productive capacity (Table 2).

Table 2. Indicators of reproduction when using a complex treatment regimen for cows with mycotoxicosis

Without treatment Using a comprehensive treatment regimen
Indicators Cows,1st Cowsaged  Cows aged Cows, 1st Cowsaged  Cows aged
calving 3-4 years 5-7 years calving 3-4 years 5-7 years
Number of animals 102 114 112 98 124 107
Duration of the postpartum period 40.1+0.22  45.3%#1.21 52.9%2.67 32.8%2.39* 37.4+3.68 39.1+3.677
Duration of the service period 70.2+1.18  73.61%1.97 73.39£2.63 52.39%2.61* 55.97%#2.67* 59.67%2.32*
Number of calves per 100 cows 82.64 79.42 72.39 93.41 90.37 85.94
Insemination index 3.28+%0.18  3.41+0.22 3.68%0.31 2.1%0.21 2.4%0.18 2.84*0.19
Rejected for various reasons 14 32 38 10 14 16

Note: * - p<0.001
Source: compiled by the authors

A substantial decrease in the duration of the post-
partum period was identified in cows after the first
calving compared to animals of the same age group
with mycotoxicosis. The tendency to reduce the post-
partum period was also observed in older age groups,
but it was statistically unreliable. This is due to deeper
destructive changes in the organs of the reproductive
system in cows, in particular, the uterus (thickening of
the uterine mucosa and organisation processes) with
chronic exposure to zearalenone and apoptosis pro-
cesses in the ovarian tissue, which in turn inhibited
the processes of involution of the genitals of cows af-
ter childbirth.

In general, zearalenone contributed to a constant
increase in the level of estrogen-like substances in the
blood of cows, which led to the development of destruc-
tive changes in the endometrium of the uterus. The use of
a complex treatment regimen using an acidifier, sorbent,
and aromatase inhibitor helped to reduce the toxic ef-
fect of zearalenone on the endometrium, ovaries and in-
crease the antioxidant capacity of cows. Positive dynam-
ics were established in all age groups of such indicators
as the number of offspring received and the insemina-
tion index. The main indicator of restoration of repro-
ductive ability is fertilisation. The analysis of cow fertil-
isation in a comparative aspect is conducted (Table 3).

Table 3. Fertilisation by day 120

Without treatment Using a comprehensive treatment regimen
Indicators Cows, 1st Cows aged 3-4  Cows aged 5-7 Cows, 1st Cows aged 3-4  Cows aged 5-7
calving years years calving years years

number % number %

number %

number % number % number %

Number of animals 102 114 112 98 124 107
Total fertilised 71 69.61 53 46.49 29 25.89 86 87.76 95 76.61 71 66.36
Not fertilised 31 30.39 61 53.51 83 74.11 12 12.24 29 23.39 36 33.64

Note: * - p<0.05, ™* - p<0.001
Source: compiled by the authors

Therewith, the fertilisation rate of cows after the
1st calving after applying a comprehensive treatment
regimen increased 1.26 times (18.15%), among cows
aged 3-4 years - 1.65 times (30.12%). Cows of the older
age group after using the proposed scheme had fertilis-
ation by 2.56 times more often (40.47%). This difference
is explained by the development of hypogonadism in
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older cows, characterised by a large number of atretic
follicles and the absence of dominant follicles due to
the chronic effect of zearalenone on the ovaries of cows.
This is confirmed by the study by J. Gong et al. (2020).
The use of an aromatase inhibitor reduces the level
of lipid peroxidation and the release of estrogen-like
substances, which in turn can reduce the amount of




follicle-stimulating and Lluteinising hormones, which
leads to defective sexual cycles, in particular, anovula-
tory ones. In chronic poisoning with mycotoxins, in par-
ticular, zearalenone and deoxynivalenol, a huge num-
ber of both compensatory and destructive mechanisms
occur in the body. Certain biochemical parameters are
markers of such changes, so their interpretation is fun-
damental in the diagnosis and development of meth-
ods for the prevention and treatment of cows exposed
to mycotoxins in general and zearalenone in particular.

A decrease in the level of calcium in cows under
the influence of mycotoxins occurs firstly, as a conse-
quence of the use by the cow’s body of a large amount
of this macronutrient in a cascade of redox reactions
under oxidative stress of the body, and secondly-poor
absorption of calcium due to destructive changes in the
intestinal wall. This statement is supported by authors
. Alassane-Kpembi et al. (2019), indicating a decrease
in the viability of intestinal cells and the concentration
of short-chain fatty acids, and as a result, the death of
saprophytic bacteria that counteract oxidative stress
and impair effective digestion and absorption of sub-
stances. Selenium is known to play a role in preventing
oxidative stress in the body and apoptosis of ovarian
cells and stimulating the formation of blastocysts in the
embryo (Gonzalez Andueza et al, 2022). Most authors
tend to believe that a decrease in selenium levels under
the action of mycotoxins leads to a decrease in the over-
all antioxidant capacity, while the level of malonic alde-
hyde and ceruloplasmin increases (Gong & Xiao, 2018).

After applying a complex treatment regimen for
cows with chronic mycotoxicosis, the amount of sele-
nium increased, which is associated with the restora-
tion of redox reactions in the body due to the blocking
of aromatase and slowing down the formation of es-
trogen-Llike substances, including from adipose tissue. A
similar trend has been identified by A.lorga et al. (2017),
indicating a positive effect of aromatase in the devel-
opment of oxidative stress. Another diagnostic criterion
for the development of oxidative stress, and therefore
a violation of the synthesis of both gonadotropic hor-
mones and sex hormones, is the level of malone alde-
hyde. Thus, a decrease in the level of malone aldehyde
inthe blood serum to the reference values was observed
after the use of the proposed treatment of cows. It is
known that in infectious diseases and toxicoses caused
by mycotoxins and bacteria, the amount of malone al-
dehyde increases (Ayemele et al., 2021). Therefore, it is
possible to start the idea of a positive result of using
the proposed treatment for oxy-reducing reactions in
chronic mycotoxin poisoning.

There was a reduction in the duration of the post-
partum period after the use of a complex treatment
regimen with a sorbent based on celeolite, an oxidant
based on organic acids and an aromatase inhibitor,
which is associated with the restoration of the synthe-
sis of follicle-stimulating hormone and prostaglandin
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F,, uterine tissues, which stimulated the contraction
of the uterus, and then the processes of involution of
the organs of the reproductive system. Therewith, the
yellow body of pregnancy melts, the amount of pro-
gesterone decreases sharply and the local protective
reaction of the endometrium increases. Other authors
agree with these statements, in particular, M. Adnane &
A. Chapwanya (2022) indicate an increase in the num-
ber of lactic acid bacteria on the vaginal mucosa, which
in the process of vital activity produce lactic acid, which
acts bactericidal on conditionally pathogenic microflo-
ra that entered the organs of the reproductive system
during childbirth.

Special attention should be paid to the duration of
the service period because it directly affects the effec-
tiveness of insemination at the first manifestation of
the stage of sexual heat arousal in cows. At this time, it
is important to establish the condition of the organs of
the reproductive system of cows before insemination.
This is due to the fact that according to foreign authors
(Wagener et al, 2017; Ballas et al., 2022; Pascottini
et al., 2023), during this period subclinical inflammatory
processes are diagnosed, namely endometritis, salpingi-
tis, or ovariitis. After applying the prescribed treatment,
the duration of the service period decreased by an aver-
age of 25%. This is due to a faster involution of the or-
gans of the reproductive system, after which dominant
follicles are formed in the ovary, and therefore the first
ovulation after childbirth. This standpoint is supported
by Y. Lin et al. (2021). The presented data indicate sub-
stantial changes in the biochemical parameters of cow
blood due to the negative effect of mycotoxins, which
negatively affect the reproductive capacity. A character-
istic complex change in the main biochemical param-
eters is both a diagnostic and prognostic test for the
occurrence of infertility due to exposure to zearalenone
and deoxynivalenol. The proposed treatment regimen
for sick cows can be used to treat cows with mycotox-
icosis to restore and stimulate the reproductive ability
of cows and heifers.

CONCLUSIONS

Long-term feeding of feed containing zearalenone leads
to a decrease in the reproductive capacity of cows after
the 1st calving by 30%, cows of the middle age group
(3-4 years) - by 53.5%, and cows of the older age group -
by 74.11%. The presence of zearalenone in the diet of
more than 400 mg/kg contributes to the accumulation of
estrogen-like substances and a decrease in the level of
calcium, phosphorus, and the antioxidant capacity of the
cow’s body. The use of complex treatment of cows using
an acidifier based on organic acids, a sorbent based on
celeolite, and an aromatase inhibitor helps to normalise
the level of individual micro-and macronutrients and re-
store the antioxidant protection of the cow’s body.

The use of the proposed treatment regimen in-
creases the fertilising capacity of cows of the song
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of the 1st calving by 18.15%, cows aged 3-4 years - by  stages of the reproductive cycle and explore the possi-
30.12%, and cows of the older age group - by 40.47%, bilities of optimising complex drugs to improve heat.
respectively. Further research on this subject should be

aimed at a deeper understanding of the relationship be- ACKNOWLEDGEMENTS

tween mycotoxicosis and the reproductive function of  None.

cows, in particular, with regard to molecular and hormo-

nal mechanisms of influence. It is important to examine CONFLICT OF INTEREST

the effect of different types of mycotoxins on different  None.
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AHortauis. Bce 6inblwioro 3HayeHHs HabyBa€e aniMeHTapHa HeMigHICTb 3yMOBAEHA TOKCUYHUM BIM/JIMBOM MiKOTOKCUHIB,
0cob/MBO 3eapaNeHoOHOM Ta AEOKCMHIBANEHONOM, WO NPU3BOANUTL A0 3HMXKEHHS edeKTUBHOCTI AiSNbHOCTI ranysi
CKOTapCTBa, TOMY HeobXiAHWUM € BMBYEHHS AaHoi npobnemu. MeTolo poboT 6yno BUSBUTM BNAMB KOMMAEKCHOMO
3aCTOCYBaHHS COpOEHTIB, NiAKMC/IIOBAYIB Ta iHriGITOPiB apoMaTa3n Ha BiATBOPHY 34aTHICTb KOPIiB 3@ MiKOTOKCUKO3Y.
Mpu npoBegeHHi focnigxeHb Oyno BMKOPUCTAHO KAiHIYHI MeToaM (3aranbHe 0OCTeXeHHs) GioxiMiuHi (BMicCT
B CMpOBATLi KpOBi KanbLilo, MarHito, CE40BMHM, 3aranbHOro Ta npsmoro 6inipybiHy, ManoHoBOro Aianbaeriny,
aKTUBHICTb aMiHOTpaHchepas. Kopis 6yno nofineHo Ha ABi rpynu: nepla rpyna 6yna KOHTPONbHOM, e NiKyBaHHS
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He 33CTOCOBYBAJIM, KOPOBAM ApPYroi rpynu 3acTOCOBYBaIM KOMMIEKCHUI METOA, NliKyBaHHS. BCTAHOBMIEHO 3HMKEHHS
piBHS Kanbuito fo 1,68+0,53 mmonb/n, pocdopy - 0,98+0,16, ceneHy - 0,64+0,1 MMoNb/N, NiABULLEHHS PiBHA MarHito
no 1,15%0,17 mMonb/n, NigBULEHHS acnapTaTt aMiHoTpaHchepasun no 121,33+3,91 Op, anatamiHoTpaHcdepasn Ao
79,31%6,53 Op, 3aranbHoro 6inipybiny po 10,21+0,55 mkmonb/n, ManoHoBoro anbaerigy no 8,27+0,41 mkmonb/n
Ta Llepynonnasminy no mkmonbe/n 2,14%0,39 npu XpOHiYHOMY MiKOTOKCMKO3i, 3yMOB/IEHOTO 3€apaseHOHOM Ta
[eoKcuHiBaneHonoM. lNpu 3acTocyBaHHi KOMMNAEKCHOI CXeMW NiKyBaHHS TBapWH BCTAHOB/IEHO LOCTOBiIpHY 3MiHY
Ta HabnmxeHHs Ao pedepaTUBHWMX PIBHIB MOKA3HWUKIB ceneHy, kpeaTuHiHi, ACT, AJTT, ManoHoBoro anbaerify Ta
uepynonaasmiHy. 3aCTOCyBaHHS 3anpONOHOBAHOI CXeMM NiKyBaHHS NiABMULLYE 3anifHIOYY 34aTHICTb KOPIB NiCHS
1-ro oteny Ha 18,15 %, kopiB BikoM 3-4 poku - 30,12 % Ta KopiB CcTapLuoi BikoBoi rpynu Ha 40,47 %.3anponoHoBaHO
KOMMNNEKCHWUI MeToh, NiKyBaHHS KOPiB 3@ MIKOTOKCMKO3Y, 3YMOB/IEHOrO 3€apafieHOHOM 3 BWKOPWCTAHHSAM
NiAKMUCIIOBAYa Ha OCHOBI OpraHiuYHMX KMCNOT, COPOEHTY Ha OCHOBI LLeNeoniTy Ta iHribiTOpy apoMaTasu, sika Moxe
6yTV BUKOPUCTaHa B TBAPUHHMLbKMX FOCMOAAPCTBAX 3 BUPOOHMLTBA MONOKA Ta MAca pi3HOi GopMM BNACHOCTI ANS
BiAHOB/MEHHS Ta HOpMani3aLii BiATBOPIOBabHOI 34aTHOCTI KOpPIB

KniouoBi cnoBa: MiKOTOKCMHU; BiATBOPEHHS; iHTBiTOp apoMaTasu; aHTUMOKCUMOAHTHUIA 3aXMCT
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growth stimulators in the conditions of the Northern Steppe of Ukraine on corn, especially Avangard Grow Amino
and Avangard Grow Humate on early-maturing and medium-early corn hybrids, allows increasing the gross yield

of high-quality grain by 7.6-18.4%

Keywords: corn hybrids; growth stimulators; biometrics; SPAD units; grain yield; crude protein; crude fat; economic

efficiency

INTRODUCTION

The increase in manifestations of extreme weather con-
ditions (droughts, high temperatures, dry winds, frosts,
etc.) is due to climate changes towards its warming,
man-made loads, reduction in the use of mineral and
organic fertilisers, which makes it necessary to improve
the technology of growing corn to increase its yield,
gross grain collections, and quality indicators.

According to T. Marchenko (2019) and Ya. Byelov
(2018), corn in all phases of growth and development
requires favourable conditions for plant development
(nutrition, moisture, heat, etc.), but in extreme conditions
there is often a need to increase the stress resistance of
corn plants, especially in the Steppe zone of Ukraine, to
obtain high grain yields. It is necessary to create favour-
able conditions for plant growth and protect them from
the effects of environmental stress factors, in particular,
the use of growth stimulants, microfertilisers, etc. A study
conducted by A. Abdo et al. (2022) determined that all
examined biometrics, crop structure elements, and over-
all yield were maximal when using 75% NPK + biofer-
tiliser in combination with amino acids or a mixture of
humic acids with amino acids, proving the importance of
growth stimulants in enhancing the strategy of reduc-
ing chemical NPK by 25%. M. Szcsepanek (2018), proved
that the Kelpak biostimulator together with Nano Active
microfertiliser increased the yield of corn grain by up to
10% compared to the control. Experiments conducted by
M. Pashchak et al. (2021) show that foliar top dressing
with multi-complex microfertiliser Orakul in the BBCH
13-15 phase (3-5 leaves) increased the yield increase by
0.82 t/ha, due to the provision of plants with nutrients
during this period.

T. Marchenko et al. (2019) proved that the use of
growth regulators in the phase of 5-7 maise leaves
contributed to the growth and development of plants,
increasing grain yield. The increase in the yield of
cobs from the introduction of Megafon was 9%, Del-
fan Plus - 8%, Folik Aminovigor — 6%. Seed treatment
with growth stimulants is also highly effective, in par-
ticular, according to T. Bortnik et al. (2019), Alga 600
growth stimulator, when used in the early stages of
plant development, ensures high plant biometrics and
grain yield. Through growth stimulators, it is possible to
solve an important drought problem for plants by using
5-aminolevulinic acid (5-ALA), zearalenone (ZEN), triac-
ontanol (TRIA), and silicon (Si), which improve the wa-
ter balance of maise and its photosynthetic activity in
soil drought conditions (Ostrowska et al., 2021). Similar
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results were obtained by V. Palamarchuk et al. (2018),
where the use of organic balance improved the growth,
development of photosynthetic potential and yield of
seeds of maise lines, the parent components of promis-
ing hybrids, which are usually less resistant to negative
environmental factors. In thius case, under irrigation
conditions, the maximum grain yield of the parent FAO
420 line was obtained - 7.08 t/ha.

Considering the experience of Ukrainian and foreign
researchers, research in this area was continued, which
led to the purpose of the study - to examine the effect of
growth-regulating preparations on photosynthesis activ-
ity, growth processes, development, and productivity of
corn hybrids in the northern steppe of Ukraine.

MATERIALS AND METHODS

The study was conducted at the research field of the
Scientific and Educational Centre for Practical Train-
ing of the Dnipro State Agrarian and Economic Uni-
versity (hereinafter — DSAEU) in 2020-2022. The soil
of the research sites is ordinary low-humus dusty-me-
dium loamy loess chornozem. Chornozem has a high
potential and effective fertility (humus content in the
0-30 cm layer - 3.9%, total nitrogen - 0.22%, phospho-
rus - 0.13%, potassium - 2.2%.

Corn was grown according to the generally ac-
cepted technology characteristic of the Steppe zone of
Ukraine. The predecessor of corn was winter wheat in
grain-fallow-row crop rotation (clean fallow - winter
wheat - corn - barley - sunflower). After mowing the
predecessor of corn (winter wheat), general background
stubble peeling was performed with heavy disc harrows
PALLADA 2400 (Ukraine) to a depth of 10.0-12.0 cm.
The next processing was ploughing, which was per-
formed with a PLN-3-35 plough (Ukraine) to a depth of
23-25 cm. In spring, pre-sowing cultivation of KSO-4N
to a depth of 6-8 cm was conducted, under which the
soil herbicide Aspect Pro - 2.2 L/ha was applied, and
in the phase of 3-5 leaves, the herbicide Elumis was
used at a rate of 1.5 L/ha. Soil fertilisation was conduct-
ed in the spring under the cultivation of N15P15K15.
The preparations were applied with a small-sized rod
sprayer OM-4 (Ukraine) in the phase of 5-7 and 10-12
maise leaves. Before sowing, the corn seed material was
etched with a mixture of Maxim XL 035 FS - 1.0 L/T +
Vibrance 500 FS - 1.5 L/T + Force Zea 280 FS - 6.0 L/T.

Hybrids of different ripeness groups were used: DN
Olena 440 MV FAO 440 of medium-late maturation,




DN Julia 340 MV FAO 340 medium-late, DN Khortyt-
sia FAO 240 medium-early, and DN Pivikha FAO 180 of
early maturation. In the phase of 3-5 leaves and 10-12
leaves, preparations based on growth stimulators and
microfertilisers were used: Avangard Grow Humate -
1.0 L/ha, Avangard Grow Amino - 1.5 L/ha, Alpha Nano
Grow - 50 ml/ha, Vympel 2 - 0.5 L/ha. There was also a
control without the use of growth stimulants on corn.
Scientific studies were conducted according to gener-
ally accepted research methods, the results of which
were subjected to mathematical processing using vari-
ance analysis (Dospehov, 2013). Among the features of
the method, the determination of the chlorophyll con-
tent in corn leaves in SPAD units on the SPAD-502 Plus
device (Ukraine) is notable.

Experimental plant analysis (both cultivated and
wild species), including plant material collection, ad-
hered to institutional, national, or international ethical
principles. The authors followed the standards of the
Convention on Biological Diversity (1992) and the Con-
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vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

RESULTS AND DISCUSSION

The height of corn increased in ascending order from
the early-maturing DN Pivikha up to the medium-late
DN Olena - 215.0-225.0 cm, that is, it had a depend-
ence on the group of plant maturation. The height of
corn did not substantially depend on the introduced
growth stimulants, the growth was only 3-8 cm, or
1.4-3.7% compared to the control (without the in-
troduction of preparations). The maximum height of
corn was noted for processing with Avangard Grow
Humate - 223-225 cm. Images of corn habitus in the
BBCH 31-32 phase (11-12 leaves) are presented to
visually confirm the increase in biometric indicators of
corn (plant height, number of leaves, leaf area). From
the size of corn plants, the growth of vegetative mass
is visible precisely on the options for using growth
stimulants (Fig. 1).

Figure 1. Corn plant habitus under the influence of plant growth stimulators in 2020

There was a tendency to increase the number of
leaves with the introduction of growth stimulants in
comparison with the control without the use of stim-
ulants by 3.5-5.6%, regardless of the corn maturation
group. Notably, the number of leaves of corn plants is
substantially associated with the biological character-
istics of plants, namely, with a gradual increase in the
number of leaves from the early-maturing DN Pivikha -
10.70-11.30 pcs./plant and up to the medium-late DN
Olena - 13.40-14.40 pcs./plant. The same patterns are
inherent in the area of leaves on one plant. That is,
their minimum area is typical for the control version of
329.80-538.80 cm?. The use of stimulants contributed
to the trend of increasing the area of leaf blades by

5.30-28.30% without substantial differences between
the preparations used since the difference between
them was within the smallest substantial difference.
All growth stimulators had a substantial effect on
chlorophyll levels in maise leaf blades. An increase in
the quantitative indicators of chlorophyll in SPAD units
compared to the control was observed in hybrids DN Pi-
vikha by 8.10-9.10 units (17.90-19.60%), DN Khortytsia
by 9.21-12.81 units (18.21-23.71%), DN Julia by 2.31-
6.62 units (4.7-12.3%), DN Olena by 1.5-6 units (3.2-
11.4%). The tendency to increase the content of chlo-
rophyll after the introduction of Avangard Grow Amino
and Avangard Grow Humate preparations compared to
Vympel 2 and Alpha Nano Grow is notable (Fig. 2).
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Figure 2. Dynamics of chlorophyll content under the action of growth stimulators for 2020-2022, (SPAD units)

Source: compiled by the authors

The effectiveness of stimulants on corn in terms
of chlorophyll content decreased over time after their
use, especially this can be noted on medium-ripening
DN Julia and medium-late DN Olena, which have a
slightly longer growing season compared to early-rip-
ening and medium-early hybrids, which gives grounds
for repeated (additional) use of stimulants in later
phases of corn growth and development for further pro-
longation of the action of preparations, and ultimately
to an increase in chlorophyll content and grain yield.
The results of this study are also confirmed by other re-
searchers (Szulc et al,, 2021; Zabolotna et al., 2022).The
examined elements of the crop structure (the length of
cobs,the number of rows of grains, the number of grains
from the cob, the mass of grains from the cobs, and the
mass of a thousand grains) tended to increase and, de-
pending on the maturation group of corn, these indi-
cators increased from early-maturing to medium-late.
Elements of the crop structure generally depended on
growth stimulators, which is also confirmed by many
researchers (Sukhomud et al., 2019).

In the control version, all hybrids had minimal val-
ues of the length of cobs, the use of stimulants allowed
to slightly increase this indicator by 0.50-1.70 cm (2.60-
8.60%). Directly proportional to the length of the cobs,
there was also an increase in the number of grains
per cob, depending on the action of growth stim-
ulators in the early-maturing hybrid DN Pivikha by
31.2-56.4 pcs. (6.6-11.3%), medium-early DN Khortyt-
sia - 47.8-71.9 pcs. (11.4-16.1%), medium-maturing
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DN Julia - 102.7-102.9 pcs. (18.9-18.8%), and in me-
dium-ripening DN Olena - 43.3-104.6 pcs. (8.5-18.4%).
The same patterns were identified when determining
the mass of grain from one cob and the mass of a thou-
sand grains. The mass of grains from the cob grew un-
der the influence of growth stimulants in corn by an av-
erage of 5.610-30.10 g (7.820-31.420%), and the mass
of a thousand grains by 5.410-50.20 g (2.6-18.9%). No-
tably, the plant growth stimulators Avangard Avangard
Grow Humate and Grow Amino tended to maximise the
growth of these elements of the crop structure.

The content of chlorophyll in maise leaf blades sub-
stantially correlated with grain yield, this pattern is also
confirmed by various researchers (Gong et al, 2021).
With an increase in the content of chlorophyll, grain
yield increased. The increase from the use of stimu-
lants was in the early-maturing hybrid DN Pivikha -
0.13-0.35 t/ha (2.7-7.7%), medium-early DN Khortyt-
sia - 0.85-1.08 t/ha (16.6-18.5%), medium-maturing
DN Julia - 0.18-0.20 t/ha (3.18-3.4%), medium-late DN
Olena - 0.05-0.53 t/ha (0.65-7.6%).

The use of growth stimulators on corn allowed
improving the grain quality of hybrids of different
ripeness groups (Table 1). The use of almost all plant
growth stimulators examined allowed improving the
quality of corn grains of different ripeness. The ob-
tained experimental data directly correlated with
biometric indicators, elements of the crop structure
and grain yield. Thus, the use of growth stimulators
increased the content of crude protein in DN Pivikha




by 0.03-0.65 percentage points, DN Khortytsia - 0.58-
1.04 percentage points, DN Julia - 0.1-0.74 percent-
age points, DN Olena - 0.15-0.68 percentage points,
the maximum increase in crude protein was observed
in the medium-early hybrid DN Khortytsia. Among the
preparations used, Avangard Grow Amino and Avan-
gard Grow Humate should be highlighted, which tended
to increase the crude protein content to 6.42-8.4%,
or 0.12-0.48 percentage points more. As for hybrids,
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the maximum values of crude protein content were
noted in the early-maturing hybrid DN Pivikha - 7.75-
8.4%. There is also a tendency to reduce the content
of crude protein with the lengthening of the growing
season from early-maturing hybrid to medium-late,
which is likely due to a gradual slowdown in the ac-
tion of preparations over time and requires additional
research using additional (third) application of prepa-
rations on later hybrids.

Table 1. Grain quality of different corn hybrids under the influence of growth stimulators for 2020-2022

Hybrids Preparations Seed yield,t/ha Crude protein, % Raw fat,% Grain moisture content, %
Control (no stimulators) 4.37 7.75 4.02 14.08
Vympel 2 4.49 778 4.68 1391
DN Pivikha early-
maturing Alpha Nano Grow 4.64 7.92 4.76 13.82
Avangard Grow Amino 4.7% 8.21 4.82 14.03
Avangard Grow Humate 4.73 8.40 4.81 13.83
Control (no stimulators) 472 6.08 3.55 14.02
Vympel 2 5.08 6.66 5.06 13.06
DN Khortytsia
medium-early Alpha Nano Grow 5.56 712 4.33 14.14
Avangard Grow Amino 5.74 6.86 4.48 14.01
Avangard Grow Humate 5.79 7.10 4.45 13.93
Control (no stimulators) 5.77 6.32 3.53 14.34
Vympel 2 5.96 6.55 3.73 14.04
DN Julia 340 Alpha Nano Grow 5.97 6.43 443 14.12
medium-ripening
Avangard Grow Amino 5.95 6.42 411 14.32
Avangard Grow Humate 5.94 7.06 4.10 14.18
Control (no stimulators) 6.18 6.05 4.71 14.50
Vympel 2 6.68 6.20 4.77 14.53
DN Olena 440 Alpha Nano Grow 6.41 6.62 5.38 13.80
medium-late
Avangard Grow Amino 6.22 6.73 5.52 14.44
Avangard Grow Humate 6.29 6.60 5.17 14.45
Hlpo.s t/ha/% 0.19 0.18 0.13 -

Source: compiled by the authors

The content of crude fat had an inverse correlation
with the content of crude protein, that is, there was
an increase in its content on the medium-late hybrid
compared to early-maturing ones. In the medium-late
hybrid DN Olena, the maximum fat content of 4.71-
5.38% was obtained, while the remaining hybrids
were slightly inferior by 0.32-1.18 percentage points.
Growth stimulants increased the content of crude fat
compared to the control (3.53-4.71%) to 3.73-5.52%,
or by 0.21-0.81 percentage points, the most posi-
tive trend here was the preparations Avangard Grow

Humate, Avangard Grow Amino, and Vympel 2. Corn hy-
brids of different maturation periods against the back-
ground of different preparations containing growth
stimulators and microfertilisers were marked by dif-
ferent grain yields, which depended on the biological
properties of hybrids, the use of growth stimulators
and microfertilisers, which ultimately determined the
amount of production costs that are necessary for con-
ducting technological cycles of work in the technology
of growing corn hybrids with different maturation pe-
riods (Table 2).
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Table 2. Economic performance indicators of corn cultivation under the influence of growth stimulants

on average for 2020-2022
© g 4] © ]
= = © 1] = (=)
S & 55 8£ 83 g, &, u&
s g% E% s% 5 S£€ 3% g%
Hybrids preparation options 2 o E 52 == k- [S%a 8 v S 3
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o = 23 Ts GRS =z N =
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Control (no stimulators) 4.37 7900 - 19900 34523 14623 734 -
Vympel 2 449 7900 2000 20100 35471 15371 764 3.0
DN Pivikna n‘;a”y' Alpha Nano Grow 464 7900 2750 20175 36656 16481 816 8.2
Avangard Grow Amino 473 7900 2820 20182 37367 17185 851 117
Avangard Grow Humate 473 7900 1330 20033 37367 17334 86.5 131
Control (no stimulators) 4.72 7900 - 19900 37288 17388 873 -
Vympel 2 5.08 7900 200.0 20100 40132 20032 99.6 123
DN Khortytsia
medium-early Alpha Nano Grow 556 7900 275.0 20175 43924 23749 1177 304
Avangard Grow Amino 574 7900 282.0 20182 45346 25164 1246 373
Avangard Grow Humate 579 7900 133.0 20033 45741 25708 1283 410
Control (no stimulators) 5.77 7900 - 19900 45583 25683 129.0 -
Vympel 2 596 7900 200.0 20100 47084 26984 1342 5.2
DN Julia 340
medium-ripening Alpha Nano Grow 597 7900 275.0 20175 47163 26988 1337 47
Avangard Grow Amino 595 7900 282.0 20182 47005 26823 1338 48
Avangard Grow Humate 594 7900 133.0 20033 46926 26893 1342 5.2
Control (no stimulators) 6.18 7900 - 19900 48822 28922 1453 -
Vympel 2 6.68 7900 200.0 20100 52772 32672 1625 170
DN Olena 440
srednepizny Alpha Nano Grow 6.41 7900 275.0 20175 50639 30464 1509 5.6
Avangard Grow Amino 6.22 7900 282.0 20182 49138 29001 1434 -19
Avangard Grow Humate 6.29 7900 1330 20033 49691 29658 1480 2.7

Source: compiled by the authors

Thus, the total costs in the technological cycle of
corn cultivation in the experimental field of the Sci-
entific and Educational Centre for Practical Training
of DSAEU amounted to 19900 UAH/ha (material costs,
labour remuneration, depreciation charges). The cost
of the preparations used in the experiment, as of the
2022 marketing year, was: Vympel 2 - 400 UAH/L, Alfa
Nano grow - 550 UAH/0.1 L, Avangard Grow amino -
188 UAH/L, Avangard Grow Humate - 133.0 UAH/L. As
can be seen from Table 2, the maximum total produc-
tion costs were for the use of Avangard Grow amino -
282 UAH/ha (in total - 20182 UAH/ha) and Alfa Nano
grow - 275.0 UAH (in total - 20175 UAH/ha) due to the
slightly higher cost of these preparations.

With the same production costs of 19900-20182
UAH/ha, different-maturing hybrids did not form the
same grain yield (an increase in yield from early-ma-
turing to medium-late hybrid), and economic indica-
tors changed accordingly. The maximum yield, and
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accordingly the profitability of grain production, was
provided by the medium-late hybrid DN Olena - 145.3-
148.0%. Slightly inferior to the medium-early DN Khor-
tytsia and medium-maturing DN Julia, and with min-
imal yield indicators (4.37-4.73 t/ha), the minimum
profitability of grain production was provided by the
early-maturing hybrid DN Pivikha - 73.4-86.5%. Eco-
nomic indicators are obtained from the effect of stim-
ulants on corn plants. The maximum increase in per-
centage points (p.p.) of profitability from the use of
preparations in relation to control was obtained on
early-maturing DN Pivikha (3.0-13.1 percentage points)
and medium-early Dn Khortytsia (12.3-41.0 percentage
points) hybrids. Avangard Grow Humate (1.0 L/ha) had
the best economic indicators here with the best in-
crease in p.p.in relation to the control (+13.1-41.0 VP).

Medium-ripening DN Julia and medium-late DN
Olena hybrids had a minimal increase in profitability
from the preparations used, only 4.7-5.2 and 2.7-




17.0 p.p., respectively, due to small grain increases from
the use of preparations. On these corn hybrids, the best
results were provided by Vympel 2, which provided an
increase in the level of profitability by 5.2-17.0 per-
centage points. The best effectiveness of preparations
on early-maturing and medium-early hybrids can be
explained by the better effect of preparations at the
beginning of the growing season of the plant and its
gradual attenuation over time. Medium-ripening and
medium-late hybrids, to the extent of their biological
characteristics, have a longer growing season, and ac-
cordingly require a more extended prolongation of the
action of preparations, that is, it is necessary to addition-
ally apply preparations in later phases of growth and de-
velopment to obtain the greatest increase in grain and
increase the level of profitability of grain production.

Growth stimulators and microfertilisers that were
examined in the experiment (Avangard Grow Amino,
Avangard Grow Humate) are relatively new prepara-
tions and are practically not examined in the condi-
tions of Ukraine and the world, so there is little data
on their effectiveness, except for the declared charac-
teristics of the originator, in addition, they are contra-
dictory due to the specific features of climatic condi-
tions and elements of corn cultivation technology. A
number of Ukrainian and foreign researchers note that
plant growth stimulators in combination with microfer-
tilisers are highly effective preparations that increase
the stress resistance of corn plants and increase its
yield, which is also confirmed by the data of this study
(Marchenko et al.,, 2019; Gong et al., 2021). The in-
crease in corn grain from the use of growth-stimulating
preparations in the early-maturing hybrid DN Pivikha
was 0.13 - 0.37 t/ha (2.7-7.8%), medium-early DN Khor-
tytsia - 0.85-1.08 t/ha (16.6-18.5%), medium-maturing
DN Julia - 0.18-0.22 t/ha (3.18-3.4%), medium-late DN
Olena - 0.05-0.51 t/ha (0.65-7.6%). Foreign researchers
have similar results regarding the use of growth stimu-
lants and microfertilisers. Thus, in particular, according
to the authors J. Xue et al. (2020), the growth regulator
Megamix N10 provided a grain increase of 30-32.5%,
and the growth regulator Aminocate 30% provided a
grain increase of 23.7-24.7% in relation to the control
without preparation treatment.

Experiments conducted by O. Laszlo & R. Olepir
(2022) show an increase in the yield of corn grains from
the plant growth regulator Vympel and Oracle at the
level of 8% or more. In the control variants without the
use of stimulants, the corn yield was 3.79 t/ha. Seed
treatment with Vympel-K + Orakul tank mixture at a rate
of 1.0 l/t increased the yield by 0.250 t/ha, respectively,
while plant treatment in phases 3-5 and 7-8 leaves in-
creased the grain yield by 0.290 and 0.330 t/ha. The
preparations showed an increased growth-stimulating
effect in the early stages of plant growth and develop-
ment. Experiments by H. Ebrahimi et al. (2020) proved
that the use of plant growth stimulators has improved
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the use of fertilisers by plants, because they increase
the efficiency of nutrient availability and perception by
maise plants. Experiments on growth stimulators with
corn in China have shown that the growth stimulator
EDAH+DA-6 suppresses stem elongation, promotes
stem thickening, and increases mechanical strength
and the number of vascular bundles (Gong et al.,, 2021).
Corn lodging under EDAH+DA-6 treatment decreased
by 6.95% compared to control plants, and grain yield
increased by 15.51%. In addition, Edah+DA-6 introduc-
tion substantially improved the quality of corn. Similar
results regarding the thickening of the corn stem and
increasing its strength are confirmed by other Chinese
researchers (Seknon et al., 2020).

According to the results of these studies, it is pos-
sible to increase the stress resistance of plants to en-
vironmental conditions and level the problems by op-
timising the technological elements of corn cultivation,
introducing new modern biological growth stimulators
of corn that have been poorly examined or not examined
at all (Avangard Grow Humate, Avangard Grow Amino,
Vympel 2), which contribute to accelerated growth, in-
creased resistance to extreme temperatures, improved
leaf development, increased chlorophyll content, in-
creased crude protein and fat content in corn grain, and
ultimately, an increase in grain yield and quality.

CONCLUSIONS

The use of growth stimulants did not substantially in-
crease the height of maise plants, only by 3.0-8.0 cm
(1.5-3%) compared to the control. The maximum height
of plants is typical for areas treated with Avangard
Grow Humate - 223.0-225.0 cm. There is a tendency to
increase the number of leaves when applying growth
stimulants by 3.50-5.60%, regardless of the corn rip-
ening group. There were also trends of increasing the
area of leaf blades by 5.30-28.30% without substantial
differences between the preparations.

The maximum increase in chlorophyll content was
provided by Avangard Grow Amino and Avangard Grow
Humate compared to Vympel 2 and Alpha Nano grow.
In particular, the hybrids DN Pivikha by 8.2-9.2 units of
SPAD (17.8-19.7%), DN Khortytsia - by 9.3-12.9 units of
SPAD (18.3-23.8%), DN Julia - by 2.4-6.7 units of SPAD
(4.7-12.3%), DN Olena - by 1.5-6 units of SPAD (3.1-
11.3%). The additional volume of corn grain from the
use of growth stimulators in various hybrids showed
the following results: in the early-maturing hybrid DN
Pivikha, this increase ranged from 0.13 to 0.37 tonnes
per hectare (which is 2.7 - 7.8%); in the medium-early
DN Khortytsia — from 0.85 to 1.08 tonnes per hectare
(16.6-18.5%); in the medium - maturing DN Julia-from
0.18 to 0.22 tonnes per hectare hectares (3.18-3.4%);
and in the medium-late DN Olena - from 0.05 to 0.51
tonnes per hectare (0.65-7.6%).

The content of crude protein under the influence of
stimulants tended to increase, in particular, in DN Piv-
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ikha by 0.03-0.65 p.p. (percentage points), DN Khortytsia
0.58-1.04 p.p., DN Julia - 0.1-0.74 p.p., DN Olena - 0.15-
0.68 p.p., preparations Avangard Grow Amino and Avan-
gard Grow Humate provided the greatest increase in the
content of crude protein up to 6.42-8.4%, or 0.13-0.48
percentage points more. The use of a medium-late hybrid
of corn DN Olena provides maximum indicators of crude
fat content of 4.71-5.38%, the rest of the hybrids are
slightly inferior by 0.32-1.18 percentage points. Growth
stimulants (Avangard Grow Humate, Avangard Grow
amino, Vympel 2) contribute to an increase in the con-
tent of crude fat compared to the control (3.53-4.71%) to
3.73-5.52%, or by 0.3-0.81 p.p. The medium-late hybrid
DN Olena reaches the highest level of profitability in
corn grain production, which is 145.3-148.0%. Slightly
lower indicators in the medium-early DN Khortytsia
and medium-maturing DN Julia. Growth stimulators, and
especially Avangard Grow Humate, have a maximum in-

early-maturing hybrid DN Pivikha (3.0-13.1 VP) and me-
dium-early DN Khortytsia (12.3-41.0 VP).

Changing climatic conditions and constant updat-
ing of the composition of different-maturing hybrids
and preparations based on growth stimulants cause
the continuation of research in this area to identify the
most optimal variants of preparations to increase the
level of yield and its quality.
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EdeKTUBHICTb perynartopiB pocTy B nociBax KyKypyA3u MNMiBHiYHoro Cteny YKpaiHu

OnekcaHap IBaHoBuu Luntopmk
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[HINPOBCbKMIA AepXKaBHUI arpapHO-eKOHOMIYHWI YHIBEPCUTET
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AHoTauis. besnepepBHe 3pocTaHHA LiH HA MiHepanbHi LOOpMBa Nif KYKypyA3y 0OMeXye BUKOPUCTAHHS f06puB, WO
Befe [0 MOLWYKY HEeTPaaULIMHUX JKepen BHECEHHS eNeMEHTIB XXMBNEHHS, @ 30KpEMA BUKOPUCTaHHSA BioNorivyHmnx
NPUPOAHUXTA CUHTETUYHUX CTUMYNSTOPIB POCTY,SIKi HE WKiAAMBI A9 40BKINAS | 4,O3BOASIOTH LWMPLLIE BUKOPUCTOBYBATH
BECb reHEeTUYHMIA NOTeHLian KyKypya3un. MeTa poboTu nongrana y BUBYEHHI BMIMBY Pi3HUX PErYNSTOPiB pOCTY POC/IUH
Ha IHTEHCUBHICTb HOTOCKMHTESY, PO3BUTOK, PICT | NPOAYKTUBHICTb KYKYPYA3W Pi3HUX rpyn cTurnocTi B Creny Ykpainu.
[poBoanAM NONLOBI HAYKOBI AOCNIAKEHHS 33 3arasibHO NPUMHATUMU METOAMKAMM AOCAIAHOT CNPaBy i3 HACTYMHUM
BMKOPUCTAHHAM MaTeMaTUYHOI 0OpOOKM eKCNepuUMeHTaNbHUX AaHUX 33 A0MOMOroK AMCMNEpPCiAHOro aHanisy.
BusBneHo 36inbweHHs ymicTy xnopodiny npu BHeceHHi npenapatiB ABaHrapg poy AMiHo i ABaHrapg lpoy fymaty
nopiBHsHHI 3 Bumnen 2 i Anbda HaHo lpoy Ha 11,3-23,7 %. lNpnbaBka 3epHa Bif, BUKOPUCTAHHS CTUMYNSTOPIB POCTY
Ha KyKypyZA3i cTaHoBWANa y paHHbocTurioro riopuay OH Mueuxa - 0,13-0,37 1/ra (2,7-7,7 %), cepeaHbopaHHboro [AH
XopTnua-0,85-1,081/ra(16,6-18,5 %),cepepHbocturnoro AH Dxynia-0,20-0,22 1/ra (3,20-3,4 %),cepenHboNi3HbOI0
[OH Onena - 0,05-0,53 1/ra (0,65-7,6 %). Cepen BMKOpPUCTaHMX NpenapaTiB cnig Buainutiu Asanrapg, lpoy AMiHo Ta
ABaHrapg poy ymat siki 3abe3nevyBany TeHAEHLIKO L0 NiABULLEHHS YMICTYy CMpOro npoTeiHy Ao 6,42-8,4 %, abo Ha
0,12-0,48 B.n. (BiACOTKOBI MyHKTH) BiNiblue Ta YMiCTy CUPOTO XXMpPY MOPIBHSAHO 3 KOHTponeM (3,53-4,71 %) no 3,73-
5,52 %, abo Ha 0,20-0,81 B.n. BukopucTaHHa cTumynaTopis pocty B yMoBax [iBHiyHoro Creny YkpaiHu Ha KyKypya3i,
ocobnueo AsaHrappg lpoy AMiHo i ABaHrappa lpoy [yMaT Ha paHHbOCTUINIMX Ta CepeaHbOPaHHIX ribpuaax KyKypyasu
[03BONISIE 30iNbWMTM BanoBi 360pu 3epHa BUCOKOI AKOCTi Ha 7,6-18,4 %

KniouoBi cnoBa: ribpuau Kykypyasu; CTUMyNSTOpu pocTy; BioMeTpuyHi nokasHuku; oguHuui SPAD; BpoXanHiCTb
3epHa; CMPUIN NPOTEIH; CUPUM XUP; EKOHOMIYHA eDEKTUBHICTb
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live weight of broiler chickens in the groups where the dietary supplement with chelated trace minerals (second
group) and copper chelate complex (third group) was significantly higher than in the control group - by 6.9 and
13.8%, and the relative increase was 4.5 percentage points and 8.5 percentage points, respectively. The growth
rate of broilers in terms of average daily weight gain is higher in these groups by 6.8% and 14.2%, respectively.
The safety of poultry in the experimental groups is 4% better than in the control group. The feed conversion of a
diet with chelated trace element additives is higher. Feed consumption in the experimental groups was reduced
by 2.8% when feeding the selected additive and by 9.7% when feeding the copper chelate complex. The results
of balance studies revealed an increase in the digestibility of nutrients in the diet of broiler chickens. Additives
with micronutrient chelates are effective in increasing slaughter yield, meatiness of the thighs and shins, and
pectoral muscles by 5.3-6.2 percentage points. The broilers of the experimental groups had a higher meatiness
of the thighs and shins. The highest growth rate was found in broilers fed a copper chelate complex in their diet.
The lower feed conversion in the control group is due to the lower body weight of these chickens. Based on the
research data obtained, the possibility of effective introduction of additives with chelated microminerals into the
diet of broiler chickens was established, which helped to increase the growth rate and meat yield. The results can
be used in farm poultry farms to produce more products and reduce the cost of chicken production

Keywords: growth intensity; poultry; meat productivity; slaughter performance; feed conversion; feed consumption;

live weight gain

INTRODUCTION

To ensure high growth and development of broiler
chickens, it is important to provide trace elements that
play an essential role in poultry metabolism, health,
and bone mineralisation. During periods of intensive
growth, a low supply of essential micronutrients leads
to the development of micronutrient deficiencies. The
bioavailability and assimilation of trace elements by
the poultry body is important, depending on the feed
composition, chemical form of the element, age, and
physiological state of the bird. In poultry farming, trace
elements are used to supplement the composition of
feed, which allows poultry to reach their genetic growth
potential and prevents various diseases.

The genetic base of broilers is constantly changing
in the poultry industry, and poultry farmers are working
to develop new diets to provide micronutrients to birds
that grow intensively and are highly productive for
meat. S. Zamany et al. (2023) confirm that broilers fed
with micronutrient supplements have a higher average
daily live weight gain and a lower feed conversion rate.

Most often, trace elements are added to poultry
diets in the form of inorganic salts, which have low
availability, although Z.Zhu et al. (2019) found that sup-
plemental feeding of inorganic micronutrients ensures
that poultry diets have sufficient amounts of each min-
eral to support normal growth, health, and reproduc-
tion. M. Kwiecien et al. (2017) argue that poor poultry
housing conditions combined with high levels of min-
eral additives and low bioavailability of inorganic trace
elements lead to an excess of them in poultry manure,
and eventually they accumulate in the soil, which leads
to environmental pollution. R. Vieira et al. (2020) rec-
ommend that to reduce the excretion of trace elements
in the manure, it is necessary, first of all, to make them
more accessible to the poultry body. Better availability
of micronutrients can be achieved by feeding poultry

and animals minerals in chelated form so that they
can be fed in smaller doses. J. Chen et al. (2023) note
that coccidiosis reduces poultry growth rate, and the
addition of chelated trace elements can overcome this
problem.

Trace elements based on organicacids have a higher
bioavailability, which has been confirmed in studies us-
ing trace elements (manganese, zinc, selenium, iron,
and copper). A study by J. Kong et al. (2022) investigated
the feasibility of reducing the addition of copper, iron,
zinc, and manganese in the form of glycine metal che-
late hydrate or amino acid, which does not have a neg-
ative impact on poultry growth. A mineral chelate sup-
plement based on organic acid that improves not only
broiler performance but also bone structure and blood
parameters. F. Faghih-Mohammadi et al. (2022), using
copper, iron, zinc, manganese, and selenium chelates in
the feeding of broiler chickens, found that blood chem-
istry did not change, but cholesterol and triglyceride
levels decreased, as well as the bird’s immune system
increased and egg quality improved. Due to the anti-
oxidant effect of copper, zinc, iron, and feeding these
trace elements in a chelated, easily digestible form, the
antioxidant status of broiler thigh meat changes.

The addition of methionine chelates, yeast protein
forms of copper, iron, manganese, and zinc to broilers
increases poultry growth, feed conversion, and reduces
the release of trace elements into the environment.
A. Winiarska-Mieczan et al. (2021) recommend that to
increase the antioxidant resistance of chicken meat,
glycine chelated copper should be added to the diet in
an amount of 25% of the requirement for this element.
Copper is widely used in poultry farming as a growth
stimulant, antimicrobial agent and to support the im-
mune system. A. Forouzandeh et al. (2021) argue that
the addition of copper oxide and sulphate to the diet
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results in changes in the gut microbiota by regulating
the bacterial population in the ileum, which had a pos-
itive effect on the growth rate of broilers. Copper plays
an important role in the antioxidant system and lipid
peroxidation.

Thus, the realisation of the genetic growth poten-
tial is possible through the provision of trace elements
to broiler chickens, especially chelated amino acids,
which will improve metabolic processes in the body
and increase live weight gain and slaughter yield. That
is why the purpose of this study was to find out the
impact of chelated micronutrient supplements on the
growth rate of broiler chickens, feed conversion, and
meat productivity of poultry.

MATERIALS AND METHODS

The study was conducted in the vivarium of Vinnytsia
National Agrarian University (Ukraine) during 2023 on
broiler chickens of the Cobb-500 cross. The study used
day-old chickens that were evenly distributed between
the groups. For this purpose, three groups of poultry
were formed using the analogue group method, with
25 birds in each group. The studies followed the re-
quirements for the care and maintenance of poultry.
Broiler chickens were kept in three-tiered cages. Each
cage had a water drinker and a hanging feeder. Water
was supplied to each cage through a nipple drinker sys-
tem. The vivarium room where the birds were kept was
preheated to 27°C 2 days before the study. The room
temperature at the beginning of the experiment was
32°C,and during the experiment it was lowered by 2°C
every week. The temperature was lowered to 26°C on
day 14, to 24°C on day 21 and to 21°C on day 24, and
then maintained at 21°C until the end of the fattening
period. Throughout the research period, the authors of
this study also monitored compliance with the light re-
gime in the vivarium. During the first week, the broilers
were provided with lighting for 23 hours. From day 8
to day 39, the light period was gradually reduced to 20
hours, and from day 40 to the end of the experiment it
was increased again to 23 hours per day.

During the rearing of broiler chickens, a three-phase
feeding programme was used, depending on the age of
the birds: the initial phase lasted from day 1 to 15, the
growth phase began from day 16 and lasted until day
35, and the final phase from day 36 to 42. During the
scientific, economic and physiological experiments, the
broiler chickens were fed with dry, nutrient-balanced
feed. The feed used for poultry feeding was based on
the age of the broiler chickens, and therefore the ap-
propriate feed was used for each phase. At the begin-
ning of the experiment, up to 15 days of age, the starter
feed “Starter PK5-1" was fed, from 16 days to 35 days -
growth feed “Grover”, from 36 to 42 days - finishing
feed “Finisher”. The feeds met the current age-specific
nutrient requirements for growing broilers and were
free of antibiotics and growth stimulants.
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According to the task of this study, broiler chickens
in the control group were fed the basic diet without
mineral additives, the second experimental group was
fed an additional supplement “Kronocid-L" at the rate of
2.5 ml per 10 litres of water, and the third experimen-
tal group was fed a copper-glycine chelate complex at
the rate of 3.0 ml per 10 litres of water. Copper chelate
complex contains 5% copper and 20% glycine. The Kro-
nocid-L additive contains chelates of copper, iron, zinc,
manganese, and 19% acids. The test additives were ad-
ministered to the poultry diet by watering with water.
Throughout the experiment, broiler chickens had free
access to feed and water.

To analyse the effect of the copper chelate com-
plex and the additive under study on the growth rate of
broiler chickens, the birds were weighed every 7 days,
from 3-day-old age until the end of the experimental
period (42 days). Broilers were paid for feed gain by the
amount of feed consumed, which was recorded during
the periods from days 1 to 15, 16 to 35, 36 to 42, by the
periods of feeding the respective feed. Daily live weight
gain and daily feed intake per bird were calculated for
each week, for the periods: days 1-7, 8-14, 15-21, 22-
28, 29-35, 3-42. The average daily weight gain and av-
erage daily feed intake were calculated at the end of
each phase and on a weekly basis. Chicken mortality
was also recorded to determine the percentage of poul-
try survival. Poultry mortality was checked twice a day,
and the weight of dead chickens was used to adjust the
feed conversion rate. Each bird was weighed separately
on an electronic scale.

On day 42, 5 birds from each group were selected
close to the average weight of the group for slaugh-
ter to take tissue samples and investigate the effect
of additives on meat performance. Control slaughter
of broiler chickens was conducted following the DSTU
3136-2017 (2019). Based on the results of poultry
slaughter, the live weight of uneviscerated, eviscerated,
half-eviscerated poultry,the weight of breast, thigh,and
leg muscles, the weight of internal organs were deter-
mined, and the percentage of carcass yield, percentage
of breast, thigh and leg muscles were calculated. After
the chickens were slaughtered, their organs and tis-
sues were examined, and samples were taken for fur-
ther research. All experimental studies were conducted
per the modern methodological approaches and cor-
responding requirements and standards that follow
DSTU ISO/IEC 17025:2005 (2006). Animal husbandry
and all manipulations were performed according to the
provisions of the Procedure for conducting tests and
experiments on animals by scientific institutions (Law
of Ukraine No. 249, 2012) of the European convention
for the protection of vertebrates used for experimental
and other scientific purposes (1986).

Statistical analyses of the results were performed
using Statistica software package. The arithmetic mean
and standard deviation were calculated. Results are




expressed as mean * SD (standard deviation). One-way
ANOVA was used to calculate statistically significant
(P<0.05) differences between the mean values for the
respective groups of broilers. For comparisons, statis-
tically significant differences between the mean val-
ues for the respective groups of broiler chickens were
calculated. The results were statistically significant at
(p<0.05), (p<0.01), (p<0.001).
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RESULTS AND DISCUSSION

Growth parameters are usually used to assess the
growth rate of poultry. The study found differences in
the growth of broiler chickens treated with mineral
supplements (copper chelate complex and Kronocid-L).
The effect of the additives under study on the perfor-
mance characteristics (live weight, absolute and rela-
tive weight gain, and survival) of chickens is presented
in Table 1.

Table 1. Growth intensity of broiler chickens after introduction of additives
with chelated microminerals to the diet, x*SD, n=25

Group
Poultry age
control (MD) experimental (SK) experimental (CC)
Live weight at the beginning of the experiment, day 3, g 72.0%1.0 72.3%1.1 71.7+0.8
Live weight on day 8, feeding of starter feed, g 230.2+3.9 235.3%4 3 239.5%3.2
Live weight at day 15, feeding of starter feed, g 508.2+59 557.5%6.3™ 561.5£7.9™
Absolute live weight gain during the period of feeding starter feed 4342459 485.2£15.1" 489.7+7.8"
(days 3-15),g
Relative live weight gain during the peoriod of feeding starter feed 149.10.7 154.0£0.8™ 154.6+0.6™
(days 3-15), %
Live weight at day 22, feeding with Grover feed, g 987.2%£26.6 1,076.5+25.5™ 1,091.1£27.3"
Live weight at day 29, feeding with Grover feed, g 1,558.6+30.2 1,712.8+18.9™ 1,772.3+28.7"
Live weight at day 36, feeding with Grover feed, g 2,046.8+29.0 2,147.5+22.2" 2,195.2+455"
Absolute live weight gain during the period of feeding “Grover” feed 1538+30.5 1590223 1633+46.9
(days 15-36),9
Relative gain over the period of feeding Grover feed (days 15-36), % 120.3%1.2 117.5%0.9 118.2%1.7
Live weight at day 42, feeding Finisher feed, g 2,580.1£51.9 2,752.5%¥25.2" 2,937.5¥34.0™
Absolute live weight gain duringzgjzzr;egriod of feeding starter feed (days 53334337 605.0£35.2° 742 3243 4™
Relative growth during the period of feeding Finisher feed (days 36-42), % 22.9%2.6 24.7%1.4 29.1+1.8"
Absolute live weight gain during the period of feeding starter feed 2,506.2¢51.4 2,680.2425.3" 2,865.8434.2"
(days 3-42),g
Relative growth during the growing period (3-42 days), % 188.8+0.2 189.7+0.2" 190.4+0.2"
Poultry safety, % 92 96 96

Note: * — P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study

The live weight of broiler chickens on day 8 in all
three groups was almost the same at 230.2-239.5 g.
Over the next week, after the introduction of the ad-
ditives under study into the diet, the poultry began to
grow more intensively and in the second group the
live weight of chickens was 97% higher (at p<0.001),
in the third group - by 10.5%. The absolute increase
in live weight during the period of feeding the starter
feed (days 3-15) was 11.7% higher in the second group
(p<0.01),and 12.7% higher in the third group (p<0.001)
compared to the data in the control group. The relative
increase in live weight, which characterises the growth
rate, during this period of poultry rearing with the

introduction of the additive “Kronocid-L" to the diet is
3.3 p.p. higher (p<0.001), under the influence of copper
chelate complex - by 3.7 p.p. (p<0.01). In the next peri-
od, the broilers of the experimental groups maintained
their growth rate. At the end of the third week of rearing,
live weight in chickens of the second group increased
by 9.0% (p<0.01), and in the third group - by 10.5%
(p<0.01). In the following period (days 29-36), both sup-
plements showed a higher increase in live weight than
in the group without supplementation. The difference
was 9.9 and 13.7% (p<0.001), respectively, compared to
the data of the control group. On day 36, broilers of the
second group showed a trend of more intensive growth
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(p<0.01) and outperformed the control group by 4.9%,
and the third group by 7.3%.

At the end of the second growing period, the ab-
solute increase in live weight was 3.4% higher when
feeding Grover feed and the introduction of the addi-
tive Kronocid-L into the diet, and the increase in cop-
per chelate complex was 6.1%. In the final period of
rearing, broiler chickens (36-42 days) fed Finisher con-
tinued to grow intensively. However, during the last
phase of poultry rearing, with the introduction of the
additive “Kronocid-L, the live weight of chickens was
6.9% higher (p<0.01) and the copper chelate complex -
13.8% (p<0.001),the relative increase - 7.9 and 27.0 p.p.
(p<0.001), respectively. The absolute increase in live
weight over the entire period of poultry rearing in the
second group was 6.9% higher (p<0.01), and when the

chelated copper-glycine complex was introduced into
the diet, it was 14.3% higher (p<0.001) compared to the
control group. The relative growth during this period in
broilers fed with mineral supplements was 4.5 (p<0.01)
and 8.5 p.p. (p<0.001) higher, respectively. The introduc-
tion of the additives under study into the poultry diet
had a positive effect on health, which accordingly af-
fected the safety of the livestock. In the experimental
groups, this figure is the same and 4% higher than in
the control group. Average daily live weight gain is the
main indicator of poultry growth intensity. As Table 2
suggests, the average daily weight gain at different age
periods in all groups of broiler chickens differed. The
best live weight gains were obtained in broilers when
mineral supplements were used in the diet starting
from the day 8 of rearing.

Table 2. Average daily live weight gain of broiler chickens during the period of feeding supplements
with chelated microminerals, g

Rearing period

Group

control (MD) experimental (SK) experimental (CC)
3-8 25.5%0.7 27.2*0.8 28.0%0.6

8-15 40.21.1 46.0x1.1™ 46.0x1.1™

15-22 68.4%1.4 74.1%1.6 75.7¢1.7

22-29 81.6%1.5 90.9+1.3™ 97.31.4™

29-36 62.7£2.8 62.1£23 67.4%2.6

36-42 83.2%2.1 86.4x1.4 98.9£2.2™
Average for the period of the experiment 62.7%¥1.3 67.0£0.6" 71.6%0.9™

Feed consumption per weight gain, g 2,197 2,136 1,983

Note: * - P<0.05; ™ - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study

The advantage in average daily weight gain in
poultry of the second and third groups during days
8-15 was the same and amounted to 14.4% (p<0.001).
In the subsequent periods of rearing, the greatest ad-
vantage in this indicator was found in chickens that
were supplemented with a copper chelate complex.
The increase in the average daily live weight gain
was 10.7% during days 15-22, 19.2% (p<0.001) dur-
ing days 22-29, 7.5% (p<0.01) during days 29-36, and
18.8% (p<0.001) in the final period of rearing. The
supplementation of the diet also resulted in lower
scores than in the third group, but still higher than
in the first control group. The advantage in these pe-
riods, starting from day 15 of rearing, for two weeks
was 8.3 (p<0.01) and 1.4%, for days 29-36, chickens
of the second group were slightly behind in daily live
weight gain (by 0.9%). In the next period (days 36-42),
broilers retained their growth advantage over control
birds and the difference between the groups was 3.8%
(p<0.01). On average, over the entire period of the
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experiment, the highest average daily live weight gain
was found in the third group of chickens fed a copper
chelate complex. The birds of this group outperformed
the control group by 14.2% (p<0.001). In addition, the
broiler chickens of the second group, which were fed
the supplement, had better average daily live weight
gain compared to the control group, with a difference
of 6.8% (p<0.01). However, they were 6.4% lower than
the third group.

The study demonstrates the benefits of mineral
supplements in the poultry diet to pay for feed gain in
broilers. Less feed was consumed per unit of Llive weight
gainin chickens fed a copper chelate complex. The birds
of the control group were 9.7% lower in this indicator,
and those of the second group were 7.2% lower. How-
ever, the broilers fed the supplement consumed 2.8%
less feed per unit of live weight gain compared to the
control. The results of the balance studies revealed an
improvement in feed conversion, i.e., an increase in the
digestibility of nutrients in the diet of broiler chickens.




The introduction of a copper chelate complex into the
broiler diet increased the digestibility of dry matter by
20 p.p. (p<0.01), organic matter - by 3.7 p.p. (p<0.001),
protein — by 4.1 p.p. (p<0.001), fat - by 3.1 p.p. (p<0.001),
fibre - by 11.7 p.p. (p<0.001) and roentgen equivalent
man (REM) - by 2.3 p.p. (p<0.001). In the second group
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of poultry, a similar trend is observed to increase the di-
gestibility of nutrient components of the feed. Thus, an
increase in the conversion of dry matter by 1.0 pp, or-
ganic matter - by 3.1 p.p. (p<0.001), protein - by 2.7 p.p.
(p<0.001), fat - by 1.4 p.p. (p<0.01), fibre - by 7.0 p.p.
(p<0.01), and REM - by 1.3 p.p. (p<0.01) (Table 3).

Table 3. Digestibility of feed nutrients by broiler chickens with the introduction of additives with chelated
microminerals into the diet, %

Indicator Group
control (MD) experimental (SK) experimental (CC)
Dry matter 80.5+0.3 81.3%0.2° 82.1+0.2"
Organic matter 81.2%0.3 83.7£0.4™ 84.2%0.6™
Protein 83.1+0.4 85.3%0.3™ 86.5%0.7™"
Fat 78.3%0.3 79.4%0.2" 80.7£0.2™
Fibre 12.8+0.08 13.7%0.11™ 14.3+0.09™
REM 82.7%0.2 83.8+0.3" 84.6%0.3™

Note: * - P<0.05; ™ - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study

Supplementation of the broiler chickens’ diet also
had a positive impact on slaughter rates, carcass, meat,
and internal organ yields. The carcass yield of broilers
fed the copper chelate complex and the additive under
study was higher than that of the control group. Com-
paring the pectoral muscle yield in the third group with
the control group, it is 6.2 percentage points higher

(p<0.01). The second group of chickens also obtained
more (p<0.05) pectoral muscles (by 5.3 p.p.) than chick-
ens that were not fed mineral supplements. Birds of the
second and third groups had higher thigh meatiness. In
these groups, the number of thigh muscles was slightly
higher, but the number of lower leg muscles was lower
(by 2.1 and 2.7 p.p., respectively) (Table 4).

Table 4. Indicators of slaughter of broiler chickens under the influence of additives with chelated trace minerals

Group
Poultry age
control (MD) experimental (SK) experimental (CC)

Pre-slaughter weight, g 2,690.0£37.8 2,893£18™ 2,911+ 34™
Weight of half-eviscerated carcass, g 2,193.0+43.7 2,390+31™ 2,513+39™
Weight of eviscerated carcass, g 2,009.7+34.5 2,146%£19™ 2,189+28™

Slaughter yield, % 74.6*0.2 75.0+0.4 75.2%0.2°
Weight of pectoral muscles, g 610.3+32.9 695.0£19.1° 708.0£20.0°
in % of eviscerated carcass 30.4+0.4 32.0£0.3° 32.3%0.5"
Weight of thigh muscles, g 237.7%5.0 257.3%4.9° 262.3¥4.9"
in % of eviscerated carcass 11.83+0.07 11.87%0.03 11.98+0.09
Lower leg muscle mass, g 192+3.4 202.6*4.4 203.3£4.3"

in % of eviscerated carcass 9.55%0.07 9.35%0.2 9.29%0.08

Weight, g: liver 57.3+3.3 68.4x3.0° 68.2+2.7°

hearts 14.7+0.1 13.8+0.2" 14.2%0.2

muscular stomach 18.6%0.2 18.3%0.2 17.8+0.1"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study
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There were changes in the weight of internal or-
gans after the introduction of mineral additives into
the poultry diet. In the second group of broiler chick-
ens, 19.4 and 19.0% more liver weight was obtained
(p<0.05). The heart weight of the second group was
6.1% lower (p<0.01). There was no significant effect
of the mineral supplements on stomach muscle mass.
The studies confirmed that the use of feed additives
containing chelated trace elements for broiler chickens
had a positive effect on economic traits, which contrib-
uted to an increase in live weight, slaughter yield, and
conversion of feed nutrients.

According to researchers who have investigated this
subject,mineral additives are among the products that re-
duce feed costs for production, improve feed conversion,
and increase live weight (Fotina et al., 2021). Recently,
chelated micronutrient additives have been increasingly
used in livestock production as growth stimulants that
improve the general condition of animals and poultry,
increase productivity, which helps livestock, including
poultry, to develop economically (Bhagwat et al., 2021).
S. Villagémez-Estrada et al. (2020) managed to increase
the productivity and mineral status of pigs by adding
copper to their diet at the permissible levels of the
European Union. Mineral copper supplementation can
be effective for more intensive growth if poultry are fed
above the minimum requirements. O. Olukosi et al.(2018)
found an increase in the growth performance of broiler
chickens and meat yield under the influence of zinc and
copper hydroxychloride. M. Hamdi et al. (2018) confirmed
the increase in live weight of poultry with the intro-
duction of chelated copper supplements into the diet.

Copper is often used in combination with amino
acids, particularly glycine. V. Sakara & A. Melnyk (2019)
also confirm the higher efficiency of the use of vita-
min-amino acid chelates of zinc and manganese in
poultry feeding, which contributed to an increase in live
weight and improved blood counts. The conclusions
of the study on the impact of the effectiveness of the
use of additives with chelated forms of trace minerals
in the feeding of broiler chickens coincided with the
previous results of scientists. The effect of the intro-
duction of chelated trace element additives with free
access to feed into the poultry diet affected live weight,
absolute and average daily weight gain. Studies have
revealed differences in the growth of broiler chickens
fed supplements containing chelated trace elements.
The diet containing additives containing chelated trace
elements (chelated copper complex with glycine and
Kronocid-L) improved the live weight and growth rate
of chickens compared to the diet without additives.

Chelated forms of trace elements improve the over-
all health of broilers, which subsequently has a positive
impact on poultry safety. Higher mineral digestibility,
a positive effect on growth rate, bone mineralisation,
slaughter performance, and organoleptic properties of
meat were obtained by using chelated forms of trace
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elements in poultry feeding, as described by H. Ghasemi
et al. (2020). Comparable results were obtained in the
current study on broiler chickens. By the end of rearing,
the introduction of chelated micronutrients increased
the safety of poultry in these groups. The evaluation of
the economic and useful properties of broiler chickens
under the influence of additives with chelated micro-
minerals (copper chelate complex, the additive under
study) in the free access was assessed by the results of
a control slaughter carried out at the age of 42 days.
Slaughter rates can reflect the meat productivity of
animals and poultry, which is a key indicator that af-
fects the economic performance of livestock farming.
Adjustment of animal diets with mineral premixes im-
proves not only slaughter yield, but also increases the
yield of quality meat (Yaremchuk et al., 2022; Farionik
et al.,2023).The studies by S.Van Kuijk et al. (2021) and
T.Santos et al. (2021) confirm the current results on the
positive impact of mineral supplements on slaughter
performance and carcass characteristics.

Raising broilers on feed with chelated trace el-
ements reduces feed costs per unit of growth (Fotina
et al., 2021). The feed consumption of poultry in the
three groups was almost the same, but there was a dif-
ference in feed consumption for live weight gain. Feed
costs per unit of weight gain in broilers fed a copper
chelate complex and a supplement with free-access
chelated trace minerals were significantly lower. In live-
stock and poultry farming, the nutrient balance method
is used to determine the nutrient absorption potential
of the diet. The inclusion of additives with chelated
trace elements in the diet of broiler chickens had a
positive effect on the absorption of feed nutrients. In
the studies conducted, the chickens’ diets were formed
according to the three-phase feeding system and con-
tained all the necessary components for successful de-
velopment.When copper chelate complex and additives
are introduced into the chicken diet, the digestibility of
nutrient components of feed increases. The digestibility
coefficients of feed nutrients in these groups of poultry
were significantly higher than in the control group. The
data obtained from studies on broiler chickens are con-
sistent with the findings of R. Tymoshenko et al. (2018),
who confirmed that chelated forms of trace elements
have a greater ability to be absorbed by the body, which
contributes to an increase in poultry productivity. Based
on the data from the study, it can be concluded that ad-
ditives with chelated forms of micronutrients are effec-
tive in increasing growth performance, improving feed
nutrient absorption and increasing meat yield.

CONCLUSIONS

It was found that the live weight of broiler chickens
consuming a diet with additives containing chelated
forms of trace minerals) at the age of 7, 14, 21, 28, 35,
and 42 days was higher than that of broilers without
additives. Live weight was 13.8% higher at 42 days of




age with the introduction of copper chelate complex
and 6.9% higher with the supplementation, while the
growth rate of broilers in terms of relative live weight
gain at the end of the experiment in these groups was
8.5 and 4.5 percentage points higher, respectively.

Chickens grew more intensively when supple-
mented with chelated micronutrients, which increased
the average daily live weight gain in the group where
copper chelate complex was introduced into the diet by
14.2% and the supplement by 6.8%. Better availability
of trace elements of the additives under study had a
positive effect on poultry performance.

The survival rate of young animals where chelated
micronutrients were used in feeding was 4% higher.The
introduction of additives with chelated trace elements
to the broiler diet increased the digestibility of organic
matter by 3.1-3.7 p.p., protein by - 2.7-4.1 p.p., fat - by
1.4-3.1 p.p., and fibre - by 7.0-11.7 p.p., which led to
a reduction in feed costs in these groups. Feed costs
per unit of weight gain were lower in the broiler group
with the addition of Kronocid-L to the diet by 2.8% and
copper chelate complex by 9.7%, which will help reduce
the total cost of raising poultry and increase profitabil-
ity in the poultry industry.

Growing broiler chickens on feed with chelated
forms of microminerals increases the slaughter yield by
1.6 p.p. and significantly increases the yield of breast
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muscles by 5.3-6.2%. The yield of thigh muscles in the
group of poultry administered copper chelate complex
was 10.3% higher.

The findings of this study strongly suggest that the
use of copper chelate complex and additives as part
of an intensive broiler rearing strategy contributes to
better availability of micronutrients, which increases
growth intensity and slaughter yield while reducing
costs per unit of growth and, as a result, reduces overall
production costs. Future research may include studying
a wider range of micronutrients, determining optimal
doses and ratios of micronutrients in the diet to max-
imise performance, and investigating different forms of
chelates to maximise bioavailability.

ACKNOWLEDGEMENTS

The authors of this study express their sincere gratitude
to the Ministry of Education and Science of Ukraine for
financial support and the opportunity to conduct re-
search within the framework of the research work “De-
velopment of the concept of using mineral additives in
the cultivation of farm animals to obtain high-quality
and environmentally friendly products” (state registra-
tion number 0122U000853).

CONFLICT OF INTEREST
The authors of this study declare no conflict of interest.

75

REFERENCES

[1] Bhagwat,V.G.,Balamurugan,E., & Rangesh,P.(2021).Cocktail of chelated minerals and phytogenic feed additives
in the poultry industry: A review. Veterinary World, 14(2), 364-371.doi: 10.14202/vetworld.2021.364-371.

[2] Chen,]J.,Yan,F., Kuttappan, V.A., Wedekind, K., Vazquez-Anon, M., & Hancock, D. (2023). Effects of bis-chelated
copper in growth performance and gut health in broiler chickens subject to coccidiosis vaccination or coccidia
challenge. Frontiers in Physiology, 13, article number 991318. doi: 10.3389/fphys.2022.991318.

[3] DSTU 3136:2017.(2019). Poultry for slaughter. Technical specifications. Retrieved from http://online.budstandart.
com/ua/catalog/doc-page?id doc=73413.

[4] European convention for the protection of vertebrate animals used for experimental and other scientific
purposes. (1986). Retrieved from https://rm.coe.int/168007a67b.

[5] Faghih-Mohammadi, F., Seidavi, A., & Bouyeh, M. (2022). The effects of chelated microelements feeding in
broiler breeder hens and their progeny: A review. Tropical Animal Health and Production, 54, article number 323.
doi: 10.1007/s11250-022-03317-1.

[6] Farionik, T.V., Yaremchuk, O.S., Razanova, O.P., Ohorodnichuk, G.M., Holubenko, T.L., & Glavatchuk, V.A. (2023).
Effects of mineral supplementation on qualitative beef parameters. Regulatory Mechanisms in Biosystems, 14(1),
64-69.doi: 10.15421/022310.

[7] Forouzandeh, A., Blavi, L., Abdelli, N., Melo-Duran, D., Vidal, A., Rodriguez, M., Monteiro, A.N.T.R., Pérez, J.F.,
Darwich, L., & Sola-Oriol, D. (2021). Effects of dicopper oxide and copper sulfate on growth performance and
gut microbiota in broilers. Poultry Science, 100(8), article number 101224. doi: 10.1016/j.psj.2021.101224.

[8] Fotina, T, Fotina, H., Nazarenko, S., Tymoshenko, R., & Fotin, O. (2021). Effect of feeding of chelated zinc
form on security, productivity and slaughter parameters of broilers. EUREKA: Health Sciences, 3, 110-118.
doi: 10.21303/2504-5679.2021.001856.

[9] Ghasemi, H.A., Hajkhodadadi, ., Hafizi, M., Taherpour, K., & Nazaran, M.H. (2020). Effect of advanced chelate
technology based trace minerals on growth performance, mineral digestibility, tibia characteristics, and
antioxidant status in broiler chickens. Nutrition & Metabolism, 17, article number 94. doi: 10.1186/s12986-
020-00520-5.

[10] Hamdi, M., Sola, D., Franco, R., Durosoy, S., Roméo, A., & Pérez, J.F. (2018). Including copper sulphate or
dicopper oxide in the diet of broiler chickens affects performance and copper content in the liver. Animal Feed
Science and Technology, 237, 89-97. doi: 10.1016/j.anifeedsci.2018.01.014.

Scientific Horizons, 2023, Vol. 26, No. 10



https://pubmed.ncbi.nlm.nih.gov/33776301/
https://pubmed.ncbi.nlm.nih.gov/33776301/
http://www.veterinaryworld.org/Vol.14/February-2021/7.html
https://pubmed.ncbi.nlm.nih.gov/36817619/
https://pubmed.ncbi.nlm.nih.gov/36817619/
https://pubmed.ncbi.nlm.nih.gov/36817619/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/articles/10.3389/fphys.2022.991318/full
http://online.budstandart.com/ua/catalog/doc-page?id_doc=73413
http://online.budstandart.com/ua/catalog/doc-page?id_doc=73413
https://rm.coe.int/168007a67b
https://pubmed.ncbi.nlm.nih.gov/36166153/
https://pubmed.ncbi.nlm.nih.gov/36166153/
https://link.springer.com/article/10.1007/s11250-022-03317-1
https://medicine.dp.ua/index.php/med/article/view/857
https://pubmed.ncbi.nlm.nih.gov/?term=Forouzandeh+A&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Blavi+L&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Abdelli+N&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Melo-Duran+D&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Vidal+A&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Rodr%C3%ADguez+M&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Monteiro+ANTR&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9rez+JF&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Darwich+L&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Darwich+L&cauthor_id=34157560
https://pubmed.ncbi.nlm.nih.gov/?term=Sol%C3%A0-Oriol+D&cauthor_id=34157560
https://www.sciencedirect.com/science/article/pii/S0032579121002583
https://journal.eu-jr.eu/health/article/view/1856
https://pubmed.ncbi.nlm.nih.gov/33292310/
https://pubmed.ncbi.nlm.nih.gov/33292310/
https://pubmed.ncbi.nlm.nih.gov/33292310/
https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/s12986-020-00520-5
https://nutritionandmetabolism.biomedcentral.com/articles/10.1186/s12986-020-00520-5
https://www.researchgate.net/profile/Manel-Hamdi
https://www.researchgate.net/profile/David-Sola-Oriol
https://www.researchgate.net/profile/Rosa-Franco-Rossello
https://www.researchgate.net/profile/Stephane-Durosoy
https://www.researchgate.net/journal/Animal-Feed-Science-and-Technology-0377-8401
https://www.researchgate.net/journal/Animal-Feed-Science-and-Technology-0377-8401
https://www.sciencedirect.com/science/article/abs/pii/S0377840117303395

76

Effect of additives with chelated forms of trace minerals...

[11] ISO/IEC 17025:2005. (2006). Retrieved from http://online.budstandart.com/ua/catalog/doc-page.html?id_
doc=50873.

[12] Kong, J., Qiu, T., Yan, X., Wang, L., Chen, Z., Xiao, G., Feng, X., & Zhang, H. (2022). Effect of replacing inorganic
minerals with small peptide chelated minerals on production performance, some biochemical parameters
and antioxidant status in broiler chickens. Frontiers in Physiology, 13, article number 1027834. doi: 10.3389/
fphys.2022.1027834.

[13] Kwiecien, M., Winiarska-Mieczan, A., Milczarek, A., & Klebaniuk, R. (2017). Biological response of broiler
chickens to decreasing dietary inclusion levels of zinc glycine chelate. Biological Trace Element Research, 175,
204-213.doi: 10.1007/512011-016-0743-y.

[14] Law of Ukraine No. 249 “On the Procedure for Carrying out Experiments and Experiments on Animals by
Scientific Institutions”. (2012, March). Retrieved from https://zakon.rada.gov.ua/laws/show/z0416-12#Text.

[15] Olukosi, O.A., Van Kuijk, S., & Han, Y. (2018). Copper and zinc sources and levels of zinc inclusion influence
growth performance, tissue trace mineral content, and carcass yield of broiler chickens. Poultry Science,97(11),
3891-3898.doi: 10.3382/ps/pey247.

[16] Sakara,V., & Melnyk,A.(2019). The influence of Zinc and Manganese chelates (pantothenates) on some chicken
broiler metabolism indicators. Scientific Messenger of LNU of Veterinary Medicine and Biotechnologies. Series:
Veterinary Sciences, 21(96), 134-140. doi: 10.32718/nvlvet9624.

[17] Santos, T.S., dos Augusto, KV.Z., Han, Y., Sartori, M.M.P,, Denadai, J.C., Santos, C.T., Sobral, N.C., Roga, R.O., &
Sartori, J.R. (2021). High levels of copper and zinc supplementation in broiler diets on growth
performance, carcase traits and apparent ileal mineral absorption. British Poultry Science, 62(4), 579-588.
doi: 10.1080/00071668.2021.1887453.

[18] Tymoshenko, R\V., Opanasenko, Y.M., & Vievskyi, G.S. (2018). The influence of organic trace elements on the
preservation and productivity of poultry. Bulletin of the Sumy National Agrarian University (Veterinary Medicine),
1(42), 50-53.

[19] Van Kuijk, SJ.A., Han, Y., Garcia-Ruiz, A.l, & Rodiles, A. (2021). Hydroxychloride trace minerals have a positive
effect on growth performance, carcass quality and impact ileal and cecal microbiota in broiler chickens.Journal
of Animal Science and Biotechnology, 12, article number 38. doi: 10.1186/540104-021-00553-7.

[20] Vieira, R., Ferket, P,, Malheiros, R., Hannas, M., Crivellari, R., Moraes, V., & Elliott, S. (2020). Feeding low dietary
levels of organic trace minerals improves broiler performance and reduces excretion of minerals in litter.
British Poultry Science, 61(1), 574-582. doi: 10.1080/00071668.2020.1764908.

[21] Villagomez-Estrada, S., Pérez, J.F., Darwich, L., Vidal, A., Kuijk, S., Melo-Duran, D., & Sola-Oriol, D. (2020).
Effects of copper and zinc sources and inclusion levels of copper on weanling pig performance and intestinal
microbiota. Journal of Animal Science, 98(5), 1-15. doi: 10.1093/jas/skaall7.

[22] Winiarska-Mieczan, A., Kwiecien, M., Mieczan, T., Kwiatkowska, K., & Jachimowicz, K. (2021). The effect of Cu,Zn
and Fe chelates on the antioxidative status of thigh meat of broiler chickens. Animal, 15(10), article number
100367.doi: 10.1016/j.animal.2021.100367.

[23] Yaremchuk, O.S., Razanova, O.P., Skoromna, O.l., Chudak, R.A., Holubenko, T.L., & Kravchenko, 0.0. (2022).
Post-slaughter indicators of meat productivity and chemical composition of the muscular tissues of bulls
receiving corrective diet with proteinvitamin premix. Requlatory Mechanisms in Biosystems, 13(3), 219-224.
doi: 10.15421/022228.

[24] Zamany, S., Sedghi, M., Hafizi, M., Nazaran, M.H., &, Kimiaei, T.M.V. (2023). Organic acid-based chelate trace
mineral supplement improves broiler performance, bone composition, immune responses, and blood
parameters. Biological Trace Element Research, 201(10), 4882-4899. doi: 10.1007/s12011-023-03555-w.

[25] Zhu, Z., Yan, L., Hu, S., An, S., Ly, Z., Wang, Z., Wu, Y., Zhu, Y., Zhao, M., Gu, Ch., & Zhang, A. (2019). Effects
of the different levels of dietary trace elements from organic or inorganic sources on growth performance,
carcass traits, meat quality, and faecal mineral excretion of broilers. Archives of Animal Nutrition, 73, 324-337.
doi: 10.1080/1745039X.2019.1620050.

Scientific Horizons, 2023, Vol. 26, No. 10



http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=50873
http://online.budstandart.com/ua/catalog/doc-page.html?id_doc=50873
https://pubmed.ncbi.nlm.nih.gov/36330210/
https://pubmed.ncbi.nlm.nih.gov/36330210/
https://pubmed.ncbi.nlm.nih.gov/36330210/
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/articles/10.3389/fphys.2022.1027834/full
https://www.frontiersin.org/articles/10.3389/fphys.2022.1027834/full
https://link.springer.com/article/10.1007/s12011-016-0743-y
https://zakon.rada.gov.ua/laws/show/z0416-12#Text
https://pubmed.ncbi.nlm.nih.gov/?term=Olukosi+OA&cauthor_id=29982614
https://pubmed.ncbi.nlm.nih.gov/?term=van+Kuijk+S&cauthor_id=29982614
https://pubmed.ncbi.nlm.nih.gov/?term=Han+Y&cauthor_id=29982614
https://pubmed.ncbi.nlm.nih.gov/29982614/
https://nvlvet.com.ua/index.php/journal/article/view/3874
https://pubmed.ncbi.nlm.nih.gov/?term=Sobral+NC&cauthor_id=33555207
https://pubmed.ncbi.nlm.nih.gov/?term=Ro%C3%A7a+RO&cauthor_id=33555207
https://pubmed.ncbi.nlm.nih.gov/?term=Sartori+JR&cauthor_id=33555207
https://pubmed.ncbi.nlm.nih.gov/33555207/
https://repo.snau.edu.ua/bitstream/123456789/6497/1/11.pdf
https://repo.snau.edu.ua/bitstream/123456789/6497/1/11.pdf
https://jasbsci.biomedcentral.com/articles/10.1186/s40104-021-00553-7
https://www.researchgate.net/publication/341133066_Feeding_low_dietary_levels_of_organic_trace_minerals_improves_broiler_performance_and_reduces_excretion_of_minerals_in_in_litter
https://www.researchgate.net/profile/Jose-Perez-121
https://www.researchgate.net/profile/Laila-Darwich-2
https://www.researchgate.net/profile/Anna-Vidal-5
https://www.researchgate.net/journal/Journal-of-Animal-Science-1525-3163
https://academic.oup.com/jas/article-abstract/98/5/skaa117/5818979?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/34560438/
https://pubmed.ncbi.nlm.nih.gov/34560438/
https://pubmed.ncbi.nlm.nih.gov/34560438/
https://medicine.dp.ua/index.php/med/article/view/816
https://pubmed.ncbi.nlm.nih.gov/36689146/
https://pubmed.ncbi.nlm.nih.gov/36689146/
https://pubmed.ncbi.nlm.nih.gov/36689146/
https://pubmed.ncbi.nlm.nih.gov/36689146/
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+Y&cauthor_id=31192701
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+Y&cauthor_id=31192701
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+M&cauthor_id=31192701
https://pubmed.ncbi.nlm.nih.gov/?term=Gu+C&cauthor_id=31192701
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+A&cauthor_id=31192701
https://www.researchgate.net/journal/Archives-of-Animal-Nutrition-1477-2817
https://pubmed.ncbi.nlm.nih.gov/31192701/
https://pubmed.ncbi.nlm.nih.gov/31192701/

Razanova et al.

BnnuB po6aBoK 3 xeflaTHUMU popMaMm MiKpoMiHepaniB Ha NPOAYKTUBHICTb POCTY
KypuaT-6poiniepis, nepeTpaBHICTb MOXXUBHUX PEYOBUH KOPMY
Ta XapaKTePUCTUKMU TyLUi

OneHa lMNeTtpisHa PazaHoBa

KaHamMAaaT CcinbCbKorocnoaapcbknx HaykK, AOLEHT
BiHHMLbKMIA HALiOHaNbHWI arpapHUi YHiBEpCUTET
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YkpaiHa
https://orcid.org/0000-0001-5552-9356

FanuHa MuxainisHa OropoaHiuyk

KaHampaT cinbCbkorocnoaapcbkMx Hayk, LOLEHT
BiHHMUbKMIA HALIOHANBHUIA arpapHui yHiBepcuTeT
21008, Byn. CoHs4Ha, 3, M. BiHHMUS, YkpaiHa
https://orcid.org/0000-0002-9008-4927

Tapac Bonogumuposuu MapioHik

KaHampaT BeTepMHapHUX HayK, OOLEHT
BiHHMLbKMIA HALiOHANbHWI arpapHUi YHiBEpCUTET
21008, Byn. CoHa4Ha, 3, M. BiHHMUS, YKpaiHa
https://orcid.org/0000-0002-0706-2445

OkcaHa IBaHiBHa CKOpoMHa

Kananaat cinbCbKorocnofapCbkux HayK, 4OLEHT
BiHHMUbKMIA HALIOHANBbHMIA arpapHuUiA YHiBepCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YKpaiHa
https://orcid.org/0000-0003-1332-5579

Bita AHaToniiBHa MaBaTuyk

KaHamnaaT CinbCbKOrocnoaapCbKMx Hayk
BiHHMUBKMIA HALIOHANBHWIA arpapHuUiA YHiBepCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YkpaiHa
https.//orcid.org/0000-0002-9794-319X

AHoTauis. [TonuT Ha Kypsiye MACO OCTaHHIMM pOKaMM 3pOCTaE, WO BMMArae BMCOKOrO piBHS BMPOOHMUTBA Ta
edeKTMBHOI KOHBepCii KopMiB. MeTOK AaHOro AOCNILKEHHS OYN0 BM3HAYEHHS NMPOAYKTUBHOCTI, 36epexeHoCTi Ta
3abiliHMX NoKa3HWKiB KypyaT-bpoinepis, KoHBepcCii kopMy Ha GoHi roaieni fobaBkamu 3 xenaTHMMKM GopmMamm
MiKpOMiHepaniB. BU3HaYeHHs iHTEHCMBHOCTI pOCTYy NTWLiI NMPOBOAWMAM 33 300TEXHIYHMMM METOAAMM, NMOKA3HMKIB
3ab0t0 - 33 MOp(ONOriYHUMHU, NPU LLbOMY BUKOPUCTOBYBAM CTAaTUCTUYHUI aHani3 pe3ynbTatie. [lo KiHUs nepiogy
BMPOLLYBAHHS XMBa Maca KypuyaT-6poinepis y rpynax, fe BBOAMAM LO paLiOHy Ta AOCNigKyBaHa nobaBka 3
XeNnaTHUMK MiKpOMiHepanamu (gpyra rpyna) Ta XenaTHuMi KOMMNAekc Midi (TpeTa rpyna), LOCTOBIPHO BULIA 33 AaHi
KOHTPOJIbHOI rpynu — Ha 6,9 % i 13,8 % Ta BigHOCHWIA npupicT — Ha 4,5 n.n.i 8,5 n.n. BignosigHo. LLBnakicte pocty
6polinepis 3a cepefHbOA0060BMM NPUPOCTOM BUMLLA Y 3a3HAYEHUX FPYNax BianosiaHO Ha 6,8 % i 14,2 %.36epexeHicTb
noronis’a NTUUi y OOCAIAHWMX rpynax Kpawa Ha 4 % wono KoHTpont. KoHBepcis KOpMY paLioHy 3 XenaTHUMM
MiKpoeneMeHTHUMK f,o006aBKaMM BULLA. BUTpaTa KOPMIB y LOCNIAHMX rPynax 3HUXKYBaNach 3a 3rof0BYBaHHS 06paHoi
n06aBKM Ha 2,8 % i 3 XenaTHMM KOMMNNEKCOM Mifi — Ha 9,7 %. 3a pe3ynbTataMu 6anaHCOBMX AOCHIAKEHD BUSBIEHO
NiABULLEHHS NEPETPABHOCTI MOXMBHMUX PEYOBMH paLioHy KypyaT-6poiinepis. [lobaBku 3 xenataMu MikpoMiHepanis
eeKTMBHI Y NiABULLEHHI 3a6iMHOr0 BUXOAY, MICUCTOCTI CTErOH Ta rOMI/IKW, TPyAHUX M93iB — Ha 5,3-6,2 n.n.bpoiinepu
[OCNIAHUX TPYN Manu BULLY MACUCTICTb CTEFOH Ta rOMINKW. HaMBuLKMA TeMN pocTy BUSBNEHO Y Bpoiinepis, SKUM y
paLioHi BBOAMBCS XeNaTHMM KOMIAEKC Miai. HxK4a KOHBEpPCi KOPMY Y KOHTPObHIM Fpyni NOBM3aHO 3 HUXKYOK MACcoH0
Tina umx Kypyat. Ha niacrasi oTpyMaHUX JaHUX AOCAIAXEHb BCTAHOBMEHO MOXIUBICTb eheKTMBHOrO BBEAEHHS A0
paLioHy KypyaT-6porinepis L06ABOK 3 XxeNaTHUMU MiKpOMiHepanamu, Lo J03BOIMIIO0 MiABULNTM IHTEHCUBHICTb pOCTY
Ta BMXig MAca. Pe3ynstat MoXyTb ByTM BUKOPUCTaHI Y pepMepCbKnX NTaxiBHUYMX rOCNOAAPCTBAX AN OTPUMAHHSA
6inbLWOT KiNbKOCTI NpOAYKLii Ta 34elweBUTU BUPOBHULTBO KYPSTUHM

KniouoBi cnoBa: iHTEHCMBHICTb POCTY; NTULSA; MICHA NPOAYKTUBHICTb; MOKa3HMKM 3a6010; KOHBEPCis KOPMY; BUTPATK
KOpMY; MPUPOCTM XMBOT Macu
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practical research, original data on the morphology and economic characteristics of representatives (varieties and
forms) of Sorbus intermedia Pers., Sorbus aucuparia L., Sorbus domestica L. are presented. Biological properties of the
plants and biochemical parameters of the fruits are highlighted. It is established that all studied representatives of
the genus Sorbus have high winter hardiness (1.5 points according to S.Ya.Sokolova), in addition, Scandinavian rowan
plants have high drought resistance (4.5 points according to S.S. Pyatnitsky) compared to common rowan plants.
Phenological observations of plants of different rowan species allowed for the conditions of the Forest-Steppe
of Ukraine to determine the time of onset of ontogenesis phases: development of vegetative buds, appearance of
leaves, shoot growth, budding, and flowering, formation and development of ovaries, ripening and fruiting, changes
in leaf colour, and leaf fall. Subphases that more accurately characterise the time of onset, peak, and end of a
certain phase of development have also been identified, which is a scientific achievement for strategies in the
system of ornamental and fruit horticulture. The growth intensity of varieties and forms of representatives of the
Sorbus genus in height was studied, and the general condition of plants for viability is evaluated. Preparatory work
on the preparation of rootstocks, the selection of scions, and grafting allowed the formation of model plants in the
collection nursery and additional assessment of their growth strength, the onset and passage of individual phases
of development, assessment of drought and winter hardiness, age of fruiting, and more. Biometrics and descriptions
of stem, branches, vegetative and generative buds, leaves, inflorescences, and fruits are also conducted. The taste
characteristics of the fruits are described in the materials of the paper. Biochemical analysis of the fruits allowed
establishing their suitability for processing and the production of products for healthy nutrition

Keywords: Sorbus intermedia Pers.; Sorbus aucuparia L.; Sorbus domestica L.; morphological features; physiological

features of plants; biochemical properties of fruits

INTRODUCTION

The world needs effective plant species in the system
of ornamental and fruit horticulture and safe resources
of their raw materials. Preference is often given to
niche fruit crops, including species belonging to the
genus Sorbus L., 1753 (Rosaceae, Juss., 1789). Since
rowan species are valuable for ornamental, medicinal,
and fruit-bearing purposes, and eight of them grow in
Ukraine, with the majority of their harvest being impor-
tant for processing and the production of healthy food
products, further research into the morpho-physiolog-
ical characteristics of plants and biochemical studies
of plant raw materials of varieties (forms) of fruit rep-
resentatives of the genus Sorbus: common rowan, do-
mestic rowan, and Swedish rowan, is highly relevant for
expanding the database of information for the improve-
ment of directions in plant biology, breeding, and bio-
chemistry for the industries of processing and producing
environmentally safe and high-quality food products
(jellies, jams, blended juices, beverages, wines, etc.).

The examination of the patterns of the emergence
and development of external characteristics of plants
and their organs in the genus Sorbus has been the
subject of several works, such as those by Z. Qiu et al.
(2023), which allow tracking changes that occurred
in the plant forms during ontogeny (individual devel-
opment) and phylogeny (historical development) and
changes induced by the environment. These practical
data have been used to enrich fundamental research in
botany, plant morphology and physiology, fruit-bearing,
breeding, genetics, biochemistry, fruit processing, phar-
macology, pharmaceuticals, and more.

According to botanical research by J. Levin et al.
(2019), new species have been discovered and described

in the Baltic Sea basin, specifically in Gotland and the
Aland Islands. These are intermediate species between
Sorbus aucuparia and S. hybrida.A.Hajrudinovi’c-Boguni’c
et al. (2023) note that this diversity results from the in-
teraction of polyploidisation, hybridisation, and apomix-
is, leading to exceptional diversity in the Sorbus genus
(Rosaceae family), which generates various new genetic
and morphological forms requiring further investigation.

Systematised data on the morphology of Sorbus
representatives are necessary as they allow special-
ists to choose suitable components for orchard design
in the system of ornamental and fruit horticulture. As
V. Sarv et al. (2020) argue, many species of the Sorbus
genus are widely used in food production and tradition-
al medicine, necessitating further study of the organic
compounds in rowan berries. Therefore, as indicated by
M.Raty et al.(2016), Sorbus species, varieties (forms) are
important in the system of ornamental and fruit horti-
culture, serving as vital components of forest stands in
parks, squares, and gardens. However, there is a chal-
lenge - climate change is pushing their localisation to
higher altitudes and further north. In the future, it is
expected that they will lose their presence in southern,
central, and eastern Europe.

Given the above, it can be said that the study of
representatives of the Sorbus genus is important in the
context of current climate fluctuations worldwide. The
selection of the best genotypes with high bio-potential
and their targeted introduction could expand the range
of valuable species for ornamental and, for the most
part, fruit-bearing purposes. This is particularly rele-
vant as practically all rowan species are relatively dis-
ease-resistant, cold-resistant, and some, such as Sorbus
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aria (Silver Whitebeam), Sorbus hybrida (Swedish White-
beam), and Sorbus intermedia, are highly drought-re-
sistant, which is essential not only for agroforestry and
horticulture but also for the food industry due to the
high fruit quality.

As noted by M. Sarv et al. (2020), there is also an
issue regarding the insufficient use of plant raw mate-
rials from representatives of the Sorbus genus, includ-
ing fruits, for preparing food products, nutraceuticals,
and as sources of polyphenolic compounds and high
antioxidant potential. This, according to J. Rand (2018),
is possibly linked to the reduction in rowan orchards
worldwide. Therefore, there is a need for a comprehen-
sive approach in further research and dissemination of
information about representatives of the Sorbus genus
in a systematic manner to improve the knowledge base
in the fields of biology, breeding, fruit-bearing, process-
ing, and the development of technologies for produc-
ing medicinal phytopreparations for disease prevention
and healthy food products (Lytovchenko et al., 2021).

Thus, the analysis of literature sources indicates the
inadequacy of research on the morphology, physiology,
and ecology of plants of the species Sorbus interme-
dia Pers., Sorbus aucuparia L., Sorbus domestica L., and
their significance in ornamental and fruit horticulture,
including the utilisation of their fruits in processing
and producing healthy food products. This highlights
the relevance of further research in these areas. The
purpose of the study is to evaluate various species (va-
rieties, forms) of representatives of the genus Sorbus
according to the morpho-physiological characteristics
of plants and biochemical parameters of fruits.

MATERIALS AND METHODS

The analysis of the morpho-physiological character-
istics was conducted in research plots at the Institute
of Horticulture of the National Academy of Agrarian
Sciences of Ukraine (NAAS) and its research network
(Chernihiv and Lviv regions) during 2017-2021. The main
methods used for morphological analysis of rowan plants
included observation and description, serving as a funda-
mental comparative method for studying their develop-
ment, both individual (ontogenetic) and historical (phy-
logenetic). By measuring the height of rowan plants, the
height of the crown’s beginning, the height of the larg-
est diameter of the crown, and the lower limit of dead
branches’ presence, essential parameters for subsequent
biometric assessments were determined. Throughout
the vegetation period of the rowan plants, dates of phe-
nophase onset were recorded based on phenological
observations, which were conducted from a week before
the beginning of vegetation to the end of the vegeta-
tion period (2017-2021). The assessment included the
flowering and fruiting intensity, field winter hardiness,
drought resistance following S.I. Melnyk’s (2016) criteria

The beginning of the development phase was con-
sidered the date when a specific phase occurred in
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10% of the observed plants, and the end of the phase
when it finished in 90% of the plants. Average start and
end dates for the development phase were used. Addi-
tionally, plant height was measured annually after the
vegetation period using a special ruler with markings
to assess the growth intensity. Three categories were
used, considering the average height and stem diam-
eter: low-productive (which grew worse than the aver-
age indicators by more than 15-20%), medium-produc-
tive (growth height did not exceed average indicators),
and high-productive (growth exceeded average indica-
tors by up to 10%).

In parallel with growth assessment, the overall
health of the plants was considered, reflecting vitality.
This was assessed based on resistance to phytopatho-
gens, growth patterns, leafiness, and was expressed on
a scale from poor (1 point) to excellent (9 points), where
poor condition indicated partial or complete wither-
ing of branches or tree death, unsatisfactory condition
showed below-average growth with signs of wilting and
leaf disease, satisfactory condition indicated average
growth with moderate leafiness and slight signs of dis-
ease, good condition meant high growth, healthy dark
green or green leaf colour, moderate leafiness, and the
absence of damage from adverse environmental factors.

Biochemical analysis of the rowan fruit was con-
ducted inthe laboratory specialising in post-harvest qual-
ity of fruit and berry products, and the experts performed
the analysis. The weight and quality of the samples met
the requirements of the Methodology for Assessing the
Quality of Fruit and Berry Products (Kondratenko et al.,
2008) and DSTU ISO 874-2002 (2003). The content of dry
matter was determined by drying method, soluble solids
were determined according to DSTU 2173:2007 (2009),
sugars according to DSTU 4954:2008 (2009), organic
acids according to DSTU 4957:2008 (2009), polyphenolic
compounds according to DSTU 4373:2005 (2006), pectin
substances according to DSTU 8069:2015 (2017), vita-
min C according to DSTU ISO 6557-2:2014 (2015), an-
thocyanins and chalcones by V. I. Krivenkov’s method, and
oxidation-reduction potential and pH of the juice were
determined using a pH meter/ORP meter from HANNA.
The study was conducted with threefold replication and
statistically processed in Excel. During the research, the
requirements of the Convention on Biological Diversity
(1992) were followed.

RESULTS

Only after the establishment of a collection nursery and
the conduct of expeditionary work to determine model
plants of the Sorbus genus, data from morphological
analysis and physiological research were accumulated,
processed, and systematised. This allowed for the for-
mulation of objective descriptive conclusions about
each investigated form of rowanberry plants. In general,
the results of phenological observations on represent-
atives of the Sorbus genus identified the main phases




and subphases of plant development, starting from the
moment when the average daily temperature reaches
+5°C. Regarding the main phases of development, the
focus was on the phase of vegetative bud development
and its subphases: swelling and the beginning of bud-
burst (on average, occurring from the end of the third
decade of March to the first decade of April); leaf ap-
pearance and subphases of the beginning and full leaf
unfolding, and full leaf coverage (from the end of the
first to the middle of the second decade of April); shoot
growth, beginning (beginning of the second decade of
April),and end (first decade of August); flowering phase,
which includes the subphases of budding (third decade
of April), beginning (end of the first to the beginning
of the second decade of April), full (middle and end of
the second decade of May), and the end of flowering
(beginning of the third decade of May); phase of fruit
formation and development (first decade of June); the
phase of fruit ripening, beginning (third decade of Au-
gust), and end (end of September); fruit drop (for do-
mestic and Scandinavian rowanberry plants) and sub-
phases of the beginning (end of the third decade of
August to the first decade of September), mass (second
decade of September), and final (third decade of Sep-
tember), leaf colour change - yellow (second decade of
September) and crimson (third decade of September to
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the first decade of October), and the final phase - leaf
drop, subphases of the beginning (second decade of Oc-
tober), mass (third decade of October), and final (first
decade of November).

Phenological studies allowed for understanding
that the period between the start and completion of
the vegetative bud phase lasts 6-9 days, after which
bud unfolding and leaf growth begin. The budding
and flowering phase lasts approximately 14 days, but
this can vary depending on weather conditions. It was
also noted that temperature and air humidity signifi-
cantly affect the duration of the fruit ripening phase,
with dry and hot weather causing it to shorten by 36
days, with most fruits falling prematurely. Low air tem-
peratures during the completion of fruit development
subphases also influence fruit drop rates, particularly
for Scandinavian and domestic rowanberry plants. It is
worth mentioning that fluctuations in the weather-cli-
mate regime during the vegetation period determine
the dates of the onset and duration of rowanberry plant
development phases and may vary from year to year.
In parallel with phenological observations, morpholog-
ical and physiological research was conducted. Height
measurements of plants after the completion of vege-
tation each year allowed for determining the intensity
of rowanberry plant growth (Table 1).

Table 1. Growth rate by height of Rowanberry plants (end of growing season)

Variety/form

Growth intensity category

Domestic Rowanberry Form F. 1

highly productive

Domestic Rowanberry Form F. 2

highly productive

Common Rowanberry Form F. 3

moderately productive

Common Rowanberry (seedling of unknown origin)

moderately productive

Common Rowanberry, Burka variety

moderately productive

Common Rowanberry, Businka variety

moderately productive

Scandinavian Rowanberry, Brouwers variety

highly productive

Source: compiled by the authors

Subsequently, the overall condition of rowanberry
plants was considered, evaluating them for resistance

to phytopathogens, growth characteristics, foliage den-
sity, and expressing it in scores (Table 2).

Table 2. Overall condition of Rowanberry plants by vitality

Overall condition

Variety/form
score manifestation
Domestic Rowanberry Form F. 1 9 excellent
Domestic Rowanberry Form F. 2 9 excellent
Domestic Rowanberry Form F. 3 5 satisfactory
Common Rowanberry (seedling of unknown origin) 5 satisfactory
Common Rowanberry, Burka variety 7 good
Common Rowanberry, Businka variety 7 good
Scandinavian Rowanberry, Brouwers 9 excellent

Source: compiled by the authors
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Thus, based on growth intensity, highly productive
rowanberry plants were Domestic Rowanberry Form
F.1 and F. 2, and Scandinavian Rowanberry Brouwers
variety, which also exhibited excellent overall condi-
tion (9 points). It was found that by the growth intensity
category, the plants of Domestic Rowanberry Form F. 3,
Common Rowanberry (seedling of unknown origin), and
Common Rowanberry varieties Burka and Businka were
moderately productive, with a good overall condition (7
points). Plants of Common Rowanberry Form F.3 and
Common Rowanberry (seedling of unknown origin) had
a satisfactory overall condition (5 points) as they exhib-
ited moderate foliage density and signs of mild disease
damage, which locally caused necrosis.

Based on the analysis of long-term data, it was de-
termined that the variety of rowanberry, which is in-
termediate or Swedish rowanberry (Sorbus intermedia
(Ehrh.) Pers., 1806, or Sorbus scandica (L.) Fr.) Brouw-
ers since 1956, listed in the State Register of Plant
Varieties of the Netherlands, is a tree in terms of its
life form, with a growth strength of approximately 0.4
metres. The tree studied had an average height of 4
metres. Although the mother plants from which scions
were taken for grafting in the park of the Institute of
Horticulture of the National Academy of Agricultural
Sciences of Ukraine reach heights of over 10 metres.
On the tree, the number of skeletal branches is average
(€10), their orientation is semi-vertical, and branching
is strong. Regarding their position relative to the trunk
and the angle of placement, they diverge from the trunk
at a height of 1.5 metres at an angle >65° from various
points. The crown shape of the tree is round-pyramidal,
with density being high, and its habit is conical.

One-year-old shoots, with a thickness of 8.6 mm
during their period of intensive growth, exhibit a
weak anthocyanin colouring at their tips. The colour
of the bark of the one-year-old shoot is olive-grey-
light-brown, and the size of the base of the bud on it
is large (8 mm). The vegetative bud is slightly inclined
or inclined relative to the shoot and is of medium size
(>8 mm). It is dark brown in colour and has moderate
stickiness of the outer scales. The tip of the vegetative
bud is wide-conical-elongated, while for the generative
bud, the tip is pointed. The time of the onset of devel-
opment of vegetative buds is average (end of the third
decade of March to the beginning of the first decade
of April). The time of bud burst (appearance of leaves)
is also average (second decade of April). The density of
leaf arrangement at the end of the shoot is significant,
with 8 leaves present. The leaves are simple, entire,
broadly elliptical or elongated-egg-shaped, doubly ser-
rate, weakly pinnately lobed. The leaf tip type is obtuse,
the base shape is round, the margin is biserrate, and
the venation type is palmate-pinnate. The number of
leaflets or ovate leaflets along the length of 3.7 cm is
9-13,and the petiole is short (2.7 cm) in length. The leaf
size is medium (11.6x7.8 cm), the cross-sectional profile
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is straight, and the intensity of green colouration is in-
tensive. The anthocyanin colouration intensity is absent
or weak. The leaves have a moderate to high glossiness,
with slight pubescence on the upper side and moder-
ate to strong pubescence on the lower side. The onset
of yellow leaf colouration is average (beginning of the
third decade of September), while the onset of red leaf
colouration is average (end of the third decade of Sep-
tember). Leaf fall occurs in the mid-early period (second
decade of October).

The inflorescence type is a corymb with a diameter
of 15 cm, and the number of flowers on it is average (52
flowers). The flower diameter is smaller than average
(d=1.2 cm).There are 5 petals on each flower, their posi-
tion is horizontal, and their arrangement is non-touch-
ing. There are 20 stamens per flower, and their shape
is elliptical. The flower stalk is long (€2 mm) and char-
acterised by strong pubescence. The time of flowering
onset is late (third decade of May to the first decade
of June). The degree of flowering (signs) is 4 (good,
60-80%). Self-fertility is very high (90%). The primary
colour of the fruit pulp is light brown or light orange,
while the skin is brick-red. The skin has moderate gloss-
iness. The fruit is semi-spherical in shape, with a height
that is low or medium (7 or 1.2 mm) and a width that
is small (1-1.2 mm). The average number of fruits on
a corymb is 20. The weight of 1000 fruits is 0.811 kg.
The number of seeds in a fruit is low (2 seeds), and the
weight of 1000 seeds is low (16.2 g). The onset of fruit
ripening is moderately late (second to third decade of
September). The ripening group is late.

The taste of the fruits is weakly acidic, weakly
sweet, without bitterness. The fruits are rich in nutri-
ents, including a vitamin C content of 69.3 mg/100 g,
a total sugar content of 18.9% on a fresh weight basis,
dry matter content of 43.5%, soluble dry matter content
of 34.4%, titrated organic acid content of 0.7%, pectin
content of 1.96% on a fresh weight basis, polyphenolic
compounds content of 1056 mg/100 g of fresh weight,
flavonoids content of 217.5 mg, anthocyanins content
of 3.3 mg, chalcones content of 13.8 mg/100 g of fresh
weight. The sugar-acid index is 27.1, and the sensory
evaluation on a 9-point scale is 2.7 (average).

It is worth noting that the Brouwers variety plants
are highly and moderately resistant to pear mites
(Eriophyes piri Pagenst.) — 8 points, and rowan aphids
(Dentatus sorbi Ralt.) - 7 points. They are also highly
winter-hardy - 1.5 points (according to S.Ya. Sokolova)
and drought-resistant - 4.5 points (according to
S.S. Pyatnitsky). The fruiting cycle of Scandinavian row-
an plants is annual, the abundance of fruiting is moder-
ate (3.5 points), and the time (age) of maximum fruiting
from seedlings is late (8-11 years), while the time (age)
of maximum fruiting on a graft is early (2-3 years). The
variety “Nevyazhynska Yellow Common Rowan” (Sorbus
aucuparia L., 1753) is a deciduous tree in terms of life
form. The researched plants were up to 3 metres tall




with an elongated-round crown shape. The maternal
plants used for grafting reached 8 metres in height.
The crown density is average, and the habit is slightly
sprawling. The number of skeletal branches on the tree
is low (£5).The bark of one-year-old flexible branches is
greyish-brown, while that of two-year-old and skeletal
branches is grey or dark grey.

The leaves are alternate, odd-pinnate, medi-
um-sized, up to 18.7 cm long, and composed of 7-15
broadly lanceolate serrated leaflets. The upper side of
the leaf blade is dark green, and the lower side is pale
green with pubescence. The flowers are arranged in
complex corymbose inflorescences with a diameter of
about 12 cm. The flowers are small, about 1.3 cm in
diameter, and have five petals with a cream-white col-
our. During mass flowering, the flowers emit a strong,
unpleasant odour. The peak of flowering occurs in the
third decade of May. These plants are self-unfruitful. It
was found that for the Nevyazhynska Yellow variety, the
best pollinator is the Businka variety.

The fruit is apple-shaped, somewhat elongat-
ed-round with distinct angular ribs, about 1.4 cm in di-
ameter. The number of fruits on a cluster ranges from
79 to 126.The fruit’s weight is 0.6 g, and the weight of
100 fruits is about 57.6 g. The skin of the fruit is dark
yellow to yellow-orange.The pulp is pale yellow, sweet-
sour in taste. The seeds are small and dark brown. The
fruits have moderate keeping quality. The intended use
of the fruits is versatile. The juice content of the Nevy-
azhynska Yellow variety is 34%, which is higher than for
the Brouwers variety but lower than for the Burka and
Businka varieties, which exceed 45%.

The Businka variety of common rowan (Sorbus au-
cuparia L., 1753) is a moderately tall tree, reaching up
to 3 metres in height. The number of skeletal branches
on the tree is low (£5). These plants are self-fruitful.
It was found that these plants tolerate partial shade,
although they prefer full sun. The average fruit weight
is 1.2 g (maximum - 1.85-2.06 g). The skin colour is red
or bright red. The pulp is pale yellow to cream-coloured,
with a sweet-sour taste that is refreshing and pleas-
ant, without bitterness. Fruiting begins at 3-5 years of
age, and fruit ripening occurs in the first decade of Sep-
tember. The intended use of the fruits is versatile. The
transportability of the fruits is high (9 points). This va-
riety is characterised by high drought, winter, and frost
resistance (9 points). The fruiting cycle of the Businka
variety plants is annual, and the abundance of fruiting
is high (5 points).

The Burka variety of common rowan (Sorbus aucu-
paria L.,1753) is a slow-growing tree, reaching a height
of up to 2-2.3 metres, forming a compact crown with
a round or spherical shape. The leaves are pinnately
lobed and dark green in colour. The flowers are fragrant,
small, five-petaled, arranged in a shield-like inflores-
cence. The petals of the flower are white, and the an-
thers of the stamens have a pinkish tint. The generative
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buds are light greyish-brown and pubescent, formed on
two-year-old shoots. The flowering phase begins in the
third decade of May. These plants are self-fruitful. The
fruits are round and slightly flattened. The fruit skin is
thin and dark brown or dark pink in colour. The flesh is
juicy, with a sweet-sour taste and hints of bitterness.
Fruit ripening occurs in the first decade of September.
The fruiting cycle is annual, starting from the 3rd or 4th
year, with maximum fruiting occurring in the 5th year.

It is noted that the fruits become sweeter in taste
after autumn frosts or artificial freezing in freez-
er chambers. These plants are characterised by high
drought resistance (4.5 points), winter resistance (1.5
points), and frost resistance (1.5 points). However, they
negatively respond to prolonged soil waterlogging. The
seedling of common rowan (Sorbus aucuparia L., 1753)
of unknown origin is a small tree, not exceeding 3.5
metres in height during the research period. The bark of
the trunk and skeletal branches is grey. The bark of one-
year-old branches is grey-brown. The crown is dense
and oval in shape. The leaves are 15.7 cm long, alter-
nate, odd-pinnate, and generally consist of 13 lanceo-
late, pointed leaflets with serrated edges. The flowers
are small, arranged in a complex shield-like inflores-
cence with pubescence. The average diameter of the in-
florescence is 11.5 cm. The flower stalk is characterised
by weak or strong pubescence. The flower calyx con-
sists of five sepals. The number of petals in the flower
is five, and they are white in colour. The corolla has a
diameter of 1.5 cm, with one pistil, three stamens, and
a lower style. The number of stamens is numerous. The
fruit is apple-shaped, with an orange or dark orange
skin. These plants are characterised by high drought,
winter, and frost resistance (9 points). The fruiting cy-
cle is fixed at 7 years. For the description of common
rowan plants based on morphological characteristics,
Form F.3 was selected. The Form F.3 of common row-
an (Sorbus domestica L., 1753) is a moderately tall tree,
approximately 1.45 metres in height during the study.
The approximate height of the maternal tree does not
exceed 12 metres. The crown shape is inversely egg-
shaped, and the growth rate is moderate. The number
of skeletal branches is low (4 branches).

The bark of young plants is rough with numerous
lentils, and it is grey in colour. One-year-old shoots are
grey, shiny, almost without pubescence, and the buds
on them are sticky and not pubescent. Vegetative buds
are large, elongated, or round, while generative buds
are mixed and form a rosette with 3-4 leaves during
budding. The leaves are complex, 18 cm long, alternate,
odd-pinnate, with an average of 13 lanceolate, pointed
leaflets with serrated edges. The leaflets are arranged
alternately and are 3.5 cm long and 1.2 cm wide. The
upper side of the leaves is green and smooth, while the
lower side is pale green. The leaflet petioles are pubes-
cent with fine hairs. The plant’s inflorescence is a wide
pyramidal shield, up to 9 cm in diameter. The flowers
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are small, up to 1.5 cm in diameter, with a distinct bit-
ter almond aroma. The petals of the flower are white
and roughly oval in shape. There are 20-30 stamens in
each flower, and up to 68 flowers can be found in a sin-
gle shield. The small branches of the shield have dense
pubescence. The flowering phase occurs at the end of
the third decade of April or the beginning of the first
decade of May.

The fruit is apple-shaped, weighs 10.21 grams, and
has slightly elongated pear-like characteristics with di-
mensions of 2.5x2.7 cm. It is yellow-green with a blush,
has firm, sweet, and aromatic mealy flesh with a moderate
amount of stony cells. Each cluster can contain 5-16 fruits.
The seeds are brown or dark brown, with a seed weight
of 0.02 grames. It is highly drought-resistant (4.5 out of 5
points) and moderately winter-hardy (2.5 out of 5 points).

Figure 1. Rowanberry species: 1 - Common Rowan (Variety: Burka); 2 - Domestic Rowan;
3 - Scandinavian Rowan (Variety: Brouwers); 4 - Common Rowan (Variety: Yellow Nevyezhenska);
5 - Common Rowan (Seedling of Unknown Origin); 6 - Common Rowan (Variety: Businka)

Source: photographed by the authors
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Figure 2. Rowanberry leaves: 1 - Domestic Rowanberry; 2 - Common Rowanberry (seedling of unknown origin);
3 - Common Rowanberry Variety Yellow Nevezhenska; 4 - Scandinavian Rowanberry Variety Brouwers

Source: photographed by the authors

After completing morpho-physiological studies, it
was planned to conduct a biochemical analysis of the
rowanberry fruits, the results of which demonstrated
their suitability for various types of processing. For all
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six samples of rowanberries, analyses were conducted
to determine the content of organic and biologically
active substances. It was found that the highest dry
matter content was in the fruits of Scandinavian Rowan




(Variety: Brouwers) (43.5+0.3%) and common rowan-
berries (from an unknown source) (36.6%0.3%). Below
the average value (33.9£0.1) for the group of studied
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rowanberry species, the dry matter content was ob-
served in rowanberries of domestic Form 3 (27.0+0.3%)
and domestic Form 2 (29.2£0.3) (Fig. 3).

m Dry substance, %
Dry soluble substances, %/100 g of fresh weight
m Total sugars, %/100 g of fresh weight

Indicators

Domestic Domestic Domestic Scandinavian Common Common Common Common
rowanberry rowanberry rowanberry rowanberry,  rowanberry,  rowanberry,  rowanberry,  rowanberry,

F.1 F.2 F.3 Brouwers unknown Businka Burka variety Yellow
variety origin variety Nevezhenska

Figure 3. Content of dry substances, dry soluble substances, and total sugars in rowanberry fruits

Soluble dry substances in rowanberry fruits of the
studied species varied within the range of the high-
est content of 33.4 (Scandinavian Rowanberry Variety
Brouwers) and the lowest of 21.4+0.7% (Domestic Row-
anberry Form 3). The average inter-species content
was 25.89%0.38%. Rowanberry fruits of the Businka
variety (22.6%0.3) and Domestic Rowanberry Form 1
(25.7£0.4%) accumulated less dry soluble substances
than the average. Rowanberry of the common variety
accumulated the driest soluble substances in its fruits.
The overall content of dry soluble substances in rowan-
berry fruits was adequate for most of the studied spe-
cies. The highest amount of sugars was accumulated

in the fruits of Scandinavian Rowanberry (18.9£0.4%
of fresh weight) and Domestic Rowanberry Form 2
(14.3+0.21%). Rowanberry Form 3 (12.0%0.3), Domestic
Rowanberry Form 1 (10.4£0.37%),and Common Rowan-
berry (6.2-11.5%) had lower sugar content on average.
Among the common rowanberry varieties, the highest
sugar content was observed in the fruits of the Yellow
Nevezhenska variety (>11%).

Titrated acids, expressed as malic acid equivalents,
in the fruits of the studied rowanberry species varied
from 2.78+0.13% (Common Rowanberry, seedling from
open pollination) to 0.65+0.02% (Domestic Rowanberry
Form 3) (Table 3).

Table 3. Content of organic substances in rowanberry fruits

Titrated acids Pectin substances

Variety/hybrid SAR

%/100 g of fresh weight
Domestic Rowanberry Form 1 1.15+0.03 1.99+0.18 9.1
Domestic Rowanberry Form 2 0.99+0.05 1.07+0.04 14.5
Domestic Rowanberry Form 3 0.65% 0.02 1.68+0.19 18.5
*Common Rowanberry (seedling of unknown origin) 2.78%0.13 0.68+0.18 2.2
Common Rowanberry Variety Burka 1.12+0.17 0.63%0.09 4.8
Common Rowanberry Variety Businka 1.43%0.07 0.79%0.11 3.5
Scandinavian Rowanberry Variety Brouwers 0.70%0.10 1.96+0.21 271

Note: * the content of titrated acids and pectin substances is similar to their content in the fruits of the Yellow Nevezhenska

variety. SAR - Sugar-to-Acid Ratio
Source: compiled by the authors

The fruits of common rowanberry varieties Burka
and Businka are characterised by titrated acid content
close to the average, at 1.12 and 1.43% per 100 g of
fresh weight, respectively. In the rest of the studied

species (varieties/forms), their quantity was lower
than the average content of 1.25%0.02%, with values
of 0.70£0.10 (Scandinavian Rowanberry Variety Brou-
wers), 0.99£0.05 (Domestic Rowanberry Form 2), and
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1.15+0.03% (Domestic Rowanberry Form 1). The highest
sugar-to-acid ratio (SAR) was found in the fruits of Scan-
dinavian Rowanberry Variety Brouwers (27.1) due to their
high sugar content (18.97+0.4%) and low titrated acid
content (0.7£0.1%). High SAR values were also observed
in Domestic Rowanberry Form 2 (14.5) and Domestic
Rowanberry Form 3 (18.5). Common Rowanberry (2.2-4.8)
and Domestic Rowanberry Form 1 (9.1) had moderate
SAR values. Fruits of Scandinavian Rowanberry Variety
Brouwers and Domestic Rowanberry Form 1 had a higher
content of pectin substances, amounting to 1.99%0.18%
and 1.960.21% of fresh weight, respectively. Domestic
Rowanberry Form 3 had the highest content of pectin
substances (1.68+0.19%) among all studied species.
Other species had lower pectin content, with Domestic
Rowanberry Form 2 (1.07£0.04%) and Common Rowan-
berry (0.63-0.79%) having the least.

The content of ascorbic acid in the fruits of the
studied rowanberry species varied widely, ranging

4500 -

4000 -

from 33.41-42.04 mg/100 g in Common Rowanberry to
3.49%£0.22 mg/100 g in Domestic Rowanberry Form 3.
The content of ascorbic acid was lower than average
in the fruits of other species and ranged from 4.9+0.23
(Domestic Rowanberry Form 2) to 9.53+0.32 mg/100 g
(Scandinavian Rowanberry). Polyphenols, a group of
biologically active substances, were found in varying
amounts in the fruits of different rowanberry species.
The highest levels of polyphenolic compounds were
found in Domestic Rowanberry Forms 1 and 2, with val-
ues of 3793%52 and 3729+72 mg/100 g of fresh weight,
respectively. Domestic Rowanberry Form 3 had a slightly
lower content of polyphenols (3031+57 mg/100 g). Other
species had lower polyphenol content, with Common
Rowanberry varieties Businka, Yellow Nevezhenska, and
Burka having values of 1064, 1242, and 1443 mg/100 g,
respectively. Scandinavian Rowanberry and Common
Rowanberry had polyphenol content of 1056+30 and
818+16 mg/100 g of fresh weight, respectively (Fig. 4).
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Polyphenolic compounds, %/100 g of fresh weight

Domestic Domestic Domestic Scandinavian Common Common Common Common
rowanberry F.1 rowanberry F.2 rowanberry F.3 rowanberry,  rowanberry,  rowanberry,  rowanberry,  rowanberry,
Brouwers unknown  Businka variety Burka variety Yellow
variety origin Nevezhenska

Figure 4. The content of polyphenolic compounds in the fruits of various rowanberry species

Source: compiled by the authors

Flavonoids, which are biologically active com-
pounds with antioxidant properties, were present
in small amounts in the fruits of the studied rowan-
berry species. The flavonoid content ranged from
217.5¥2.0 mg/100 g in Scandinavian Rowanberry to
257.5-303.5 mg/100 g in Common Rowanberry. Domes-
tic Rowanberry Forms 1 and 2 had higher levels of fla-
vonoids (250.0+8.2 and 251.0£0.6 mg/100 g of fresh
weight, respectively).

The content of anthocyanin pigments in the fruits of
different rowanberry species was relatively low, with a
maximum of 6.03£0.3 mg/100 g in Common Rowanberry
and a minimum of 1.5%0.2 mg/100 g in Domestic Rowan-
berry Form 1.Other rowanberry varieties had anthocyanin
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content slightly above or below the average, with values
of 2.63+0.26 mg/100 g in Domestic Rowanberry Form 2,
3.3%0.2 mg/100 g in Domestic Rowanberry Form 3, and
3.3%#0.15 mg/100 g in Scandinavian Rowanberry.

In contrast, the content of chalcones in the row-
anberry fruits was somewhat higher, with an average
value of 13.5%#0.14 mg/100 g. Common Rowanberry
had the highest chalcone content, ranging from
20.4-24.6 mg/100 g. Other rowanberry varieties had
chalcone content below the average, with values of
12.3%£0.3 (Common Rowanberry Form 3), 10.8%0.5 (Do-
mestic Rowanberry Form 2),10.5%0.3 (Domestic Rowan-
berry Form 1), and 13.80£0.44 mg/100 g (Scandinavian
Rowanberry) (Fig. 5).
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Figure 5. The content of anthocyanins and chalcones in rowanberry fruits

Source: compiled by the authors

Considering the pH levels of the juice in fruits of
other studied crops, which varied within relatively nar-
row limits, the pH of the juice in the studied rowan-
berry species showed significant differences. Scandina-
vian Rowanberry had the highest pH (4.4%0.3), slightly
lower in the fruits of Domestic Rowanberry Form 2
(4.1%0.1). Values below the average for this group were

observed in Common Rowanberry (3.5%0.3), Common
Rowanberry Form 3 (3.8%0.2),and Domestic Rowanberry
Form 1 (3.9%0.2). The rowanberry species studied ex-
hibited significant variation in their oxidative-reductive
potential (ORP), with Scandinavian Rowanberry having
the highest ORP at 243 mV. Fruits of Common Rowan-
berry Form 3 had an ORP of 251.1¥4.3 mV (Table 4).

Table 4. Average juice pH and redox potential values of fruits from different varieties of rowanberry

Variety/hybrid juice pH redox potential, MV
Common Rowanberry Form 1 3.9%0.2 243.8+12.1
Common Rowanberry Form 2 4.1£0.1 230.3¥10.9
Common Rowanberry Form 3 3.8%0.2 251.1+4 3
Common Rowanberry (Unknown Origin) 3.5%0.3 241.7%9.8
Scandinavian Rowanberry (Brouwers Cultivar) 4.4+0.3 230.7+9.9

Source: compiled by the authors

Due to the high dry matter content in the fruits of
Scandinavian rowanberry (43.55+0.29%) and common
rowanberry (36.6-41.3%), they can be used for producing
reconstituted juices or fruit powders. The high content
of dry soluble substances in the fruits of all studied row-
anberry species makes them suitable for the production
of therapeutic and preventive beverages, infusions, and
compotes. Specifically, the polyphenolic content of over
3000 mg/100 g of fresh weight in common rowanberry
Forms 1-3 characterises their high antioxidant proper-
ties, which is a distinctive feature of these Sorbus spe-
cies. The indicator of sweetness and suitability for fresh
consumption, and for making pastilles, is the high sugar
content and pH level. Fruits of Scandinavian rowanberry,
as well as common rowanberry Forms 3 and 2, possess
these characteristics, making them suitable for desserts
and direct consumption. The presence of over 1% pectin
in the fruits of common rowanberry Forms 1 and 2, along
with titratable acidity levels within £1.0%, provides a

basis for considering them as excellent raw materials for
making jelly products. Therefore, valuable source mate-
rial has been prepared for further breeding to create new
varieties with a complex of valuable agricultural traits.

DISCUSSION

Representatives of the genus Sorbus are deciduous
trees and shrubs belonging to the Tracheophyta clade,
comprising about a hundred species (hybrids, forms)
with an area covering regions with a temperate climate
in the Northern Hemisphere (Rand, 2018). The diver-
sification of European rowanberries was driven by the
hybridisation of four common diploid species, namely
Sorbus aria L. Crantz, Sorbus aucuparia L., Sorbus cha-
maemespilus L. Crantz, and Sorbus torminalis L. Crantz,
and subsequent backcrossing with their parent spe-
cies, resulting in the formation of several aloploid spe-
cies, mostly triploids and tetraploids, reproducing via
apomixis and restricted to various-sized geographical
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regions. As noted by N. Meyer & L. Meierott (2021),
many species of the Sorbus genus have been individu-
ally studied and described.

A. Hajrudinovi'c-Boguni’c et al. (2023) report that
the clonal structure within and among populations of
these rowanberry species is maintained through apo-
mixis. Hybridisation, polyploidisation, and apomixis are
the primary drivers of Sorbus diversification in Europe.
Notably, dominant rowan forests (Sorbus aucuparia) are
found in the Central and Southern Alps (Graubiinden and
Ticino, Switzerland - Verbania-Cusio-Ossola province,
Northern ltaly, etc.). Domestic rowanberry (Sorbus domes-
tica L.; synonym Cormus domestica L. Spach, 1834) has a
significant range as well. As described by V. Moskalets
et al. (2022), its territory includes Ukraine, particularly
Crimea and Transcarpathia, and is somewhat localised
in the Forest-Steppe region, and other countries, in-
cluding the United Kingdom, France, Switzerland, Italy,
Montenegro, Serbia, the Czech Republic, Algeria, Tunisia,
and countries in the Eastern Mediterranean, the western
part of Asia Minor. However, in some regions, this spe-
cies is endangered, such as Austria, Germany, and Spain.
Plants of domestic rowanberry are significant because,
as D. Drvodeli¢ et al. (2018) indicate, their fruits vary in
morphophysiological properties and are consumed both
fresh and processed into healthy food products, includ-
ing marmalade, pastille, jam, preserves, liqueurs, kvass,
cider, etc. In a dried and ground form, they are added
to flour for making confectionery, tea blends, and sour-
dough. It has been proven that extracts and jams from
domestic rowanberry fruits exhibit antioxidant proper-
ties. As noted by M. Rutkowska et al. (2019), the plant
material of domestic rowanberry, especially its leaves,
has increased bioactivity, with extracts made from
them showing high antioxidant activity.

However, to produce high-quality products, forms
that produce fruits with high quality are needed, which
requires additional research. In particular, G. Sebek
(2020) notes that in France and Germany, phenological
observations of domestic rowanberry plants and the
study of their fruit morphology have allowed for the se-
lection of valuable forms. These fruits can be valuable
raw materials in processing and food industries.

According to W. Pusz et al. (2019), the intermediate
or Scandinavian rowanberry (Sorbus intermedia (Ehrh.)
Pers.) also holds significant importance. Although this
species has a very limited natural range, found only in
southern Scandinavia and along the Baltic Sea coast,
except for the Gulf of Finland, it is now introduced in
horticultural and agroforestry practices in many regions,
including Ukraine. Z. Mrkonjic et al. (2019) showed that
extracts from both S. domestica and S. intermedia ex-
hibit antioxidant properties that inhibit the growth of
certain clinically significant bacterial strains, which is a
medical breakthrough. As mentioned by A. Ritala et al.
(2022), the nutritional value of the fruits of common
rowanberry (Sorbus aucuparia L.) has also been confirmed
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in practice, particularly in terms of protein content and
dietary fibres. Equally significant is the pharmacological
property of Sorbus L. fruits, as stated by K. Zymone et al.
(2018),which is attributed to their unique composition of
bioactive compounds. For instance, fruits of the “Burka”
variety of common rowanberry, distinguished by their ex-
clusive phytochemical composition, are used to produce
powders with high antioxidant properties. Furthermore,
according to Y. Lykholat et al. (2021), the skin of Sorbus
genus representatives’ fruits contains more antioxidant
compounds than the flesh, along with elevated levels of
polyphenolic compounds.

Researchers, such as M. Bozhuyuk et al. (2020), con-
duct extensive studies involving morphological de-
scriptions of plants, fruit biochemistry of new forms of
various Sorbus species to form a knowledge base for
future use in science, particularly in breeding and nurs-
ery practices. It has also been established that the di-
versity of biotypes of rowanberry (Sorbus aucuparia L.)
obtained from seeds is characterised by varying organic
content in the fruits. This is crucial when choosing the
species or variety of Sorbus for fruit harvesting and pro-
cessing, as mentioned by M. Ognyanov et al. (2022). For
example, in the fruits of common rowanberry, soluble
sugars (fructose and glucose) constitute the majority of
total carbohydrates, pectin makes up a significant por-
tion of polysaccharides, and malic acid is one of the
dominant organic acids. Among the studied common
rowanberry varieties, the highest content of total an-
thocyanins is found in the fruits of the “Burka” (871 mg/
kg dry weight) and “Businka” (856 mg/kg dry weight)
varieties (Mikulic-Petkovsek et al., 2017).

The nutritional value of rowanberry fruits is unde-
niable, and as asserted by R. Bobinaité et al. (2020), the
antioxidant, antimicrobial, and antiproliferative activ-
ity of extracts from these fruits is relevant in various
sectors. Consequently, there is a prospect of expanding
the use of rowanberry plant material in natural reme-
dies, cosmetics, and as innovative food ingredients, as
indicated by V. Sarv et al. (2020). These ingredients are
expected to have broad applications in the production
of food products and in ethnopharmacology for the nat-
ural treatment of bacterial, viral, inflammatory diseases,
including tumors, and in the prevention and treatment
of neurological and cardiovascular disorders.

It is worth noting the effectiveness of rowanberry
preparations in inducing apoptosis, a process necessary
for the physiological regulation of the body’s cell count.
Apoptosis is vital for eliminating old cells, generating
lymphocytes that are not reactive to their antigens (au-
toantigens), shedding leaves from plants in autumn, the
cytotoxic action of killer T lymphocytes, embryonic de-
velopment,and more (Kobylinska et al.,2021; Zyablitsev
et al.,2022). For instance, S. Moon et al. (2021) demon-
strated that a water extract from rowanberry fruits in-
duces apoptotic cell death through the active oxygen
species (ROS-dependent) pathway.




The bioactive potential of Sorbus norvegica fruit
extracts in the treatment of type 2 diabetes has been
investigated (Broholm et al., 2019). There are also pros-
pects for using the extract to alleviate colitis (Akkol
et al., 2020). Information is available on the impact
of rowanberry fruits on protein glycation, a process in
which sugar molecules react with proteins, causing
them to form cross-links and lose functionality, lead-
ing to what is known as glycation or “sweet ageing”
(Boiarska, 2019). Therefore, as noted by M. Rutkowska
et al. (2019), organic compounds in Sorbus aucuparia L.
fruits in the form of fractionated extracts inhibit glyca-
tion or the protein glycation process and oxidative/nitra-
tive damage to human plasma components.

In summary, the increased attention of agrarians
to representatives of the Sorbus genus, along with the
search and selection of valuable species (forms, varie-
ties) based on morphological, physiological, valuable,
and biochemical research, can lead to the production of
valuable consumption products for the domestic mar-
ket. Even in small quantities, these products can meet
the human body’s essential nutrient requirements, pre-
venting diet-related diseases, slowing down the ageing
process, and boosting immunity. Moreover, they can ad-
dress vitamin and antioxidant deficiencies and provide
essential micronutrients, promising further develop-
ment in this field.

CONCLUSIONS

Based on the results of phenological observations, it
was determined that during dry and hot weather, the
duration of the fruit ripening phase is shortened, lead-
ing to a significant portion of the fruits falling prema-
turely and unripe. Fruit drop was also observed during
low air temperatures at the end of the developmen-
tal phase, particularly for Scandinavian and domestic
rowanberry plants. It was found that fluctuations in the
weather-climate regime during the vegetation period
of rowanberry plants determine the dates and duration
of developmental phases, which often differ from year
to year. It was established that, in terms of growth in-
tensity by plant height, Scandinavian rowanberry (Brou-
wers variety) and domestic rowanberry (Forms 1 and 2)
are highly productive, while domestic rowanberry
(Form 3) and common rowanberry (hybrid seedling and
varieties Businka and Burka) are moderately productive.

Scandinavian rowanberry (Brouwers variety) and
domestic rowanberry (Forms 1 and 2) plants exhibit
distinct overall conditions in terms of disease resist-
ance, growth pattern, and foliage, whereas domestic
rowanberry (Form 3) and common rowanberry (seedling
of unknown origin) have satisfactory conditions. It was
found that the vegetative buds of Scandinavian rowan-
berry plants have a broadly conical elongated shape,
while the generative buds have a pointed tip, with the
average start of their development in the conditions
of the Northern Forest-Steppe occurring in the late
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third decade of March to early April. Vegetative buds of
domestic rowanberry plants and common rowanberry
plants have a conical shape, while generative buds are
rounder and larger in size.

It was noted that for the studied common rowan-
berry plants, flowering begins in the third decade of
May, Scandinavian rowanberry blooms from the third
decade of April to the first decade of May, and domestic
rowanberry blooms at the end of the second decade of
May. The aroma of the flowers of each rowanberry spe-
cies was determined, with domestic rowanberry having
a distinct bitter almond-Llike aroma, common rowanberry
having a specific unpleasant scent. It was determined
that common rowanberry plants of the Nevyazhynska
yellow variety are self-sterile, while for common row-
anberry of the Burka variety, domestic rowanberry, and
Scandinavian rowanberry (Brouwers variety), self-fertil-
ity exceeds 90%.

It was shown that the fruits of different rowanberry
species vary in skin colour, with the skin of Scandina-
vian rowanberry (Brouwers variety) being brick-red,
domestic rowanberry Form 1 - yellow-green, Form 2
and Form 3 - green-yellow, common rowanberry of
the Nevyazhynska yellow variety - yellow-orange,
Burka variety - dark pink or dark burgundy, Seedling -
dark orange, Businka variety - bright red, respectively.
For all examined rowanberry species (varieties), the
fruit-bearing cycle is annual. Considering the high dry
matter content in the fruits of Scandinavian rowanberry
(43.5%0.3%) and common rowanberry (36.6%0.3%), they
can be used to produce reconstituted juices or fruit
powders. The high content of soluble solids in the fruits
of all examined rowanberry species makes their fruits
suitable for the production of medicinal and preven-
tive beverages, tinctures, and compotes. For domestic
rowanberry Form 1-Form 3, the content of polyphenolic
compounds, exceeding 3000 mg/100 g of fresh weight,
indicates their high antioxidant capacity.

It was established that the fruits of Scandinavian
rowanberry and domestic rowanberry Form 2 and Form
3 are characterised by dessert qualities and are suita-
ble for consumption in both fresh form and for making
pastilles due to their high sugar content and juice pH,
indicating their nutritional value. It was also investi-
gated that the fruits of domestic rowanberry Form 1
and Form 2, with a pectin and titratable acid content
of over 1.0%, are considered quality raw materials for
making jelly products. The studied varieties and forms
of Scandinavian rowanberry, common rowanberry, and
domestic rowanberry are recommended for use in the
decorative and fruit gardening system.
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AHoTauif. AKTyanbHICTb aHOi TEMU MNONIATAE B MOPIBHANbHOMY OLLIHKOBAHHI Pi3HUX BUAIB FOPOOUHM 414 NiABULLEHHS iX
3HAYMMOCTI Ta BiNbLIOrO BUKOPUCTaHHS CUCTEMi AeKOPATUBHOIO | N0A0BOr0 CafliBHULITBA, B TEXHOMOTiSIX NepepobKu
POC/IMHHOI CUPOBMHM | BUFOTOB/IEHHS NPOAYKLIT ANS 300POBOro XapyyBaHHS. [010BHOK METO JOCNiaxXeHHS Byno
BMBYMTU MOP(DO-Di3ioNorivyHi xapakTepUCTMKM poCamH i BioxiMiuHi napameTpu NNoAiIB pi3HUX BUAIB (COPTIB, HOpM)
pony Sorbus. 3a pesynbrataMu MNPaKTUYHWMX OOCAIOXKEHb NPEACTAaBNAEHO OpuriHanbHi AaHi npo Mopdonorio i
rocnofapCbky XapakTepucTuKy npeactaBHuKIB (CopTiB i dopM) BuAiB Sorbus intermedia Pers., Sorbus aucuparia L.,
Sorbus domestica L., BUCBiTNEHO BiONOriYHI BNACTMBOCTI POCAUH, BiOXiMiUHi mapamMeTpu nNnoais. 3'9COBaHO, WO BCi
BMBYEHI NpeacTaBHMKK poay Sorbus BonoAioTb BUCOKOK 3umocTiiikicTio (1,5 6anm 3a C.4. CokonoBot), KpiM LbOro
POCNMHM TOPOBMHM CKaHAMHABCbKOI MakTb BUCOKY MOCYXOCTiiKicTb (4,5 6anis 3a C.C. [M'ATHULbKMM), MOPIBHSAHO 3
pociMHaMmM ropobuHu 3BmuyaiiHoi. MpoBeaeHi GeHoNoriYHi CnocTepeXeHHs 33 POCAIMHAMM Pi3HUX BUAIB rOPOOUHM
[o3Bonuau ong ymos Jlicocteny YkpaiHu 39CyBaTh Yac HacTaHHS (a3 OHTOreHe3y: pO3BUTKY BEreTaTUBHUX OPYHbOK,
nosiBU JIMCTKIB, POCTY MaroHiB, OYTOHI3aLii i LBITIHHS, YTBOPEHHS i PO3BUTKY 3aB3ei, JOCTUIAHHS | NNOAIB, 3MiHU
3abapB/eHHs i ONafaHHe IMCTKIB, @ TaKOX Niadas, AKi 6iNbll TOYHiWE XapakTepu3yrTb YaC HACTAHHS, NiK i KiHeub
nesHOi $a3n po3BUTKY, LLLO € HAYKOBMM AOPOOKOM A8 CTpaTerii B cMCTEMi AeKOPATUBHOIO i N10A0BOI0O CaAiBHULTBA.
[ocnipxeHo iHTEHCMBHICTb pOCTy COpTiB i GOpM MpencTaBHMKIB pofy Sorbus 3a BMCOTOK POC/IUH FOPOOMHM, a
TaKOX MPOBEAEHO OLHIOBAHHS 3arasibHOro iX CTaHy 3a XWUTTe3aaTHiCTHO. [1igrotoByi poboTH 3 NiArOTOBKM nigLen,
[060py XMBLIB | NPOBEAEHHS LWenaeHHs A03BOANAN CHOPMYBATU B KONEKLIMHOMY PO3CaflHMKY MOAENbHI POCIMHM
Ta AOAATKOBO OLIHWTM X 33 CMJIOK POCTY, HACTAHHAM i NPOXOMXKEHHAM OKpPeMMX (a3 pO3BMTKY, OLIHMTKM iX 33
MOCYyX0- i 3MMOCTIVKICTH, BIKOM HAaCTaHHSA NIOAOHOLIEHHS Ta iH. TaKOX NpoBeaeHo 6iomeTpito i onmnc ctoBbypa, rinok,
BEreTaTUBHMX | reHepaTUBHUX BPYHbOK, IMCTKIB, CYUBITTA i nnofiB. OxapakTepmn3oBaHO MIOAM 33 CMAKOM, NPO WO
3a3HayveHo B MaTepianax CTatTi. bioxiMiYHMI aHani3 NnoaiB AO3BOMIMB BCTAHOBUTU iX MPUAATHICTb A0 NepepobKu i
BMIOTOB/IEHHS MPOAYKTIB 340P0OBOro XapyyBaHHS

Kntouosi cnoBa: Sorbus intermedia Pers.; Sorbus aucuparia L.; Sorbus domestica L.; MopdonoriuHi 03Haku; disionorivni
0COB/IMBOCTI POC/IMH; BiOXiMiYHI BNACTMBOCTI NNOAIB
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sustainable provision of fresh fruit in accordance with the requirements of the modern market. In the course of the
study, the following methods were used: field, laboratory, and comparative. Determination of the mass, diameter,
and sensory assessment of fruits was conducted on 33 varieties of sweet cherries. Experts conducted rating tests
on a 9-point scale on ten fruit samples of the examined varieties. Fruits were evaluated by their appearance,aroma,
taste,and texture. At the final stage of the assessment, experts calculated the average value of sensory indicators. A
sensory profile was set for the fruits of each cherry variety and assigned a score based on the following descriptors:
colour intensity, taste, pulp hardness and juiciness, and skin density. The standard methodology for evaluating
the sensory properties of fresh fruits has been improved. The average weight (8.41 g) and diameter (22.63 mm)
of sweet cherry fruits for three ripening groups were determined. Varieties (Kazka, Dilema, and Udivitielna) with
the largest mass and diameter of fruits are identified. According to the complex of sensory indicators, the varieties
Kazka, Vynka, and Krupnoplidna were distinguished. According to the external attractiveness, consistency, and
taste qualities of fruits, a sensory profile has been formed for varieties of different maturation periods. Sensory
evaluation of sweet cherry fruits will allow distributing fruit products and selecting raw materials for further use

in fresh form, long-term storage, freezing and production of processed products by thermal sterilisation

Keywords: weight; diameter; varieties; expertise; external attractiveness; consistency; taste

INTRODUCTION

Sustainable development of horticulture is essential
in ensuring food security and competitiveness of the
country since fruit is an indispensable component of
a healthy human diet. The development of this indus-
try also guarantees a high economic effect and stable
sales of high-quality fruit products not only in Ukraine
but also in the European market. The level of quality of
horticultural products is a serious issue for all stake-
holders. Growing sweet cherries allows for diversifying
the diet and extends the time of consumption of fresh
fruit due to the early ripening of fruits. The formation of
a sensory profile of fruits of different varieties of sweet
cherries will allow selecting of the best products at the
visual level for the consumer and choosing the most
optimal method of processing them, considering the
specific features of raw material parameters. Conduct-
ing a sensory assessment of fruits of varieties of dif-
ferent maturation periods becomes relevant due to the
need of consumers for high-quality dessert products
and raw materials for the processing industry.

T. Narandzi¢ & M. Ljubojevi¢ (2023) describe sweet
cherries as an important and valuable fruit crop of
temperate climate, which is very much appreciated by
consumers in the market. Now there is an increase in
the volume of global production of sweet cherries. The
market season for fresh sweet cherries is short. The
fruits deteriorate quickly and have a short shelf life.
P.Wu et al. (2018) believe that consumers expect pro-
ducers to provide quality sweet cherries for a longer pe-
riod of time. In addition, there is a tendency to consume
cherry varieties with different taste and organoleptic
properties. In this regard, there is an urgent need to
grow various varieties of sweet cherries with early and
late maturation periods with high quality parameters
of their fruits.

The studies by researchers U.Ates & B.Ozturk (2022)
established the dependence of the quality of fruit raw
materials on the weather and climatic conditions of the
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growing year and varietal characteristics. The produc-
tion of fruit products does not fully meet the demand of
the food market due to the negative impact of stressful
weather factors. Global warming and climate change
are the basis for deepening research on the response
of sweet cherries to abiotic factors. H. Demirsoy et al.
(2022) determined that fluctuations in air temperature
pose a threat to fruit trees. Spring frosts are particu-
larly dangerous for early-blooming sweet cherries. This
affects the sustainable development of horticulture in
most regions and requires the improvement of fruit
quality management methods to minimise economic
risks in the activities of fruit producers.

Sweet cherries are recognised as the leader of fruit
crops in many countries of the world. Melitopolska
sweet cherry has become a geographical brand and is
a priority business card of gastronomy in the southern
region of Ukraine in accordance with Decision No. 587
of the state enterprise “Ukrainian Institute of Intel-
lectual Property” dated September 8, 2020 (Trusova
et al., 2020). The demand for cherry consumption leads
to an increase in fruit production and the analysis of
sensory parameters of fruit varieties of different mat-
uration periods. This motivates researchers to examine
fruit raw materials on the global market to determine
the sensory profile of fruits. L. Ldpez et al. (2023) proved
that the organoleptic quality parameters of sweet cher-
ries are determined by the preferences of consumers
who are willing to pay high prices for fruits with the de-
sired characteristics. Expert study was aimed at identi-
fying the most important external parameters and taste
qualities of fruits to meet the needs of the consumer.

Identification of the most competitive varieties of
sweet cherries for consumers is conducted by inter-
viewing them with an assessment of the most impor-
tant visual and sensory quality indicators. As a result of
the survey in the study by G. Paunovic¢ et al. (2022), it
was determined that the attitude of respondents to the



https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cherries
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/cherries

size and hardness of fruits and the presence of a pedun-
cle depended on their place of residence. Consumers
have identified the most attractive indicators of cherry
fruits: the size and shape of the fruit, the presence of
damage on the fruit, and the length of the peduncle.

According to F.Antognoni et al. (2020),the commer-
cial value of sweet cherries is determined by the weight
and size of the fruit. This is due to the fact that consum-
ers are attracted to larger cherry fruits. That is why the
main area of modern breeding research is the creation
of cherry varieties with the specified quality indicators.
Greek researchers E. Karagiannis et al. (2021) analysed
22 samples of cherry fruits of different varieties in terms
of quality parameters such as colour, texture, and sen-
sory properties (taste intensity and general perception).
Among the examined samples, two varieties Tsolakeika
and Bakirtzeika received high consumer recognition.
E. Szpadzik et al. (2022) highlight the results of evaluat-
ing the dessert quality of seven cherry varieties of Czech
selection (Horka,Jacinta, Helga, Tamara, Kasandra, Fabi-
ola, Kordia) to determine the most valuable variety in
central Poland. Among the examined varieties, Horka,
Jacinta, Fabiola, and Tamara had the largest fruits, while
Kordia and Fabiola had the highest hardness.

The growth of consumer demand for fruits with ex-
cellent quality parameters is a prerequisite for conduct-
ing a sensory assessment of the fruits of sweet cherry
varieties of early, medium, and late ripening. Studies of
fruit quality indicators of cherry varieties are important
since those grown in the south of Ukraine may differ
slightly from the same varieties in other countries.
Therefore, the purpose of the study was to substanti-
ate the sensory parameters of sweet cherry fruits for
a comprehensive assessment of their quality, followed
by identifying the best varieties of different maturation
periods and ensuring sustainable fruit production in
the European market.

The following tasks were planned to achieve the
goal: to identify the best varieties of sweet cherries of
different maturation periods by their weight and fruit
diameter; describe the methods that were used for sen-
sory testing of cherry fruit quality indicators in accord-
ance with the requirements of the European market;
assess the feasibility of effectively distinguishing the
fruits of cherry varieties of different maturation peri-
ods by sensory indicators; understand the relationship
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between sensory parameters and signs of the quality of
cherry fruits of three maturation periods to satisfy the
preferences of all interested parties and promote food
security.

MATERIALS AND METHODS

The study was conducted during 2008-2019 in the
laboratories of the Research Institute of Agrotechnol-
ogy and Ecology of the Dmytro Motornyi Tavria State
Agrotechnological University. Cherry fruits of common
and promising varieties in Ukraine of three matura-
tion periods were selected to assess quality indicators:
1st (early) - Sweat Earlise, Merchant, Bigaro Burlat,
Rubinova rannia, Valerii Chkalov, Kazka, Zabuta; 2nd
(medium) - Kordia, Octaviia, Vynka, Pervistok, Temp,
Liubymytsia Turovtseva, Talisman, Dilema, Melitopol-
ska chorna, Orion, Chervneva rannia, Dachnytsia, Pro-
stir; 3rd (late) — Karina, Regina, Mirazh, Krupnoplidna,
Udivitielna, Zodiac, Siurpryz, Kolkhoznitsia, Kosmichna,
Prazdnichna, Anons, Temporion, Meotyda. For the study,
fruits were selected from typical trees for each pomo-
logical variety of the same age with an average fruiting
intensity. Tasting evaluation of sweet cherry fruits was
conducted during the period of economic ripeness.

During this period, the fruit pulp was still quite
dense, the taste and colour were characteristic of the
pomological variety under study. A sample was taken
from 100 fruits (in each repetition) from 3-5 typical
trees during the period of economic ripeness to de-
termine the weight of one cherry fruit. The repetition
of the experiment is threefold (Serdyuk et al, 2020).
Fruits should be selected in such a way that the sam-
ple taken is characteristic in quality for the harvest of
this season. Fruits from trees of the examined varie-
ties were completely removed. With uneven ripening
of fruits, they were removed partially — in proportion
to the placement of the crop on the tree. Fruit quality
assessment was performed in the sorting room. All se-
lected fruits were calibrated by diameter, and then the
diameter of one fruit was determined by dividing the to-
tal mass by their number (100 pcs). Normally developed,
typical-sized fruits without defects in the economic
ripeness phase were taken to assess sensory properties.
The mass of the sample was 1.0-1.5 kg. A sensory as-
sessment of the quality of cherry fruits was conducted
on a 9-point scale (Table 1).

Table 1. Scale of sensory evaluation of cherry fruits

Compliance parameters on a 9-point scale, score

Indicator
1 3

5 7 9

Fruit size very small fruits small fruits

medium fruits large fruits very large fruits

unattractive
fruits (small,
unattractive in
colour and shape)

very unattractive
fruits (very small,
irregular in shape,
poorly coloured)

Visual attractiveness®

mediocre fruits (not

large enough, less

attractive in colour
and shape)

very attractive, large,
pretty in shape and
colour

attractive, but
not large
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Table 1, Continued

Compliance parameters on a 9-point scale, score

Indicator
1 3 5 7 9
. fruits that had an fruits with excellent
fruits are . . -
unpleasant taste . . fruits with a taste with a
completely mediocre with a . .
Taste L and are almost good table harmonious ratio
inedible in fresh . tolerable taste
unsuitable for taste of sourness and
form .
consumption sweetness
fruits are
Overall fruit qu*elhty unsuitable fruits of poor fruits of medlocre fruits of.good fruits of high quality
assessment for fresh quality quality quality

consumption

Average value of
sensory indicators™**

It was determined as the average value of the size, attractiveness, taste, and overall perception of the
cherry variety on a 9-point scale

Note: *The external attractiveness of fruits was evaluated by indicators: size, shape, and colour; **the overall assessment
of fruit quality was conducted separately as a general impression of the quality of the variety on a 9-point scale; ***the
average value of sensory indicators was calculated additionally for a comprehensive assessment of cherry varieties

Source: compiled by the authors

The tasters’ point scores were supplemented with
indicators: external attractiveness of fruits (size, shape,
colour); consistency of fruits (consistency of pulp,
juiciness of fruits, and the nature of the skin); taste
qualities of fruits (nature of taste, individual shades

of taste). Taste qualities depend mainly on the ratio
of sugars and sourness in fruits (berries), the presence
of tannins. The sensory profile of the taste qualities
of sweet cherries was established according to seven
criteria (Table 2).

Table 2. Criteria for the sensory profile of sweet cherry fruit taste qualities

Sweet Sour-sweet Sour and sweet Sweet-sour Sweet and sour Sour Wine-sweet
the sweet taste tr;gfrfgsesngi;f sour taste tshoeu::\]g:sr ?gr? it resembles the
there is no sour prevails, but prevails, but a there is no

sugar is felt,
but the taste of
sugar prevails

taste the presence of

sourness is felt

little sugar is
felt

taste of dessert
semi-sweet wine

be felt with the
advantage of
the latter

sweet taste

Source: compiled by the authors

Sensory evaluation of the fruits of the examined
cherry varieties was conducted by 10 trained experts. The
fruits of each variety had a code. Experts entered their
ratings in the tasting lists. Tasters additionally recorded
various individual shades of taste, the presence of tart-
ness, bitterness, and various tastes. Next, the average val-
ue of sensory indicators of the quality of cherry fruits was
calculated. This indicator was introduced to select the
best varieties of sweet cherries for all maturation periods.

Such methods of mathematical statistics as corre-
lation-regression and variance (ANOVA) analyses were
used to ensure the objectivity, reliability, and repro-
ducibility of the results of the experiment. The data
array was previously tested for normality using the
Shapiro-Wilk criterion and uniformity of variance using
the Leuven criterion (Zhang et al, 2018). Confidence

intervals and levels of variation were determined for
all data series. The calculation of the main statistical
values of the experiment was performed using the Sta-
tistica (version 10.0) and MS Excel. The substantiality
level was set to p<0.05.

RESULTS

The competitiveness of fruits in the modern market
depends on important external and sensory properties
of fruits. Among the most important parameters of the
quality of cherry fruits are the size, diameter, colour,
hardness, texture, taste and aroma of fruits. The av-
erage weight and diameter of sweet cherries of early
ripening varieties is 7.61 g and 19.43 mm, respectively,
which is 10.51 and 14.1% lower compared to the aver-
age values (Table 3).

Table 3. Weight and diameter of fruits of early ripening varieties (2008-2019), X + sx, n=5

Fruit weight Fruit diameter
Variety
average, g min, g max, g Vp, % average, mm min, mm max, mm Vp, %
Merchant 6.25+0.40 4.46 8.34 225 16.13£1.76 14.20 18.05 10.90
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Table 3, Continued

Variety Fruit weight Fruit diameter
average, g min, g max, g Vp, % average, mm min, mm max, mm Vp, %
Sweet Erlise 7.73%0.23 6.51 9.03 10.6 18.21¢1.2 16.51 19.70 6.60
Bigarro Burlat 6.79%0.29 5.38 8.25 14.9 16.42+2.21 13.79 18.91 13.45
Valerii Chkalov 8.35%0.29 6.46 9.43 12.2 22.49%1.63 20.34 24.64 724
Zabuta 7.73%0.33 6.38 9.60 15.1 18.93+2.14 16.36 21.44 11.33
Kazka 9.10%0.36 7.17 11.56 14.0 25.72%1.6 23.94 27.54 6.20
Rubinova rannia 7.33%0.41 5.05 9.07 19.4 18.13%1 16.85 19.36 5.53
Average value 7.61%0.33 5.91 9.32 15.5 19.43+1.55 17.48 21.37 7.95

LSD 0.649 0.57

05

Source: compiled by the authors

The minimum weight of sweet cherries (4.46 g)
of early ripening was determined in the Merchant va-
riety of the 2018 harvest, which is 41.39% less than
the average varietal value of the group. Kazka fruits in
2016 had a maximum fruit weight of 11.56 g, which
is 52.03% more than the average varietal value in the
early ripening group. The difference in fruit mass val-
ues is substantial since it substantially exceeded the
LSD,, - 0.649.1n 2018, the minimum fruit diameter was
determined in fruits of the Bigaro Bulat (13.79 mm) and
Merchant (14.20 mm) varieties. Fruit diameter indica-
tors in these varieties were 26.72-29.03% lower than

the average varietal value in the early ripening group. In
2011, the maximum fruit diameter of the Kazka variety
was recorded at 27.54 mm, which is 41.73% more than
the average varietal value of the group. The obtained
deviations are statistically substantial (HIP, - 0.57).
A strong direct positive correlation was determined
between the weight and diameter of the fruit in the
group of early ripening varieties (r=0.805). The average
weight and diameter of the cherry fruit of varieties with
an average maturation period are 8.40 g and 22.39 mm,
respectively, which is 0.11 and 1.06% lower than the
average value (Table 4).

Table 4. Weight and diameter of fruits of medium-maturing varieties (2008-2019), X *+ sx, n=5

Variety Fruit weight Fruit diameter
average, g min, g max, g Vp, % average, mm min, mm max, mm Vp, %
Vynka 7.46%0.25 6.34 8.89 11.8 17.99+1.56 15.45 19.97 8.68
Dachnytsia 8.09+0.40 5.71 9.98 17.2 20.35%#1.25 18.63 22.05 6.14
Dilema 9.91+0.43 7.92 12.01 15.0 31.35+1.63 28.78 33.48 5.21
Kordia 8.54%0.65 5.51 11.75 26.6 23.13+1.21 21.21 25.00 5.24
Lyubimitsa Turovtseva 7.47+0.48 5.11 10.09 22.5 17.99+1.57 15.74 20.11 8.71
Melitopolska chorna 9.37%0.38 7.63 11.81 14.2 25.72+1.93 22.85 27.94 7.50
Octavia 8.69+0.45 6.01 10.77 18.2 24.28%1.4 21.78 26.01 5.77
Orion 6.850.40 461 8.77 20.7 16.12+0.63 15.00 16.71 3.91
Pervystok 8.13%0.37 6.69 10.98 15.9 20.66*1.39 18.71 22.59 6.74
Prostir 9.34%0.35 7.78 11.67 13.2 25.19%1.43 23.08 27.02 5.68
Talisman 8.93%0.51 6.80 11.81 19.8 25.41%2.13 22.28 28.20 8.39
Temp 8.90+0.27 7.65 10.55 10.8 25.35%+1.17 23.65 26.93 4.62
Chervneva rannia 7.48%0.27 5.90 8.68 12.8 17.52+1.78 15.10 19.91 10.14
Average value 8.39%0.40 6.43 10.59 16.8 22.39+1.38 20.35 24.29 6.18

LSD 0.520 0.74

05

Source: compiled by the authors

The minimum weight of cherry fruits (4.61 g) of the
average maturation period was determined in the Ori-
on variety of the 2012 harvest, which is 45.05% less

than the average varietal value of the group. Fruits of
the Dilema variety in 2010 had a maximum fruit weight
of 12.01 g, which is 43.14% more than the average
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varietal value in the group of the average maturation
period. The difference in fruit mass values is substan-
tial since it substantially exceeded the LSD,, - 0.52.In
2008, the minimum fruit diameter was determined in
the Orion variety (15.0 mm), which is 33% less than the
average varietal value for the group.

The maximum fruit diameter was recorded in the
Dilema variety of 27.54 mm of the 2010 harvest, which
is 49.53% more than the average varietal value in the

group of average maturation period. The data obtained
are statistically reliable (HIP - 0.74). An average di-
rect positive correlation was determined between the
indicators of fruit weight and diameter in the group of
varieties with an average maturation period (r=0.691).
The average weight and diameter of the sweet cherry
fruit of late-ripening varieties are 9.24 g and 26.08 mm,
respectively, which is 9.86 and 15.24% lower than the
average varietal value (Table 5).

Table 5. Weight and diameter of fruits of late ripening varieties (2008-2019), x + sx, n=5

Variety Fruit weight Fruit diameter
average, g min, g max, g Vp, % average, mm min, mm max, mm Vp, %
Anons 9.84%0.37 796 11.77 13.2 31.22+1.15 29.73 32.71 3.69
Zodiak 8.95%0.29 7.23 10.05 11.2 25.36+1.26 23.73 27.00 498
Karina 9.57%0.37 7.55 11.94 13.5 26.79+1.48 24.93 28.64 5.52
Kolkhoznitsia 8.14%0.37 5.67 9.93 16.0 20.81+2.54 17.72 23.90 12.21
Kosmichna 9.91x0.41 8.05 12.21 14.6 32.19+1.08 30.85 33.81 3.36
Krupnoplidna 11.67%0.47 8.73 13.72 14.0 33.11+1.84 29.85 35.11 5.55
Meotida 9.78+0.39 721 11.72 141 30.53+1.92 28.01 33.04 6.29
Mirazh 7.73%0.24 6.30 8.81 111 20.16%1.47 18.29 22.01 727
Festive 7.27+0.27 5.71 8.76 13.2 16.92+1.61 14.87 18.94 9.52
Regina 7.99%0.23 6.71 9.00 10.1 20.45+1.52 18.44 22.47 742
Siurpryz 7.37%0.28 6.00 9.40 13.2 18.26%0.82 17.19 19.34 4.47
Temporion 9.68+0.43 744 12.01 15.4 29.14+1.21 2747 30.79 4.16
Udivitielna 12.18%0.51 10.01 14.60 147 34.09+1.49 32.07 36.11 4.36
Average value 9.230.35 7.27 11.07 13.4 26.08+1.45 24.19 27.99 5.56

Source: compiled by the authors

The minimum weight of sweet cherries (5.67 g) of
late ripening was determined in the Kolkhoznitsia va-
riety of the 2008 harvest, which is 38.57% less than
the average varietal value of the group. Fruits of the
Udivitielna variety in 2011 had a maximum fruit weight
of 14.60 g, which is 58.0% more than the average vari-
etal value in the late-ripening group. The difference in
fruit mass values is substantial since it substantially ex-
ceeded the LSD, - 0.538. The minimum fruit diameter
was determined for fruits of the Prazdnichnaya variety
(14.87 mm) of the 2008 harvest, which is 43% less than
the average varietal value of the late-ripening group.
In 2010, the maximum fruit diameter of the Udivitielna
variety was recorded (36.11 mm), which is 38.45% more
than the average varietal value of the group. The data
obtained are statistically reliable (HIP , - 0.68).A strong
direct positive correlation was determined between the
indicators of fruit weight and diameter for late-matur-
ing varieties (r=0.815).

In the results of twelve-year studies, it was estab-
lished that the average total fruit weight in cherry va-
rieties of three maturation periods is 8.41 g, and the
fruit diameter is 22.63 mm. Among the three groups

Scientific Horizons, 2023, Vol. 26, No. 10

of varieties examined, the optimal fruit weight (9.24 g)
and diameter (26.08 mm) was characteristic of late-ma-
turing cherry fruits. From a consumer standpoint, fruits
of varieties that are characterised by a stable maximum
weight and diameter are of particular value. The coef-
ficient of variation Vp was used to assess the stability
of the variety by weight and diameter of the fruit of the
different years’ harvest. The variability of the sample of
the examined indicator for Vp<10% is low or insubstan-
tial, for Vp=10-20% - average, for Vp>20% - strong or
substantial. In the group of early ripening varieties, the
average and high variability (Vp=10.64-22.54%) of fruit
weight was determined (Table 2). The greatest variability
in fruit mass was established in the Merchant variety,and
the smallest - Sweet Erlise. Low and medium variability
(Vp=5.53-13.45%.) in the fruit diameter is established for
varieties of early maturation period. The smallest varia-
bility in fruit diameter was established in the Rubinova
rannia variety, and the largest - Bigaro Burlat. For varie-
ties of the average maturation period, the variability of
fruit weight ranged from Vp=10.81-26.69% (Table 3).
The minimum variability in fruit weight was de-
termined in the Temp variety, and the maximum - in




the Kordia variety. For varieties with an average mat-
uration period, the variability of fruit diameter ranged
between Vp=3.91-10.14%. The minimum variability in
fruit diameter was determined in the Orion variety and
the maximum - in the Chervneva rannia variety. In the
group of late-maturing varieties, the average variabil-
ity (Vp=10.20-16.03%) of fruit weight was determined
(Table 4). The lowest variability in fruit mass was es-
tablished in the Regina variety, and the greatest -

Ivanova et al.

Kolkhoznitsia. For late-maturing varieties, low and
medium variability (Vp=3.36-12.21%) of fruit diame-
ter variability was established. The smallest variability
in the diameter of fruits was established in the Kos-
michna variety, and the largest - Kolkhoznitsia. It was
established that for the formation of fruit mass in three
groups of ripeness varieties, the dominant influence
was exerted by the weather conditions of years of re-
search - factor A (Table 6).

Table 6. Results of two-factor analysis of variance in the formation of the mass of cherry fruits

Source of variation Sum of squares Degree of freedom Variance Fe Foooos Impact, %

early ripening cherry varieties

Factor A (year) 215.7 11 19.61 123.2 1.8 39.7

Factor B (variety) 194.1 6 32.35 203.3 2.2 35.7

AB interaction 106.7 66 1.61 10.1 14 19.6

medium ripening cherry varieties

Factor A (year) 671.9 11 61.08 598.7 1.8 51.5

Factor B (variety) 356.5 12 29.71 291.2 1.8 27.3

AB interaction 236.9 132 1.795 17.5 13 18.1
late ripening cherry varieties

Factor A (year) 463.7 11 42.16 384.7 1.8 26.1

Factor B (variety) 1024.4 12 85.37 778.9 1.8 57.8

AB interaction 248.9 132 1.88 17.2 13 14.0

Source: compiled by the authors

The share of influence of factor A for varieties of
early maturation period is 39.7%, average maturation
period - 51.5% and late maturation period - 26.1%.The
influence of varietal characteristics (factor B) was less
substantial. The share of influence of factor B on the

formation of fruit mass for varieties of early, medium,
and late maturation periods was 35.7, 27.3 and 1.8%,
respectively. It was established that varietal character-
istics - factor B dominated the formation of fruit diam-
eter in three groups of ripeness varieties (Table 7).

Table 7. Results of two-factor analysis of variance in the formation of the diameter of cherry fruits

Source of variation Sum of squares  Degree of freedom Variance Fe Fo0.095 Impact, %

early ripening cherry varieties

Factor A (year) 551.8 11 50.2 401.85 1.85 16.75

Factor B (variety) 2605.9 6 4343 3478.94 2.15 79.09

AB interaction 115.0 66 1.7 13.96 1.38 3.49

medium ripening cherry varieties

Factor A (year) 820.4 11 74.6 349.59 1.82 8.79

Factor B (variety) 82824 12 690.2 3235.17 1.78 88.70

AB interaction 160.6 132 1.2 5.70 1.27 1.72
late ripening cherry varieties

Factor A (year) 901.3 11 81.9 450.03 1.82 5.25

Factor B (variety) 16087.9 12 1340.7 73%63.00 1.78 93.67

AB interaction 128.1 132 1.0 5.33 1.27 0.75

Source: compiled by the authors
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The share of influence of factor B for varieties of
early maturation period is 79.09%, medium maturation
period — 88.70%, and late maturation period - 93.67%.
The impact of years of the study (factor A) was less
substantial. The share of influence of factor A on the

formation of fruit diameter for early, medium, and late
varieties was 16.7, 8.79 and 5.25%, respectively. The re-
sults of the sensory evaluation of fruits by size, appear-
ance,taste,and general perception of each early-ripening
cherry variety by experts are shown in Table 8.

Table 8. Sensory assessment of fresh fruits of early ripening cherry varieties (average for 2007-2019)

Sensory indicators, score

Varlety size appearance consistency taste qualities general perception average value
Merchant 5.8 8.0 79 9.0 79 7.7
Sweet Erlise 7.5 8.9 8.1 8.2 8.2 8.2
Bigarro Burlat 74 7.8 7.8 79 79 7.8
Valerii Chkalov 8.9 8.8 8.8 8.8 8.8 8.9
Zabuta 7.7 79 7.8 8.2 7.8 79
Kazka 9.0 9.0 8.9 9.0 9.0 9.0
Rubinova rannia 76 74 76 8.1 77 77

Source: compiled by the authors

The maximum size score was awarded to Kazka
cherry fruits (9.0 points) and Valery Chkalov (8.9 points).
The fruits of sweet cherries of the early ripening varie-
ties Bigaro Burlat and Sweet Erlise were characterised
by a minimum size, so they received tasting points of
7.4 and 7.5 points. The appearance of cherry fruits was
evaluated in points comprehensively by such sensory
indicators as size, shape, and colour. According to the
appearance of the fruit, the varieties Kazka (9.0 points)
and Sweet Erlise (8.9 points) were distinguished. The
fruits of the Kazka variety were very large, elongated
and rounded in shape, and had an intense dark red al-
most black colour. In the sweet Erlise variety, the fruits
were large in size, broad heart-shaped, dark red in col-
our with a glossy sheen. The minimum score in appear-
ance was awarded to fruits of the Rubinova rannia va-
riety (7.4 points). The assessment of the consistency of
fruits included a sensory characteristic of the degree
of hardness and juiciness of the pulp, the nature of the
skin. In terms of consistency, the highest scores were
awarded to Valery Chkalov (8.8 points) and Kazka (8.9
points) varieties.

The fruits of the Valery Chkalov variety were char-
acterised by a semi-grassy, dark red with white veins

juicy pulp and dense skin. In the Kazka variety, the flesh
of the fruit was juicy, dense, slightly crispy, and the skin
was thin. The minimum score in terms of pulp consist-
ency was awarded to fruits of the Rubinova rannia vari-
ety (7.6 points). The taste qualities of cherry fruits were
evaluated in points comprehensively by nature (the
ratio of sourness and sugar) and individual shades of
taste (the presence or absence of taste, clearly defined
taste or absence). The maximum score (9.0) in terms
of taste was awarded to cherry fruits of the Kazka and
Merchant varieties. The fruits of these varieties were
distinguished by a fragrant sweet and sour taste. The
minimum score in terms of taste was awarded to the
Bigaro Burlat variety (7.9 points). According to the over-
all perception of fruit quality, the Kazka cherry variety
received the highest score (9.0 points),and the lowest -
Rubinova rannia (7.7). As a result of a comprehensive
assessment of cherry fruits by average value, the Ka-
zka variety received the maximum score (9.0), and the
minimum (7.7) = Rubinova rannia and Merchant varie-
ties. The results of the sensory evaluation of fruits by
size, appearance, taste, and general perception of each
cherry variety of average maturation period by experts
are shown in Table 9.

Table 9. Sensory assessment of fresh fruits of cherry varieties of average maturation period (average for 2007-2019)

Sensory indicators, score

Varlety size appearance consistency taste qualities general perception average value
Vynka 8.9 9.0 8.9 9.0 9.0 9.0
Dachnytsia 8.7 8.8 8.7 8.9 8.8 8.8
Dilema 9.0 8.5 8.4 8.5 8.2 8.5
Kordia 8.0 8.5 8.3 8.8 8.2 8.4
Lyubimitsa Turovtseva 7.4 8.2 8.2 8.4 8.3 8.0
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Table 9, Continued

Sensory indicators, score

Variety size appearance consistency taste qualities general perception average value
Melitopolska chorna 9.0 8.5 8.4 8.5 8.2 8.5
Octavia 8.5 8.9 8.6 8.6 8.7 8.7
Orion 79 8.8 8.5 9.0 8.6 8.6
Pervystok 8.1 8.4 8.4 8.3 8.5 8.3
Prostir 9.0 8.4 8.5 8.6 8.6 8.6
Talisman 9.0 9.0 8.7 8.8 8.8 8.9
Temp 8.4 8.4 8.5 83 8.6 8.4
Chervneva rannia 75 79 76 8.0 77 77

Source: compiled by the authors

The maximum score (9.0) in size was awarded to
the fruits of sweet cherries of the Talisman, Dilema,
Melitopolska chorna, and Prostir varieties. Cherry
fruits of the medium-maturing varieties Lyubimitsa
Turovtseva (7.4 points) and Chervneva rannia (7.5
points) were characterised by a minimum size. Accord-
ing to the appearance of the fruit, the Vynka and Talis-
man varieties were highlighted (9.0 points). The fruits
of the Vynka variety are very large, rounded heart-
shaped, with a dark red colour. In the talisman variety,
the fruits are large in size, wide-rounded in shape, and
dark red in colour. The minimum score in appearance
was awarded to fruits of the Chervneva rannia variety
(7.9 points). The fruit was red in colour and was more
vulnerable to mechanical damage. In terms of consist-
ency, the highest score was received by the Vynka va-
riety — 8.9 points. The fruits of the Vynka variety were
characterised by juicy tender flesh and dense thin skin.
The minimum score in terms of pulp consistency was

received by fruits of the Chervneva rannia variety -
7.6 points. The maximum score (9.0) in terms of taste
was awarded to cherry fruits of the Vynka and Orion
varieties.

The fruits of the Vynka variety were distinguished by
a refreshing, wine-sweet taste. The harmonious sweet
and sour taste was characteristic of Orion fruits. The
minimum taste score was awarded to the Chervneva
rannia variety (8.0 points). According to the overall per-
ception of fruit quality, the highest score was received
by the Vynka variety (9.0 points), and the lowest - by
Chervneva rannia (7.7). As a result of a comprehensive
assessment of cherry fruits of the average ripening pe-
riod by the average value, the maximum score (9.0) was
received by the Vynka variety, and the minimum (7.7) -
by the Chervneva rannia variety. The results of the sen-
sory evaluation of fruits by size, appearance, taste and
general perception of each late-ripening cherry variety
by experts are shown in Table 10.

Table 10. Sensory assessment of fresh fruits of late-maturing sweet cherry varieties (average for 2007-2019)

Sensory indicators, score

Varlety size appearance consistency taste qualities general perception average value
Anons 8.5 8.5 8.4 8.4 8.5 8.5
Zodiak 8.6 8.7 8.6 8.7 8.6 8.7
Karina 8.5 8.4 8.3 83 8.4 8.4
Kolkhoznitsia 8.0 8.1 79 8.2 8.0 8.0
Kosmichna 9.0 8.7 8.7 8.6 8.7 8.8
Krupnoplidna 9 9.0 8.9 9.0 9.0 9.0
Meotida 8.8 8.8 8.7 8.8 8.8 8.8
Mirazh 8.4 8.6 8.6 8.9 8.8 8.7
Festive 8.2 8.2 8.3 8.6 8.5 8.4
Regina 7.8 8.2 8.0 8.2 8.2 8.1
Siurpryz 8.5 8.8 8.6 8.8 8.7 8.7
Temporion 8.6 8.6 8.4 8.4 8.5 8.5
Udivitielna 9 8.9 8.8 8.9 8.9 8.9

Source: compiled by the authors
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The maximum score (9.0) in size was awarded to
the fruits of sweet cherries of the Kosmichna, Krup-
noplidna, and Udivitielna varieties. The fruits of sweet
cherries of the Kolkhoznitsia (8.0) variety of late ripen-
ing were characterised by a minimum size. The highest
score in all sensory indicators was received by fruits of
the Krupnoplidna variety. The fruits of the Krupnoplidna
cherry variety were very large, wide-rounded in shape,
and had a dark red colour. The fruits of this variety were
characterised by a very juicy, cartilaginous pulp and a
thin, dense skin. Experts noted the harmonious, sweet
and sour taste of Krupnoplidna fruits. The lowest scores
on all sensory indicators were awarded to fruits of the
Kolkhoznitsia variety (7.9-8.2 points). The fruits of this
variety had a red colour and were more vulnerable to
mechanical damage.

DISCUSSION

Researchers in many countries are investigating the
key challenges of increasing the production of fresh,
high-quality fruit products to meet consumer prefer-
ences and ways to solve them (Pinto et al., 2018). There
has always been a demand for sweet cherries, due to
their organoleptic properties, colour, nutritional value
(Gongalves et al., 2019; Faienza et al., 2020). Research
by the scientific community is focused on determining
the most important external and sensory parameters of
sweet cherries, considering the preferences of all inter-
ested parties (Palacios-Peralta et al.,, 2022). In the study
by V. Silva et al. (2021), the parameters and method-
ology for assessing the quality of sweet cherries meet
the needs of consumers in the market are highlighted.
Researchers say that standardisation of cherry fruit
quality parameters will help preserve and extend their
shelf life, and valorise the entire supply chain. M. Fodor
(2022) developed the FT-NIR method for a compre-
hensive assessment of the ripeness of sweet cherries,
which will facilitate rapid sorting of fruits by quality.
The requirements of international markets for the
quality of sweet cherries, especially the size of fruits,
have increased substantially. Fruit size is a crucial pa-
rameter in evaluating fruit quality, which affects con-
sumer perception. According to researchers, the main
qualitative characteristics of sweet cherries that affect
the perception of consumers are the diameter and size
of the fruit, the colour of the peel and hardness (Di
Matteo et al.,2017). It is recognised that the weight and
size, hardness of the peel of sweet cherries primarily
depends on the genotype, climatic conditions, and gar-
den management strategy (Lanauskas et al., 2023).
According to a result of the study conducted by
M. Corneanu (2020), the largest fruit sizes were formed
by cherry varieties Bucium, Andreias, Paulica, Stefan,
Van, Stella, and Golia. The smallest diameter of sweet
cherries over the years of research was determined in
the George variety (22.4 mm), and the largest in the
Paulica variety (25.8 mm). As a result of evaluating 45
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varieties of sweet cherries by Iranian researchers, it was
established that the diameter of the fruit varied from
18.88 to 28.45 mm (Khadivi et al., 2019). According to
the study by E. lurea (2019), the largest fruit diameter
was established in the Cetdtuia variety (21.8), and the
largest in the Catdlina variety (24.0 mm). According to
E. Szpadzik et al. (2022), the main characteristic that
determines the commercial value of sweet cherries is
the size of the fruit. Consumers claim that the most at-
tractive fruits are large in size and dark in colour. In the
conducted studies, a larger mass of cherry fruits was
noted compared to the results of other researchers. In
the conditions of Iran, researchers determined that the
average weight of sweet cherries was 2.04 g (Khadivi
et al., 2019). The results of the study confirm the con-
clusions of other researchers regarding the depend-
ence of fruit weight and size on varietal characteristics
(Sebek, 2019; Ivanova et al., 2022).

Consumer preferences regarding the quality pa-
rameters of sweet cherries differ substantially in differ-
ent regions of the world. According to G. Bujdoso et al.
(2020),in some countries, a high percentage of consum-
ers prefer medium (diameter from 21.4 to 25.4 mm) and
large (diameter up to 29.8 mm) fruits. Therewith, other
countries tend to prefer very large fruits. This confirms
the data obtained regarding the target area of using
fruits of different sizes. Consumer perception is also un-
doubtedly influenced by the colour of the fruit. In the
study by A. Magri et al. (2023), the substantial variability
of the four cherry varieties examined in the colour of
the peel and pulp of sweet cherries from yellow-red
(Limoncella variety) to dark red (Montenero) was high-
lighted. Darker coloured cherry fruits are considered to
be more sweet. In addition to the size and colour of
the fruit, consumers evaluate the cherry fruit by such
an important sensory indicator as hardness. Consumers
prefer high-hardness sweet cherries (Aglar et al., 2019).

The sweetness of the fruit is one of the most attrac-
tive parameters of sweet cherries, for which consumers
are willing to pay a high price. The standard indicator
for determining the sweetness of fruit is the content
of dry solutes (Scalisi & Oconnell, 2021). However, the
unique taste of sweet cherries is explained not only by
the sugar content, but also by the combination of the
ratio of sugars and sourness (lvanova et al., 2023). The
content of soluble solids and titrated sourness in cherry
fruits are quite important quality parameters since
taste and consumer choice are mainly related to the
balance between sugar and sourness content (Szpadzik
et al., 2022). A high ratio of dry solutes to titrated acids
is desirable (Aglar et al.,, 2019).

The colour of fruits and their size substantially de-
pend on the genetic characteristics of the variety, the
climatic conditions, and the ripeness of the fruit. The
experimental data obtained are consistent with the jus-
tifications of other researchers regarding the difference
in skin colour, texture, and taste of fruits depending




on the variety (Papapetros et al., 2019). According to
researchers, the Lapins variety had the darkest fruit
skin, and the Germersdorfer variety had the lightest.
Canada Giant and Germersdorfer varieties were the
most susceptible in structure. The results of the studies
by researchers confirm the data obtained regarding the
influence of varietal characteristics and weather con-
ditions of growing years on a substantial variation in
the quality parameters of sweet cherry fruits (Proietti
et al, 2019). Producers must determine the optimal
time for harvesting sweet cherries to obtain fruits with
high quality indicators. The implementation of new
adaptive varieties in production contributes to the sup-
ply of fruits with a better sensory profile of fruits to the
market (Malchev & Vasileva, 2023).

The results obtained represent a valuable resource
for breeding work on creating cherry varieties with high
quality indicators. It is advisable to develop strategies
for growing different varieties of sweet cherries, which
will help improve the quality attributes of the fruit to
meet the requirements of consumers

CONCLUSIONS

In the conditions of the southern region of Ukraine, the
average weight of cherry fruits is 8.41 g, and the aver-
age diameter of fruits is 22.63 mm. It was established
that the maximum mass and diameter of fruits were
fruits of late-maturing cherry varieties. The highest
average weight and diameter of fruits is established
in the varieties Kazka (early-maturing), Dilema (me-
dium-maturing), and Udivitielna (late-maturing). A
strong (r=0.805-0.815) correlation was established
between the indicators of fruit weight and diameter for
early and late ripening varieties, and an average direct
positive correlation was established for medium-ripen-
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(Vp=10.1%). The lowest variability in fruit diameter
was established in the early-maturing Rubinova rannia
variety (Vp=5.53%), the medium-maturing Orion va-
riety (Vp=3.91%), and the late-maturing Anons variety
(Vp=3.36%). The determining factor for the formation of
fruit mass is the years of research (26.1-21.5%) and for
the diameter-varietal characteristics (79.09-93.67%).
The maximum score (9.0) on the complex of sensory in-
dicators was obtained by the following cherry varieties:
Kazka (early-maturing), Vynka (medium-maturing) and
Krupnoplidna (late-maturing).

Experts noted samples of the Kazka early-matur-
ing variety with the following sensory parameters: the
fruits are very large, elongated-rounded shape, intense
dark red almost black colour with juicy dense slightly
crisp flesh and thin skin, characterised by a harmonious,
pleasant, aromatic sweet and sour taste. Among the va-
rieties of medium maturation, experts singled out the
fruits of the Vynka variety for the following sensory
indicators: very large rounded heart-shaped, dark red
colour, juicy tender flesh, dense thin skin, refreshing,
wine-sweet taste. From late-maturing varieties, experts
highlighted the Krupnoplidna variety, which is charac-
terised by the following sensory indicators: very juicy,
large, wide-rounded, dark red fruits, with cartilaginous
pulp and a thin dense skin, a harmonious sweet and
sour taste.

The prospect of further research is the examination
of commercial properties of fruits of sweet cherry vari-
eties of early, medium, and late ripening. In combina-
tion with sensory parameters, this will allow forming a
waste-free chain of using fruit products of various com-
mercial classes in fresh form and choosing the optimal
storage and processing of fruits.

103

ing varieties (r=0.691). ACKNOWLEDGEMENTS
The lowest variability in fruit weight was es- None.
tablished in the early-maturing sweet Erlise variety
(Vp=10.6%), the medium-maturing Temp variety CONFLICT OF INTEREST
(Vp=10.8%), and the late-maturing Regina variety None.
REFERENCES

[1] Aglar, E., Saracoglu, O., Karakaya, O., Ozturk, B., & Gun, S. (2019). The relationship between fruit color and fruit
quality of sweet cherry (Prunus avium L. cv."0900 Ziraat)). Turkish Journal of Food and Agriculture Sciences, 1(1),
1-5.

[2] Antognoni, F., Potente, G., Mandrioli, R., Angeloni, C., Freschi, M., Malaguti, M., Hrelia, S., Lugli, S., Gennari, F.,
Muzzi, E., & Tartarini, S. (2020). Fruit quality characterization of new sweet cherry cultivars as a good source
of bioactive phenolic compounds with antioxidant and neuroprotective potential. Antioxidants, 9(8), article
number 677. doi: 10.3390/antiox9080677.

[3] Ates, U., & Ozturk, B. (2022). Fruit quality characteristics of different sweet cherry (Prunus avium L.) cultivars
grown in ordu province of Turkey. Karadeniz Fen Bilimleri Dergisi,12,168-177.doi: 10.31466/kfbd.1000507.

[4] Bujdoso, G., Hrotko, K., Feldmane, D., Giovannini, D., Demirsoy, H., Tao, R., Ercisli, S., Ertek, N., & Malchey, S.
(2020). What kind of sweet cherries do the final consumers prefer? South-West Journal of Horticulture, Biology
and Environment, 11, 37-48.

[5] Corneanu, M., lurea, E., & Sirbu, S. (2020). Biological properties and fruit quality of sweet cherry (Prunus
avium L.) cultivars from Romanian assortment. Agronomy Research, 18(4),2353-2364.doi: 10.15159/AR.20.231.

[6] Demirsoy, H., Demirsoy, L., & Lang, G.A. (2022). Research on spring frost damage in cherries. Horticultural
Science (Prague), 49, 89-94.doi: 10.17221/91/2021-HORTSCI.

Scientific Horizons, 2023, Vol. 26, No. 10



https://dergipark.org.tr/en/download/article-file/824387
https://dergipark.org.tr/en/download/article-file/824387
https://www.mdpi.com/2076-3921/9/8/677
https://dergipark.org.tr/en/pub/kfbd/issue/70315/1000507
https://biozoojournals.ro/swjhbe/v11n1/swjhbe_e20104_Bujdoso.pdf
https://dspace.emu.ee/xmlui/handle/10492/6217
https://hortsci.agriculturejournals.cz/artkey/hor-202202-0004_research-on-spring-frost-damage-in-cherries.php

104

Sensory evaluation of sweet cherries for sustainable fruit production in the European market

[7] Di Matteo, A., Russo, R., Graziani, G., Ritieni, A., & Di Vaio, C. (2017). Characterization of autochthonous sweet
cherry cultivars (Prunus avium L.) of southern Italy for fruit quality, bioactive compounds and antioxidant
activity. Journal of the Science of Food and Agriculture, 97(9), 2782-2794. doi: 10.1002/jsfa.8106.

[8] Faienza,M.F.,Corbo,F.,Carocci,A.,Catalano,A.,Clodoveo,M.L.,Grano,M.,Wang,D.Q-H.,DAmato, G.,Muraglia,M.,
Franchini, C., Brunetti, G., & Portincasa, P. (2020). Novel insights in health-promoting properties of sweet
cherries. Journal of Functional Foods, 69, article number 103945. doi: 10.1016/].jff.2020.103945.

[9] Fodor, M. (2022). Development of FT-NIR technique to determine the ripeness of sweet cherries and sour
cherries. Processes, 10(11), article number 2423. doi: 10.3390/pr10112423.

[10] Gongalves, A.C., Bento, C,, Silva, B., Simoes, M., & Silva, L.R. (2019). Nutrients, bioactive compounds and
bioactivity: The health benefits of sweet cherries (Prunus avium L.). Current Nutrition & Food Science, 15(3),
article number 208. doi: 10.2174/1573401313666170925154707.

[11] lurea, E., Corneanu, M., & Sirbu, S. (2019). Results in breeding of early ripening sweet cherry assortment
obtained at RSFG IASI. Fruit Growing Research, XXXV, 17-20. doi: 10.33045/fgr.v35.2019.03.

[12] Ivanova, ., Serdyuk, M., Malkina, V., Tymoshchuk, T., & Shkinder-Barmina, A. (2022). Assessment of the influence
of weather factors on the quantitative indicators of sweet cherry fruits by Ridge regression. Scientific Horizons,
25(5), 60-73. doi: 10.48077/scihor.25(5).2022.60-73.

[13] Ivanova, I., Serdyuk, M., Malkina, V., Tymoshchuk, T., Shlieina, L., Pokoptseva, L., Zoria, M., & Taranenko, H. (2023).
The effects of weather factors on titrating acids accumulation in sweet cherry fruits. Future of Food: Journal on
Food, Agriculture and Society, 11(1), 7-21. doi: 10.17170/kobra-202210056938.

[14] Karagiannis, E., Sarrou, E., Michailidis, M., Tanou, G., Ganopoulos, I., Bazakos, C., Kazantzis, K., Martens, S.,
Xanthopoulou, A., & Molassiotis, A. (2021). Fruit quality trait discovery and metabolic profiling in sweet
cherry genebank collection in Greece. Food Chemistry, 342, article number 128315. doi: 10.1016/j.
foodchem.2020.128315.

[15] Khadivi, A., Mohammadi, M., & Asgari, K. (2019). Morphological and pomological characterizations of sweet
cherry (Prunus avium L.),sour cherry (Prunus cerasus L.) and duke cherry (Prunus x gondouinii Rehd.) to choose the
promising selections. Scientia Horticulturae, 257, article number 108719. doi: 10.1016/j.scienta.2019.108719.

[16] Lanauskas, J., Kviklys, D., Uselis, N., & Stanys, V. (2023). Performance of sweet cherry cultivars and advanced
selections on Gisela 5 rootstock in young orchards. Plants, 12(3), article number 614. doi: 10.3390/
plants12030614.

[17] Lopez, L., Larrigaudiere, C., Bordonaba, J.G., & Echeverria, G. (2023). Defining key parameters and predictive
markers of ‘Early Bigi’ cherry consumer satisfaction by means of differential storage scenarios. Postharvest
Biology and Technology, 195, article number 112117. doi: 10.1016/j.postharvbio.2022.112117.

[18] Magri, A., Malorni, L., Cozzolino, R., Adiletta, G., Siano, F., Picariello, G., Cice, D., Capriolo, G., Nunziata, A.,
Di Matteo, M., & Petriccione, M. (2023). Agronomic, physicochemical, aromatic and sensory characterization
of four sweet cherry accessions of the Campania region. Plants, 12(3), article number 610. doi: 10.3390/
plants12030610.

[19] Malchey, S., & Vasileva, K. (2023). Bulgarian local cherry genetic resources towards sustainable agriculture.
Sustainability, 15(1), article number 174. doi: 10.3390/su15010174.

[20] Narandzic, T., & Ljubojevic, M. (2023). Autochthonous cherry rootstock germplasm in the context of sustainable
sweet cherry production. Horticulturae, 9(1), article number 37. doi: 10.3390/horticulturae9010037.

[21] Palacios-Peralta, C., Reyes-Diaz, M., Gonzalez-Villagra, J., & Ribera-Fonseca, A. (2022). The potential roles of
the n and p supplies on the internal browning incidence in sweet cherries in the Southern Chile. Horticulturae,
8(12), article number 1209. doi: 10.3390/horticulturae8121209.

[22] Papapetros, S., Louppis, A., Kosma, I., Kontakos, S., Badeka, A., Papastephanou, C., & Kontominas, M.G. (2019).
Physicochemical, spectroscopic and chromatographic analyses in combination with chemometrics for the
discrimination of four sweet cherry cultivars grown in Northern Greece. Foods, 8(10), article number 442.
doi: 10.3390/foods8100442.

[23] Paunovi¢, G., Hajder, D., Koricanac, A., & Pa3ali¢, B. (2022). Preferences in sweet cherry fruits among
consumers in Serbia and Bosnia and Herzegovina. Horticultural Science (Prague), 49(4), 189-196.
doi: 10.17221/8/2022-HORTSCI.

[24] Pinto, T., Vilela,A., Pinto, A., Nunes, F.M., Cosme, F., & Anjos, R. (2018). Influence of cultivar and of conventional
and organic agricultural practices on phenolic and sensory profile of blackberries (Rubus fruticosus). Journal of
the Science of Food and Agriculture, 98(12), 4616-4624. doi: 10.1002/jsfa.8990.

[25] Proietti, S., Moscatello, S., Villani, F., Mecucci, F., Walker, R.P., Famiani, F., & Battistelli, A. (2019). Quality and
nutritional compounds of Prunus cerasus L. var. austera fruit grown in Central Italy. HortScience, 54(6), 1005-
1012.doi:10.21273/HORTSCI13960-19.

Scientific Horizons, 2023, Vol. 26, No. 10



https://pubmed.ncbi.nlm.nih.gov/27766652/
https://www.sciencedirect.com/science/article/pii/S1756464620301699
https://www.mdpi.com/2227-9717/10/11/2423
https://www.eurekaselect.com/article/85976
http://publications.icdp.ro/publicatii/lucrari%202019/I.03.%20Iurea%20Elena.pdf
https://sciencehorizon.com.ua/en/journals/tom-25-5-2022/otsinka-vplivu-pogodnikh-faktoriv-na-kilkisni-pokazniki-plodiv-chereshni-metodom-ridge-regresiyi
https://kobra.uni-kassel.de/bitstream/handle/123456789/14529/fofjVol11No1Art4_484.pdf?sequence=1&isAllowed=y
https://pubmed.ncbi.nlm.nih.gov/33071194/
https://pubmed.ncbi.nlm.nih.gov/33071194/
https://www.sciencedirect.com/science/article/abs/pii/S0304423819306053
https://www.mdpi.com/2223-7747/12/3/614
https://www.mdpi.com/2223-7747/12/3/614
https://www.sciencedirect.com/science/article/pii/S092552142200285X
https://www.mdpi.com/2223-7747/12/3/610
https://www.mdpi.com/2223-7747/12/3/610
https://www.mdpi.com/2071-1050/15/1/174
https://www.mdpi.com/2311-7524/9/1/37
https://www.mdpi.com/2311-7524/8/12/1209
https://www.mdpi.com/2304-8158/8/10/442
https://www.old-aj.cz/web/hortsci.htm?type=article&id=8_2022-HORTSCI
https://onlinelibrary.wiley.com/doi/10.1002/jsfa.8990
https://journals.ashs.org/hortsci/view/journals/hortsci/54/6/article-p1005.xml

Ivanova et al.

[26] Scalisi, A., & O'Connell, M.G. (2021). Relationships between soluble solids and dry matter in the flesh of stone
fruit at harvest. Analytica, 2(1), 14-24. doi: 10.3390/analytica2010002.

[27] Sebek, G. (2019). Pomological and chemical characteristics of fruit of some sour cherry cultivars grown in the
conditions of bijelo polje. Journal of Hygienic Engineering and Design, 26, 100-104.

[28] Serdyuk, M., Ivanova, I., Malkina, V., Kryvonos, I., Tymoshchuk, T., & levstafiieva, K. (2020). The formation of dry
soluble substances in sweet cherry fruits under the influence of abiotic factors. Scientific Horizons, 3(88), 127-
135.doi: 10.33249/2663-2144-2020-88-3-127-135.

[29] Silva, V., Pereira, S., Vilela, A., Bacelar, E., Guedes, F., Ribeiro, C., Silva, A.P., & Gongalves, B. (2021). Preliminary
insights in sensory profile of sweet cherries. Foods, 10(3), article number 612. doi: 10.3390/foods10030612.

[30] Szpadzik, E., Krupa, T., Molska-Kawulok, K., & Przybytko, S. (2022). Fruit quality and contents of some bioactive
compounds in selected czech sweet cherry (Prunus avium L.) cultivars under conditions of Central Poland.
Agriculture, 12(11), article number 1859. doi: 10.3390/agriculture12111859.

[31] Trusova, N.V., Kyrylov, Y.Y., Hranovska, V.Hr., Prystemskyi, O.S., Krykunova, V.M., & Sakun, A.Zh. (2020). The
imperatives of the development of the tourist services market in spatial polarization of the regional tourist
system. GeoJournal of Tourism and Geosites, 29(2), 565-582. doi: 10.30892/gtg.29215-490.

[32] Wu, P, Jia C,,Fan,S., & Sun,Y.(2018). Principal component analysis and fuzzy comprehensive evaluation of fruit
quality in cultivars of cherry. Transactions of the Chinese Society of Agricultural Engineering, 34(17), 291-300.
doi: 10.11975/j.issn.1002-6819.2018.17.038.

[33] Zhang, Y., Liu, H., & Chen, Z. (2018). Comparison of Levene’s test and Brown-Forsythe test under violation of
normality and homogeneity of variance assumptions. Journal of Modern Applied Statistical Methods, 17(1), 28-
44.doi: 10.22237/jmasm/1517389560.

Scientific Horizons, 2023, Vol. 26, No. 10

105


https://www.mdpi.com/2673-4532/2/1/2
https://keypublishing.org/jhed/wp-content/uploads/2020/07/06.-Full-paper-Gordana-%C5%A0ebek-1.pdf
https://keypublishing.org/jhed/wp-content/uploads/2020/07/06.-Full-paper-Gordana-%C5%A0ebek-1.pdf
https://sciencehorizon.com.ua/en/journals/3-88-2020/formuvannya-sukhikh-rozchinnikh-ryechovin-u-plodakh-chyeryeshni-pid-vplivom-abiotichnikh-faktoriv
https://www.mdpi.com/2304-8158/10/3/612
https://www.mdpi.com/2077-0472/12/11/1859
http://gtg.webhost.uoradea.ro/PDF/GTG-2-2020/gtg.29215-490.pdf
https://www.researchgate.net/publication/330039920_Principal_component_analysis_and_fuzzy_comprehensive_evaluation_of_fruit_quality_in_cultivars_of_cherry
https://doi.org/10.22237/jmasm/1517389560

106

Sensory evaluation of sweet cherries for sustainable fruit production in the European market

CeHCcoOpHa ouiHKa NNoAiB YepeLlHi ang cTinkoro BUpo6HuuTBa GpyKTiB
B YMOBaX EBPONENCbKOro pUHKY

IpuHa €BreHiBHa IBaHOBa

KaHaunaaT CinbCbKorocnoaapCbKnx Hayk, AOLEHT
TaBpiCbKWiA lepXXaBHUI arpOTEXHONOTIYHUI yHiBEpcUTeT iMeHi IMuTpa MoTopHoro
69002, Byn. XykoBcbkoro, 66, M. 3anopixxks, YkpaiHa
https://orcid.org/0000-0003-2711-2021

TeraHa MukonaiBHa TumMolLyk

Kanamnaat cinbCbKorocnofapCbkux Hayk, 4OLEHT
MonicbKMit HaUiOHaNbHWIA YHIBEpCUTET
10008, Crapwuii 6ynbBap, 7, M. Xutomup, YkpaiHa
https://orcid.org/0000-0001-8980-7334

Mukona Mukonaiiosuu Kpasuyk

Kananaat cinbCbKorocnofapCbkux Hayk, 4OLEHT
MonicbKni HaLiOHaNbHWI YHIBEPCUTET
10008, Crapwuin 6ynbBap, 7, M. XXKutoMump, YkpaiHa
https://orcid.org/0000-0003-3405-9206

IpuHa OnekcaHppiBHa lweHKo

KaHaunaaT CinbCbKOrocnoaapCbKnx Hayk, AOLEHT
Opecbkuin gepxaBHUI arpapHuiA yHiBepcuTeT
65012, Byn. KaHatHa, 99, M. Opeca, YkpaiHa
https://orcid.org/0000-0003-0255-4843

AHHa IBaHiBHa KpuBeHko
[loKTOp CiNbCbKOrocnoaapcbkmx Hayk, npodecop
Opecbkuit gepxxaBHWUA arpapHuii yHiBepcuTeT

65012, Byn. KaHatHa, 99, M. Opeca, YkpaiHa
https://orcid.org/0000-0002-2133-3010

AHoTauif. KOHKYpEeHTOCMPOMOXHICTb CBiIXMX (PYKTIB Ha CY4aCHOMY PUHKY CYTTEBO 3aN€XWTb Bif CEHCOPHMX
NMOKa3HMUKIB SKOCTi. YepelwHa € TON-pyKTOM, WO BMCOKO LIHYETLCS CMOXMBAYaMM 3aBASKM CMAKy i 30BHILLHIN
npuBabnauneocTi. [1ng 3pocTaHHI0 NonuTy GPYKTiB Ha EBPOMNENCbKOMY PUHKY aKTyaNbHUM € AOCHIIKEHHS CEHCOPHMUX
BIACTMBOCTEN NMIOAIB YepeLlHi B KOMMIeKCi 3 iX Macot i AiameTpoM. MeTok AocnigkeHHs 6yno obrpyHTyBaHHS
CEHCOPHMX MOKA3HWKIB A5 eKCNepTU3n SKOCTi NNOAIB YepeLllHi pi3HUX CTPOKiB AOCTUraHHs Ta BUMOOpY HanbinbLu
KOHKYPEHTOCMPOMOXKHUX COPTiB ANS1 CTIMKOro 3abe3neyeHHs CBiXXMMMU (PYKTaMu BiZANOBIAHO [O BUMOI Cy4acHOro
PUHKY. Y X0Ai LOCNIOKEHHS BUKOPUCTAHO METOAM: MOSbOBUIA, N1aBOPATOPHMIA | NOPiIBHANbHUIA. BU3HaueHHs Macwy,
[LiaMeTpy i CEHCOPHOI OLiHKM NNO0AIB NPOBOAMAM Ha 33 copTax YyepeluHi. EkcnepTn npoBoanan penTuUHrosi Tectu 3a
9-T1 BaNbHOHO LUKA/OK Ha AeCATU 3pa3Kax NAoLiIB LOCNiIAKYBAHMX COPTiB.[1104M OLiHIOBAaNM 33 30BHILLHIM BUINALOM,
apoMaToM, CMaKOM i TeKCTYpOt0. Ha 3aBepLuanbHOMy eTani OLiHIOBaHHA eKcnepTu NiApaxoByBanu CEPeAHE 3HAYEHHS
CEHCOPHMX nokasHukis. CeHcopHui npodinb Byno BCTaHOBNEHO ANS MOAIB KOXHOMO COPTY YepeLlHi Ta MPUCBOEHO
6anbHy OLHKY 33 HACTYMHUMWU LEeCKPUMNTOPAMM: iHTEHCUBHICTb KOMbOPY, CMAK, TBEPAICTb Ta COKOBWTICTb MSIKOTI,
WINbHICTb WKipOoYKK. byno yaockoHaneHo cTtaHAapTHY METOAMKY OLLiHKM CEHCOPHUX BNACTMBOCTEM CBIXKMX MOAIB.
BusHaueHo cepepHio Macy (8,41 r) i miametp (22,63 MM) nnoAiB yepelHi Ang TpboX rpyn AOCTUraHHS. BugineHo
coptu yepewHi (Kaska, linema i YaiBiTenoHa) 3 HabiNbLLIOK MACoK i AiaMeTpOM M0AIB. 38 KOMMIEKCOM CEHCOPHUX
nokasHukiB 6yno suaineHo coptu Kaska, Burka i KpynHonnigHa. 3a 30BHiWHbO NpMBABAMBICTIO, KOHCUCTEHLHO i
CMaKOBUMM SKOCTSMM M0AIB COPMOBaHMIA CEHCOPHMIA NPOdinb AN COPTiB Pi3HMX CTPOKiB AOCTUraHHSA. CeHcopHa
OLLiHKa N0AIB COPTIB YepeLlHi 403BOAUTb PO3MOAIANTY NIOLOBY NPOAYKL Ta NigibpaT CMPOBUHY ANS NOAANBLIOIO
BMKOPUCTAHHS Yy CBDKOMY BWIISAI, OOBrOTpMBanoro 36epiraHHs, 3aMOpPOXYBAHHS | BWMIOTOBNEHHS MpPOAYKTIB
nepepobky MeToA0M TEMI0BOI CTepunisauii

KniouoBi cnoBa: Maca; fliaMeTp; COPTH; eKCnepT13a; 30BHILLIHS NPUBABAMBICTb; KOHCUCTEHLLiS; CMAKOBI AKOCTI
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growth and development characteristics of the Estafeta Myronivska, Dovira Odeska, and Akhim winter wheat
varieties sown at different dates (September 20, October 5, October 20) were investigated. It was found that grain
yield and individual productivity indicators of the studied winter wheat varieties varied depending on sowing dates,
mineral fertilizer doses, foliar feeding, and varietal traits. The highest individual plant productivity indicators were
achieved by the Estafeta Myronivska, Dovira Odeska, and Akhim varieties sown on October 5 with mineral fertiliser
application N, P, K. (including N, P, K. applied during cultivation, N,, after soil thawing, N, (in the BBCH 29-30
growth stage), N, (BBCH 55-57) with dual application of micronutrients (Aidamin-complex foliar feeding).As a result
of the studied factors, an increase in the number of productive stems, grains per stem, and grain weight per spike
was observed. The highest grain yield among the studied varieties was achieved by the Estafeta Myronivska variety
(5.65 t/ha) when sown on October 5 with N, P, K. and Aidamin-complex foliar feeding. The research results can be

120" 90 "90
used to adjust the cultivation techniques of winter wheat in production conditions to increase yield and grain quality

Keywords: winter wheat; varieties; mineral fertilizers; foliar feeding; cultivation techniques

INTRODUCTION

An essential aspect of introducing new varieties of win-
ter wheat into production is the improvement of ex-
isting cultivation techniques. In the current context of
global warming and climate change, it is particularly
important to justify and develop measures to mitigate
the negative impact of changing temperature regimes
and soil moisture deficits. According to L. Wilson et al.
(2021), since the beginning of the 20th century, the av-
erage annual air temperature has increased by 2.0 de-
grees, including 1.2 degrees since the 1990s. Climate
change, according to O. Tarariko et al. (2022), observed
in recent decades, the extension of the autumn vege-
tation period, the increase in winter temperatures, and
the reduction of the spring period, prompt the need to
adjust cultivation techniques for agricultural crops, in-
cluding reviewing sowing dates, which directly affect
the growth, development, winter survival, yield, and
grain quality of winter wheat plants.

B.Bliznyuk et al. (2019) described how sowing dates
in various soil-climatic zones differ and significantly
depend on weather conditions, soil moisture reserves,
predecessors, and other factors. Only by sowing at opti-
mal dates is it possible to achieve high grain yield and
corresponding quality.

Several researchers, including U. Madhu et al. (2018)
and A.Siroshtan et al. (2021), highlighted the influence of
sowing dates and predecessors on the yield and certain
quality indicators of winter wheat grain in their studies.
S. Poltoretskyi et al. (2020) indicate the trend of shift-
ing optimal sowing dates for winter wheat to later peri-
ods due to the rise in autumn temperatures. According
to V. Petrychenko & O. Korniychuk (2018) note that the
warming of the first half of November amounts to 1.8°C,
significantly reducing the impact of late sowing dates
on plant winter survival and yield formation, allows for
the extension of acceptable sowing dates to later peri-
ods. I. Yarchuk & T.Melnyk (2018) similarly mention the
1.8°C warming in the first half of November, weakening
the influence of late sowing dates on plant winter sur-
vival and yield formation, also permits the shift of ac-
ceptable sowing dates to later periods. Specifically, the
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shift of winter wheat sowing dates towards later periods
is indicated by O.L. Ulich (2018): by 30 days compared to
sowing dates in the 1950s, and by 10 days in the 1990s.

Equally important is the question of intensifying
grain production by fully reaching the genetic potential
of winter wheat varieties through the use of macro-and
micronutrients that stimulate their growth and devel-
opment. Agrotechnical measures should aim to create
optimal conditions for ensuring high yields in agroeco-
systems. In particular, O. Markovska & T. Grechishkina
(2020) highlighted the effectiveness of nitrogen fertil-
isation and foliar micronutrient application.

Correctly determined winter cereal sowing dates
are among the most important conditions for increas-
ing yields and reducing grain production costs, which
directly influence yield indicators. Therefore, the pur-
pose of this study is to determine the characteristics
of productivity and yield formation elements of winter
wheat varieties under the influence of mineral fertilis-
ation and foliar micronutrient application at different
sowing dates.

MATERIALS AND METHODS

The study was conducted during 2021-2022 in the
fields of the Institute of Agriculture of the Carpathian
Region of the National Academy of Agrarian Sciences of
Ukraine on grey forest surface-eroded loamy soil with
the following agrochemical properties (prior to the ex-
periment initiation): humus (according to Tyurin) - 1.97-
2.2%, pH (soil extract) - 4.8-5.2, labile nitrogen - 99.0-
114.2 mg/kg soil (determined by the Cornfield method
according to DSTU 7863:2015 (2015)), available phos-
phorus and exchangeable potassium - 95.2-101.1 and
107.1-112.0 mg/kg soil, respectively (analyzed by the
Kirzanov method according to DSTU 4405:2005 (2005)).

Factor A - Varieties:

1. Estafeta Myronivska; 2. Dovira Odeska; 3. Akhim;

Factor B - Sowing Dates: 1.20.09; 2.05.10; 3. 20.10.

Factor C - Fertilisation:

1N P, K, (N, P, K, under cultivation + N, (BBCH

60" 60 60 30" 60" "60

29-30);




2.N,,PyoKyo (N, P Ko, under cultivation + N,, - on
permafrost soil + N, (BBCH 29-30) + N, (BBCH 55-57);

3.N,,0PooKqo (N5,PyoKy, (under cultivation) + N, (on
permafrost soil) + N, and Aidamin complex foliar fertil-
isation (1.0 l/ha) (BBCH 29-30) + N,, and Aidamin com-
plex foliar fertilisation (1.0 l/ha.) (BBCH 55-57).

Sowing area of the plot - 40.8 m?, accounting -
25 m?, with a repetition of 4 times. Predecessor: oat for
green manure. Mineral fertilisers were applied accord-
ing to the experimental scheme. Micronutrient fertil-
iser used: concentrated chelate Aidamin complex foliar
fertilisation. Plant protection measures: seed treatment
with Vitavax 200 FF, 34% active substance concentration
(3.0 l/ton), weed control (herbicide — Grodil Maxi, 37.5%
active substance concentration (0.09-0.11 I/ha)), disease
control (fungicide Alto-Super, 0.5 |/ha), pest control (in-
secticide Karate, 0.2 l/ha), considering EDT (economic
damage threshold). Field experiments were conducted
according to V. Ushkarenko et al. (2019). Harvesting was
done using the “Sampo-130” combined with subsequent

adjustment to standard (14%) grain moisture content.

Statistical analysis of the results was conducted using
the “Statistica 6.0” and “Excel 2003” software.

Experimental plant research (both cultivated and
wild species), including plant material collection, ad-
hered to institutional, national, or international ethical
principles. The authors followed the standards of the
Convention on Biological Diversity (1992) and the Con-
vention on International Trade in Endangered Species
of Wild Fauna and Flora (1979).

Rudavska et al.

RESULTS AND DISCUSSION

The effectiveness of the technological elements is pri-
marily determined based on the productivity and yield
indicators of winter wheat. These indicators compre-
hensively reflect the impact of growing conditions on
the individual growth and development processes of
the plants. The sowing dates and the fertiliser appli-
cation system throughout the winter wheat’s growing
period play a crucial role in the system of agronomic
cultivation practices. They directly influence the course
of vegetation, overwintering, and the specific formation
of plant productivity.

The research results show that sowing dates and
the application of mineral fertilisers and foliar microele-
ment fertilisation significantly influence the formation of
individual productivity of winter wheat (Table 1).In 2021,
the varieties “Estafeta Myronivska” and “Dovira Odeska”
formed the highest number of productive stems during
the second sowing period, with an average of 536 and
532 stems/m’, respectively. The “Akhim” variety formed an
average of 471 stems/m? during the sowing on Septem-
ber 20th. During this sowing period, the maximum bio-
logical yield of varieties was also formed: “Estafeta My-
ronivska” averaged 7.27 t/ha, “Dovira Odeska” - 6.34 t/ha,
and ‘Akhim”- 6.27 t/ha. Sowing 15 days earlier than the
specified date (20.09) resulted in a reduction in biolog-
ical yield compared to the maximum values: “Estafeta
Myronivska” had an average reduction of 1.27 t/ha, “Do-
vira Odeska” - 0.83 t/ha, and “Akhim” - 0.09 t/ha. Later
sowing dates (20.10) led to a decrease in this indicator
by 1.99,0.82,and 1.0 t/ha, respectively.

Table 1. Yield structure and biological yield of winter wheat depending on sowing dates and fertilization, 2021-2022

Elements of the crop structure

109

Biological
Var.No. product quantity, stems, pcs. number of grains in an ear, pcs. grain weight of 1 ear, g yield, t/ha
2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg.
1 2 3 4 5 6 7 8 9 10 11 12 13
Estafeta Myronivska Variety (sowing period )
1 418 460 439 31.5 30.24 30.9 1.23 1.20 1.22 5.14 5.52 5.33
2 488 514 501 32.6 31.60 32.1 1.30 1.28 1.29 6.34 6.58 6.46
3 480 519 500 33.3 32.90 33.1 1.36 1.34 1.35 6.53 6.89 6.71
Avg. 462 498 480 31.97 31.58 32.03 1.30 1.27 1.29 6.0 6.33 6.17
Estafeta Myronivska Variety (sowing period )
1 532 450 491 33.2 33.6 33.4 1.28 1.27 1.28 6.81 5.69 6.25
2 540 520 530 34.4 34.6 34.5 1.38 1.39 1.39 745 7.23 734
3 536 528 532 34.9 34.9 34.9 141 1.40 141 7.56 7.39 748
Avg. 536 499 518 34.2 34.4 34.3 1.36 1.35 1.36 727 6.77 7.02
Estafeta Myronivska Variety (sowing period Il1)
1 413 450 432 30.3 33.3 31.8 1.13 1.25 1.19 4.67 5.62 5.14
2 469 494 482 33.6 34.2 33.8 1.27 1.37 1.32 5.95 6.77 6.36
3 471 502 487 34.2 34.6 34.4 1.30 1.38 1.34 6.12 6.93 6.53
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Table 1, Continued

Elements of the crop structure

Biological
Var.No. product quantity, stems, pcs. number of grains in an ear, pcs. grain weight of 1 ear, g yield,gt/ ha
2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg.
Avg. 451 482 467 32.7 34.0 333 1.23 1.33 1.28 5.58 6.44 6.01
Dovira Odeska Variety (sowing period 1)
1 547 445 496 251 27.35 26.3 0.91 1.00 0.96 498 4.45 472
2 518 475 497 28.8 29.20 29.0 1.10 1.12 111 5.70 5.32 5.51
3 495 490 493 30.2 30.04 30.1 1.18 1.13 1.16 5.84 5.54 5.69
Avg. 520 470 495 28.03 28.9 28.5 1.06 1.08 1.08 5.51 5.10 5.31
Dovira Odeska Variety (sowing period Il)
1 508 485 497 30.7 30.02 30.4 1.19 1.04 1.12 5.90 5.04 5.47
2 553 518 536 30.9 30.78 30.8 1.20 1.17 1.19 6.52 6.06 6.29
3 537 534 536 31.6 30.98 311 1.25 1.18 1.22 6.61 6.30 6.46
Avg. 532 512 523 311 30.6 30.8 1.21 1.13 1.18 6.34 5.80 6.07
Dovira Odeska Variety (sowing period Il1)
1 426 426 426 29.7 31.16 30.4 1.12 1.00 1.06 477 4.26 452
2 493 454 474 30.4 3241 314 1.18 1.20 1.19 5.82 5.45 5.64
3 489 465 477 314 32.80 32.1 1.22 1.25 1.24 5.96 5.81 5.89
Avg. 469 448 459 30.5 321 313 1.17 1.15 1.16 5.52 5.17 5.35
Akhim Variety (sowing period I)
1 446 449 448 35.1 33.48 343 1.27 1.07 1.17 5.66 4.80 5.23
2 474 475 475 35.4 35.64 35.5 1.31 1.23 1.27 6.21 5.86 6.04
3 494 482 488 35.9 35.80 35.9 1.35 1.27 1.31 6.67 6.12 6.40
Avg. 471 469 470 35.47 35.0 35.2 1.31 1.19 1.25 6.18 5.59 5.89
Akhim Variety (sowing period 1)
1 412 451 432 34.6 34.0 343 1.29 1.20 1.25 5.51 5.40 5.46
2 441 510 476 36.2 35.08 35.7 1.42 1.28 1.35 6.55 6.53 6.54
3 449 514 482 36.8 35.12 36.0 1.48 1.30 1.39 6.76 6.68 6.72
Avg. 434 492 463 35.87 34.7 35.3 1.4 1.26 1.33 6.27 6.20 6.24
Akhim Variety (sowing period IIl)
1 373 441 407 333 34.00 33.7 1.15 1.10 1.13 4.47 4.85 4.66
2 406 474 440 374 35.00 36.2 1.37 1.27 1.32 5.60 6.02 5.81
3 410 480 445 37.9 36.02 37.0 141 1.30 1.36 5.74 6.24 5.99
Avg. 396 465 431 36.2 35.0 35.6 1.33 1.22 1.27 5.27 5.70 5.49

Source: compiled by the authors

In 2022, the highest number of grains per spike
was observed in the “‘Akhim” variety, averaging 34.7-
35.0 grains, followed by “Estafeta Myronivska” with
31.58-34.4 grains, and “Dovira Odeska” with 28.9-
32.1 grains. In terms of grain weight per spike, the
“Estafeta Myronivska” variety stood out with weights
of 1.27-1.35 g. The “Akhim” variety had grain weights
of 1.19-1.26 g per spike, while “Dovira Odeska” had
grain weights of 1.08-1.15 g. Among the studied va-
rieties, the highest biological yield was achieved by
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the “Estafeta Myronivska” variety sown on October
5th, 2021, with N_, P, K/ fertiliser and foliar microe-
lement fertilization (7.48 t/ha).

Across all experimental variants, regardless of sow-
ing dates, there was an increase in the structural yield
indicators (number of grains per spike, grain weight per
spike) and grain quality due to the application of min-
eral fertiliser at a rate of N, P, K, and foliar microe-
lement fertilisation during the IV and VIl stages of or-

ganogenesis. According to the research results, among




Rudavska et al. 111

all the varieties, the highest yield in 2021 was achieved  fertilisation to N , P, K, resulted in a significant yield

by sowing the “Estafeta Myronivska” variety on October increase of 1.3 t/ha compared to the control, and the
5th (Table 2). The grain yield for the N_ P, K, fertiliser  use of the "Aidamin” complex fertiliser led to a yield in-
treatment was 4.45 t/ha. Increasing the rate of mineral  crease of 0.25 t/ha.

Table 2. Winter wheat yield depending on sowing dates, varieties, and nutrient backgrounds, 2021-2022, t/ha

Variant Yield, t/ha Increase from fertiliser, t/ha Increase from microfertilisers, t/ha
2021 2022 Avg. 2021 2022 Avg. 2021 2022 Avg.
1 2 3 4 5 6 7 8 9 10
Estafeta Myronivska Variety (sowing period I)
NPk 4.09 4.00 4.05 - - - - - -
N,oPooKeo 5.04 5.03 5.04 0.95 1.03 0.99 - - -
N, ,oPsoKy, + Aidamin 5.26 5.27 5.27 1.17 1.27 1.22 0.22 0.24 0.23
Average 4.8 4.77 4.79
Estafeta Myronivska Variety (sowing period )
NoPsoKeo 4.45 4.32 4.39 - - - - - -
N1,0PsoKso 5.75 5.54 5.65 13 1.22 1.26 - - -
N,,0PsoKgo + Aidamin 6.0 5.65 5.83 1.55 1.33 1.44 0.25 0.11 0.18
Average 5.42 5.17 5.29
Estafeta Myronivska Variety (sowing period Il1)
NoPooKeo 3.75 4.15 3.95 - - - - - -
N1,0PsoKso 4.76 5.18 4.97 1.01 1.03 1.02 - - -
N,,0PsKgo + Aidamin 4.93 5.30 5.12 1.18 1.15 1.17 0.17 0.12 0.15
Average 4.48 4.88 4.68
Dovira Odeska Variety (sowing period 1)
NeoPeoKeo 3.56 3.23 3.40 - - - - - -
N,oPooKeo 4.51 4.07 4.29 0.95 0.84 0.90 - - -
N, ,oPooKy, + Aidamin 4.68 4.24 4.46 1.12 1.01 1.07 0.17 0.17 0.17
Average 4.25 3.85 4.05
Dovira Odeska Variety (sowing period Il)
NeoPeoKe 4.36 3.79 4.08 - - - - - -
N,oPooKeo 5.35 4.81 5.08 0.99 1.02 1.01 - - -
N, ,oPooKy, + Aidamin 5.47 4.92 5.20 111 1.13 1.12 0.12 0.11 0.12
Average 5.06 451 4.79
Dovira Odeska Variety (sowing period Il1)
NeoPeoKeo 3.47 3.26 3.37 - - - - - -
N,oPooKeo 4.66 4.35 4.51 1.19 1.09 1.14 - - -
N, ,oPooKy, + Aidamin 4.78 4.45 4.62 1.31 1.19 1.25 0.12 0.10 0.11
Average 4.30 4.02 3.75
Akhim Variety (sowing period I)
NoPeoKeo 4.08 3.54 3.81 - - - - - -
N1,0PsoKso 513 4.57 4.85 1.05 1.03 1.04 - - -
N,,oPs Ky, + Aidamin 5.28 4.70 4.99 1.2 1.16 1.18 0.15 0.13 0.14
Average 4.83 4.27 4.55
Akhim Variety (sowing period I1)
NPk 4.26 4.13 4.20 - - - - - -
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Table 2, Continued

N,oPooKeo 5.29 5.07 5.18 1.03 0.94 0.99 - - -
N, ,oPooKy, + Aidamin 5.47 5.18 5.33 1.21 1.05 1.13 0.18 0.11 0.15
Average 5.0 4.79 4.90
Akhim Variety (sowing period IIl)
NeoPeoKe 3.54 3.68 3.61 - - - - - -
N,oPooKeo 4.68 4.81 4.75 1.14 1.13 1.14 - - -
N, ,oPsoKy, + Aidamin 4.89 4.96 4.93 1.35 1.28 1.32 0.21 0.15 0.18
Average 4.37 4.48 4.43
HIP,, t/ha
A (dates) 0.058 0.061
B (fertilisers) 0.058 0.064
C (varieties) 0.058 0.061
ABC (interaction) 0.173 0.190

Source: compiled by the authors

In 2021, the winter wheat varieties “Dovira Odeska”
and ‘Akhim” also achieved their maximum yield during
the second sowing date (05.10), with average yields of
5.06 and 5.0 t/ha, respectively. The yield increase from
fertilisation was 0.99 and 1.03 t/ha, and from foliar
fertilisation was 0.12 and 0.18 t/ha. For the sowing
on October 20th, 2021, the “Estafeta Myronivska” vari-
ety formed an average yield of 4.48 t/ha, which was
0.94 t/ha lower than the yield from the second sowing
date, and 0.62 t/ha lower than the yield from the sow-
ing on September 20th, 2021.

The average vyield of the “Dovira Odeska” variety
(4.25 t/ha) for the first sowing date (20.09.2021) was
lower than that for the October 5th sowing (5.06 t/ha)
by 0.81 t/ha, and for the October 20th sowing, it was
lower by 0.76 t/ha (4.3 t/ha). The “Akhim” variety also
experienced a significant reduction in yield compared
to the second sowing date, with an average reduction of
0.17 t/ha for the September 20th sowing and 0.63 t/ha
for the October 20th sowing. The yield increase of the
winter wheat varieties from applying N, P, K,, min-
eral fertiliser was 0.95-1.05 t/ha for the first sowing
date, 0.99-1.03 t/ha for the second sowing date, and
1.01-1.19 t/ha for the third sowing date. Applying foliar
microelement fertilization twice during the phases of
BBCH 29-30 (1.0 L/ha) and BBCH 55-57 (1.0 L/ha) re-
sulted in a significant yield increase ranging from 0.12
to 0.25 t/ha.

In 2022, the highest yields across all sowing dates
were achieved by the “Estafeta Myronivska” variety, rang-
ing from 4.77 to 5.17 t/ha. The yield of winter wheat
was lower in the “Akhim” variety, ranging from 4.27
to 4.79 t/ha, which was 0.38-0.5 t/ha less. The lowest
grain yield in 2022 was also observed in the “Dovira
Odeska” variety, ranging from 3.85 to 4.51 t/ha. The
highest yields were achieved by all studied varieties
for the October 5th sowing: “Estafeta Myronivska” av-
eraged 5.17 t/ha, “Dovira Odeska” - 4.51 t/ha, and
‘Akhim” - 4.79 t/ha. For the October 20th sowing, the
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“Estafeta Myronivska” variety formed an average yield
of 4.77 t/ha, which was 0.4 t/ha lower than the yield
from the second sowing date, and 0.29 t/ha lower for
the September 20th sowing (4.88 t/ha).

The average yield of the “Dovira Odeska” variety
(3.85 t/ha) for the first sowing date (20.09) was lower
than that for the October 5th sowing (4.51 t/ha) by
0.66 t/ha, and for the October 20th sowing, it was lower
by 0.49 t/ha (4.02 t/ha). The “Akhim” variety also expe-
rienced a significant reduction in yield compared to
the second sowing date, with an average reduction of
0.52 t/ha for the September 20th sowing and 0.31 t/ha
for the October 20th sowing. The yield increase of
the winter wheat varieties from applying N,, P, K,
mineral fertiliser for the first sowing date compared
to the control ranged from 0.84 to 1.03 t/ha. For the
second - 0.94 to 1.22 t/ha, and for the third - 1.03 to
1.13 t/ha. Dual foliar fertilisation of winter wheat crops
with “Aidamin-complex foliar fertilization” in the BBCH
29-30 (1.0 L/ha) and BBCH 55-57 (1.0 L/ha) stages re-
sulted in a significant yield increase ranging from 0.10
to 0.24 t/ha. Yield increase from applying N, P, K,
ranged from 0.84 to 1.22 t/ha. Among the studied var-
iants, the highest yield was observed for the “Estafeta
Myronivska” variety (5.65 t/ha) sown on October 5th
with the application of N and Aidamin-complex
foliar fertilisation.

The research results indicate that the productivity
of winter wheat agrocenoses, the formation of yield el-
ements, vegetation conditions, and plant overwintering
directly depend on sowing dates. The timing of sowing
proved to be a key factor for wheat yield. Early sowing
dates promoted more active plant development, result-
ing in a higher number of spikes per plant. On the other
hand, later sowing led to the formation of fewer spikes
but with a greater number of grains per spike. These
growth and development differences can be utilised
depending on cultivation goals, either for obtaining
higher yield or preserving grain quality. This is consist-
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ent with data of V. Petrychenko & V. Lykhochvor (2020).
L. Gandjaeva (2019) draws attention to a decrease in
the level of achievement of the potential of crop pro-
ductivity when the sowing time deviates from optimal.
However, the question of optimal sowing dates remains
debatable. According to V. Tkachuk & T. Tymoshchuk
(2020), in the conditions of Polissya, the highest grain
yield of winter wheat (3.56 t/ha) was achieved with a
sowing date of September 10th. The yield decreased by
1.02 t/ha for the October 10th sowing.

I.Yarchuk & T.Melnyk (2018) established that plants
sown on September 10th had the most significant
parameters at the time of cessation of autumn vegeta-
tion. Later sowing dates resulted in a reduction in all bi-
ometric indicators: plant height, plant weight, number
of stems, and nodal roots. Other researchers also point
to better plant development for early sowing dates. Ac-
cording to A. Kryvenko et al. (2019), a higher yield of
all studied winter wheat varieties (25.5% increase) was
obtained for the October 5th sowing compared to the
September 25th sowing. For this sowing date, the yield
was 37.6 and 53.2% higher than for the October 15th
and October 25th sowing dates, respectively. For the
October 5th and 15th sowing dates, the winter wheat
varieties formed the highest-quality grains by weight
and 1000-seed mass.

However, the rise in temperature during the autumn
vegetative period of winter wheat, along with the ex-
tension of its autumn growth and development period,
encourages a reevaluation of sowing dates. As of the
recommendation of G. Gutsol & I. Ovcharuk (2023), in
the Right Bank Forest-Steppe zone, it is advisable to
shift sowing dates by 11 days toward later dates, and
in some years, these dates can be shifted even later. An
increase in yield due to shifting sowing dates from Sep-
tember 10th to October 10th was obtained in H. Chuhrii’s
(2019) research. R. Vozhegova & V. Bily (2019) note that
the highest number of productive stems and grains per
spike was achieved with later sowing dates.

One of the main measures to increase the produc-
tivity of winter wheat and improve the quality of its
grain is the use of mineral fertilisers. The obtained data
confirm that fertilisation indeed affects the cultivation
of wheat. The application of fertilisers contributed to
yield increase, regardless of the sowing date. Howev-
er, it is important to consider optimal doses, as exces-
sive fertiliser application can lead to negative effects
on plant health and product quality. The specified in-

Rudavska et al.

the highest grain yield (5.42 t/ha), exceeding the con-
trol without fertilisers by 1.02 t/ha. The application of
fertilisers led to increased production regardless of the
sowing date. Nevertheless, it is necessary to be cautious
with fertiliser dosages, as their excessive use can lead to
overgrowth of plants and adversely affect yield quality.

Thus, it is worth noting that the ongoing climate
changes prompt a revision of established cultiva-
tion practices, particularly adjusting sowing dates. To
achieve high yield performance in production, judicious
use of foliar micro-fertilizers is recommended.

CONCLUSIONS

The results of the two-year study indicate that in
the soil and climatic conditions of the Western For-
est-Steppe, the maximum productivity of winter wheat
sowing was achieved on October 5th. For this sowing
date, the studied varieties achieved average yields
of 4.79 t/ha (Dovira Odeska), 4.9 t/ha (Akhim), and
5.29 t/ha (Estafeta Myronivska). Shifting sowing dates
either towards earlier (20.09) or later (20.10) resulted
in yield reduction. Deviations from these indicators for
the Estafeta Myronivska variety were 0.5 and 0.61 t/ha,
for Dovira Odeska - 0.74 and 1.04 t/ha, for Akhim - 0.35
and 0.47 t/ha.

Increasing the rate of applying N,,,P, K,  mineral
fertilisers led to increased grain yield for all sowing
dates. Depending on the variety and research variant,
the yield increase ranged from 0.9 to 1.14 t/ha. Foliar
fertilisation of plants with Aidamin-complex micro-fer-
tiliser in the BBCH 29-30 and BBCH 55-57 stages re-
sulted in additional yield growth of 0.11 to 0.23 t/ha.
Among all varieties, the highest yield during the years
of the study (5.65 t/ha) was achieved by the agroceno-
sis of the Estafeta Myronivska variety sown on October
5th, with the application of N, P, K, mineral fertilisers
and Aidamin-complex foliar fertilisation (1.0 L/ha). The
yield increase from mineral fertilisers was 1.22 t/ha,
and from foliar micro-fertilisation, it was 0.11 t/ha.

The prospects for further research are associated
with the selection of high-productivity winter wheat
varieties, the search for new effective micro-fertilisers
that would mitigate the impact of stress factors dur-
ing the vegetation period and ensure yield stability.
Another possible area is the influence of biological
methods and modern technologies on the effectiveness
of winter wheat cultivation.

formation is consistent with the data of M. Kulyk et al. ACKNOWLEDGEMENTS
(2020).V.Ivanina & I. Korotenko (2022) established that  None.
yield increase in cereal crops is achieved through min-
eral plant nutrition. In their study, applying N,P, K CONFLICT OF INTEREST
under winter wheat in rotation with peas resulted in  None.
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Anotauif. CyyacHi cOpTM MLWeHuLUi 03MMOI MatoTb BUCOKUIM FE€HETUYHWMI NOTeHLian NpOAYKTUBHOCTI, peanizyBaTu
SKMI MOXHA 33 paxyHOK YAOCKOHANEeHHSs eNleMeHTIB TEXHOOTIi BUPOLLYBAHHS, 30KpeMa CTPOKiB CiBbu, onTuMisauii
cucTeMM yaobpeHHs, 3aCTOCYBaHHA MiKpOeNeMeHTiB, Wo 0OYMOBIOE aKTyaNbHICTb AOCHIAKEHHS. MeTolo poboTu
6yno 06rpyHTYBaTM 0COBAMBOCTI (HDOPMYBAHHSA MPOLYKTUBHOCTI MLWEHML 03MMOI 3aNEXHO Bif, €/1eMEHTIB TEXHONOTT
BMPOLLYBaHHA B yMOBax KapnaTcbkoro perioHy. Y npoueci BUKOHAHHS pob0TM BUKOPUCTOBYBANIM HACTYMHI METOAM:
NonbOBUIA, NabOPATOPHUIA (AN BM3HAYEHHS SKICHMX MOKA3HWKIB 3epHa MLEHML), Ta CTaTUCTUYHUIA (LN OLiHKK
[OCTOBipHOCTI AaHmXx). MNonboBi LocnigpkeHHS npoBoaunun BnponoBx 2021-2022 pp. Ha Cipux NicOBUX NOBEPXHEBO
orneeHunx rpyHtax. [locnigpkysanu ocobaMBOCTi POCTY i pO3BUTKY COPTiB MwWeHUL 03nMoi EcTadeTa MUPOHIBCbKa,
[oBipa onecbka i AxiM, BUCigHi B pi3Hi ctpokm (20.09;05.10; 20.10). BctaHOBNEHO, LLLO YPOXAMHICTb 3€PHA | MOKA3HWUKM
$opMyBaHHA iHAMBIAYaNbHOI NPOAYKTUBHOCTI AOCNIAXYBAHMX COPTIB MLIEHMLi 03MMOI 3MIHIOBANINCS 3aNEXHO BiA
CTPOKiB CiBOM, ,031 MiHEpaNbHUX A,OOPUB, TMCTKOBOTO MiAXKMBIEHHS Ta COPTOBMX 0COBAMBOCTEN. HallBUMLLi MOKA3HUKM
iHOMBIAYaNbHOT NPOAYKTUBHOCTI POCAMH NWeEHULI 03uMoi copTiB EctadeTta MUpoHiBCbKa, [oBipa ofecbka i AXiM
copmoBaHo 3a cisbu 05.10 Ha poHi MiHepanbHoro yaobpeHHs N, Po Ko (i3 BHeceHHam N, Po K. nia kynbtuBauito,
N,, - no mep3notanomy rpyHTi, N,  (y pasy BBCH 29-30), N, (BBCH 55-57) Ta 1BOpa30Boro BHeceHHs Mikpoaobpus
(AMOaMiH-KOMNNEKCHUIA NMCTKOBE NigXXMBAEHHS). Y pe3ynbrati Aii 4oCniaxXyBaHUX GaKTOpiB BiA3HAYEHO 3pOCTaHHS
KiNIbKOCTi NPOAYKTUBHUX cTeben, 3epeH Yy KoNoci i Barn 3epHa 3 1 konoca. MakcMMasbHy BpOXaMHICTb 3epHa 3 MOMIX
[oCNipKyBaHMX copTiB chopmyBaB copT Ectadeta mupoHiecbka (5,65 1/ra) 3a ciBbu 05.10 Ha BapiaHTi BHECEHHS
N,,,PsoKy, | MCTKOBOTO MiMKMBIEHHS ARAAMIHOM KOMMIEKCHUM. Pe3ynbtati AOCNiAXeHb MOXYTb BYTW BUKOPUCTaHI
[N KOPEryBaHHS eNeMEeHTIB TEXHOMOriT BUPOLLYBaHHS MLWeHULi 03MMOi Y BUPOBHUUYMX yMOBaX ANS MiABULLEHHS
BPOXaMHOCTI Ta AKOCTI 3epHa

KniouoBi cnoBa: nweHuLs 03MMa; COPTU; MiHepanbHi OOPUBA; IMCTKOBE NiSXMBNEHHS; TEXHOMOTIT BUPOLLYBaHHS
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Linol - 82 g/m?, Sibirskaya 38854 - 71 g/m?, Antares - 78.3 g/m2. Samples of the varieties Biryuza, Krokus,
Kustanayskiy - 8.2 g, Iceberg - 8.1 g were distinguished by high indicators of the weight of 1000 seeds. A valuable
and plastic source material for selection with the main valuable and economic characteristics was identified: the
growing season for 85-92 days, with a seed yield of more than 47.5-82.2 g/m?, a weight of 1000 seeds of 6.9-
8.1 g, oil content in seeds of 43.7-47.5%, plant height of 45-60 cm. The selected samples are recommended for
cultivation in Northern Kazakhstan: by precocity - Sibirskaya 38854 and Iceberg; productivity — Linol, Antares;
weight of 1000 grains — Nebesniy, Biryuza, Linol, Krokus; oil content in seeds — Kostanayskiy-11, Iceberg; resistance
to fusarium - Kostanayskiy-11, Sibirskaya 38854, Antares, Iceberg. The effectiveness of the breeding programme
depends on the patterns of inheritance of economically valuable traits operating in a hybrid population, reducing

the loss of valuable genotypes and reducing costs by culling less valuable traits

Keywords: productivity; adaptive abilities; yield; oil content; genotype; fusarium

INTRODUCTION

Oilseed flax (Linum usitatissimum L.) is a widely used
food culture, a source of high-grade inexpensive veg-
etable protein for animal husbandry, and technical raw
materials in industrial sectors, including paint, soap,
and leather. The development of various industries has
led to an increase in demand for vegetable oils of var-
ious quality. The greater the variety of technical prod-
ucts and food products, the more diverse the raw ma-
terials needed for their production should be. In search
of promising additional sources for the production of
oils and fats, producers are turning to an increasing
number of cultivated crops, considering valuable mor-
phological, biological, and economic characteristics.
K.A. Akshalov et al. (2023) note that whole oilseed flax
seeds are used as a popular additive in many types of
bread.They are one of the richest sources of substances
with a powerful antioxidant effect - lignans, valuable
raw materials for the production of organic compounds
such as esters, acetals, urethanes, and amides, from
which various coatings, fibres, insulating foams, plasti-
cisers, high-pressure lubricants can be produced.

In Kazakhstan, oilseed flax is a promising crop, and
its acreage is increasing from year to year, reaching 1.5
million hectares. The main flax-growing regions are
the North Kazakhstan, Kostanay and Akmola regions.
The agro-climatic conditions of Northern Kazakhstan
meet the requirements for growing oilseed flax, from
which both oilseeds and livestock feed are obtained.
As noted by A. Suleimenova (2019), oilseed flax seeds
are relatively resistant to cold and begin to germinate
at a soil temperature of 3-5°C. Lower temperatures and
increased soil moisture can cause rotting. With opti-
mal humidity and an average daily soil temperature of
7-8°C, seedlings appear after 5-7 days, and at a lower
temperature, germination is delayed up to 15 days.

Since flax is an early sowing crop, there is a risk of
damage and death of plants due to low temperatures,
and the creation of varieties resistant to hypothermia is
an urgent direction in flax breeding. G.S. Kaliakparova
and Y.Y. Gridneva (2019) evaluate the most important
varieties in the technology of growing and breeding oil-
seed crops adapted to specific agro-climatic conditions,

ensuring sustainable yield and product quality. The
new gene pool of oilseed flax is based on hybridisation
methods using varieties from the VIR World Collection
of Plant Genetic Resources (Vavilov All-Russian Insti-
tute of Plant Industry). Hybridisation when crossing va-
rieties of different ecological and geographical origin is
the most common way ton create a starting material for
the selection of agricultural crops. As noted in the stud-
ies by A. Nogaev et al. (2021), before the cultivation of
oilseed flax, the following tasks are to develop modern
high-yielding varieties suitable for food and technical
use, with high oil content in seeds of about 55%, crude
protein - 35%, resistant to biotic and abiotic environ-
mental factors.Y. Lan et al. (2020) note that oilseed flax
seeds, due to the high content of polyunsaturated fatty
acids, have a high iodine number - 170-200 units, form-
ing a strong, stable film when dried.

According to the Food and Agriculture Organisation
(FAO), in terms of linolenic acid content, linseed oil can
be divided into four categories: more than 50% - high oil,
suitable mainly for technical use; within 36-49% - me-
dium oil, suitable for technical use in pharmaceuticals
and perfumes; within 10-35% - low, mainly for food
purposes; less than 10% - very low, only for food pur-
poses (Bureau of National Statistics..., 2023). According
to C.Qiu et al. (2020), linseed oil contains fatty acids such
as: palmitic 5-7%, stearic 3-4%, oleic 16-20%, linoleic 14-
17% and linolenic 50-60%. The selection of oilseed flax
is aimed at creating technical varieties with a high con-
tent of linolenic acid >65%, food varieties with a low con-
tent of linolenic acid <40%, and medical varieties >40%.

According toJ.Yang et al. (2021), flax cake is a prod-
uct of the secondary processing of flax seeds and by
biochemical composition contains 6-12% crude fat, 33-
38% crude protein, 7% crude ash, and 9% crude fibre,
and by nutritional value, 1 kg has 1.15 fodder units and
contains 260 g of digestible protein. 1 kg of flax meal
contains 1.12 fodder units and 285 g of digestible pro-
tein. LV. Goudar et al. (2021) characterised the compo-
sition of flax fibres and their application. Oilseed flax
stalks contain 12-18% crude fibre, which is used in the
production of pressing material, coarse fabrics, rope,
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twine, gaskets, packaging, and insulation. In addition,
flax straw contains up to 50% pure cellulose, so it is
suitable for the production of thin paper and cardboard
by pressing. The flax husk obtained after threshing and
cleaning of seeds is a valuable feed raw material for
pigs, according to its nutritional value, 1 kg contains
0.27 fodder units and 20 g of digestible protein.

The right choice of varieties is important for the
successful cultivation of oilseed flax, therefore, due to
the efforts of breeders, the potential yield, quality, ad-
aptability to local conditions, resistance to pests and
diseases and tolerance to stress factors are improving.
In view of the above, studying the characteristics of dif-
ferent flax varieties and hybrids is not only of theoret-
ical but also of practical interest. The purpose of the
study is to identify the most promising material for the
selection of oilseed flax in the conditions of the zone
of insufficient moisture in the Kostanay region of the
Republic of Kazakhstan (RK).

MATERIALS AND METHODS

The research work was carried out in the Karabalyk Ag-
ricultural Experimental Station during 2020-2022. The
object of the study was 14 varieties of oilseed flax of
various ecological and geographical origin. Meteorolog-
ical conditions during the years of research were diverse
and reflected quite widely the features of the Kostanay
region, located in Northern Kazakhstan, divided into
three natural and climatic zones. The test site of the
Karabalyk Station is located in the 1 natural and cli-
matic zone. During the years of the research, there were
no significant deviations from the climatic conditions
of Northern Kazakhstan, as they were relatively favour-
able for the growth of oilseed flax. The following meth-
ods were used in experimental studies: biological, de-
termining the parameters of environmental conditions
and comprehensive analysis of the qualitative charac-
teristics of the yield of oilseed flax varieties; pheno-
logical, monitoring the stages of plant development;

laboratory, monitoring the biochemical composition of
plant material; statistical,data analysis,and assessment
of adaptive capabilities. The selection of oilseed flax
was carried out considering specific conditions and was
aimed at creating high-yielding medium-ripened varie-
ties with high oil content in seeds, resistant to drought,
diseases and pests, equally maturing, and suitable for
double use.The solution to this problem was facilitated
by the use of the world collection of oilseed flax.

The area of each plot was 10 m?, in four repetitions,
with a consistent systematic arrangement, the seeding
rate was 7 million pcs./ha. Sowing was carried out using
a low-volume system with an SN-10C seeder: in 2020 -
May 6, in 2021 - May 13,in 2022 - May 19. Harvesting
was carried out manually, using a frame method, flax
threshing was carried out using a Heqge-125 breeding
combine, and cleaning and sorting of seeds was carried
out manually. Vegetation of plants proceeded in 2020
in conditions of moderate moisture (hydrothermal co-
efficient (HTC) - 1.24), in 2021 - insufficient moisture
(HTC - 0.92), in 2022 - insufficient moisture (HTC -
0.87). The average duration of the growing seasons in
2020, 2021, 2022 was 97, 101 and 111 days, respec-
tively. At the early stages of breeding, more than 4000
samples were studied. According to the complex of
economically valuable features, 15 cultivars were iden-
tified, which were involved in the competitive variety
testing: Kostanayskiy-1, Nebesniy, Biryuza, Linol, Sev-
erniy, Surpriz, Sokol, Triumf, Krokus, Sibirskaya 38854,
Isilkulsky, Kustanayskiy yantar, Antares, Iceberg.

The temperature regime in the area of operation
of the station was characterised by sharp fluctuations
observed not only monthly, but also daily throughout
the year, the average temperature is 2.8°C. In spring,
there was a big difference between daytime and night-
time temperatures, sunny weather prevailed in summer,
followed by an autumn cold snap and the first frosts at
the end of September. Data on average daily air tem-
perature are indicated in Table 1.

Table 1. Average daily air temperature in the Karabalyk agricultural station, °C

Years 2020 2021 2022

May 18.2 21.5 13.5

June 19.2 223 18.9

July 25.2 228 234

August 21.3 244 22.2

Total for May-August 20.9 22.7 19.5

Source: compiled by the authors

For the periods 2020, 2021, 2022, the sum of active
temperatures was - 1977, 2055.5, and 2030°C, respec-
tively. The average annual precipitation over the past
80 years is 328.3 m, June and especially July are the
wettest and warmest months, but the intake of moisture
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and heat varies significantly from year to year. In gen-
eral, there is more precipitation in the warmer months
than in the colder ones. During the periods 2020, 2021,
2022, precipitation fell 273, 240,and 156.6 mm, respec-
tively (Table 2).
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Table 2. Precipitation totals for 2020-2022 in the Karabalyk agricultural station, mm

Year 2020 2021 2022

May 41.8 6.7 40.6

June 224 8.4 20.9

July 12.7 51.9 177

August 415 217 10.5

Total for May-August 118.4 88.7 89.7

Source: compiled by the authors

In 2020, precipitation in Karabalyk amounted to
41.8 mm in May, 28 mm in the summer months, and
118.4 mm in the entire growing season. In 2021, in
May-June, there was a low amount of precipitation on
average - 7.5 mm,inJuly - 51.9 mm, in August, when the
vegetation is almost complete - 21.7 mm, on average
for the entire growing season - 88.7 mm. In the condi-
tions of May 2022, precipitation amounted to 40.6 mm,
on average for the summer months - 16.4 mm, for
the entire growing season - 89.7 mm. The soils of the
Karabalyk agricultural zone belong to medium-humus
chernozem soils, which are genetically typical for this
zone, the humus content is 5.2-6%. According to the
mechanical composition, it is a heavy loamy soil with
a very high nitrogen content >5 mg/100 g according to
Tyurin, with a potassium content >20 mg/100 g. The
soil is characterised by good agrochemical properties:
humus content - 4.6%, easily hydrolysable forms of
nitrogen - average, mobile phosphorus - high, ex-
changeable potassium - increased. The degree of acid-
ity of the soil according to the pH is slightly acidic -
4.2.Statistical processing of field experiment data was
carried out by the method of variance analysis based

on the study by L. Quillian et al. (2019). The study com-
plied with the requirements of the Convention on Bio-
logical Diversity (1992).

RESULTS

The high demand for oilseed flax has made its cultivation
highly profitable. In world agricultural production, flax
occupies more than 3.5 million hectares, and the total
seed yield ranges from 2.2 to 2.7 billion tonnes. Accord-
ing to the Bureau of National Statistics of the Agency
for Strategic Planning and Reforms of the Republic of
Kazakhstan (2023),in 2020, the main flax grain-produc-
ing countries are Kazakhstan - 158.4 thousand tonnes,
Canada - 578 thousand tonnes, China - 330 thousand
tonnes, USA - 145 thousand tonnes, India - 112 thou-
sand tonnes. Sunflower and oilseed flax are the leaders
in the market of oilseeds in the Republic of Kazakhstan,
both in terms of acreage and production, and export
potential. Over the past six years, the total acreage of
oilseeds in the Republic of Kazakhstan has increased by
more than 1 million hectares and according to the data
of 2020-2022 will exceed 3 million hectares, which is
noted in detail in Table 3.

Table 3. Areas of oilseed crops in the Republic of Kazakhstan, thousand hectares

Cultures 2020/21 2021/22
Rapeseed 1274 121.9
Flax 1526.4 1496.1
Sunflower 756.1 958.5
Corn 3277 381.9
Soy 127.8 113.3
Other 32.9 219

Source: Development strategy of the joint-stock company “National Company’. Food contract corporation for 2021-2030 (2020)

The most significant growth occurred in the oilseed
flax cultivation sector, where the acreage in 2020-2021
amounted to 1526.4 hectares,and in 2021-2022 - 1496
hectares, which compared to the total oilseed crops
amounted to 53 and 48%, respectively. Unlike sun-
flower, rapeseed and soybeans, the trend of growth in
the volume of oilseed flax harvest in the Republic of
Kazakhstan is due to the expansion of acreage, given
the almost unstable yield in the wide range of 2-12

metric centners/ha. According to Kazakh Grain Union
estimates, the production of oilseed flax in the Repub-
lic of Kazakhstan in 2021-2022 amounted to 744 thou-
sand tonnes compared to 1.06 million tonnes in the
previous year. The achievement of optimal production
volumes of sparsely distributed oilseeds in the Republic
of Kazakhstan was achieved by increasing yields and
significant investments, which will continue to be ob-
tained with the effective use of oilseed flax. Significant
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achievements in breeding, seed production and tech-
nology of growing sparsely distributed oilseeds give

grounds to increase the production of their seeds to 1.2
million tonnes by 2025, as noted in Table 4.

Table 4. Projected production of oilseed flax seeds in Kazakhstan until 2025

Indicators 2020/2021 2021/2022 2024/2025
Acreage, thousand hectares 1526.4 1496.1 1650
Gross harvest, thousand tonnes 1058.4 744.1 1200
Yield, t/ha 0.79 0.59 1.1

Source: Development strategy of the joint-stock company ‘National Company’. Food contract corporation for 2021-2030 (2020)

Due to the severe drought during the growing sea-
son of flax and the unusually high level of pests and
diseases for this crop, some acreage of oilseeds turned
out to be unsuitable for harvesting, and producers did
not consider it advisable to carry out harvesting on such
areas. As a result, more than 200 thousand hectares of
flax acreage were lost. In addition, the drought has had
an extremely negative impact on the yield of oilseeds.
As a result, even after significant losses, the total yield of
this crop has significantly decreased despite the fact that
it ranks second in the area of harvesting oilseeds. The
leaders in the cultivation of oilseed flax in the Republic

of Kazakhstan are the North Kazakhstan, Kostanay and
Akmola regions with a sown area of 605, 282, 186 thou-
sand hectares, respectively. It is previously known that
in order to increase the productivity of oilseed flax cul-
tivation, it is necessary to develop new high-yielding va-
rieties that are adapted to local conditions, have a high
oil content of seeds, are resistant to major diseases and
adverse environmental factors. The growing season and
the formation of the yield of the studied samples of oil-
seed flax are important biological signs in the natural
and climatic conditions of the Karabalyk agricultural
complex, noted in detail in Table 5.

Table 5. Duration of the growing season and the height of oilseed flax plants for the period 2020-2022

Growing season, days

Plant height, cm

Variety
2020 2021 2022 Average 2020 2021 2022 Average

Kostanayskiy-11 88 91 93 90 55 58 50 54
Nebesniy 84 92 85 87 55 56 54 55
Biryuza 88 92 93 91 54 58 53 55
Linol 86 90 85 87 55 53 49 52
Severniy 89 94 93 92 54 48 45 49
Surpriz 87 90 91 89 53 51 44 49
Sokol 85 92 89 88 46 47 40 44
Triumf 88 93 93 91 44 49 40 44
Krokus 84 91 87 87 53 54 46 51
Sibirskaya 38854 82 90 87 86 54 58 50 54
Isilkulsky 87 90 89 88 58 55 50 54
Kustanayskiy yantar 86 93 89 89 54 55 52 53
Antares 85 90 91 88 49 50 45 48
Iceberg 81 90 85 85 52 56 50 52

Source: compiled by the authors

The growth period of the varieties ranged from 85-
92 days, but in most samples, this indicator strongly
depended on the conditions of the year. Despite very
different climatic conditions, some varieties cultivat-
ed in the Karabalyk agricultural complex had a stable
growth period throughout the year: Kostanayskiy - 91-
93 days, Isilkulsky — 87-90 days, Surpriz - 87-91 days.
In general, according to the results of a three-year
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study, two early-ripening varieties were identified that
grew 5-6 days earlier than the standard variety, namely,
Sibirskaya 38854 and lIsilkulsky, which ripened on 86
and 85 days, respectively. In addition, eight varieties
ripened earlier than the standard varieties Nebesniy,
Linol, and Krokus - 87 days; Sokol, Isilkulsky, and An-
tares - 88 days; Surpriz and Kustanayskiy yantar - 89
days. According to the duration of the growing season,




the varieties - Biryuza, Triumf, and Severniy, ripened 1-2
days later, in comparison with the standard.

When cultivating flax for oilseeds, an average plant
height of 45-60 cm is sufficient. With double use, for
seeds and fibre, it is necessary to create flax varieties
with a plant height of 65 cm and above. For this pur-
pose, it is necessary to involve tall varieties in crossing.
The height of plants in the varieties under study largely
depended on the weather conditions prevailing during
the growing season, and varied between 44-54 cm with
an average value of 51 cm. Three groups of plants were
identified: with a height within 44-49 cm, 49-52 cm,
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and 52-58 cm. The standard plant height was 54 cm in
the Karabalyk agricultural complex, Surpriz and Triumf
varieties were marked below the standard - 44 cm, and
the tallest were the Nebesniy and Biryuza varieties -
54 cm. Given the characteristic stunting of the varieties
of oilseed flax, it can be emphasised that the varieties
included in the crosses for spinning purposes are not
suitable. Seed productivity is an important indicator of
oilseed flax and includes related features, namely: the
number of productive pods on the plant, the number of
seeds in the box, the weight of 1000 g of seeds, which
is described in detail in Table 6.

Table 6. Seed productivity of oilseed flax for the period 2020-2022

Number of productive boxes, pcs.

Number of seeds in a box, pcs. Weight of 1000 seeds, g

Variety
2020 2021 2022 2020 2021 2022 2020 2021 2022

Kostanayskiy-11 23 29 21 9 10 8 6.5 7.1 6.2
Nebesniy 20 28 26 9 9 8 6.5 77 6.8
Biryuza 31 34 33 9 10 10 6.6 7.6 6.8
Linol 21 26 22 9 8 7 74 6.6
Severniy 19 23 18 8 9 8 6.6 7.2 6.4
Surpriz 22 27 20 8 8 7 6.5 74 6.4
Sokol 21 29 24 7 8 7 6.8 7 6.2
Triumf 23 25 19 10 10 9 6.4 7 6.2
Krokus 25 29 21 9 10 10 6.6 77 6.8
Sibirskaya 38854 24 28 22 9 9 8 6.5 7 6.2
Isilkulsky 26 30 24 9 10 9 6.3 7.2 6.4
Kustanayskiy yantar 27 32 25 9 10 10 6.7 72 6.4
Antares 24 27 19 10 10 9 6.7 7 6.2
Iceberg 21 30 25 9 10 10 6.3 7.5 6.6

Source: compiled by the authors

The number of productive pods per plant is an
important feature closely related to the seed produc-
tivity of oilseed flax; according to this feature, the va-
rieties Biryuza - 32.7 and Kustanayskiy yantar - 28 are
distinguished in the experimental farm. Severniy and
Kaiser had the lowest productivity rates of 20 and 22
boxes, respectively. The number of seeds in the box
varied between 7.1-7.3 pcs. Varieties Nebesniy, Linol,
Severniy, Sibirskaya 38854 were slightly inferior to
the standard - 8.3-8.8 pcs., the remaining varieties
showed results at the level of the Kostanayskiy-11

variety. Achieving a high yield is ensured by the avail-
ability of complete information about the processes
of photosynthesis, growth and development, air, water
and heat regimes, mineral nutrition, plant structure,
sowing quality. The main chemical component of flax
seeds is oil, the amount of which, in terms of crude fat,
averages from 27 to 48%, therefore, in terms of the
content of biologically valuable components, linseed
oil ranks first among other edible vegetable oils. Data
on the yield and oil content of flax seeds are indicated
in Table 7.

Table 7. Indicators of flax yield and oil content for the period 2020-2022

Oil content, % Yield, g/m?
Variety
2020 2021 2022 2020 2021 2022

Kostanayskiy-11 42.5 44.3 40.9 59 52 53
Nebesniy 40.2 40.8 39.3 78 75 56
Biryuza 41.5 437 411 73 71 60
Linol 42.4 423 42.7 84 90 72
Severniy 421 418 429 65 60 45
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Table 7, Continued
Oil content, % Yield, g/m?
Variety
2020 2021 2022 2020 2021 2022

Surpriz 41.9 43 413 57 52 39
Sokol 40.7 42.7 39.6 64 65 36
Triumf 41.6 43 41.5 59 50 35
Krokus 42.3 41.8 42 53 48 42
Sibirskaya 38854 42.8 434 41.8 84 81 48
Isilkulsky 43 439 38.8 76 71 44
Kustanayskiy yantar 42.9 431 42.3 68 65 47
Antares 419 42.5 42.1 89 90 56
Iceberg 43.2 442 437 44 39 59

Source: compiled by the authors

The average yield of oilseed flax in a three-year trial
of the standard Kostanayskiy-11 variety was 54.2 g/mZ
At the same time, the yield of the tested varieties varied
from 47.5 to 82.2 g/m2. During the three-year research
period, some samples consistently exceeded the stand-
ard in seed yield: Linol - 82 g/m?,Antares - 78.3 g/m?,and
Sibirskaya 38854 - 71.2 g/m?, consistently exceeding the
standard by 28, 24 and 17 g/m?. The varieties Nebesniy,
Biryuza, Isilkulsky, and Kustanaiskiy yantar also exceed-
ed the standard for these samples by 60-69.7 g/mZ
Surpriz, Triumf, Krokus, and Iceberg varieties were be-
low standard with a productivity of 47.5-49.3 g/mZ. As
a result of the research, a high oil content in seeds of
all varieties was revealed in the range of 38.8-44.3%.
In the standard variety Kostanayskiy-11, the oil content

averaged 42.6% over three years, in the varieties Biryuza,
Linol, Triumf, Krokus, Sibirskaya 38854, Isilkulsky, Kus-
tanayskiy yantar, Iceberg oil content varied at the same
level. The oil content of the standard Kostanayskiy-11
variety averaged 42.6% over three years, and also, in the
varieties Biryuza, Linol, Triumf, Krokus, Sibirskaya 38854,
Isilkulsky, Kustanayskiy yantar, and Iceberg, it varied
at the same level. On the artificial complex infectious
background of single-row plots of 0.4 m? the stability
of ecological variety testing of oilseed flax was stud-
ied. 2 varieties were used as controls: Kostanaysliy-11,
resistant to fusarium, and the unstable Isilkulsky vari-
ety. Stability was determined by counting plants after
germination and before harvesting. Gathering was car-
ried out when 75% of the plot area matured (Table 8).

Table 8. Resistance to fusarium wilting of varieties of ecological variety testing

Resistance to fusarium, %, pcs.

Variety
2020 2021 2022 Average

Kostanayskiy-11 96 95 97 96
Nebesniy 92 95 98 95
Biryuza 92 91 97 93.3
Linol 95 92 89 92
Severniy 96 92 94 94
Surpriz 96 90 92 92.7
Sokol 98 96 90 94.7
Triumf 94 95 87 92
Krokus 92 94 93 93
Sibirskaya 38854 93 95 96 94.7
Isilkulsky 92 91 89 90.7
Kustanayskiy yantar 92 95 93 93.3
Antares 93 94 95 94
Iceberg 96 94 92 94

Source: compiled by the authors
In addition to high yield, oil content of seeds and

early maturation, the selection of oilseed flax should
have high resistance to the most common and harmful
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linseed fungus Fusarium oxysporum v. The spread of the
disease and the degree of damage to the crop depends
on the presence of the pathogen and environmental




conditions (temperature, humidity, precipitation) and
the degree of resistance of cultivated flax varieties.

DISCUSSION

In the current economic conditions, the production of
oilseed flax is based on the cultivation of high-yielding
varieties with high oil content, resistant to major path-
ogens and producing a marketable product that meets
international quality standards. The reserve for increas-
ing the productivity of the oilseed flax crop is the crea-
tion of new highly productive varieties adapted to local
conditions, with high seed oil content and oil quality,
resistant to major diseases and adverse environmental
factors. The effectiveness of the breeding programme
largely depends on the patterns of inheritance of eco-
nomically valuable traits operating in the hybrid pop-
ulation of oilseed flax, allowing for more efficient se-
lection, reducing the loss of valuable genotypes, saving
costs by culling less valuable traits at an early stage
of breeding. According to the study by G. Silska et al.
(2022), interspecific crosses of oilseed flax can be used
to breed varieties with greater plasticity and resistance
to individual pathogens and complex diseases.

The reproductive success of oilseed flax cultivation
includes the selection of flax samples from ecologically
and geographically diverse world collections, and the
development of methods for selecting parent pairs dur-
ing crosses that determine the prospects for the future.
The appearance of valuable traits in hybrids is asso-
ciated with the possibility of combining the qualities
of different parental forms. As a direction of breeding
work, it is quite appropriate to attract wild species
that can be significantly diversified in many ways due
to interspecific crosses. As reported by A. Hoque et al.
(2020), chromosomes of breeding traits of the genus
Linum are important and valuable carriers of hereditary
information, such as increased lateral branching and an
increase in the number of pods on the plant, in addi-
tion to low content of crude fat, brittle pods, and small
seeds. As noted by Z. Behzadi et al. (2022), a number of
breeding methods are used to create new flax varieties,
including microgametophytic selection, induced muta-
tion, interspecific and intraspecific hybridisation, and
electrophoresis of reserve seed proteins.

The creation of new crops is based on the theoret-
ical development of models of varieties with specific
characteristics and characteristics corresponding to high
levels of yield and quality in specific environmental con-
ditions. The diversity of genetic materials is an important
characteristic for a sustainable breeding programme, as
it provides the breeder with the best opportunities to
select lines based on needs. BJ. Soto-Cerda et al. (2022)
report that morphometric diversity is labour-intensive,
often leads to false predictions, depends on the stage
of development of plants sensitive to the environment,
and diversity based on molecular markers is more accu-
rate and economical since it allows breeders to select
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unrelated individuals among thousands of genotypes in
a short period of time, which, in turn, reduces the work-
load in the field by evaluating only unrelated genotypes.
The use of molecular biological methods and markers
for the study of various cultivated plants has increased
significantly. M. Yasar (2023) describes various types of
molecular markers and microsatellites for assessing the
genetic diversity of the germ plasma of oilseed flax, such
as: Random Amplified Polymorphic DNA (RAPD); Ampli-
fied Fragment Length Polymorphism (AFLP); Inter-Simple
Sequence Repeat (ISSR); Simple Sequence Repeat (SSR);
Inter-Retrotransposon Amplified Polymorphism (IRAP).

In breeding, a wide list of criteria reflecting different
aspects of the process is used to assess the homeostatic-
ity of oilseed flax culture, such as: ecological stability of
varieties according to statistical indicators, and general,
specific,and relative adaptive capacity. The general adap-
tive capacity describes the average value of a useful fea-
ture over the entire range of environmental conditions.
Specific adaptive capacity is determined by differences
in specific environmental conditions. Relative stability
allows comparing different sets of features. According
to A. Akrami et al. (2020), the ecological plasticity of the
variety is a biological ability to adapt to growing condi-
tions with the establishment of consistently high values
of useful traits in various natural and climatic condi-
tions. Varieties of oilseed flax with higher plasticity have
greater stability of characteristics under fluctuations in
environmental conditions, providing higher productivity
under both favourable and unfavourable conditions.

Individual varieties of oilseed flax showed adaptive
abilities in 2022 under sufficiently arid weather con-
ditions, while new genetic sources of resistance were
noted. This valuable source material distinguished the
varieties of oilseed flax Biryuza, Linol, Iceberg with a
significant, adaptive to drought potential, according to
yield estimates. The productivity of agricultural crops
depends on the moisture availability of crops. As noted
by L. Ghobadi-Namin et al. (2022), in arid zones, growth
conditions and crop formation will be determined by
the provision of crops with moisture. Oilseed flax re-
acts less sensitively to moisture with the presence of a
developed root system, but at the same time, moisture
supply fundamentally reflects the level of yield.

The main economically valuable signs are: early
maturity - recommended for cultivation in the north-
ern and western regions of the Republic of Kazakhstan;
tallness - for dual production use for vegetable oil
and fibre; large-seeded and small-seeded; high yield.
The varieties distinguished themselves by high yield:
Linol - 82 g/m?, Sibirskaya 38854 - 71 g/m?, Antares -
78.3 g/m?. The yield of oilseed flax is determined by
the cultivation technology - the timing of sowing, the
seeding rate, the provision of plants with nutrients, and
varietal characteristics. According to K.K. Bharatya et al.
(2022), crop yield is an integrated indicator reflecting
the effectiveness of all elements in the technology of
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crop formation of individual plants and the biosphere
as a whole, while the highest genetic potential of oil-
seed flax is to obtain a yield of 2 t/ha or more.

Flaxseed oil ranks first among other edible oils in
terms of biological value. The content and composition
of the oil are genetically fixed traits, but natural and cli-
matic conditions can affect its accumulation and fatty
acid composition. According to biochemical indicators,
varieties with a high oil content in seeds were identi-
fied: Kostanayskiy-11 - 44.3%, Iceberg - 44.2%, Isikul-
sky - 43.9%, Biryuza - 43.7%, respectively, are charac-
terised as medium-oil. M.Z. Kogak et al. (2022) noted
that as the oilseed flax matures, the crude fat content
in the seeds continuously increases, at first more inten-
sively,and then the process slows down. Thus, the high-
est oil content is observed in seeds that have reached
full ripeness and, on average, is in the range of 42-48%.

Since flax is an early sowing crop, there is a risk
of damage and death of plants due to low tempera-
tures, therefore, the creation of varieties resistant to
hypothermia is an urgent direction in flax breeding.
At low temperatures, the risk of fungal diseases of oil-
seed flax increases, the main ones are: fusarium, an-
thracnose, ascochytosis, polysporosis. The intensity of
diseases depends on the characteristics of the pathogen,
soil conditions, agricultural technology and susceptibility
of the variety. A high coefficient of adaptation of oilseed
flax was noted in the varieties Kostanayskiy-11, Sibirskaya
38854, Antares, Iceberg. As noted by S. Zare et al. (2023),
the spread of oilseed flax diseases and the intensity of
damage depends on the presence of the pathogen and its
virulence, depending on environmental conditions, such
as temperature, humidity, precipitation, the degree of re-
sistance of the cultivated variety, therefore, flax breeding
requires high resistance to the most common and harmful
flax disease - fusarium.As reported by M.Walkowiak et al.
(2022), excessively early crops of oilseed flax suffer from
fusarium wilt, flax rust. Processing of oilseed flax crops,
during the budding phase, has a stimulating effect on the
culture, increasing the coefficient of plant adaptability
to abiotic and biotic conditions.

With regard to oilseeds and flax, it is important to ap-
ply appropriate cultivation techniques and technologies.
Observing the basic rules of compatibility and crop rota-
tion,irrigation,seed quality,and temperature regime - can
provide high results. The importance of Kazakh oilseed
flax increases annually, which indicates its further pros-
pects for cultivation and expansion of the selection range.

CONCLUSIONS

Based on the data obtained, the genetic potential of
oilseed flax was determined by identifying the optimal
parameters of cultivation technology in the conditions
of Northern Kazakhstan. As a result of the conducted re-
search, the patterns of the impact of various meteoro-
logical conditions in 2022-2023 have been established.
In 2020, the weather conditions for the growing season
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were favourable for the growth and development of oil-
seed flax. The agro-climatic conditions of 2021 differed
somewhat from the average annual ones, and June and
July were marked by lower air temperatures, affecting the
development of culture. The weather conditions of 2022
in the region were characterised as abnormally dry, while
creating extreme conditions for growth and development.

As a starting material for breeding, economically val-
uable signs of oilseed flax were identified: the growing
season - 85-92 days, seed yield - 47.5-82.2 g/m?, seed
weight - 6.9-8.1 g, seed oil content - 43.7-47.5%, and
plant height — 45-60 cm. Assessment of the resistance of
modern oilseed flax genotypes to plant diseases of the
genus Fusarium. Based on the assessment of the signs
of biological and economic value of the three-year pe-
riod 2020-2022, the following parameters can be rec-
ommended for the creation of varieties for use in the
zone of moisture deficiency in the Kostanay region in the
conditions of the Karabalyk agricultural complex: early
maturity — Sibirskaya 38854 and Iceberg; productivity -
Linol, Antares, and Sibirskaya 38854; weight of 1000
grains — Nebesniy, Biryuza, Linol, and Krokus; oil content
in seeds - Kostanayskiy-11, Iceberg; resistance to fusari-
um - Kostanayskiy-11, Sibirskaya 38854, Antares, Iceberg.
Moreover, flax indicators, distinguished by the height of
plants, the number of productive boxes, and the number
of seeds in the box, are recognised as promising for in-
clusion in the breeding process. High-yielding varieties
were noted: Linol - 82 g/m?, Sibirskaya 38854 - 71 g/m?,
Antares - 78.3 g/m%. A high productivity index was shown
in terms of the weight of 1000 grains in the varieties Biry-
uza, Krokus, and Kostanaysky - 8.2 g,and Iceberg - 8.1 g.

Theoretical developments are used to create new
varieties with appropriate yield indicators and the
quality of products grown in specific environmental
conditions. To ensure the profitability of agricultural
production, especially in the oil and fat industry, pest
resistance, especially to the meadow moth, must be in-
cluded in research. The low yield of flax is explained
by its biological features, i.e., slow growth in the early
stages, and the need to create a highly effective system
of herbicidal protection to prevent the growth of crops
such as chamomile, knotweed, and sow thistle, which
compete for nutrients and water.
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AHoTauif. 33 cyyacHMMM BUMOraMu BUPOLLYBAHHS, CTBOPIOKOTLCS HOBi COPTWU ONIMHOMO JIbOHY, WO BiAPi3HATLCS
32 KOMMIEKCOM KOpUCHMX 03HaK. OCHOBOK CenekLii NbOHY € BUBYEHHS, BiLOip, CTBOPEHHS HOBUX COPTIB HA OCHOBI
CBITOBOT KONEKLLiT Ta NPUAATHUX ANS arpoKNiMaTMuHUX yMoB [iBHiYHOro KasaxcraHy. MeTa AOCNiAXEHHS — BUBYEHHS
KONeKLiMHUX 3pa3kiB IbOHY 0NiMHOro B ymoBax KoctaHaricbkoi obnacti lNiBHiuHoro KasaxcraHy Ta Bigbip HanbinbLw
nepcnekTMBHOIO CenekLiMHOro Matepiany 3a rocnofapcbKo-LiHHUMUM 03HAKaMM B YMOBAX 30HM AediunTy BOMOrw.
Y poboTi BMKOPWUCTOBYBanucs MeToau: 6ionorivHi, peHonorivHi, N1abopaTopHi, CTaTUCTUYHI, aHani3 iHbopMauii
a[anTUBHUX MOX/IMBOCTEN OKPEMUX COPTIB JIbOHY ONiAHOrO0. [TpoBEeAEHO OLiHKY roCNoAapCbKO-LIIHHMX O3HakK 3a 14
3pa3kaMu JIbOHY ONiMHOrO CBITOBOI KOMEKLiT pi3HOro ekonoro-reorpadivHoro noxomxkeHHs 3a nepiog 2020-2022 pp.
B pesynbtaTi mocnigkeHb BUAINEHO 3pasku, WO XapaKTEPM3YIOTbCS BMCOKOW BpoKanHicTio: JliHon - 82,0 r/m?,
Cubipcbka 38854 - 71,0 r/m2, AHTapec - 78,3 r/m% Bucoknmu nokasHukamu macv 1000 HaciHUH Bigpi3HAAMCS 3pasku
copriB bipto3a, Kpokyc, KyctaHarcbkuit - 8,2 r, Avicbepr - 8,1 1. BusBneHo LiHHWI Ta NNacTUYHKUIA BUXIGHWUI MaTepian
[ONs cenekuiHoi poboTM 3 OCHOBHWMMMU LLiHHO-TOCNOAAPCbKMMM 03HAKaMM: BereTaliiMHMiA nepiog npotarom 85-92
[HiB 6inbwe 47,5-82,2 r/m2, Macoto 1000 HaciHuH 6,9-8,1 1, BMiCTOM 0nii B HAaCiHHi 43,7-47,5 % pocavH 3aBBULWKM 45-
60 cM. BupineHi 3pasku pekoMeHAyTbCs A0 06pobku B MNiBHIYHOMY KazaxcTaHi: 3a ckopocturaictio — Cubipcbkuit
38854 1a Aiicbepr; npooyktuBHOCTI - JliHon, AHTapec; Mmaci 1000 HaciHuH - HebecHuit, Bipto3a, JliHon, Kpokyc; BMicTy
onii B HaciHHi — KoctaHarcbkuit-11, Alicbepr; cTiikocTi o dy3apiosy - KoctaHancbkuii-11, Cubipcokuin 38854,
AHTapec, Aiicbepr. EQeKTUBHICTb cenekLiiiHOi NporpamMm 3anexuThb Bif, 3aKOHOMIpHOCTEN yCnafKyBaHHS EKOHOMIYHO
LiHHMX O3HaK, fKi AiloTb y ribpMAHOI NoMynsLii, CKOpoOUyYM BTPATU LiHHWX TEHOTUMIB i 3HMXKYYM BUTPATH 3a
[LONOMOroH BiAOPaKOBYBAHHA MEHLU LiHHMX 03HaK

KniouoBi cnoBa: npoayKTUBHICTb; aAanTUBHI 34iOHOCTI; BpOXaMHICTb; ONilHICTb; reHoTHN; dy3apios
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The results of the research demonstrate that the protein product obtained by growing
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INTRODUCTION

The growth of food consumption is closely connected
with the increase in the world population, as a result
of which agriculture has developed intensively in re-
cent years. The demand for meat and dairy products
is growing most intensively. High demand for food of
animal origin contributes to the increase in the num-
ber of livestock and their productivity. S.A. Terry et al.
(2020) indicate that cattle, compared to other domestic
animals, have the lowest efficiency of meat production,
despite the highest demand for this particular type of
product. Therefore, one of the urgent directions of fu-
ture livestock production will be the intensification of
beef cattle breeding to meet the growing demand of
the population. This shortly, is possible only through
extensive growth of the population of animals of
meat breeds. However, according to S.R. Farina and P.
Chilibroste (2019), in most developed countries such
population growth will be artificially limited through
existing environmental regulations and limited land
resources. However, the main constraint is feed scarcity.

According to M.R.C. Cordeiro et al. (2022), increased
livestock production will increase global demand for
feed from 11 to 17% for food crops and from 6 to 15%
for feed crops. Therefore, rapid and uncontrolled growth
in animal numbers will lead to a situation where feed
security becomes critical to meet future global meat
demand and any increase in livestock production will
only occur if sufficient feed is available. The Food and
Agriculture Organisation (FAO) research (2023) indi-
cates that an increase in the share of feed crops such
as maize and soya in the world crop mix should be
expected shortly. Only for the grain group FAO (2023)
forecasts indicate an annual growth of 0.3-0.5% per
year in the required volumes of feed grains for animal
feed, which in physical equivalent becomes 783-1000
million tonnes per year. It will cause an increase in the
area of arable land used for fodder production and, ac-
cordingly, a decrease in the area of land for food crops.
And considering the annual increase in the number of
animals, the situation will only worsen. Even countries
with large areas of land suitable for agricultural pro-
duction are experiencing shortages of animal feed.

Kazakhstan is no exception: the availability of
roughage in 2023 is only 80%, succulent fodder 60%
and concentrated fodder 50% of the need (The Ministry
of Agriculture...,2023).To ensure intensive development
of livestock production, new approaches to protein feed
production will have to be found and utilised more ef-
ficiently. Such a source, according to A.U. Fabiszewska
et al. (2019) a biotechnological method of processing
industrial and food wastes using microorganisms can
become such a source. This method will allow accu-
mulating of protein compounds due to the growth of
microbial biomass. The most promising area is using
methane-oxidising microorganisms as protein produc-
ers, which will allow, in addition to solving the problem

Scientific Horizons, 2023, Vol. 26, No. 10

of the lack of feed resources, to solve environmental
problems associated with the emission of greenhouse
gases by animals.

The intensification of production and the growth of
the animal population have become one of the reasons
for the increase in greenhouse gas emissions, which
are leading to an ecological disaster on the planet. Ac-
cording to H. Guo et al. (2022) global greenhouse gas
emissions from livestock production have increased by
51%, and methane accounts for 50% of total emissions.
Ruminants are the largest producer of greenhouse gas-
es, accounting for about 72% of the livestock sector, of
which one-third is the highly hazardous methane gas
(Gerber et al., 2013).

Therefore, the purpose of this work was to devel-
op an industrial biotechnological method that allows
using live microorganisms with methane as a nutrient
medium to produce protein mass suitable as feed in
livestock production.

LITERATURE REVIEW

Biotechnological approaches have been used in forage
production for a long time. They have been applied
according to R. Kapoor et al. (2018) and M.A. Moselhy
et al. (2022) in the preparation of green forages and
their conservation for year-round use as mono-feed.
R.R.Singhania et al. (2017) and S.Bala et al. (2023) pro-
posed biotechnological approaches for utilisation of
animal farm wastes, while R.P. Singh et al. (2022) and
K.C.P. Cruz et al. (2022) conducted studies for microbi-
ological synthesis of farm animal feed additives with
therapeutic and preventive effects. However, research
on using microbial synthesis products for animal nu-
trition using animal wastes themselves as nutrient
media has become particularly relevant. The works
of K. Rasool et al. (2023) and also A.E. Graham and
R. Ledesma-Amaro (2023) indicate that microbially
synthesized protein can be used without restrictions
in animal feeding, and the amino acid composition of
such products is more complete in comparison with
plant proteins. B. Baji¢ et al. (2023) indicate that consid-
ering the composition and characteristics, and the huge
amount of waste in livestock production, this approach
to feed protein production has great potential for in-
dustrial production.

Environmental conditions have a significant influ-
ence on the yield of microbial protein during cultiva-
tion. S. Ismail (2022) identified the influence of tem-
perature, pH level, and nitrogen and carbon sources on
the yield of protein and nucleic acids in the cultivation
of Cupriavidus necator bacteria. Using methane as a car-
bohydrate and energy source for biotechnological pro-
cesses is described in M.L.K. Khider et al. (2021). Meth-
anotrophs, unlike industrial microorganisms, do not
compete for food, which is quite suitable for growing
animal feed biomass. Similar conclusions were reached




by P. Tsapekos et al. (2018), who demonstrated that the
resulting microbial biomass is suitable for use as an
animal feed additive. A. Kuzniar et al. (2019) found that
methanotrophic biomass contains high concentrations
of K,Mg and Fe in addition to protein compounds,and it
can be considered as a feed additive for enriching diets
with protein, macronutrients and some trace elements.

Using microbial protein in diets of different types
of productive animals can be traced in scientific works
published recently, indicating the relevance of such re-
search worldwide. The work of S. Polyorach et al. (2023)
found no adverse effect of adding microbiological
protein to the diets of dairy cows on their productiv-
ity compared to traditionally used vegetable proteins.
Therewith, the researchers observed an increase in
the level of diet digestibility (p>0.05) with the addi-
tion of biotechnological products. Similar results were
obtained by E. Direkvandi et al. (2020) in research on
sheep. The addition of microbial biomass to the diet
had no effect on feed intake and live weight of lambs,
but the positive result was a reduction in the methano-
gen population in the rumen and a reduction in green-
house gas emissions. In addition to ruminants, studies
have demonstrated positive results when feeding poul-
try E.G. Olson et al. (2022), hydrobionts-American eel W.
Lu et al. (2023), and black sea bream B. Xu et al. (2021).

As reported by B. Valverde-Pérez et al. (2020), to
date, the industrial production of protein compounds
from methane is limited due to the explosive nature of
the media in fermenters during production and needs
further improvements in technology.

MATERIALS AND METHODS

Studies were conducted using the culture of methano-
trophic bacteria Methylococcus capsulatus. For the culti-
vation of microorganisms, a bioreactor with a volume
of 40 litres (working volume 25 litres), equipped with a
stirrer with a speed of 3500 thousand revolutions per
minute and having an operating pressure of up to 5
atmospheres was used. Methanotrophic microorgan-
isms were cultured on depleted mineral nutrient media,
which reduces the risk of contamination by pathogenic
and opportunistic microorganisms. Bacteria Methylo-
coccus capsulatus were grown on nutrient medium pre-
pared according to the following recipe: KCl - 0.125 g/l,
MgSO,*7H,0 - 0.125 g/1,FeSO,*7H,0 - 10.75 mg/L, Cu-
S0,"5H,0 - 10 mg/L; MnSO,*5H,0 - 9.5 mg/l, H,BO, -
6.25mg/1,ZnS0,*7H,0 - 1.5 mg/l,Na,Mo0,*2H,0 - 0.25
mg/l, CoCL,"6H,0 - 0.25 mg/l, H,PO, (70%) - 0.35 mg/L.
The PH value of this medium was maintained with 10%
aqueous ammonia solution. Microbial biomass accumu-
lation was conducted at 42°C and pH 5.8 for 48 hours.
To reduce the concentration of carbon dioxide in
the fermenter, which in high concentration inhibits the
growth of methanotrophic bacteria, a culture of Chlo-
rella vulgaris was used. The gas phase separated in the
degassing chamber was passed through the bioreactor
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with growing Chlorella before being returned to the bi-
oreactor to reduce the carbon dioxide concentration. To
improve the quality of protein products obtained by mi-
crobiological synthesis, after the end of Methylococcus
capsulatus cultivation, Bacillus subtillis mother liquor
was added to the fermenter in the amount of 5% by
volume and cultivation was continued for another day
at 38-40°C.

After completion of the cultivation process, a me-
dium sample was taken from the fermenter. The re-
sulting cell biomass was precipitated by centrifugation
(4000 rpm, 15 min), and the cell precipitate was further
dried at constant temperature. All subsequent results
were obtained by dry matter examination. The obtained
product was subjected to laboratory research for the
purpose of determining a number of physicochemical
parameters and nutritional value of the synthesised mi-
crobiological biomass. The content of:

-“crude” protein by Kjeldahl method (VELP Scientifi-
ca equipment set) (ISO 20588:2019, 2019);

-“crude” fat by Soxhlet method (ISO 1099:2010,2010);

-“crude” fibre by extraction method (ISO 6865:2000,
2000);

- “crude” ash by ashing in a muffle furnace (ISO
5984:2022, 2022);

- amino acid content was determined using an
Agilent 1260 Infinity Il amino acid analyser (ISO
13903:2005, 2005);

- calcium - by titrimetric method (ISO 6490-1:1985,
1985);

- phosphorus - by spectrometric method (ISO
6491:1998, 1998).

The obtained research results were subjected to
mathematical processing and grouping using Excel
software product included in the Microsoft 365 core
application package.

RESULTS

The main area of research, the results of which are pre-
sented in this research, was to obtain alternative sourc-
es of protein feeds for livestock farming, using wastes
obtained as a result of animal housing or products
of their vital activity. Therefore, it was decided to use
methane as a source of nutrients for microbiological
synthesis, based on its availability, cost and the need to
utilise it as an associated gas resulting from the main-
tenance of ruminants, which in turn will reduce the
impact of greenhouse gases on the environmental sit-
uation. A culture of the methanotrophic bacteria Meth-
ylococcus capsulatus, which is capable of consuming 85
to 90% of the methane dissolved in special nutrient
media, was used for methane utilisation. An additional
positive factor that contributed to the choice of these
microorganisms as an object of research was their
relatively high incubation temperature (from +38 to
+48°C), which reduces the risk of contamination of the
obtained biomass with pathogenic and opportunistic
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microorganisms. Microorganisms causing fodder and
other diseases in cattle have a lower cultivation tem-
perature. Such characteristics of the selected microbi-
ological culture guarantee the absence of infectious
disease development in animals after using microbio-
logical protein in diets.

As a gas nutrient mixture for the cultivation of
methanotrophic bacteria Methylococcus capsulatus, the
most favourable for their growth mixture of methane
and oxygen with an oxygen content of 15% was used.
Experimentally selected cultivation conditions based
on the partial pressure of gases and their solubility,and
mineral nutrient medium allowed obtaining microbial
biomass of Methylococcus capsulatus with a concentra-
tion of 7-8 g/l of culture medium.

Although the results of microbial biomass growth
of Methylococcus capsulatus under experimental con-
ditions were at a high level, the selection of possible
symbiotic microorganisms was performed to increase
the productivity and growth rate of methanotrophic
bacteria. The reasons for this approach were the find-
ings of S. Golaghaiee et al. (2017), who managed to in-
crease the yield of “crude” protein by co-culturing meth-
anotrophic bacteria with microscopic fungi, and their
report on the improvement of quality parameters of the
resulting protein synthesis for animals. The culture of
microorganisms that allowed increasing the efficiency
of protein raw material synthesis were opportunistic
fungi of the Candida genus. Considering that according
to the conditions of the research programme, it is not

recommended to use pathogenic or disease-causing
microorganisms in the process of scientific work, there-
fore, using these symbionts or fungi with similar prop-
erties was not conducted. In this regard, it was decided
to increase the quantity and quality of synthesised pro-
tein from one of the probiotic cultures that can devel-
op in thermophilic conditions - Bacillus subtilis strain,
which processes methanotrophs into protein raw ma-
terial with positive feed characteristics. The absence of
information about diseases caused by microorganisms
of Bacillus subtilis strains or products of their vital activ-
ity allows considering them as safe organisms, which,
moreover, have been identified as promising producers
of probiotic compounds. This strain is actively cultured
on metabolites of Methylococcus capsulatus and their
microbial biomass, biotransforming them into its cell
mass and contributing to the improvement of the quan-
tity and quality of microbial protein. The properties of
protein biomass obtained by biotechnological cultiva-
tion of Bacillus subtilis are well-explored, they have no
contraindications for use as animal feed additives and
additionally have probiotic properties.

For the purpose of increasing the quantity and
quality of protein biomass, after the end of Methylococ-
cus capsulatus cultivation time, Bacillus subtillis mother
liquor was added to the fermenter in the amount of 5%
of the volume and continued cultivation for a day at
38-40°C. The results of chemical composition of pro-
tein raw materials obtained under different variants of
methanotrophs cultivation are presented in Table 1.

Table 1. Chemical composition of microbiological biomass obtained as a result of cultivation of Methylococcus
capsulatus and co-cultivation of Methylococcus capsulatus + Bacillus subtillis, %

Name of indicator

Methylococcus capsulatus Methylococcus capsulatus +

Bacillus subtillis
Crude protein 60.89 55.67
Total moisture 724 13.02
Crude fat 0.59 4.36
Crude fiber 1.98 1.25
Crude ash 797 9.56
Nitrogen-free extractive substances (calculation method) 23.31 17.38
Calcium 0.6 1.04
Phosphorus 0.06 0.39

Source: compiled by the authors

The “crude” protein yield of Methylococcus capsula-
tus monoculture was 5.2% higher than that of co-cul-
tivation with the probiotic bacteria Bacillus subtillis.
However, despite the insignificant decrease in protein
content, the quality of the obtained feed product was
significantly higher when the two microorganisms
were co-cultured. It was accompanied by a decrease
in the amount of nucleic acids in the protein fraction
by 14.4%, and an increase in the amount of ‘crude” fat
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and ash in the dry matter of microbial biomass, due to
an increase in the concentration of macronutrients -
calcium and phosphorus. It, in turn, allowed reducing
the cost of purchasing mineral feed for animals when
balancing rations.

In addition, when Methylococcus capsulatus was
co-cultured with Bacillus subtillis, a decrease in the
proportion of nitrogen-free extractives (NFE) was ob-
served, which was associated with the replacement of




Gram-negative methanotrophic microorganisms, whose
cell wall is covered with a protective layer of polysac-
charides, by more digestible Gram-positive Bacillus sub-
tillis. This assumption is confirmed by the decrease in
the amount of “crude” fibre in the bacteriological mass,
which indicates a change in the species composition
of the microbial product and a decrease in the amount
of structural (cellular) carbohydrates. In addition to the
replacement of part of cells in the dry product of culti-
vation of one species of microorganisms for another, a
significant increase in the quality of protein associated
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with the enzymatic activity of symbiotic bacteria, whose
enzymes contribute to the destruction of the cell wall
of Methylococcus capsulatus. Therefore, even against the
background of a lower level of “crude” protein in the
microbiological product during the joint incubation
of methanotrophs and symbiotic bacteria, the protein
quality appeared to be more nutritious and suitable
for animal feeding. To explore protein quality in more
detail under different cultivation options for methano-
trophs, amino acid analysis of proteins was performed
and the results are presented in Table 2.

Table 2. Amino acid profile of “crude” protein obtained as a result of different variants of cultivation
of methanotrophic bacteria Methylococcus capsulatus, %

Methylococcus capsulatus

Name of indicator

Methylococcus capsulatus + Bacillus
subtillis

Content in the product

Protein content Content in the product Protein content

Substituted amino acids

Asparagic acid (Asp) 6.32 10.36 6.67 11.97
Threonine (Thr) 3.32 5.44 2.62 4.7
Serine (Ser) 1.9 3.11 1.71 3.07
Glutamic acid (Glu) 9.43 15.45 8.30 14.9
Proline (Pro) 2.78 4.55 1.51 271
Glycine (Gly) 4.03 6.6 3.18 571
Tyrosine (Tyr) 2.29 3.75 1.7 3.06
Alanine (Ala) 4.94 8.09 4.74 8.51
Cystine (Cys) 0.44 0.72 0.57 1.02
Arginine (Arg) 3.67 6.02 2.51 4.51
Valine (Val) 3.36 5.51 3.87 6.95
Total number of substituted amino acids 42.48 69.6 37.38 67.11
Essential amino acids
Methionine (Met) 1.31 2.14 1.25 2.24
Isoleucine (lie) 2.35 3.85 2.66 478
Leucine (Leu) 4.82 7.9 3.84 6.89
Phenylalanine (Phe) 2.89 4.74 2.02 3.63
Histidine (His) 1.14 1.89 0.8 1.44
Lysine (Lys) 3.24 5.31 4.66 8.37
Total amount of essential amino acids 15.75 25.83 15.23 27.35

Source: compiled by the authors

The amino acid composition of microbial raw ma-
terials obtained in different variants of microbial cul-
tivation indicates some differences in the content of
individual amino acids. Thus, a significant decrease of
arginine and glutamic acid was observed in the final
product in the co-synthesis of methanotrophs with
Bacillus subtillis compared to the cultivation of Meth-
ylococcus capsulatus. Whereas for other substitutable
amino acids, their levels were at the same level or not
significantly higher than the protein obtained from the
initial synthesis. The introduction of 5% hay bacillus

culture into the substrate for cultivation allowed in-
creasing the concentration of most essential amino
acids, which are limited in protein compounds of grain
crops (wheat, barley, maize). The greatest increase was
observed in the concentration of lysine, isoleucine,
valine, and asparagic acid. These amino acids are the
most demanded amino acids in ruminant diets when
using maize silage. Therefore, the addition of Bacil-
lus subtillis in the industrial production of microbial
protein will allow obtaining a feed product maximally
suitable for cattle.
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In the process of primary cultivation of Methylococcus
capsulatus microorganisms, a significant amount of car-
bon dioxide is produced, which in small concentrations
stimulates the growth of methanotrophic bacteria and
completely inhibits their cultivation at high concentra-
tions. Biosynthesis produces about 3.5 litres of carbon
dioxide from 10 litres of methane. The removal of the gas
phase from the bioreactor used in the research is done in
a degassing chamber, due to the pressure difference. After
analysing the concentration of ambient gases, the nec-
essary additional injection of methane and oxygen up to
the specified values was pumped back into the bioreactor.

All known methods of cultivation of methanotroph-
ic bacteria provide, as a prerequisite, the need to re-
move carbon dioxide from the gas-air mixture of the
bioreactor. It is achieved either by chemical methods,
which significantly affects the final cost of the product;
or by discharging unspent methane into the atmos-
phere together with oxygen and carbon dioxide. There-
with, several microorganisms require carbon dioxide
for growth, Chlorella vulgaris being one such species. In
the improved model of the bioreactor, the purification
of the gas mixture from carbon dioxide is performed by
cultivation of Chlorella algae on carbon dioxide, which
is produced by methanotrophic organisms as a waste.
The gas phase separated in the degassing chamber
passes through a tank with growing chlorella before
being returned to the bioreactor, where it is cleared
of carbon dioxide and saturated with oxygen. In pre-
liminary studies conducted on an additional source of
protein animal feed derived from the accumulation of
microbial biomass of the algae Chlorella vulgaris. more
than 700 g of oxygen was obtained from one kilogram
of carbon dioxide, allowing this approach to be used in
biotechnological production. As a result of this improve-
ment, atmospherically harmful carbon dioxide emis-
sions were utilised to grow valuable plant protein and
generate oxygen for the cultivation of methanotrophic
bacteria. Therefore, future studies are planned to explore
the possibility of obtaining additional feed protein from
Chlorella vulgaris biomass and to analyse the qualitative
and quantitative characteristics of this product.

In addition, future research is planned to explore
the possibility of stimulating microbial growth by in-
creasing or decreasing the concentration of individu-
al ions that are the foundation of the mineral nutrient
medium and obtaining the optimal concentration of
macro- and microelements in the microbial biomass
for animal feeding. In this block of research is planned
to explore the influence of trivalent iron and calcium
ions,and the introduction of these metals in the form of
different salts of sulphates, phosphates or in the form
of chlorides. A separate area of research will be the ex-
amination of the effect of different concentrations of
copper salts on the activity of enzyme systems of Meth-
ylococcus capsulatus and the rate of methane oxidation.
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DISCUSSION

The main trend of the 2015-2023 years in agricultural
production in the world is the annual growth of ani-
mal population with a relative constancy of areas under
fodder crops. This situation forces either to search for
fodder crops with higher yields or to search for alterna-
tive sources of fodder for the growing needs of animal
husbandry. The most promising method of obtaining
high-grade protein feeds for animals is industrial bi-
otechnological approaches using microbiological syn-
thesis. In addition to the main purpose - to obtain dry
microbial biomass, which can replace part of grain feed
in the diet of farm animals, and thereby improve the sit-
uation with food safety, another positive factor of such
production is to reduce the adverse impact of animal
husbandry on the ecological situation of the planet.
Using the wastes accumulated during animal housing
and products of their vital activity in the process of mi-
crobiological production of fodder protein contributes
to increasing the profitability of animal husbandry and
reducing the environmental impact on nature.

Based on the analysis of scientific publications and
preliminary studies, the most promising method ap-
peared to be using methanotrophic bacteria as protein
biomass producers, which combines high-intensity bac-
terial mass synthesis with using one of the most dan-
gerous greenhouse gases — methane - as a nutrient.
Therefore, similar conclusions were reached by several
other authors: B. Valverde-Pérez et al. (2020), exploring
the products of microbiological synthesis of methano-
trophic bacteria, PA.Zenkovich et al. (2022), when feed-
ing Siberian sturgeon with dry feed obtained from the
cultivation of Methylococcus capsulatus, and M. Rajesh
etal. (2022) in a study conducted on rainbow trout indi-
viduals. All authors noted positive growth dynamics of
fish when feed products obtained from microbiological
synthesis were introduced into their diet. These addi-
tives were found to be on par with fish meal in terms
of nutritional quality. In Kazakhstan, biotechnological
approaches using methanotrophic microorganisms are
only at the stage of research and implementation in
limited volumes in industrial production, while in other
countries these methods are already in full use mainly
for wastewater treatment. R. Salem et al. (2021) indi-
cate that wastewater treatment has yielded important
products such as ectoine, polyhydroxyalkanoates and
methanobactins, which are actively used in biotechnol-
ogy and biomedicine.

Using methanotrophic bacteria Methylococcus cap-
sulatus for industrial production of feed protein for ru-
minants using biotechnological methods was positively
confirmed in the studies described in this publication.
As a result of the laboratory experiment, an average of
7-8 g of dry microbial protein was obtained from each
litre of nutrient medium. Therewith, the feed product
was characterised by an increased content of essential
amino acids and basic macronutrients. In addition, the




results obtained were confirmed by the publication of
A. Kuzniar et al. (2019), indicate that as a result of the
cultivation of methanotrophic bacteria of Methylocystis
and Methylosinus species, the dry biomass of microor-
ganisms contained high concentrations of potassium,
9.6-19.1, magnesium, 2.2-7.6,and iron, 2.4-6.6 g/kg, and
it could be considered as a feed additive for the en-
richment of animal diets with macronutrients and some
trace elements. In addition, this mass had a high con-
tent of unsaturated fatty acids in its composition.

E.O. Sadykova et al. (2023) report that their studies
of comparative evaluation of the amino acid profile of
Methylococcus capsulatus protein demonstrated a bal-
anced content of most amino acids, the level of which
was comparable to chicken egg protein, which is a con-
ventional benchmark of high-quality complete protein.
All these results allow confirming with certainty that
the Methylococcus capsulatus culture selected as a pro-
ducer of protein biomass can be used for the industrial
production of feed for animals of different species.

However,theindustrialuse of suchamethod of micro-
biological synthesis, according to X. Huang et al. (2022),
is limited by the relatively low efficiency of carbon pro-
cessing by methanotrophic cells. For this purpose, the
studies conducted utilised symbiotic microorganisms,
in particular the culture of the probiotic bacteria Bacil-
lus subtillis. 1t was possible due to preliminary studies
conducted by A.G. Kisten et al. (2022) on solid nutrient
media. In this work, it was indicated that the activity of
methane utilisation began to increase on the 2nd-4th
day after the co-cultivation of microorganisms. Within
the framework of the conducted research, Bacillus sub-
tillis culture was used under the conditions of a min-
eral medium, which allowed obtaining positive results
of symbiotic use of two microbiological cultures. This
approach allowed microbiological mass production and
improved the quality of the obtained fodder product. In
comparison with the monocultivation of Methylococcus
capsulatus, the addition of symbiont culture allowed, on
the one hand, to increase the content of ‘crude” fat by
3.8% and limited essential amino acids by increasing the
share of lysine, isoleucine and glutamic acid. On the oth-
er hand, this approach allowed reducing the amount of
‘crude” fibre and increasing its digestibility by changing
the ratio of bacterial composition of the finished prod-
uct. The increase in microbial biomass yield and quality
of the obtained protein was also described by JJ. Nunes
et al. (2016) when methanotrophs were co-cultured with
heterotrophic bacteria Alcaligenes acidovorans, resulting
ina 265% increase in biomass with a cell concentration
of 10.3 g/l compared to 2.8 g/l in monoculture. Hetero-
trophic bacteria did not grow independently on miner-
al media with methane addition but increased biomass
concentration when added to M. capsulatus culture.

No less dangerous than methane greenhouse gas
is carbon dioxide, which is actively produced by meth-
anotrophic microorganisms in the process of their culti-
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vation (Zheng et al., 2023). Modern production facilities
do not allow the utilisation of carbon dioxide produced
as a result of methane oxidation. It is in most cases
released into the atmosphere, and the processing of
10 litres of methane produces 3-3.5 | CO, in the en-
vironment. Preliminary studies conducted within the
framework of the research work programme to explore
the effect of adding a tank with microscopic algae of
Chlorella vulgaris species to the fermentation system
allowed reducing both the amount of carbon dioxide
emitted and increasing the level of effective carbon uti-
lisation. Thus, when one kilogram of CO, was utilised,
up to 700 g of oxygen was released into the environ-
ment, which was used for further oxidation of methane.
Thus, such a minor modernisation of industrial feed
protein production will allow obtaining an autonomous
system without the need to control the gas mixture in
the bioreactor and additional oxygen pumping. It, in
turn, will allow reducing the cost of production of bio-
technological feed products.

Future studies are planned to investigate the
growth of microbiological biomass of algae and the
quality of such a product as animal feed. In studies by
N.Roberts et al. (2020) in the joint cultivation of Chlorella
sorokiniana with methanotrophic bacteria Methylococcus
capsulatus in comparison with microalgae monoculture,
it was possible to obtain an increase in biomass pro-
duction by 120%, improved assimilation of total nitro-
gen and total phosphorus by 71 and 164%, respectively,
with the same amount of biogas produced. Therefore, in
future studies, it is expected that in addition to the au-
tonomy of the biotechnological system, there will be an
additional increase in dry animal feed products. In addi-
tion, several studies are planned shortly to explore the
influence of the concentration of different constituent
elements of mineral nutrient medium for the cultivation
of methanotrophs and the addition of copper ions, which
can increase the activity of microbial enzyme systems
responsible for methane oxidation.

CONCLUSIONS

Based on the results obtained during the experimen-
tal work on the cultivation of methanotrophic micro-
organisms Methylococcus capsulatus and their co-culti-
vation with probiotic bacteria Bacillus subtillis to obtain
protein biomass for ruminant feeding, the following
conclusions and suggestions for future scientific work
can be made: using of Methylococcus capsulatus culture
on depleted mineral medium in methane-oxygen at-
mosphere allowed obtaining microbial biomass yield
with cell concentration of 7-8 g/l of nutrient medium
and content of “crude” protein at the level of 60.9%,
which corresponds to the indicators of high-protein
animal feeds and significantly exceeds the protein
feeds of plant origin.

The addition of the probiotic bacteria Bacillus sub-
tillis to the bacterial culture of Methylococcus capsulatus
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in the bioreactor allowed improving the quality char-
acteristics of the feed product obtained as a result of
the initial microbial synthesis. It was expressed in an
increase in the amount of essential amino acids by
1.5%, crude” fat by 3.8% and the main macronutrients -
calcium and phosphorus. Therewith, due to the partial
replacement of the microbiological composition of the
product, the content of “‘crude” fibre decreased and its
biological value increased. The inclusion of a tank with
Chlorella vulgaris microalgae culture in the fermenter
design allowed reducing the concentration of carbon
dioxide in the bioreactor gas mixture and saturating it
with oxygen. In the process of algae life activity, more
than 700 grams of oxygen were obtained from one
kilogram of carbon dioxide, which will allow estab-
lishing an autonomous bioreactor without the need for
constant monitoring of carbon dioxide levels.

In future studies, it is planned to conduct a com-
prehensive study of the qualitative characteristics of
the feed product obtained by the cultivation of Meth-
ylococcus capsulatus with symbiotic cultures of Bacillus

subtillis and Chlorella vulgaris. In addition, to examine
the effect of different concentrations of media com-
ponents on the quantitative characteristics of the feed
product and the possibility of activation of the enzyme
system of Methylococcus capsulatus by increasing the
concentration of copper ions in the nutrient medium.
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CBifYaTh, WO 6iNKOBMI NPOAYKT, OTPMMAHMI NpU BUPOLLYBaHHI KynbTypu Methylococcus capsulatus, Mae BUCOKUM
BMIiCT «CMpOro» npoTeiHy Ha piBHi 60,9 %, W0 3a CBOIMM TEXHIYHMMM XapaKTEPUCTUKAMM BiANOBIAAE BUCOKOBINKOBUM
KOpMaM TBapMHHOIO NOXOXeHHS. [lonaBaHHS B cepefoBuLLe AN KyIbTMBYBaHHSA NPOBIiOTUYHMX MiKpPOOPraHi3miB
Bacillus subtillis nano 3Mory 3Ha4yHO MONIMWMTK AKiCHI MOKA3HMKM CUHTE30BAHOIO BiNka 3@ paxyHOK 30i/bLUEHHS Ha
1,5 % KinbKOCTi HE3aMiHHMX aMiHOKMCIIOT, NiABULLEHHS HA 3,8 % XMPHUX KMCOT | 3pOCTAHHS KOHLEHTpaLii KanbLito
Ta hocdopy. 36inblIeHHS KOHLEHTpaLiT Ni3uHY, i301eiLuMHY, BafliHy Ta acnapariHoBOi KMC/IOTM BHACAIAOK CMiSIbHOTO
KYNbTUBYBAHHS [BOX MiKpPOOPraHi3MiB Aano 3Mory 36ifblUMTH iXHI0 MOXMBHY LiHHICTb AN BEAMKOI poraTtoi Xyaobu,
OCKI/IbKM Lii aMiHOKMCNOTH € Hai3aTpebyBaHiLIMMM B paLlioHaX XKYMHUX TBAPMH Mif, 4aC BUKOPUCTAHHS KYKYPYA3SHOIO
CMNOCY Ta iHWMX pOCAMHHMX KOpMiB. [logaBaHHs KynbTypu Bacillus subtillis nano 3MOry 3HM3UTU BMICT «CUPOI»
KNITKOBMHM Ta noninwmTy ii 6ionorivHi XxapakTepncTMKmM 3a paxyHoK 3aMiHM MiKpobionoriyHoro cknagy oTpMMaHoro
npoaykTy. BukopucranHsa B nopanblioMy 6ioTeXHONOrYHOrO MeToAy OTPMMAaHHS KOpMOBOro 6inka Aans TBapwH
[03BOSIUTb 3HU3UTU 3a/1EXKHICTb TBAPMHHULTBA Bif BUPOLLYBAaHHS KOPMOBUX KYNbTYp i MOrOAHUX YMOB
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AMiHOKMCNOTHUIM CcKNag,
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of milk for the number of somatic cells and the level of microbial contamination of milk raw materials. The work
used general scientific methods, arbitration method, and the method of variational statistics. For this, combined
samples of milk from 3 farms that used different approaches to keeping animals and technologies for obtaining
milk from them, and a number of personal farms of the population were examined quarterly for one year to study
the dynamics and relationships between indicators of raw material safety. A significant influence of paratypic
factors on the number of somatic cells in milk was revealed, such as: milk production technology, seasonality of
production, and the level of morbidity of animals for hidden forms of mastitis. At the same time, a direct correlation
was established between indicators of the number of somatic cells and microbial contamination of milk at the
level of 0.91 (P<0.001), which suggests that measures aimed at improving one of them will automatically improve
the other. Violations of the requirements of the primary processing of milk caused a significant increase in the
microbial load. Elimination of identified technological deficiencies will contribute to the increase of raw materials
at milk processing enterprises

Keywords: number of somatic cells; raw milk; microbial contamination of milk; number of colony-forming units;

correlation

INTRODUCTION

The dairy industry of Ukraine is a self-sufficient com-
ponent of agrarian business, which is able to bring a
stable income, despite the difficult economic and mil-
itary factors that have developed at the moment. Milk
production is provided both by large-scale dairy enter-
prises and individual peasant farms. Depending on the
number of productive cows in the farm and the organi-
zation of the milking process, enterprises use different
technological approaches to obtaining and further pro-
cessing of dairy products. But, despite the differences
in the organization of this process in farms of different
types, the state provides uniform requirements for milk
in terms of its quality and safety. Criteria for dairy raw
materials supplied to processing enterprises are defined
in a number of regulatory documents: Order of the Min-
istry of Agricultural Policy and Food of Ukraine No. 118
“On approval of the requirements for safety and quality
of milk and dairy products”(2019) and DSTU 3662:2018
(State Standard of Ukraine, 2018). These requirements
include control over technological indicators - freezing
point, density of milk to prevent falsification, and more
significant safety characteristics — the number of so-
matic cells and colony-forming units (CFU) of microor-
ganisms per unit volume. More attention is paid to the
latter indicators, which is evidenced by the reduction
of threshold values of microbiological indicators in the
latest editions of the above-mentioned by-laws.

If the technological parameters of dairy raw ma-
terials, in most cases, depend on the good faith of
producers, then both genetic factors of animals from
which milk is obtained and paratypical conditions of its
production have a significant impact on safety indica-
tors. The influence of genetic factors on the quality of
milk raw materials in various breeds of cattle is traced
in the work of M.N. Alhussien and A.K. Dang (2018).
They note that the level of somatic cells was higher
in high-yielding breeds (Holstein and Swedish) than in
low-yielding breeds - Ayrshire, Jersey, and other breeds.
Similar results were obtained in the work of M. Franzoi

et al. (2020), who note the hereditary dependence be-
tween the number of somatic cells in animals of the
Holstein, Swedish, and Simmental breeds, and the qual-
ity characteristics of the milk obtained from them.

The influence of economic (paratypical) conditions
on the manufacturability of dairy raw materials is fol-
lowed in the studies of A.R. Quintana et al. (2020), who
revealed the influence of the general hygienic condi-
tion of the farm on indicators of microbial contamina-
tion of milk, and in the work of H. Yuan et al. (2022),
which indicate the dependence of the quantitative
and qualitative composition of raw milk microflora on
the season. An equally important factor in ensuring
the microbiological safety of dairy raw materials is its
subsequent technological processing. In the work of
L. Berhanu et al. (2021) indicates that during the stor-
age and transportation of milk, an increase in both the
total number of microorganisms and their individual
species, including coliforms, was observed. Therefore,
taking into account the significant difference in techno-
logical approaches to milking cows in different types of
farms and ensuring optimal conditions for the produc-
tive keeping of animals for microbiological contamina-
tion of milk and the content of somatic cells in it, these
indicators can become a criterion for the suitability of
the applied milk production technology to the condi-
tions of the farm, or for evaluating new technological
solutions implemented in production.

In view of the above circumstances, the purpose of
the work was to study the influence of genetic factors
and paratypical conditions of keeping cows on indica-
tors of the number of somatic cells and microbiological
contamination of milk raw materials in farms with dif-
ferent technological approaches in the production and
primary processing of milk.

LITERATURE REVIEW

A significant part of scientific studies, the authors of
which studied the influence of technological aspects
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on the productivity of cows in the conditions of indi-
vidual farms, substantiated their analysis only with the
involvement of individual indicators of milk yield and
reproduction: the number of animals (Tse et al., 2018;
Ivanyos et al, 2020), milk protein and fat content
(Varpikhovskyi, 2019; Lutsenko et al., 2021), reproduc-
tive indicators (Lyashenko et al,, 2022; Qi et al., 2022)
and others. Recently, more and more attention has been
paid in publications to data on the safety of milk, in
particular, the number of somatic cells in milk from
different farms. The number of somatic cells (NSC) in-
dicates the health of the mammary gland and serves
as a marker of the development of a subclinical form
of mastitis (Quality milk on..., 2020). Somatic cells in-
clude any cells or their remnants found in milk. They
mainly include epithelial cells of the mammary gland
and blood leukocytes (Alhussien & Dang, 2018). In the
milk of healthy cows, the level of somatic cells is in-
significant and does not exceed 250,000 cells per cm?.
When animals suffer from mastitis, the level of so-
matic cells increases several times, reaching the value
of 1-1.5 million cells/cm? (Bublyk, 2019). The growth
of NSC reduces the manufacturability of milk, it is not
possible to produce high-quality dairy products from
it. Studies conducted by G. Stocco et al. (2020) indicate
that the quality of milk worsened with an increase in
the number of somatic cells. In particular, a decrease
in the content of milk fat, protein, casein, and casein
index was noted, as well as an increase in the content
of fatty acids in milk. Similar results were obtained by
E.Kul et al. (2019).

At milk processing enterprises, NSC determination
is carried out in collected milk, which makes it difficult
to identify sick animals. In the research of M. Karavansky
et al. (2021), it is indicated that with an increase in the
number of somatic cells in the total milk sample, the in-
cidence of mastitis in cows in the herd increases. They
indicate a direct relationship between the average num-
ber of somatic cells in collected milk and the incidence
of mastitis among animals in the herd. Different factors
have a significant influence on NSC in milk. Thus, in the
work of O.E. Admin and N.G. Admina (2022), a significant
influence of the age of cows, the stage of lactation, the
season of the year, and the conditions of keeping on the
level of somatic cells was found, and in the studies of
K.B. Sebastino et al. (2020) noted that the maximum
level of somatic cells was observed in the warm season.

Recently, a new approach has been proposed to
diagnose the subclinical form of mastitis - the differ-
ential number of somatic cells, which is based on the
determination of only immune cells in milk. For differ-
ential diagnosis, automated devices are used to count
them (Halasa & Kirkeby, 2020).

An equally important indicator for determining the
safety of milk is the number of microorganisms and
their species composition (Perin et al., 2019). In Ukraine,
before the abolition of martial law, milk in which the
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number of microorganisms does not exceed 300 thou-
sand CFU/ml is allowed for processing (State Standard
of Ukraine, 2018; Order of the Ministry..., 2019). Like
the number of somatic cells in milk, the indicator of
bacterial contamination largely depends on a number
of paratypic factors (Yuan et al, 2022). In the work of
G. Celano et al. (2022), they found the predominance of
microorganisms of the Xanthomonadaceae, Enterobac-
teriaceae, and Pseudomonadaceae families in the win-
ter period, which leads to a decrease in milk quality.
Whereas in the summer - Streptococcaceae (Lactococcus)
and Limosilactobacillus fermentum, which contributed to
better preservation of milk.J. McLauchlin et al. (2020)
noted that an increase in the level of Escherichia coli in
raw milk was correlated with an increase in the num-
ber of colony-forming units (CFU) of coagulase-positive
staphylococci. Further primary processing of milk as
reported by V. Mdrschbacher et al. (2017) contributed
to the improvement of the microbiological condition of
raw milk and dairy products made from it.

MATERIALS AND METHODS

The study of milk indicators from farms that differed in
conditions of keeping, milking technology, and primary
processing of milk was carried out during March-De-
cember 2022. For this, milk samples were taken every
month from a number of farms in the Cherkasy region,
from which milk raw materials were supplied to milk
processing enterprises. Households were surveyed with
the same periodicity, milk from which was sold on the
agricultural market. Farms that had different techno-
logical conditions for milk production and animal pro-
ductivity were selected for the study, but at the request
of the owners and managers, the names of the farms
are not indicated. The study included:

e Farm 1 - a herd of 376 dairy cows; the breed is
Ukrainian black-spotted dairy, the average yield for the
past year is 7734 kg, the animals are kept without teth-
ering, milking is in the milking hall on the “Yalynka”
type installation (Bratslav, Ukraine);

e Farm 2 - a herd of 175 dairy cows; breed - Ukrain-
ian black-spotted dairy,yield for the past year - 6542 kg,
maintenance - tethered, milking in the milk duct;

e Farm 3 - livestock of 58 cows; breed - Ukrainian
black-spotted dairy, yield for the past year - 5219 kg,
maintenance - tethered, milking in milk buckets.

Milk for research from personal peasant farms was
purchased from animal owners at the agricultural mar-
ket. There is no information on the breed and produc-
tivity of the cows, their maintenance depends on the
use of pastures in the spring-autumn period. Milking
using milking machines and manually. The selected
milk samples were stored at a temperature of 4-6°C
during transportation to the laboratory. Laboratory
analysis was performed on the day of sample collection.

Microbiological studies and determination of the
number of somatic cells in the combined sample were




carried out in the microbiological department of the
state laboratory on food safety and consumer protec-
tion. The number of somatic cells was determined in
accordance with DSTU ISO 13366-1/IDF 148-1:2014
(State Standard of Ukraine, 2014). To do this, the pre-
pared smear of milk was dyed for 15 minutes in a New-
man-Lampert dye solution, and after drying, the num-
ber of somatic cells was counted under a microscope
with a magpnification of 500-1000 times. Calculation of
NSCwas carried out in accordance with methodical rec-
ommendations (Harkavenko et al,, 2021). Examination
of cows for the subclinical form of mastitis was carried
out using the mastidine test. For this purpose, 2 ml of
diagnosticum and tested milk from each quarter of the
udder were poured into the tablet, mixed, and the re-
sult was evaluated by colour and consistency.
Determination of the number of mesophyllic
aerobic and facultatively anaerobic microorganisms
(NMAFANM) and lactic acid bacteria was carried out
using dry ready-to-use chromogenic media Compact
Dry. 1 ml of diluted milk (in a ratio of 1:1000 with the
buffer solution included in the research kit) was trans-
ferred to a cup with a dry medium and diffused over
its entire surface. After that, the cups were placed in
a thermostat at a temperature of 35%2°C for 48 hours.
After incubation, the determination of the number of
microorganisms was carried out by counting colonies
stained red, which acquired this colour due to the meta-
bolic reduction of the indicator - tetrazolium salts. This
made it possible to differentiate them from extrane-
ous residues that remained unstained. In the case of
germination of numerous colonies, a further series of
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dilutions was carried out from a collective sample of
milk to facilitate calculations.

Statistical analysis of research results was carried
out using the method of variational statistics in Mi-
crosoft Excel and Minitab® 21.3.1 software. Average
arithmetic values and their errors and other statistical
indicators were determined.

RESULTS

When evaluating the milk productivity of cows, pref-
erence is given to the quantitative characteristics of
milk - how much milk is obtained, the content of pro-
tein,and milk fat in it, but recently, the requirements for
the quality of milk raw materials in Ukraine have sig-
nificantly increased (State Standard of Ukraine, 2018).
This is connected with an effort to bring the legislation
into line with the requirements of the European Union
regarding the veterinary and sanitary rules of produc-
tion and circulation of milk, and to improve the quality
of dairy products due to its safety indicators. Therefore,
determining the number of somatic cells and microbi-
ological contamination of milk when it enters the milk
processing enterprise became mandatory elements of
the research.

One of the most significant innovations for milk
producers was the almost two-fold reduction in the
number of somatic cells in raw milk (State Standard of
Ukraine, 2018). It is due to the reduction of permissible
NSCin milk that the quality (merchantability) of milk in
most farms has somewhat deteriorated. The results of
research on the content of somatic cells in milk sam-
ples from controlled farms are shown in Table 1.

141

Table 1. Indicators of the number of somatic cells in the milk of the collective sample in controlled farms (thousands)

Season of the year

Household Spring Summer Autumn Winter
Mim Cv, % Mzm Cv, % Mim Cv, % Mim v, %
1 198+21.8 24 212+39.4 36 176%22.4 32 159+19.7 22
2 279+39.4 32 396%44.2 42 296%37.4 34 227%22.3 37
3 305%28.7 26 503+57.8 48 338+49.7 42 264%42.7 43
Single 156%21.3 18 166%19.6 22 144+16.6 21 124+15.4 19

Source: compiled by the authors

The obtained data indicate a significant influence
on the level of somatic cells in the collective milk
sample of the technology of its production. Thus, in
the first farm, in any of the quarters of the year, NSC
did not exceed the permissible requirements of regu-
latory documents for milk raw materials, while in the
farm with milking cows in milk buckets, their number
in all seasons was higher than the mentioned norm. At
first glance, there is a direct relationship between the
method of keeping and milking technology and NSC in

milk raw materials. But the analysis of samples from
private peasant farms, on the contrary, indicates a much
better quality of milk from animals from single-person
farms compared to those where more modern techno-
logical solutions are used for milking animals. Proba-
bly, this is a consequence of the stereotype that milk
production on an industrial basis will always have
better indicators than milk from cows from individual
farms. After all, the technology of obtaining milk from
cows, in addition to, in fact, the process of removing

Scientific Horizons, 2023, Vol. 26, No. 10
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the secretion of the mammary glands, also involves
processing the udder before and after milking. The use
of disposable napkins for dry processing of the skin of
the mammary gland and preparations for disinfecting

nipples contributed to the reduction of the number of
subclinical cases of mastitis in the first farm. This was
confirmed by the results of studies of the animal popu-
lation with a mastidine sample (Table 2).

Table 2. Results of detection of subclinical cases of mastitis in cows of the first farm, heads

Season of the year

Indicator
Spring Summer Autumn Winter
A total examined number of cows 344 327 362 359
Number of positive tests 20 27 19 16
% of mastitic cows 5.8 8.3 5.2 4.5

Source: compiled by the authors

Since the number of somatic cells in milk is an indi-
cator of the inflammatory process in the mammary gland,
and their increase in the combined sample indicates the
intensity of mastitis in the herd. The obtained research
results are correlated with the data on NSC in the col-
lective sample of milk from the first farm specified in the
first table. In the other two farms, only wet processing
of the udder before milking was carried out, and there
was no diagnosis of animals for hidden forms of mastitis,
therefore there is no reliable information about the inci-
dence of cows in those herds, but insufficient processing
of the udder before and after milking could well be the
reason for the growth of somatic cells in milk.

Despite the lack of specialized means for disinfect-
ing the udders of cows in individual households, and
the insufficiency of diagnostic measures aimed at de-
tecting subclinical mastitis in them, milk from such ani-
mals had the best NSC indicators. This could be related

to the daily monitoring of the state of the mammary
gland and the quality of milk by the owner of the an-
imal, and in the case of the slightest suspicions, its
timely treatment.

An equally important indicator of the safety of milk
is its microbial contamination, because, like the previ-
ous one, this indicator can be an indicator of both the
sanitary and hygienic condition on the farm and the
incidence of mastitis in animals. Therefore, in accord-
ance with the requirements of regulatory documents
regarding microbiological studies of milk raw materi-
als, control over the latter is also entrusted to market
operators - that is, milk processing enterprises. And
accordingly, it also affects the quality of milk and, as
a result, the profitability of the entire production of
products. The results of microbiological studies of com-
bined samples of milk from farms and the market are
presented in Table 3.

Table 3. Indicators of microbial contamination of raw milk of a collective sample in farms under control (CFU, 10%)

Season of the year

Household Spring Summer Autumn Winter
Mim v, % Mim v, % Mim Cv, % Mim v, %
1 4.1%0.3 31 9.7%0.5 39 7.2%¥0.4 29 3.9%0.3 24
2 14.8+0.7 35 17.6+0.9 45 13.6+0.9 37 12.9+0.7 34
3 15.6%0.5 29 22.4%0.5 51 18.7%0.2 34 14.7%0.3 27
Single 71.6%16.7 58 157.3+35.2 107 72.1%15.2 88 52.4%38 49

Source: compiled by the authors

From the analysis of the presented material, it can
be stated that regardless of the conditions of keeping
animals and the technology of obtaining milk in the
controlled farms, the microbiological indicators in all
of them were within the permissible limits. Bacteri-
al contamination of dairy raw materials turned out to
be 2-3 times lower in the first farm compared to the
others. That is, compliance with proper sanitary and
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hygienic conditions during the preparation of animals
for milking guarantees a decrease in the level of mi-
croorganisms in milk raw materials. In parallel studies
of combined milk samples from farms, the number of
mesophyllic aerobic and facultatively anaerobic micro-
organisms (NMAFAnM) was correlated with the results
of the number of somatic cells. The correlation coef-
ficient between indicators was 0.91 (P<0.001) (Fig. 1).




Matrix: somatic cells, thousands vs. microbial contamination, CFU 10*
microbial contamination, CFU 10* =-1.830+.05284* somatic cells, thousands

Correlation: r=90996
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Figure 1. Correlation matrix between indicators of somatic cell content and microbial contamination
in combined milk samples

Source: compiled by the authors

But indicators of bacterial contamination in
milk from individual households did not fit into this
system, so they were not taken into account when
conducting correlation analysis. The microbiological
indicators of milk samples from cows from private
households exceeded the permissible norms by sev-
eral times, despite the fact that this milk had the low-
est indicators of the number of somatic cells. Their
variability from sample to sample was also high. The
coefficient of variation many times exceeded the val-
ues obtained for farms with an industrial type of milk
production. Further analysis of the microbial con-
tamination of milk from this category of farms also
revealed a significant dependence of the fluctuation
of the number of cone-forming microorganisms on
the season of the year, while the seasonal fluctua-
tions of this indicator in farms with industrial milk
production technology were insignificant. Given that
milk contains all nutrients in a form easily accessible
to microorganisms and is a good nutrient medium,
an important element of improving its safety is its

further processing aimed at preventing rapid bacte-
rial growth in it.

Therefore, in farms, freshly expressed milk is sub-
jected to rapid cooling, which prevents the active de-
velopment of microbiota, and this ensures compliance
with the requirements of regulatory documents for the
indicator of the number of colony-forming microorgan-
isms in industrial milk production. At the same time, it
is not possible to provide rapid cooling of a significant
amount of milk in private households. Therefore, even
some microorganisms that enter the milk during milk-
ing as a result of the exponential growth increase its
quantity and thereby deteriorate the quality of milk raw
materials. A significant seasonal variation in the bac-
terial contamination of milk sold on the market is also
due to the increasing temperature of the environment
in which transportation and its sale take place. To con-
firm this assumption, a microbiological study of milk
was carried out, which was stored under different tem-
perature conditions for 3,12, and 24 hours. The results
of the study are presented in Table 4.

Table 4. Indicators of microbial contamination of raw milk during its storage
under different temperature conditions (CFU, 107)

Milk storage time, hours

Temperature regime, °C

3 12 24

41 5.3

5.8 6.9 9.2
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Table 4, Continued

Milk storage time, hours

Temperature regime, °C

0 3 12 24
10%1.5 5.3 74 213 83.2
18-20 5.3 8,9 493 208.8

Source: compiled by the authors

The results of the study shown in the table revealed
a significant influence of the milk storage temperature
on the number of microorganisms in it. This explains
the increase in bacterial contamination of milk pur-
chased on the agricultural market, with a few somatic
cells in it. Therefore, in order to obtain high-quality milk
according to safety indicators, it is necessary to strictly
comply with all the requirements of the technological
process of its production and primary processing, re-
gardless of the method of keeping animals and the type
of dairy equipment used.

DISCUSSION

The introduction of new safety criteria for milk and
dairy products, as a step towards bringing domestic leg-
islation into compliance with the requirements of the
European Union, on the one hand, allowed to provide
the population with high-quality food products, and
to increase the export capacity of domestic goods. On
the other hand, the introduction of stricter veterinary
and sanitary requirements for the production and cir-
culation of milk, aimed at improving the quality of milk
raw materials at the expense of its safety indicators,
reduced the profitability of the majority of farms due
to a decrease in the marketability of milk and its price.
Such a situation in the dairy business requires clear ac-
tions to find a quick solution for commodity farms and
possible directions for further improvement of the state
of dairy farming.

Solving the problems of improving the safety indi-
cators of milk raw materials exclusively with the help of
selection approaches did not have much success. After
all, the level of somatic cells and microbial contami-
nation of milk is a complex problem, which is affected
by both genetic factors — the shape of the udder, the
level of milk productivity, metabolism, the state of the
immune system, and paratypical conditions - violations
of the conditions of keeping and feeding animals, vio-
lations of milking technology and much more others
This was confirmed in the works of domestic research-
ers — L.D. Filipenko et al. (2019), O.I. Shkromada et al.
(2019a; 2019b), as well as foreign ones - S. Kaskous
et al. (2023), D.S. Riveros-Galan and M. Obando-Chaves
(2021), and others. Therefore, this work focused on cer-
tain technological aspects of milking and primary pro-
cessing of milk.

The main reason for researching the level of so-
matic cells in milk raw materials is to determine the
level of morbidity of herd animals for various forms of
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mastitis, since this indicator is the main indicator of the
development of hidden inflammation in the mammary
gland. This is indicated by the research of A. Egyedy
et al. (2022) and R.M.C. Deshapriya et al. (2019). When
analysing the situation in controlled farms, the increase
in the number of somatic cells in the combined milk
sample from the first farm with the number of detect-
ed cows with subclinical mastitis was monitored. Such
studies were conducted only in one of the studied
farms, so it can only be assumed that the reason for
the increase in NSC in other farms was also the spread
of cases of hidden mastitis in herds. But, taking into
account that the composition of somatic cells, in addi-
tion to leukocytes that enter milk during the develop-
ment of the inflammatory process, also includes other
elements, in particular, cells of the epithelial tissue of
the mammary gland, this assumption is no longer so
unambiguous.

In addition, in the studies of R.Rainard et al. (2018)
noted that a low number of somatic cells in milk indi-
cates the insufficiency of the body’s protective mech-
anisms to resist pathogens and is a manifestation of
immunodepression, which can also cause mastitis.
Therefore, these studies require further study and mon-
itoring of the state of the herd in all farms on the sub-
ject of cow disease due to hidden mastitis. An equally
interesting direction of future research will be the ap-
plication of a method that a number of scientists have
recently begun to use to more clearly establish a di-
agnosis of mastitis. The method of differential deter-
mination of the number of somatic cells (DSCC) allows
determining the contribution of individual categories
of cells in NSC (Dal Pra et al.,, 2022). This approach will
be able to more objectively interpret the increase in
somatic cells in the milk of animals and distinguish
the inflammatory nature of the increase in leukocytes in
milk from the increase in the number of epithelial cells
in various technological disorders of the milking process.
What will become no less important when studying the
impact of individual technological methods of preparing
animals for milking and processing the udder after it, to
clarify the nature of the accumulation of somatic cells in
milk and their processes that lie behind them.

The study of the influence of the technological pro-
cess of obtaining milk raw materials on the bacterial
contamination of milk became more predictable. The
higher the culture of keeping animals in the farm and
observing the rules of sanitary hygiene, the lower was
the level of microbial insemination of raw materials.




In a farm with a milking parlour, lower indicators of
the content of colony-forming microorganisms in milk
were found in comparison with the use of other milk-
ing technologies. This fully agrees with the results of
the study by O.V. Borodina and D.K. Nosevych (2017),
which states that milking in milking parlours using
the “Parallel”, “Yalynka”, “Carousel” type installations in
comparison with milking in portable buckets or a milk
pipe increases productivity labour of machine milking
operators and contributes to the reduction of bacterial
contamination of milk.

Moreover, each producer had its own microbiota
in the obtained milk raw materials, which at the same
time differed significantly in terms of signal microor-
ganisms. Also, in these studies, the influence of proce-
dures related to the preparation of teats and cleaning
of milking equipment on the composition and amount
of microbiota of raw milk was noted. It was indicated
that the number of microorganisms depended precise-
ly on these procedures, and only then on the type of
milking system used. In controlled farms, a decrease
in the number of microorganisms in the milk of cows
whose udders were disinfected before milking in the
first farm, and a significantly higher microbial contami-
nation in the wet toilet of the mammary gland in other
farms, was also found. Therefore, in order to increase
the safety indicators of milk during its production, it is
necessary to implement modern approaches to prepar-
ing animals for milking and processing the udder after
it. The studies also revealed a direct correlational inter-
dependence between the number of somatic cells and
the level of microbial contamination of milk obtained
by the industrial technology of its production. This fully
agrees with the assumption that clinical and subclini-
cal forms of mastitis of bacterial aetiology are the main
cause of NSC growth.

Unfortunately, monitoring for hidden inflamma-
tion of the mammary gland among farm animals was
practised in only one of the farms among which the
research was conducted. But even these results confirm
the assumptions about the need to control not only
the cleanliness of the milking equipment, but also the
constant check of the health of the mammary gland in
productive cows and their timely treatment. They fully
agree with the studies of El-Sh-N. Mehany et al. (2021)
and O. Olatoye et al. (2018), who also indicate the in-
terdependence between indicators of the number of
somatic cells and its bacterial contamination obtained
as a result of conducting experiments.

The authors would also like to draw attention to
the sphere of milk production in Azerbaijan. Intensive
increase in the production and primary processing of
milk in the Republic of Azerbaijan is considered one of
the main priorities of the development of agriculture.
After gaining independence, breeding heifers from for-
eign countries are imported to the republic annually to
increase the production of livestock products, including
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milk. In order to develop livestock breeding by the or-
der of the President of the Republic of Azerbaijan, funds
are regularly allocated from the reserve fund of the
President of the Republic of Azerbaijan to JSC “Agrole-
asing” (Abbasov, 2013). At the expense of these funds,
770 heads were purchased in 2009, 900 heads in 2010,
6630 heads in 2015, 5074 heads of breeding heifers in
2020 and leased to economic entities producing live-
stock products on 50% preferential terms. The provision
of exemplary service to dairy-breeding heifers imported to
the republic has a serious positive impact on the coun-
try’s animal husbandry culture.

The registration of breeding animals with a breed-
ing passport (certificate) is carried out by the State Sta-
tistics Committee of the Republic of Azerbaijan once
a year. As a result of the stimulating measures imple-
mented by the state for the development of the non-
oil sector, in particular, the introduction of new rules
for subsidizing livestock, at the expense of highly pro-
ductive animal breeds imported from abroad, favora-
ble conditions have been created for the operation and
development of state breeding enterprises, as well as
private dairy farms (Decree of the Cabinet..., 2008).

The main task of the country’s meat and dairy en-
terprises in the modern era should be to ensure the de-
mand of the population for this type of product at the
expense of domestic products. The gross agricultural
output of the Republic of Azerbaijan in 2021 increased
by 6.41% compared to 2003 and amounted to 50.77%
in the share of livestock products. In 2021, 37.4% of the
total milk volume in the country was produced in the
Karabakh, Central Aran and Milsko-Mugan economic re-
gions, which is 832,178 thousand tons. Separately, the
Baku Dairy Plant produces 80.4% of the total volume of
low-fat dairy products (in terms of milk). The analysis
shows that milk processing enterprises operate exclu-
sively on the basis of a large-scale raw material base.
Thus, facing milk processing enterprises were organ-
ized mainly in the centers of consumption in the east
of the republic and near them, and creameries -in the
western and mountainous regions -in the raw material
zones (The State Statistical Committee of the Republic
of Azerbaijan, 2023).

The biggest surprise was the results of research
on milk samples from the market, where products from
private households were sold. There has always been
a stereotype that milk from this category of farms was
significantly inferior in quality to milk raw materials
obtained from farms with industrial production tech-
nology (Maslak et al., 2020). But the conducted stud-
ies, on the contrary, revealed that the lowest level of
somatic cells was observed in milk from private farms
of the population. And this is despite the least tech-
nological solutions when obtaining milk. Probably, this
is connected with the constant control of the animal
owners by the physiological and clinical condition of
the animals, as well as regular monitoring of the main
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infectious diseases by the state veterinary services. The
increase in the level of bacteriological pollution is as-
sociated with non-compliance with the temperature
regime during the storage and transportation of milk
to the places of its sale, which is fully consistent with
the reports of K.K. Dash et al. (2022). Therefore, taking
into account the difficult situation with milk raw mate-
rials necessary to ensure the industrial capacity of milk
processing farms, milk from this category of farms is
quite suitable for further technological processing. It is
only required to ensure the conditions for the primary
processing of such raw materials.

CONCLUSIONS

As a result of the conducted research and based on the
results of previous works of other researchers regarding
the study of the influence of a number of technological
approaches to the production and primary processing
of dairy raw materials on its safety indicators, a number
of the following conclusions can be drawn:

In the conditions of industrial milk production, the
number of somatic cells, as one of the indicators of the
safety of milk raw materials, has a significant impact
on technological approaches to the organization of
the processes of preparation and milking of cows. The
level of somatic cells depends on compliance with the
regulations of these procedures, as an indirect indica-
tor of the incidence of hidden forms of mastitis in herd
animals. Bacterial contamination of milk, determined
by the number of mesophyllic aerobic and facultative-
ly anaerobic microorganisms (NMAFANM), in all farms
that used industrial milk production technology was

insignificant and did not exceed normative indicators
in any of the seasons of the year. The detected seasonal
fluctuations of milk safety indicators were character-
ized by an increase in the levels of both indicators in
the summer period and a decrease in the winter.

A high correlation coefficient was found between
the level of microbial contamination of milk and the
number of somatic cells in it, with a high probability
(P<0.001), which indicates a high dependence of safety
indicators and their interrelationship. Therefore, meas-
ures aimed at improving one of them will be positively
noted at the level of another indicator. Milk from pri-
vate farms of the population had the best safety indi-
cators in terms of somatic cells, but the violation of the
requirements of the technology of primary processing
of milk (lack of cooling) led to the subsequent growth
of microbial cells in it. Therefore, ensuring a stable tem-
perature of milk in the range of +4-+6°C during storage
and transportation will allow increasing the amount of
high-quality milk raw materials to ensure the capacity
of milk processing enterprises.

In the following studies, it is planned to continue
the study of the influence of the technological process-
es of preparing animals for milking and processing the
udder after it on the level of somatic cells according to
their differential content.
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AHoTauif. 3anpoBagKeHHS HA 3aKOHOLABYOMY PiBHI HOBMX KpUTEpPiiB 6€3MeYHOCTi MOMIOYHOI CMPOBUHU, 3 OAHOMO
60Ky, 4,03BONNI0 NOKPALLMTHK 3abe3neyeHHs HaceNeHHs KiCHUMM NPOAYKTaMM Xap4yBaHHS, a 3 iHLIOTO - CNPUYUHWUIO
3HWXXEHHS NPMOYTKOBOCTI rOCNOJAPCTB Yepe3 MOripleHHs TOBAapHOCTI MOMOKa Ta Moro uiHW. Taka cuTyauis B
MOIOYHOMY Hi3HeCi BUMarae nowyky pilleHb 415 TOBAPHWX rOCNOAAPCTB WOLO MOX/IUBUX WASAXIB IKHAMLLBUALLOIO
NOKPaLLEeHHS NMOKa3HMKIB 6e3NeyHoCTi MONOKa 3 METOK YHWUKHEHHS MOAANbLIONO0 CKOPOYEHHS MOrosiB's MONOYHOI
Xypobu B YkpaiHi. MeTolo pocnigkeHb 6yno BUBYEHHS TEXHONOFIT OTPUMAHHS Ta OKPEMWX €NEMEHTIB NePBUHHOI
nepepobkyM MONOKa Ha KiNbKiCTb COMAaTUUYHMX KNITUH Ta piBeHb MiKPOGHOro 06CIMEHIHHS MOMOYHOI CUPOBUHW. Y
po60Ti BUKOPUCTOBYBaNM 3arasbHOHaYKOBI MeTOAM, apbiTpaXKHMIM METOL Ta MeTOZ BapiaLiiHOi CTAaTUCTMKK.ANg Luboro
WOKBAPTa/bHO MPOTATOM O4HOM0 POKY AOCNiAXYyBanu 06'€fHaHi 3pa3ku mMonoka 3 3 depMepcbkux rocnogapcrs,
AKi BUKOPWCTOBYBANM Pi3Hi NiAX0AM OO YTPUMAHHS TBAPUH i TEXHONOrT OTPUMAHHA MONOKA BiA HUX, T3 HWU3KK
0COBUCTUX rOCNOAAPCTB HACENEHHS 3 METOK BMBYEHHS AMHAMIKM Ta B3aEMO3B'A3KiB MiXX MOKa3HMKaMu 6e3neyHocTi
CUMPOBWHU. BUABNEHO 3HAYHMI BNAMB NapaTtUNoOBUX (DAKTOPIB HA KifbKiCTb COMAaTUYHUX KAITUH Yy MOAOLL, TakKMX
AK: TEXHONOTiS BUPOOHMLITBA MOJIOKA, CE30HHICTb BUPOBHULITBA Ta PiBEHb 3aXBOPHBAHOCTI TBAPUH HA MPUXOBAHI
dopmu mMactuty. Npu LbOMY BCTAHOBNEHO MPSIMUI KOPENsLiMHUIM 3B'930K MiX NMOKa3HUKAMM KilbKOCTI COMaTUYHUX
KNiTUH Ta MikpobHoro obciMeHiHHA Monoka Ha pieHi 0,91 (P<0,001), wo cBigYMTL NPO Te, WO 3aX0A4M, CMPSAMOBaHI
Ha MOKPALLEHHS OAHOr0 3 HUX, aBTOMATUYHO CMPUSTUMYTb MOKPALLEHHIO iHLWOrOo. [TopyleHHs BUMOr NepBUHHOI
06p0obKM MOIOKa CMPUYMHUIIO 3HAYHE 3POCTAHHS MiKPOOHOrO HaBaHTAXKEHHS. YCYHEHHS BUSIBIEHUX TEXHOMOTUHMX
HefLoNiKiB cnpusTUMe 36iNblIEHHI0 CUPOBMHM Ha MOIOKOMNEepepobHUX NiANPUEMCTBAX
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the use of general scientific and specific methods of cognitive activity: abstract-logical, economic-statistical, structural-
functional, deduction, induction, and formalisation. A panel database was formed for the period 2012-2021 broken
down by the regions of Ukraine. The territorial features of changes in the ratio between insured and sown areas in
the western, central, eastern, and southern regions of Ukraine are reflected. Based on the results of the conducted
modelling (two models are presented simultaneously: a regular model and a one-year lag model), the influence on the
insured area of such factors as sown area, yield, gross harvest,and internal price for agricultural products is established.
A comparative characteristic of the statistical qualities of the presented models was made using indicators such as
“Residual standard error”,“Multiple R-squared”, and ‘Adjusted R-squared”. The results of the regression analysis showed
the statistical significance of certain factors in motivating agricultural commodity producers to participate in the
insurance process. The practical value of the proposed measures lies in formulating practical recommendations for
enhancing cooperation among stakeholders in the agricultural insurance market during wartime and post-war periods

Keywords: agricultural insurance; insured area; insurance market stakeholders; agricultural risks

INTRODUCTION

The key priorities of the present and the future are to
achieve sustainable capacity to meet the social, eco-
nomic, and environmental needs of humanity in the
face of inevitable challenges of modern civilisation.
The formulated statement largely applies to the pro-
cess of agricultural production. This is because, accord-
ing to the UN forecasted data, the world population will
reach 9.8 billion by 2050 and 11.2 billion by 2100. This
indicates the objective need for a global increase in ag-
ricultural production to meet the current and potential
demand for food products.

A systemic solution to the outlined problem re-
quires the consistent use of effective financial and
economic instruments capable of efficiently and, most
importantly, timely counteracting various natural and
anthropogenic risks. The long-standing experience of
countries worldwide (such as the United States, Canada,
China, European Union countries, Africa, and Latin
America) demonstrates that addressing the challenges
of modern civilisation requires the use of diverse forms
and methods of insuring agricultural commodity pro-
ducers.The values of insurance are primarily directed at
creating an effective mechanism for accumulating and
using financial resources distributed in space and time
upon the occurrence of insurance events.

A critical review of studies demonstrates a signifi-
cant interest of researchers in the functioning of insur-
ance relations in the agricultural sector. O. Slobodianiuk
et al. (2018) consider agricultural insurance as a primary
mechanism for managing agricultural risks and pro-
tecting income from crop loss, repaying loans taken for
agricultural business development, and ensuring food
security. The insurance of agricultural products is inter-
preted as one of the essential risk management strate-
gies related to food worldwide (Ker & Tolhurst, 2019).
According to A. Mohring et al. (2020), insurance is capa-
ble of successfully reducing various shocks to agriculture
caused by unforeseen events, including market fluctua-
tions, natural disasters, and other disturbances. H. Wong
et al. (2020) and M. King & A. Singh (2020) argue that
compared to ‘ex post’ compensation, ex ante’ insurance is
a much more effective risk management tool.

Arguments in favour of the widespread use of the
agricultural production insurance system can be out-
lined in the following sequence: climate change in-
creases the likelihood of extreme weather events
for agricultural commodity producers (Vroege &
Finger, 2020), such as droughts, floods, strong winds,
and more (Malhi et al., 2021). In addition, it is worth
highlighting the risks associated with price instability
and the negative impact of new technologies on the ac-
tivities of agricultural commodity producers, resulting
in high costs for their acquisition and implementation
in the production process, increased training expenses,
and dependence on advanced technologies (Boyd &
Bellemare, 2020; Mironkina et al., 2020).

In the conditions of a state of war, Ukraine rec-
ognises its global mission to provide various coun-
tries with agricultural products. This fact significantly
strengthens the argument for the use of security instru-
ments in agricultural production, including insurance.
The relevance of this study is based on the necessity of
interpreting and identifying internal factors influencing
the agricultural insurance market in Ukraine and justi-
fying its further development in line with the needs for
insuring agricultural risks.

The purpose of this paper is the theoretical and
methodological substantiation of the processes of iden-
tifying internal factors influencing the further function-
ing of the agricultural insurance market in Ukraine. The
hypothesis of this study assumes the existence of inter-
connections between sown areas, yields, gross harvest,
and the internal price in the agricultural sector, and the
influence of these factors on decision-making in the
field of insuring agricultural risks.

MATERIALS AND METHODS

For the theoretical substantiation of the role and impor-
tance of agricultural production insurance in a risk-prone
environment, the abstract-logical method was used. The
application of inductive and deductive methods allowed
the identification of key legal, institutional, financial-eco-
nomic regularities in the development of relationships
between stakeholders in agricultural insurance. The
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economic-statistical method was used to reflect trends
in the coverage of insurance for sown areas in the re-
gions of Ukraine. The structural-functional method was
used to justify the financial and economic guidelines for
the development of agricultural insurance in post-war
Ukraine. The formalisation method provided the oppor-
tunity for theoretical generalisations, formulation of pro-
posals,and conclusions.

Modelling of the functioning of parameters of the ag-
ricultural product insurance market was performed using
a panel database for the period 2012-2021, considering
24 regions of Ukraine. Given the level of filling official
sources with statistical data, it should be noted that the
data used exhaust all possible terms. Data on the insured
area, harvested area, gross harvest, and yield broken
down by regions and crops are only available for 2021.

The predictor was determined to be the insured
area (Y), and the factors selected included the sown area,
gross harvest, yield, and the price of crops such as cereals
(S_cer_E,V cer E,Y cer_E), wheat (S_wheat_E,V wheat E,
Y_wheat_E, Price_wheat), corn for grain (S_corn_grain_E,
V_corn_grain_E,Y_corn_grain_E, Price_corn_grain), corn for
silage (S_corn_fod_E, V_corn_fod_E, Y_corn_fod_E), barley
(S_barley E, V_barley E, Y barley E, Price_barley), rye (S_
ryeW_E, V_ryeW _E, Y _ryeW_E, Price_rye), oats (S_oat E,V_
oat_E,Y_oat _E,Price_oat), buckwheat (S_buck_E,V buck_E,
Y _buck_E, Price_ oat), soybeans (S_soya E, V soya E, Y_
soya_E, Price_ soya), rapeseed (S_rap_E,V_ rap_E, Y rap_E,
Price_ rap), and sunflower (S_sunfl E,V sunfl E,Y sunfl E,
Price_sunfl). As a result, a panel database was obtained
with a depth of 240 (24 regions for 10 years), a width of 48
indicators, and a total database capacity of 11,520 unique
numerical values. It should be noted that all prices were
presented in real 2012 prices, which eliminates the influ-
ence of inflationary processes in the country’s economy.

Given the substantial volume of the database, this
study used the econometric method of stepwise regres-
sion for factor selection. In this study, stepwise regres-
sion was used to reduce the number of variables and
improve model quality by selecting the most statistically
significant variables. The described algorithm allows for
systematic factor selection and determining their influ-
ence on the dependent variable within multiple linear
regression (Gooch, 2011). After obtaining statistically sig-
nificant factors (predictors) through stepwise regression,
the next step in building the econometric model used an
econometric approach - panel data analysis to construct
aregression model based on the entities of a single pop-
ulation (24 regions) over consecutive time periods (2012-
2021). Based on the Hausman test (Wooldridge, 2010) in
the analysis of panel data, the fixed effects regression
method was chosen. This method allows investigating
relationships between variables for each group, consid-
ering fixed effects (Cameron & Trivedi, 2013).

The information basis of the study included the
regulations of Ukraine (Law of Ukraine No. 4391-VI,
2012; Resolution of the Cabinet of Ministers of Ukraine
No. 1342, 2021), analytical data from the Ministry of
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Agricultural Policy and Food of Ukraine in cooperation
with the Project “Development of Agricultural Sector Fi-
nancing in Europe and Central Asia”, implemented with
the support of the World Bank and the International Fi-
nance Corporation (IFC) (Agricultural insurance market
of Ukraine, 2018), official reporting materials from the
State Statistics Service of Ukraine (State Statistics Ser-
vice of Ukraine, 2012-2021), reports from the Interna-
tional Federation of Cooperative and Mutual Insurance
(European Market Share, 2022), analytical data from
insurance companies in Ukraine providing services in
agricultural insurance ("ARX” 2022; “KRAYINA", 2022;
“ORANTA", 2022; “PZU Group”, 2022; “UNIVERSALNA,
2022), and studies of foreign and Ukrainian researchers
on the studied subject and their findings.

RESULTS

Considering the multifaceted relationships among
stakeholders in agricultural insurance, aligning their
insurance interests is essential to boost business and
investment activities in the agricultural insurance mar-
ket.These interests, from the perspective of agricultural
producers, manifest in enhanced and diversified insur-
ance protection, including coverage for various types of
risks and different insurance service options. For insur-
ance companies, a priority task is to expand coverage
for agricultural risks, which ensures the formation of
the necessary resource base to meet their financial obli-
gations under existing agricultural insurance contracts.

Globally, the level of agricultural insurance de-
velopment is often assessed by the ratio of insured to
sown areas. For instance, in the United States, this ratio
stands at 88.0%, in Canada at 72.2%, in China at 45.5%,
and in Greece at 100% (World Bank Group, 2023). High
levels of insurance coverage for agricultural risks have
led to a nearly fourfold increase in the accumulation
of global insurance payments from 8.7 billion USD to
31.9 billion USD between 2009 and 2019 (World Bank
Group, 2023). Achieving this level of capitalisation in
insurance payments became possible through various
models of agricultural insurance, including liberal, pub-
lic-private partnerships, mandatory insurance, and the
rational combination of traditional and index-based in-
surance products.

In Ukraine, the ratio of insured to sown areas over
the past two decades has remained below 5%. The
variation of this parameter across regions during the
study period (2012-2021) is rather heterogeneous.
The study period was chosen before the start of the
COVID-19 pandemic and the full-scale military invasion
of the Russian Federation on the territory of Ukraine.
It is worth noting that during the period from 2012 to
2019, annual data from the Ministry of Agrarian Policy
and Food of Ukraine in collaboration with the “Devel-
opment of Agricultural Sector Financing in Europe and
Central Asia” project served as the source of information
regarding the development of agricultural insurance in
Ukraine. In 2019, the project was suspended.
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To conduct further research in this segment of the
insurance market, analytical data directly from Ukrainian
insurance companies were used. These companies, in-
cluding ‘ARX”, “KRAYINA’, “ORANTA’, “PZU Group”,and “UNI-
VERSALNA, positioned their services in the agricultural
insurance market. The combined market share of these
insurance companies in terms of insured areas exceeded
95%. The analysis of the state of insurance coverage for
agricultural risks was performed based on geographic
characteristics. In western regions, particularly Lviyv,
Ternopil, Rivne, and Khmelnytskyi, the level of insured
areas ranged from 0.25% to 12.50%. The presented indi-
cators are the highest among all regions of Ukraine. This
can be explained primarily by the relatively high adapt-
ability of agricultural commodity producers in western
regions to European traditions in risk management and
mitigation (State Statistics Service of Ukraine, 2021).

Among the northern and central regions of Ukraine,
Vinnytsia, Zhytomyr, Dnipropetrovsk, Kyiv, Poltava, Sumy,
and Chernihiv stood out, where the parameter under
study ranged from 1.99% to 6.75% (State Statistics Ser-
vice of Ukraine, 2021). These regions concentrate signifi-
cant proportions of sown areas (in terms of the total area
of Ukraine), which somewhat complicates the mecha-
nism of interaction among stakeholders in the insurance
process. This highlights the need for the development of
a modern, well-branched infrastructure (i.e., clear coor-
dination of actions among key stakeholders, insurance
intermediaries, state and non-state institutions, etc.) for
the agricultural insurance market and the improvement
of communication between interested stakeholders.

The lowest level of insured areas during the study
period was observed in the eastern and southern re-
gions of Ukraine, in particular: Donetsk, Luhansk, Odesa,
Mykolaiv, Kharkiv, and Kherson regions. The ratio of
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insured persons to acreage was in the range of 0.14%
to 4.17%. This low level of insurance coverage for agri-
cultural risks can be attributed to several reasons (State
Statistics Service of Ukraine, 2021). First, many vegetable
and pumpkin crops, which are widely grown in southern
regions of Ukraine, exhibit high resistance to risks. This
necessitates the development of innovative insurance
products (e.g., index-based insurance) capable of align-
ing the financial and economic interests of stakeholders
in the insurance process to the maximum extent. Sec-
ond, the military aggression by the Russian Federation
against Ukraine, starting in 2014, had quite negative con-
sequences for the development of agricultural insurance.
Therefore, the analysis of the level of insured agricultural
areas in a territorial context for the years 2012-2021 at-
tests to the untapped potential for the development of
agricultural insurance in Ukraine compared to developed
countries worldwide. Instead, it should be noted that
over the study period, there was positive growth in cul-
tivated areas, increased crop yields, and gross harvests.
These changes are characteristic of grain crops, such as
wheat, corn, rapeseed, and sunflower.

B.Iganiga & D.Unembhilin (2011) used an approach
in which all factors in the model were lagged by one
year. This means that, for example, the price of a par-
ticular agricultural crop in the previous year affects the
decision of agricultural producers to insure their crops
in the current year. To obtain scientifically significant
results in the study, two models are presented: a stand-
ard model (Fig. 1) and a one-year lag model (Fig. 2).
In the standard model, only the current values of the
factors are considered, without considering their past
values. In addition to examining long-term effects and
identifying a more complete dependence between the
factors, a one-year lag model is also used.

Im{formula = ¥ ~ V_cer_E + V_sunfl1_E + V_soya_E + 5S_soyva_E +
S_rap_E + S_oat_E + Y_buck_E + Price_soya + Price_barley +
S_barley E + Price_wheat + Y_soya_E, data = DataBase)

Residuals:
Min 10 Median
-44,265 -13.420 -1.177

Coefficients:

Max

10.284 74,3892

Estimate Std. Error t value Pri=|t]|)

(Intercept) 2.310e+01 8.03%e+00 2.873 0.004435 ==
V_cer_E -5.568e-06 2.6%4e-04 -0.021 0.98353
V_sunfl_E 5.267e-03 E&.398e-04 6.125 4,.52e-09 ==
V_soya_E 8.633e-03 1.523e-03 5.670 4.79e-08
S_zova_E 1.240e-02 2.775e-03 4.468 1.30e-05
S_rap_E 1.80%9e-01 6£.574e-02 2.752 0.00645 ==
S_oat_E 3.198e-01 3.367e-01 0.950 0.34324
Y_buck_E -1.38%e+00 5.137e-01 -2.678 0.00801 ==
Price_soya -1.3662-03 1.10%9e-03 -1.231 0.21961
Price_barley 9.62%e-03 3.636e-03 2.648 0.00872 ==
5_barley_E -7.259e-02 3.572e-02 -2.032 0.04344 =
Price_wheat -7.5320e-03 4.296e-03 -1.751 0.08151
Y_soya_E -2.444e-01 1.717e-01 -1.424 0.15359%4
Signif. codes: 0 ‘#===' 0,001 ‘==' 0.01 ‘=’ 0.05 ‘.’ 0.1 ¢ ' 1

Residual standard error: 19.87 on 206 degrees of freedom

Multiple R-squared: 0.5326,

Adjusted R-squared:
F-statistic: 19.56 on 12 and 206 DF,

0.5054
p-value: < 2.2e-16

Figure 1. Results of modelling the impact of cultivated areas, gross harvest, crop yields,
and prices for agricultural crops on the insured area
Source: calculated based on data (ARX, 2022; “KRAYINA, 2022; “ORANTA’, 2022; “PZU Group’, 2022; “UNIVERSALNA’, 2022;
Agricultural insurance market of Ukraine, 2018; Chvertko et al., 2019; State Statistics Service of Ukraine, 2012-2021)
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The one-year lag model allows for the evaluation
of the impact of past values of factors on the current
dependent variable. This is particularly useful in the
analysis of agricultural markets, where decisions on crop
cultivation and harvest depend on many factors that
occur over several years. The one-year lag model helps
to track and account for time delays in the influence
of factors on the dependent variable. This will contrib-
ute to identifying long-term trends, cycles, and other

time-related dependencies that may be present in the
studied agricultural system. Therefore, the inclusion of
the one-year lag model allows for a more comprehensive
understanding of the relationships between the factors
and the dependent variable, and a better understanding
of the processes and phenomena that affect the forma-
tion of the agricultural insurance market in Ukraine.

To compare the statistical quality of the two models,
the focus can be on the following indicators (Table 1).

Call:
plm(formula = Y ~ V_soya_E + Y_cer E + S_soya_E + V_sunfl_E +

V_rap_E + S_cer_E + Price_soya + Price_sunfl, data = DataBase, model = "within™)
Residuals:

Min 10 Median 3Q Max

-39.486 -14.815 0,868 12.118 60.442

Coefficients:

Estimate Std. Error t value Pr(>|t|)

(Intercept) 21.1645891 6.7233699
V_soya_E 9.9194234 ©.8013949
Y cer_E -2.4666881 8.5817462
S_soya_E 8.815121¢ ©.0026388
V_sunfl_E 2.6042900 0.0004344 9,875
V_rap E 0.08659087 ©.0020841
S_cer_E 8.79138e3 9.3017938
Price_soya -0.8829927 0.0011134

Price_sunfl @.0029191 @.00l@322

Signif. codes:

3.148 9.00191 ==
7.473 2.78e-12 *==
-4.916 1.89%e-86 ***
5.730 3.83e-98 *=*
< 2e-1p *==
3.162 @.88182 **
2.622 0.88944 ==
-2.688 0.08782 **
2.828 ©.00518 **

B f***) p.pel =’ g.P1 **’ @.@5 *.* @.1 1

Residual standard error: 19.68 on 192 degrees of freedom

Multiple R-squared: @.5585,
F-statistic: 30.36 on 8 and 192 DF,

Adjusted R-squared:
p-value: < 2.2e-16

8.5481

Figure 2. Results of modelling the impact of cultivated areas, gross harvest, crop yields,
and prices for agricultural crops with a one-year lag on the insured area
Source: calculated based on data (ARX, 2022; “KRAYINA, 2022; “ORANTA’, 2022; “PZU Group’, 2022; “UNIVERSALNA’, 2022;
Agricultural insurance market of Ukraine, 2018; Chvertko et al., 2019; State Statistics Service of Ukraine, 2012-2021)

Table 1. Comparative characteristics of the statistical qualities of the presented models

Indicator Model 1 (direct) Model 2 (lagged - one year)
Residual standard error 19.87 19.68
Multiple R-squared 0.5326 0.5585
Adjusted R-squared 0.5054 0.5401

Source: calculated based on data (ARX’, 2022; “KRAYINA, 2022; “ORANTA’, 2022; “PZU Group’, 2022; “UNIVERSALNA’, 2022;
Agricultural insurance market of Ukraine, 2018; Chvertko et al., 2019; State Statistics Service of Ukraine, 2012-2021)

The first indicator, “Residual standard error”, indi-
cates the average difference between observed values
and predicted values in the model. In this case, the
value is slightly lower in model 2 (19.68 compared to
19.87), which may indicate better accuracy in the pre-
dictions of this model. The second indicator, “Multiple
R-squared”, indicates the proportion of the variation in
the dependent variable that can be explained by the
independent variables used. In model 2, the value of
this indicator (0.5585) is higher, indicating a better abil-
ity of model 2 to explain the change in the dependent
variable. The third indicator, ‘Adjusted R-squared”, is a
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corrected version of the multiple R-squared coefficient,
which considers the number of independent variables
and the degrees of freedom of the model. The value of
this indicator is also higher in model 2 (0.5401 com-
pared to 0.5054), indicating a more adequate use of
variables in model 2. Therefore, considering these indi-
cators, model 2 has better statistical quality compared
to model 1. The results of the regression analysis indi-
cate the statistical significance of certain factors that
influence the insured area of agricultural crops. Table 2
presents the statistical significance of each of the fac-
tors and justifies its impact on the dependent variable.
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Table 2. Reflection of the results of regression analysis of the statistical significance of certain factors
influencing the insured area

: . . Coefficient Financial-economic
No. Factors influencing the insured area Value interpretation of coefficients
1 Gross soybean yield (thousand t) 0.0104 An increase in soybean yield by 1 thousand t contributes to an increase
V_soya_E ’ in the insured area of agricultural crops by 0.0104 thousand ha.
) Grain crop yield (c/ha) 2.4667 An increase in grain crop yield by 1 c¢/ha leads to a decrease in the
Y cer E : insured area of agricultural crops by 2.4667 thousand ha.
An increase in the area sown with soybeans by 1 thousand ha
3 Soybean %resi(tah%usand ha) 0.0151 contributes to an increase in the insured area of agricultural crops by
-50ya_ 0.0151 thousand ha.
4 Sunflower gross yield (thousand ha) 0.0043 An increase in sunflower gross yield by 1 thousand ha leads to an
V_sunfl E ) increase in the insured area of agricultural crops by 0.0043 thousand ha.
5 Rapeseed area (thousand ha) 0.0066 An increase in rapeseed gross yield by 1 thousand ha leads to an
S rap E ’ increase in the insured area of agricultural crops by 0.0066 thousand ha.
6 Grain crop area (thousand ha) 0.7914 An increase in the area sown with grain crops by 1 thousand ha leads to an
S cer E ) increase in the insured area of agricultural crops by 0.7914 thousand ha.
7 Soybean price (thousand UAH per t) -0.0068 An increase in soybean price by 1 thousand UAH per ton leads to a
Price_soya ’ decrease in the insured area of agricultural crops by 0.0068 thousand ha.
8 Sunflower price (thousand UAH per t) 0.0041 An increase in sunflower price by 1 thousand UAH per ton leads to an

Price_sunfl

increase in the insured area of agricultural crops by 0.0029 thousand ha.

Source: calculated based on data (ARX’, 2022; “KRAYINA’, 2022; “ORANTA’, 2022 ; “PZU Group’, 2022; “UNIVERSALNA’"2022;
Agricultural insurance market of Ukraine, 2018; Chvertko et al., 2019; State Statistics Service of Ukraine, 2012-2021)

The results of the presented regression analysis in-
dicate that an increase in gross soybean yield, sunflower
price,and the areas sown with grain crops, soybeans, and
rapeseed showed a positive relationship with farmers’
readiness to increase insurance coverage of agricultural
crops. On the other hand, there was a negative relation-
ship observed in the research, indicating that as grain
crop yield and soybean prices increase, the areas that
farmers are willing to insure decrease. ldentified de-
pendencies are formed under the significant influence of
conjunctural features of the functioning of the agrarian
market. Thus, with balanced prices for agricultural prod-
ucts and a well-established logistics system for their
sale, the demand for insurance protection is likely to in-
crease. If these conditions are not met, the demand for
insurance among producers may tend to decrease.

Considering the above regression analysis, it should
be noted that there is a different impact of changes in
the internal prices of soybeans and sunflowers. From
an economic perspective, soybean and sunflower prices
have different impacts on the model of factors influ-
encing the insured area of agricultural crops due to
the varying responses of agricultural producers to price
changes. In the case of soybean prices, there is a nega-
tive correlation. The regression coefficient Price_soya =
-0.0068 indicates that an increase in soybean prices by
1 000 UAH per ton leads to a decrease in the insured
area of agricultural crops by 0.0068 thousand hectares.
This suggests that as soybean prices rise, agricultural
producers choose to reduce the area they insure. This
decision may be associated with the fact that an in-
crease in soybean prices raises the costs of cultivating

this crop, and agricultural producers may be less in-
clined to cultivate a larger area of soybeans that they
subsequently insure. In the case of sunflower prices,
there is a positive dependence. The regression coef-
ficient Price_sunfl = 0.0041 indicates that an increase
in sunflower prices by 1 000 UAH per ton leads to an
increase in the insured area of agricultural crops by
0.0041 thousand hectares. The interpretation of this
indicator implies that as sunflower prices rise, agricul-
tural producers choose to expand the area they insure.
This reaction is due to the fact that an increase in sun-
flower prices boosts income from cultivating this crop,
and agricultural producers may be more interested in
cultivating a larger area of sunflowers that they subse-
quently insure. These decisions regarding insuring their
cultivated areas are made by agricultural producers to
protect themselves from risks associated with the cul-
tivation of agricultural crops. The insurance mechanism
allows policyholders to receive compensation for losses
in the event of specific occurrences, including adverse
weather conditions, plant diseases, and pests.
Therefore, the final decision regarding the insurance
of agricultural risks is made based on a complex inter-
play of factors related to natural and climatic influences
on the results of the previous year’s production, which ul-
timately impacts the price as the basis for potential prof-
itability. The construction of a regression model involves
evaluating and verifying certain assumptions, which
helps ensure its reliability and adequacy. This analysis
can help identify potential issues or shortcomings in the
model, which should be considered when interpreting
the results and making management decisions (Fig. 3).
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Figure 3. Visual analysis of statistical properties of the model
Source: calculated based on data (ARX’, 2022; “KRAYINA’, 2022; “ORANTA’, 2022; “PZU Group’, 2022; “UNIVERSALNA’, 2022;
Agricultural insurance market of Ukraine, 2018; Chvertko et al., 2019; State Statistics Service of Ukraine, 2012-2021)

To analyse the graphical panel that displays various
aspects of model assumptions, it is advisable to focus
on each graph separately and consider the following
points: Normality of Residuals — analysis of the normal
distribution graph of residuals, which is presented as a
histogram of residuals and a Q-Q plot (quantile-quan-
tile plot), where the quantiles of residuals are com-
pared with quantiles of the normal distribution. The
visualisation of the graph indicates that the residuals
are distributed normally, and the points on the Q-Q
plot approximately lie on the line. Normality of random
effects (Influential Observations): the analysis of the
corresponding graph shows the absence of structural
elements in the sample that significantly affect the var-
iation of the dependent variable (none of the points fall
outside the permissible range).
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Linear dependence (Linearity): the graph demon-
strates a linear regression smooth curve that reflects
how the dependent variable changes according to in-
dependent variables. The graph indicates a linear and
adequate functional relationship. Homogeneity: the
graph shows residuals concerning the dependent var-
jiable and indicates that the distribution of residuals
is uniform across all levels of the dependent variable.
Uniformity in the distribution of residuals suggests the
absence of heteroscedasticity. Collinearity: the graph
indicates the absence of correlation between predictors
and suggests the absence of multicollinearity. To assess
the reliability of the obtained model, a comparison was
made between real and modelled insured areas of ag-
ricultural land at the national level (the sum of insured
areas for the year across 24 regions) (Fig. 4).
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Figure 4. Comparison of real and simulated insured area of agricultural land at the national level (Ukraine)
Source: calculated based on data (ARX’, 2022; “KRAYINA’, 2022; “ORANTA’, 2022; “PZU Group’, 2022; “UNIVERSALNA’, 2022;
Agricultural insurance market of Ukraine, 2018; Chvertko et al., 2019; State Statistics Service of Ukraine, 2012-2021)

The average reliability index of the model, deter-
mined as the absolute deviation of real insured areas
of agricultural land in Ukraine from the modelled val-
ues, is 6.8%. This suggests a fairly high reliability of the
model and can be used to develop proposals and tools
for stimulating the development of the agricultural in-
surance market in Ukraine. Empirical results from this
study confirm the hypothesis regarding the relationships
between cultivated areas, yields, gross harvest, and in-
ternal prices in the agricultural sector and the influence
of these factors on the level of insurance protection in
the agricultural sphere. This provides a basis for scientif-
ically substantiating the prospects for the development
of agricultural insurance in Ukraine in both wartime
and peacetime. Based on the results of the regression
analysis model, the following practical recommenda-
tions can be formulated to enhance interaction among
stakeholders in the agricultural insurance market.

Firstly, increasing the financial and economic inter-
est in insurance among agricultural producers is possi-
ble under the condition of a positive trend in cultivated
areas, gross harvest, and price parity for agricultural
products. Activation of business and investment attrac-
tiveness in the insurance market is achieved through
a rational combination of organisational, technological,
and financial-economic measures. In organisational
terms, the focus should be on establishing interdistrict
branches of insurance companies to expand insurance
coverage for agricultural risks and ensure broad access
to insurance services both offline and online. The tech-
nological component of insurance companies’ activities
involves the development and positioning of innovative
insurance services (both traditional and index-based)
capable of meeting the demand of agricultural produc-
ers for insurance protection. The financial-economic
aspect of insurance relations in the agricultural sector
is driven by the need to address two key issues: firstly,
ensuring broad access for potential policyholders to
a diversified range of insurance services (in terms of

price, coverage, etc.); secondly, guaranteeing the finan-
cial viability of insurers and ensuring their profitability
and sustainability in the segment of agricultural insur-
ance contract servicing.

Secondly, stakeholders in the agricultural insurance
market are interested in expanding cultivated areas and
maintaining high crop yields for grains and technical
crops. This objective necessitates the objective need for
the establishment of mutually beneficial cooperation
among insurers, policyholders, and the government.
Collaboration among participants in the insurance
process within this specified triangle is fundamental
to the successful functioning of the agricultural insur-
ance market. It is acknowledged that under conditions
of a state of war, such cooperation is complicated due
to both objective and subjective reasons; however, its
necessity is evident, given the need for effective mit-
igation of agricultural risks and the formation of a
compensation mechanism for losses in the event of
insurable events. It is worth noting that Ukrainian leg-
islation provides for the mechanism of such coopera-
tion, particularly under the Law of Ukraine “On Specifics
of Agricultural Product Insurance with State Support”
from February 9,2012,No.4391-VI (2012), and the Res-
olution of the Cabinet of Ministers of Ukraine “On Ap-
proving the Procedure for Providing State Support for
Agricultural Product Insurance” from December 9, 2021,
No. 1342 (2021). Key advantages of such cooperation
include: a) reducing the cost of insurance services for
farmers; b) expanding insurance coverage for agricul-
tural risks; ¢) enhancing the insurance protection of
agricultural producers. Furthermore, in the post-war
period, coordination between state and non-state in-
stitutions in the agricultural insurance market can be
based on the principles of public-private partnerships.

Thirdly, the activities of insurance companies in
the context of a state of war should consider the exist-
ing threats and offer corresponding insurance services
aimed at improving safety conditions for agricultural
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production. This primarily concerns the possibility of
utilising the following approaches to enhance insur-
ance protection for farmers: Firstly, the successful im-
plementation of the “Grain Initiative” project requires
active involvement of insurance companies in insuring
the export of agricultural products and logistical risks
resulting from military actions. Secondly, direct losses
from military aggression in agriculture (as of Febru-
ary 2023) amounted to $8 billion, of which $4.2 bil-
lion was attributed to destroyed agricultural machin-
ery and equipment (Dmytrasevich, 2023). Therefore, it
is relevant for agricultural producers to diversify their
insurance coverage, which should encompass both
agricultural products and the main production assets.
Thirdly, military actions necessitate ongoing demining
efforts, including in cultivated areas. Hence, insurance
companies face the task of developing insurance pro-
grammes aimed at minimising the risks associated
with demining territories. Fourthly, post-war recovery
and attracting investments into the agricultural sector
will undoubtedly require a well-established system for
insuring agricultural risks.

The further functioning of the agricultural insur-
ance market in Ukraine depends significantly on the
infrastructure supporting the insurance process. This
primarily involves improving communication systems
(exchange of ideas, information, knowledge, etc.) among
stakeholders in the insurance market, enhancing their
motivation to enter into and renew agricultural insur-
ance contracts. Questions regarding the digitalisation
of insurance relations in the agricultural sector, such
as providing services remotely, automated risk under-
writing, the application of blockchain technology, and
the use of smart contracts for timely identification of
insurance events and processing of insurance claims,
are becoming increasingly relevant.

Fifthly, self-organisation plays an important role in
organising insurance relations in the agricultural sec-
tor. Examples of such self-organisation can be mutual
insurance societies, which are quite active in their pro-
fessional activities in countries like Germany, France, the
Netherlands, and others (European Market Share, 2022).
The most significant advantages of using this form of
organisation for insurance relations in the agricultural
sector include: 1) sellers and buyers of insurance services
being the same entity; 2) the ability to apply an individ-
ual approach to selecting risks for insurance coverage;
3) ensuring accessibility and flexibility in forming tariff
policies for insurance services; 4) exercising control over
the formation and use of the insurance fund, and more.

Consequently, the role of insurance as a finan-
cial-economic instrument for risk mitigation due to
objective circumstances will continue to increase. The
results of the modelling conducted indicate that for
the vast majority of agricultural producers, favourable
conditions in entrepreneurial activities (prices for ag-
ricultural products, gross yields, crop yields, etc.) are
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significant arguments supporting insurance. In this
context, insurance should be considered as an addition-
al option for agricultural producers to mitigate the con-
sequences of adverse events (unexpected expenses) in
the event of an insurance claim. These outlined issues
require scientific discussion and justification, which is
the subject of the next section of this study.

The formation of insurance relations in the agricul-
tural sector requires the identification and justification
of key factors influencing the development of the agri-
cultural insurance market. Analysis of scientific sources
indicates that these factors include: Farmer’s income
and farm size, which play a significant role in shap-
ing the demand for insurance in developing markets
(Stojanovic¢ et al., 2019); Financial and economic per-
formance indicators of farms (Barath et al, 2017); The
proportion of non-agricultural income in the farmer’s
household (Njegomir & Demko-Rihter, 2018); The cost
of agricultural production, crop yield, soil quality, and
planting intensity (Was & Kobus 2018); Transparency
of insurance products (Linhoff et al., 2022); The amount
of insurance compensation in the event of an insurance
claim (Stoeffler & Opuz, 2022).

Studies on cause-and-effect relationships in the
field of agricultural risk insurance provide grounds to
assert that the functioning of the agricultural insurance
market depends on factors such as crop acreage, yield,
gross production, and the domestic price of agricultural
products.R.Goodhue & G.Rausser (2003) identified three
probable dependencies in the agricultural insurance
market: first, a decrease in acreage can increase the cost
of insurance due to a higher risk of crop losses. Secondly,
if the yield is lower than expected, the cost of insurance
may increase. Third, changes in product prices may af-
fect the level of risk for agricultural producers and the
cost of insurance. A. Ker & T. Tolhutst (2019) emphasised
that agricultural insurance can protect farmers’ incomes
and stabilise their production expectations, thereby pro-
moting food production. L. Fields et al. (2012) share a
similar perspective, asserting that the functioning of the
insurance market can reduce risks associated with nat-
ural disasters and adverse weather conditions, which
can increase profitability for farmers and boost agricul-
tural production. It is widely accepted in the scientif-
ic community that insurance is the best way to ensure
the continuity, balance, and stability of the agricultural
market (Shirinian & Klymash, 2018).

The scientific arguments presented provide a
clear understanding of the existence of many factors
(farmers’ incomes, agricultural product prices, gross
yields) that influence the functioning of the agricul-
tural insurance market. Research on these factors is a
necessary condition for the scientific interpretation of
insurance relations in the agricultural sector. A con-
solidating position among many researchers such
as S. Kislingerova and J. Spi¢ka (2022), H. Wang et al.
(2022), I. Ivashkiv et al. (2021) is that the effectiveness




of the agricultural insurance mechanism in mitigat-
ing agricultural risks depends on the ability to make
management decisions considering various factors of
natural, technological, agronomic, financial-economic,
and others. Therefore, the focus of scientific discussion
is oriented towards identifying key factors influencing
the development of the agricultural insurance market,
utilising potential insurance opportunities to mini-
mise natural-climatic and production-economic risks
in the agricultural sector, and diversifying forms and
methods to enhance the insurance protection of agri-
cultural producers.

CONCLUSIONS

The study established that Ukraine exhibits a certain
territorial diversification in the relationship between
insured and sown areas. The highest level during 2012-
2021 was recorded in western regions (specifically, Lviv,
Ternopil, Rivne, and Khmelnytskyi), where this indicator
ranged from 0.25 to 12.50%. In contrast, the lowest lev-
el of insurance coverage was observed in eastern and
southern regions (including Donetsk, Luhansk, Odesa,
Mykolaiv, Kharkiv, and Kherson), ranging from 0.14 to
4.17%. The variability of this indicator depended on
several factors, including the level of adaptation of
agricultural producers to European traditions in insur-
ance, the state of infrastructure readiness to provide
agricultural insurance services, the riskiness of specif-
ic agricultural crops, and the availability of adequate
services for their insurance protection, and the military
actions on the territory of Ukraine.

To identify the internal factors influencing the ag-
ricultural insurance market in Ukraine, two parallel
panel models were applied (based on the 24 regions of
Ukraine): a standard model and a one-year lag model.
In the modelling process, it was found that factors such
as sown area, yield, gross harvest, and the price of ag-
ricultural products influence the level of insured area.
Based on the results of the regression analysis, the
statistical significance of certain factors (gross harvest
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and prices of soybeans and sunflower, yield and sown
areas of cereal crops, and sown areas of soybeans, sun-
flower, and rapeseed) in influencing the insured area
was established. This provides grounds to assert that
expanding sown areas, increasing gross harvests, and
improving crop yields are favourable factors for stim-
ulating demand for insurance services among agricul-
tural producers. Failure to meet one or more of these
factors can lead to a decrease in motivation for insur-
ance. The results of the modelling were validated at the
national level, confirming a high level of reliability of
the modelled indicators (insured areas). The calculation
of the module of the ratio of real indicators to modelled
ones is 6.8%, indicating that the model’s reliability is
93.2%. The obtained results of modelling (regression
coefficients) allowed for the formulation of practical
recommendations to stimulate the development of the
agricultural insurance market in Ukraine.

The modern model of the agricultural insurance
market requires an increase in business and invest-
ment activity of participants in the insurance process,
enhanced interaction within the “insurers, insured,
state” triangle. Emphasis is placed on the need to en-
hance insurance protection for agricultural producers
in conditions of a state of war, including the insurance
of agricultural product exports, agricultural machinery
and equipment, investment insurance, and more. Nota-
bly, the role and necessity of modernising infrastructure
and improving communication ties between partici-
pants in the insurance space are increasing, and diver-
sifying the organisational and legal forms of insurance
companies’ activities. Future studies will focus on utilis-
ing inclusive opportunities for the development of the
agricultural product insurance market in Ukraine.
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AHoTauif. OyHKLiOHYBaHHS PUHKY arpapHOro CTpaxyBaHHS B YKpaiHi € 0O€EKTMBHOK peanbHiCTio Ta HeOOXiaHiCTHo
3 OrNsAy Ha HaranbHy notpeby y dopMyBaHHi 6e3nekoBoro cepefoBumLLA A4S BUPOOHMULTBA CilbCbKOroCnoAapChbKoi
NpoAyKLUii. 34aTHICTb A0 KOHcoNigauii ¢iHaHCOBMX pecypciB y cdepi CTPaxoBMX BiAHOCUH CMPUSE MOCUIEHHIO
BiANOBIAANbHOCTI 32 MMOBIpHI PU3MKMK, SKi PO3MOAINEHI Yy NPOCTOpi M 4aci, TOMy BapTO PO3MISAHYTM CTPaxoBi
BIOHOCUHM Yy arpapHii cdepi. MeTolo poCnigpKeHHs Oyno TeopeTMKO-MeToLOMoriYHe 06rpyHTYBaHHS NpoLeciB
ineHTMdiKauii BHYTPIlWHIX dakTopiB BNAMBY Ha nopanblie GyHKLiIOHYBaHHS arpapHOro CTPaxoBOrO PUHKY B
YkpaiHi. MeToLonoriyHunii pakypc NpeacTaBieHOro AOCNIIKEHHS 6a3yeTbCs HAa BUKOPUCTAHHI 3arafibHOHAyKOBMX Ta
cneumdivuHMX MeTofax Mi3HaBasbHOI AiNbHOCTI: aBCTPaKTHO-N0MNYHOMY, EKOHOMIKO-CTaTUCTUYHOMY, CTPYKTYPHO-
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dyHKUiOHanbHOMY, AenyKuii, iHAYKUii Ta dopmanisauii. CbopMoBaHo naHenbHy 6a3y AaHux 3a nepiog 2012-
2021 pp.y po3pisi 24 obnacrtein Ykpainu. BinobpaxeHo TeputopianbHi 0CO6AMBOCTI 3MiHM PiBHS CMiBBIAHOLWEHHS
MiX 33aCTpaxoBaHWMM Ta NOCIBHUMM NNIOLWAMM Y PO3Pi3i 3aXifHUX, LEHTPANbHMUX, CXIAHUX Ta MiBAEHHMX obnacTten
YKpaiHu. basyuncb Ha pesynbTaTax NpoOBeAEHOr0 MOAENOBaHHS (MPeACTaBAeHO NApanenbHo ABi MoAeni: 3BuyarHa
MOAeNb Ta MOAENb 3 /IaroM B OAMH Pik), BCTAHOB/IEHO BMJIMB HA 3aCTPaxoBaHy MOLLY TaKMX GaKTOPHUX 03HaK, SK:
NoCiBHA NJIOLLA, BPOXKaMHICTb, BaNoBMiA 30ip Ta BHYTPILLHA LiHA HA CilbCbKOrOCNOAAPCbKY MPOAYKLiH0. 34iACHEHO
MOPIBHSNIbHY XapaKTePUCTUKY CTAaTUCTUYHUX SKOCTEW MNpPeAcTaBNeHUX Monenei, BUKOPUCTOBYIOUM MOKA3HUKM:
«Residual standard error», «Multiple R-squared» Ta «Adjusted R-squared». 3a pe3ynbratamMu perpecuMBHOro aHanisy
BUSIBJIEHO CTATUCTUYHY 3HAYYLLICTb NEBHMX AKTOPIB LWOA0 MOTMBALL CiNbCbKOrOCNOLAPCbKMUX TOBAPOBUPOOHMKIB
6paTu yyaTb y CTPaxoBOMY npoueci. MpakTMYHa LiHHICTb 3anpOnNOHOBAaHMX 3aXOLiB NONArae y (GOpMyNOBaHHI
NPaKTUYHUX PEKOMEHAALIN LWOAO NOCUMNEHHS B33aEMOLII MK CTEMKXONLEepaMu PUHKY arpapHOro CTpaxyBaHHS Y
BOEHHMI Ta NOBOEHHUI Nepiod yacy

KniouoBi cnioBa: arpapHe CTpaxyBaHHA; 3aCTpaxoBaHa M/oWa; CTEMKXONAepU  CTPAaxOBOMO  PUHKY;
CifIbCbKOTOCMOAAPChKi PU3UKH
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The relevance of the topic of green economy development is based on its potential
to solve urgent environmental problems and promote sustainable development
that meets the needs of society and the international community. The purpose of
the article is to assess the prospects of the agricultural sector of Ukraine’s economy
within the framework of the transformation strategy based on the principles of the
green economy. This takes into account a whole range of factors in which agricultural
enterprises exist and develop, as well as the conditions that have developed in
connection with military aggression in the country. To achieve this goal, the following
methods were used: system-structural analysis, method of analysis, synthesis, method
of generalization, methods of deduction and induction, and methodology of modified,
improved SWOT analysis. A number of factors influencing the investment and
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innovation processes at agricultural enterprises are identified, including external threats and opportunities and
internal strengths and weaknesses. The study also summarizes the aspects of the transition from the concepts of
“sustainable” development to the concept of ‘greening” the economy, taking into account international experience,
and the inclusion of Ukraine in the list of countries that ensure the fight against climate change and harmful
emissions. The conclusions obtained about the prospects of investment projects in the agricultural sector, namely
investment and innovation projects of agricultural enterprises characterized by a high level of attractiveness for
investors in terms of the directional vector of development, confirm the relevance of implementing the concept of
a green economy in the agricultural sector of Ukraine. The use of such an assessment methodology in practice will
make it possible to select and analyse promising areas of project financing and investment, as well as to adjust the

development strategies of Ukrainian agricultural enterprises

Keywords: ecologization; globalization; development strategies; targets; sustainable development

INTRODUCTION

In recent years, starting from 2019, it has become evi-
dent that environmental threats due to climate change
and deteriorating environmental conditions have be-
come the primary risks for global development. This is
confirmed by documents from the United Nations (UN)
and its specialized agencies, as well as the outcomes
of G20 and G7 meetings and the activities of the World
Economic Forum, as reflected in the annual “The Glob-
al Risks Report” (Brende et al., 2022). Restoring natural
ecosystems to functional levels within the framework
of ecological security and ensuring economic efficiency
in economic and social spheres, as well as in terms of
development sustainability, have become priorities in
the political programs of countries worldwide. The first
two decades of the 21st century have opened a “win-
dow of opportunity” for radical reforms and a transition
to a different model of economic development, where
the concept of a “‘green” economy plays a key role. This
transition applies to European countries and the appli-
cation of their experience in Ukraine, particularly in the
agricultural sector.

Notable contributions to the development of this
concept have been made by authors N. Fedorchuk
(2021) and O. Pishchenko (2020), who have identified its
fundamental principles and the necessity of transition-
ing to such a development model for agricultural enter-
prises. N. Fedorchuk (2021) examines the European ex-
perience of transitioning to a “green” path of economic
development, using a new model for agribusinesses,
and explores the opportunities and challenges that can
arise when implementing such conceptual approaches
in Ukrainian agribusinesses. The work of O. Pishchenko
(2020) is dedicated directly to the development of the
country’s agricultural enterprises within the framework
of the “green” economy concept. The author highlights
all the obstacles that arise on the path of implementing
such a business model in the context of a ‘green” course,
and emphasizes the need for strategic and legal support
at the state level. The work emphasizes the necessity of
aligning state policy with the “greening” of the economy.

The ‘green” economy forms the basis for imple-
menting the principles of sustainable development,
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specifically energy efficiency, environmentally friendly
resource utilization, and reduction of carbon dioxide
emissions. This takes into account the development of
a socially integrated society and its characteristics. The
agricultural sector is one of the industries showing the
highest rates of dynamic development and is promising
for transitioning to “green” development. This sector is
constantly transforming under the influence of growing
demands from the European market, which is one of
Ukraine’s most important trade partners. These asser-
tions are noted in the works of authors L. Smolii and
N. Dikhtyatenko (2023). In their work, they emphasize
the necessity of building a transformational strategic
model for “‘green” economy for agricultural enterprises,
taking into account the main principles of the European
Green Deal. However, it should be noted that the au-
thors do not address the issue of sources for attracting
investment funds for project implementation within the
framework of strategic development. Technologies such
as renewable sources are discussed in the research by
AA. Barylo et al. (2020). Authors dedicates their work
to assessing the prospects and effectiveness of imple-
menting different types of energy using ‘green” tech-
nologies, without harming the environment. It should
be noted that several questions related to state support
and providing investment flows for the realization of
such projects remain open.

The European Union’s (EU) Common Agricultural
Policy (2022) envisions the “greening” of the agricultural
sector and rural areas, and this is a strategic direction
for the country’s agricultural sector development. The
EU provides financial support for implementing ecolog-
ical schemes, safe technologies, biodiversity conserva-
tion, landscape preservation, climate support, and rural
bioeconomy development. Funding for these measures
can constitute up to 35% of the combined agricultural
budget of EU countries. Considering Ukraine’s strategic
direction in foreign economic policy towards alignment
with the EU and the existing conditions in the agricul-
tural sector, there is a need to transform this develop-
ment direction with the main principles of ‘green” econ-
omy in mind. This will ensure a proper level of national




food security, reduce environmental risks in the agri-
cultural sector, meet social demands, and strengthen
competitive positions in international markets.

The aim of the article was to determine the
prospects for sustainable development of Ukraine’s
agro-sector based on the principles of ‘green” economy
in the modern conditions of management, under the in-
fluence of various factors and strategic orientations in
the next decade. Achieving the main research goal will
enable the practical use of the toolkit in developing re-
gional development strategies in the future, adjusting
local programs and plans for the strategic development
of agricultural enterprises, implementing ‘green” tech-
nologies, and attracting ‘green” investments.

MATERIALS AND METHODS

The following research methods were employed to
achieve the objectives: systemic-structural analysis,
methods of analysis and synthesis, generalization, de-
ductive and inductive methods, as well as SWOT analysis
(S - strengths, W — weaknesses, O — opportunities, T -
threats). The systemic-structural analysis method was
used to construct the research logic and systematize
the terminology related to the conceptual framework
of ‘green” economy and the dynamic changes of global
trends in “sustainable development”. Using the meth-
ods of analysis and synthesis, the essence of the ‘green”
economy, its constituent elements, characteristics,and its
impact on Ukraine’s agricultural sector were determined,
considering contemporary changes. Through synthesis,
the peculiarities of strategic conceptual principles based
on the European initiative “Green Deal” for Ukraine’s ag-
ricultural sector were combined (Fedorchuk, 2021).

The generalization method was applied to systema-
tize the directions of “‘greening” economies’ development
and evaluate international experiences and practices in
the world and European countries. This was aimed at im-
plementing such experiences in domestic enterprises in
the near future, taking into account the country’s specif-
ic conditions. The methods of deduction and induction
were used to study trends in the transformation of eco-
nomic relations within the framework of ‘greening” the
economy under the influence of external factors, internal
changes, opportunities for economic digitization,and the
use of modern information resources and programs. The
induction method allowed for studying trends in analyt-
ical indicators and drawing conclusions about the pros-
pects of the country’s ‘green” economy and the agricul-
tural sector in particular. Through the deduction method,
by assessing general transformational processes in the
global economic space and the transition to a ‘green”
economy worldwide, positive decisions were made on
implementing measures for ‘greening” economic sectors
and developing new strategic solutions.

SWOT analysis was employed to identify key fac-
tors influencing a strategic project or program and
to identify “weak points” for further adjusting their
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effectiveness indicators. Through this method, by com-
paring potential opportunities and threats affecting
Ukraine’s agricultural sector with its strengths and po-
tential opportunities, it’s possible to determine the pro-
spective direction of Ukraine’s “green” economy devel-
opment at the present moment and evaluate its future
development prospects. Successful development and
achievement of strategic goals for the ‘green” economy
in Ukraine’s agricultural sector will position the country
among those minimizing ecological risks and effectively
competing in international markets.

RESULTS

Starting from the 1970s and up to the present day,
various aspects of the interaction between society, the
environment, and the economy have been explored in
global literature, leading to the emergence of a new
direction known as “ecologization of the economy”. Ac-
cording to the generally accepted definition, “ecolog-
ical” economics studies the connection between eco-
logical and economic systems. These interconnections
form the basis of many contemporary issues such as
global warming, increased acid rain, desertification, bi-
odiversity loss, depletion of natural resources and en-
ergy, water and food shortages (United Nations, 2012;
Selwyn, 2021). The rapid growth of global production
over the last decades has resulted in increased levels
of greenhouse gases (GHG), leading to global climate
changes and significant ecological risks and threats to
humanity. The dynamics of global CO, emissions in-
dicate that the world economy has reached a critical
level of carbon saturation. Since 2008, there have been
instances where CO, emissions growth in the world
has exceeded the growth rates of gross domestic prod-
uct (GDP), primarily driven by populous countries like
China, India, and Japan (European Union, 2022).

With each passing year, the pace of this process has
accelerated, posing a threat to the socio-economic de-
velopment of many nations. Addressing climate change,
both in developed and developing countries, requires
immediate political actions to implement unprece-
dented decisions in economic domains, changes in pro-
duction technologies,and social welfare. Global leaders
have agreed to collaborate in order to limit the rise of
the global average temperature to a level significantly
below 2°C compared to pre-industrial levels by the end
of the century. Starting in the 1990s, countries actively
joined the fight against climate change to avoid a
global catastrophe in accordance with the terms of the
Kyoto Protocol (United Nations, 1998). The transforma-
tive economy, focused on ecological development, laid
the foundation for the concept of sustainable develop-
ment, which became a crucial step in aligning environ-
mental issues with plans for socio-economic growth
and realizing the negative consequences arising from
the activities of certain sectors on the environment and
society. The definition of “sustainable development”
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was officially adopted during the UN Conference in Rio
de Janeiro (European Environmental Agency, 2012). It

Principle 1:
Intergenerational
equity

Principle 3:
Domestic
political justice

was during this time that the fundamental principles
of sustainable development were also outlined (Fig. 1).

Principle 2:
Sustainable use
of natural
resources

Principle 4:
Integrate
environmental
considerations
into development
plans

Figure 1. Principles of the concept of sustainable development
Source: compiled by the authors based on European Environmental Agency (2012), K. Markevich and V. Sidenko (2019)

The first principle is to protect natural resources
for future generations; the second is to ensure the use of
natural resources from the long-term perspective, con-
sidering their impact on the environment; the third is to
take responsibility for the effects of national strategies
on the use of natural resources, taking into account the
needs of other countries; and the final principle is inte-
gration, where ecological considerations should be inte-
grated into the development plans and projects of each
country. Since then, the concept of sustainable devel-
opment has been widely utilized in major international
agreements. For example, around 200 countries joined
the “GGGI Strategic Plan 2015-2020” (2015), which in-
cludes key global goals and tasks for sustainable devel-
opment, aiming to balance economic, social, and ecolog-
ical aspects to heal the planet and eradicate poverty.

The global financial crisis of 2008-2009 became
a pivotal moment in the international growth of the
“‘green”economy.This prompted global experts to recon-
sider the traditional model of economic development.

During this period, the concept of the “‘green” econo-
my gained widespread societal recognition and began
to be actively discussed by governments and experts
at various international forums and conferences. For
instance, after the United Nations Environment Pro-
gramme initiated the “Green Economy Initiative” at the
beginning of 2008, the term ‘green” economy started
being used in UN documents. Additionally, the UN is-
sued a statement in support of the “‘green” economy as
a means to address numerous social issues (United Na-
tions Department..., 2009). The UN conference address-
ing key issues related to the principles of sustainable
development, Rio+20 (European Environmental Agency,
2012), triggered the formulation of the core principles
of the “‘green” economy and their implementation into
international practice. The “green” economy was defined
as a relevant tool linked to sustainable development
(United Nations, 2023). During the same period, the
fundamental structure of the “green” economy was es-
tablished (Fig. 2).

“Green” economy

Economic I l

system
(finance;
production)

Ecosystem
(natural
resources)

Figure 2. The basic structure of the “green” economy
Source: L. Smolii and N. Dikhtyarenko (2023), United Nations (2023)
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The main goal of the ‘green” economic concept is
to achieve significant progress in the interrelation of
ecology and economy, which serves as the basis for im-
plementing the concept of sustainable development.
It encourages governments to transition towards bal-
anced development, including investments in renewa-
ble energy resources, addressing energy efficiency and
energy independence issues, solving problems related
to the production of biological food products, rational
land use, and optimal resource management. All of
this is aimed at transitioning to an efficient economy,
adopting environmentally friendly and resource-saving
technologies that aim to reduce emissions of pollut-
ants, cease the unrestricted use of valuable minerals,
and mitigate the negative impact on climate change
(European Commission, 2016). The core principles of
the “green” economy have had a significant impact
on the strategic and political development of most
world-leading countries, emphasizing its role in vari-
ous aspects of socio-economic orientation. For the UK,
as well as France and China, the main directions have
been defined as economic development and maintain-
ing competitiveness. Conversely, African countries such
as Rwanda and Morocco, as well as Ethiopia, Senegal,
and South Africa, highlight their transformative oppor-
tunities that will allow them to “leapfrog” the current
“polluting” development model and transition to a new,
innovative, “‘clean” model. Countries in the Asia-Pacific
region prioritize redirecting processes towards social
issues, such as employment and retaining a skilled
workforce, eradicating poverty, and achieving sustain-
able development (Georgeson et al., 2017).

Despite the lack of a universally accepted defini-
tion of the “green” economy on the international level,
a widely used working version was developed in 2011.
According to this definition, the ‘green” economy is an
instrument that contributes to improving the envi-
ronment. Human well-being and social equality also
significantly mitigate the negative impact on the en-
vironment and minimize the risk of environmental
degradation (OECD, 2023). It also underscores the con-
nection between ‘green” economic concepts and sus-
tainable development. However, it's important to note
that the “green” economic concept cannot replace the
concept of sustainable development. The realization of
sustainable development largely depends on the econ-
omy’s revival through creating conditions for innova-
tion, investment, and competition. The European Envi-
ronment Agency proposes a simplified interpretation:
the “green” economy is a policy of investment and inno-
vation that encourages society to develop production
systems that preserve natural resources and implement
projects focused on nature conservation start-ups, dig-
itization projects, advanced technologies. Considering
the above, ‘green economy” can be defined as an eco-
nomic development concept that promotes ecological
sustainability and social equality through reorient-
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ing production to a stable level, increasing resource
and energy efficiency, developing renewable energy
sources, implementing biological and innovative tech-
nologies, and increasing investment in projects aimed
at popularizing “eco-friendly” production.

Similar to leading developed countries and
fast-growing markets, Ukraine has embarked on a path
towards sustainable development based on the “green”
growth concept. This approach incorporates knowledge,
innovation, energy-efficient production lines, advanced
technologies, as well as social and environmental pro-
gress. This concept is significant worldwide for adapting
the principles of sustainable development to the con-
ditions of most countries, including Ukraine. Consider-
ing the current state of socio-economic development,
the agro-industrial sector, the technological level of the
industrial sector, the question of enhancing energy ef-
ficiency in both production and residential-communal
sectors, as well as the negative geopolitical situation re-
sulting from the military aggression of the Russian Fed-
eration, which has notably impacted policies related to
carbon energy resources, the transition to a sustainable
development model becomes a priority for Ukraine. The
Association Agreement between Ukraine and the EU
plays a crucial role in this context (Potapenko, 2013).
According to the agreement, Ukraine commits to har-
monizing its legislation with European standards in the
specified area of sustainable development. The agree-
ment explicitly emphasizes the importance of consider-
ing development and the state of the economy, ecology,
and the social sphere, which impact not only the cur-
rent situation but also the lives of future generations.

One of the key tasks facing Ukraine today is the
transition of its national economy based on the princi-
ples underlying the core approaches of the “‘green” eco-
nomic model, namely: sustainable production, energy
efficiency, resource conservation, business support,
ecological safety, and stable economic development.
The agricultural sector of Ukraine, as a flagship of the
country’s economic development, has high prospects
for the implementation of ‘green” economic principles.
However, there are several unresolved issues that need
to be addressed. Among these problems, the deple-
tion and degradation of agricultural lands, pollution of
water resources, and high levels of air emissions due
to outdated equipment (Lishchuk et al., 2022) should
be highlighted. According to a report by the National
Institute for Strategic Studies of Ukraine, the state of
agricultural lands in the country is highly vulnerable,
especially considering the high level of landmines in
certain areas. Natural processes of soil degradation
and erosion also continue, affecting over half of the
total agricultural area (Potapenko, 2013). Among oth-
er economic sectors, the agricultural sector stands as
one of the main sources of undesirable waste produc-
tion. According to the report from the National Cadas-
tre of Ukraine, from 1990 to 2020, the volume of GHG
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emissions from various categories of sources in Ukraine’s
agricultural sector accounted for nearly 13% of the total
GHG emissions in 2020 (Table 1). Therefore, despite the

implementation of global experience and eco-technol-
ogies in agricultural production, Ukraine’s agribusiness
still hasn’t achieved a significant level of ecologization.

Table 1. Changes in the volume of GHG emissions in different categories of sources
of the agricultural sector of Ukraine, expressed in thousand tons of CO, equivalent

Names of agricultural industries in the agricultural sector with the most significant GHG emissions in Ukraine

in crop production

in animal husbandry

Years Total
rice cultivation agricultural liming urea interna! manure
land application fermentation management

1990 216.43 35709.95 2592.08 270.14 45924.87 7308.44 92021.91
2000 187.12 15264.85 63.47 82.23 18468.6 2441.46 36507.73
2001 140.86 16769.07 71.47 117.02 18746.74 2399.3 38244.46
2002 140.75 16647.36 53.78 116.91 18926.94 2556.43 38442.17
2003 166.13 13927.54 49.37 191111 16984.02 2372.71 33690.88
2004 158.16 16962.84 83.33 35.83 16016.58 2179.28 35436.02
2005 158.57 17011.59 90.92 138.32 15719.51 2222.95 35341.86
2006 161.01 16979.44 105.99 171.32 15460.79 2314.25 35192.8
2007 156.72 15731.11 112.35 212.11 13998.08 2244.39 32454.76
2008 146.85 21054.47 124.95 355.18 13241.48 2187.15 37110.08
2009 181.97 19622.78 151.88 175.03 12767.38 22511 35150.14
2010 217.31 19348.96 12746 33473 121919 2334.19 34554.55
2011 219.98 24080.83 127.16 391.52 11784.12 2317.52 38921.13
2012 191.74 22948.71 161.72 351.36 12016.15 2357.81 38027.49
2013 179.32 27008.06 182.25 381.75 12257.78 2407.11 42416.27
2014 75.58 27413.42 156.26 386.03 11681.1 2344.2 42056.59
2015 86.72 25979.33 169.83 372.5 10970.24 222499 39803.61
2016 89.07 28876.25 140.09 457.62 10752.01 2126.43 42441.47
2017 94.11 29697.25 168.6 512.07 8597.04 2022.17 41091.24
2018 93.58 33479.29 163.74 201.18 8298.21 2002.73 44238.73
2019 94.83 33004.02 163.23 316.84 7918.02 1958.37 43455.31
2020 82.99 31845.54 131.35 235.51 7447.07 1944.65 4168711

Source: compiled by the authors based on the European Union (2022), Ministry of Environmental Protection and Natural

Resources of Ukraine (2023)

In order to transform the agricultural sector on the
basis of the ‘green” economy, it is necessary to establish
strategic guidelines, common principles, directions and
define the mechanisms and appropriate tools for its
implementation. These elements should form a single
system of transformations aimed at preserving, increas-
ing and restoring natural capital in the agricultural sec-
tor, which is the most important economic asset and
source of public goods (Figure 3). Formulation of the
strategy and its control should take into account the

expected results in relation to all strategic priorities.

The main goal is to achieve specific target indicators
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and perform the corresponding tasks. In the field of ag-
riculture, it is important to take into account the goals
of the European Union during the strategic planning of
its development, taking into account the national char-
acteristics of the development of the agricultural sec-
tor in Ukraine and based on the existing positions. The
main principles of the ecologization of rural production
should be increasing the level of food security, effec-
tive use of resources from the ecological and economic
point of view, reducing energy dependence, improving
the export image of the industry, ensuring the interna-
tional competitiveness of agricultural enterprises.
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Strategy for the transformation of the agricultural sector of Ukraine based on the

concept of “ green “ economy

Harmonization of goals within the
framework of the strategic European
initiative (Fedorchuk, 2021): food
security; reduction of the negative
impact of the agricultural sector

Taking into account the basic
principles: ensuring the unity of
ecological systems in the agricultural
sector; minimizing the negative impact
of agricultural enterprises on the
environment

Key instruments: investing in startups
related to “ green “ projects;
digitization of the agricultural sector;
development of state support

Support for priority areas of agricultural sector development

Reduction of greenhouse gas emissions;
adaptation to climate change

Introduction of waste-free technologies;
reduction of damage to the agricultural sector
from military aggression

A 4

Transition to a green economy

Preservation, growth and restoration of seed capital as the most important economic asset in the
agricultural sector and a source of public goods

Figure 3. Formation of the transformational strategy of the agricultural sector of Ukraine, taking into account the
principles of the “green” economy concept
Source: compiled by the authors based on the European Union (2022)

For the transformation of the agricultural sector
based on the principles of the “green” economy, it is
necessary to establish strategic guidelines, unified
principles, directions, and mechanisms, as well as de-
fine the tools for its implementation. These elements
should form a cohesive system of transformations
aimed at conserving, increasing, and restoring natural
capital in the agricultural sector, which is the most
important economic asset and a source of societal
benefits (Fig. 3). The formulation of the strategy and
its monitoring should consider the expected outcomes
in relation to all strategic priorities. The main goal is
to achieve specific target indicators and accomplish

corresponding tasks. In the sphere of agriculture, it’s
crucial to take into account the goals of the European
Union while strategically planning its development.
This should be done by considering national peculi-
arities of agricultural sector development in Ukraine
and building upon existing positions. The core princi-
ples of agricultural production’s ecological transfor-
mation should include increasing food security, effi-
cient resource utilization from both ecological and
economic perspectives, reducing energy dependence,
enhancing the industry’s export image, and ensuring
international competitiveness of agricultural enter-
prises (Tables 2 and 3).

Table 2. List of factors for evaluating the impact of Opportunities and Threats
of the external environment on investment attraction

Opportunity Threats
1 Strategy for the development of the “green” economy 1 Fall in GDP, gross rating point (GRP)
2 State programs for the dev“elopment of the agrlculEural sector, 2 Inefficient industry structure
support for the “European Green Course
3 Creating an attractive investment climate for financing 3 Unsatisfactory level of financing of innovative
environmental protection measures and start-ups projects in the agricultural sector
4 Defining the agricultural sector as the vanguard of innovative 4 The riskiness of financing due to military aggression
development
5 Targeted programs for the introduction of innovations and 5 Pressure from international competing manufacturers

staffing
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Table 2, Continued

Opportunity

Threats

6 .
enterprises

Availability of high-tech production capacities of agricultural

6  Loss of part of the territories due to military actions

7 High rates of infrastructure development

7 Loss of part of highly qualified personnel

Source: compiled by the authors based on S.V. Filippova et al. (2015)

In order to carry out the assessment, all factors of
the internal environment are grouped according to the

principle of comprehensive analysis, for the assessment
of the activities of enterprises in the agricultural sector.

Table 3. List of factors for evaluating the internal environment of agricultural enterprises

Group name’s No. Internal environmental factors
1 The state of production facilities, the level of wear and tear, renewal plans, war losses
2 The level of management of intangible assets, the dynamics of their use and implementation
Enterpnsg resource 3 Energy efficiency and resource availability
provision
4 The level of staffing and personnel management
5 The level of transport and logistics support
6 Strategic direction of enterprise development
L 7 Organizational structure of enterprises
Organizational and
production activity of 8 The level of production quality, compliance with modern needs
enterprises . .
9 The level of marketing and sales activity
10 The level of application of innovative technologies in production
11 Positions of agribusiness among competing eco-enterprises
“Greening” of 12 Corporate ties and their strength
enterprises and
competitiveness 13 The level of product safety from its environmental friendliness
14 Ensuring market share
15 The level of solvency of enterprises
. . 16 Dynamics of available funds and working capital at agricultural enterprises
Financial and
economic condition 17 The level of financial stability of enterprises
of enterprises . .
18 Dynamics of production profits and losses
19 The ratio of own and borrowed investment funds

Source: compiled by the authors based on S.V. Filippova et al. (2015)

The result of the SWOT analysis, according to the
proposed algorithm, is the determination of the vec-
tors of possible development directions of enterprises
in the agrarian sector. In addition, it is important to
characterize each quadrant of the matrix. When com-
piling a list of the main characteristics of each quad-
rant of the SWOT matrix, the author adheres to the
principle of priority from the point of view of attrac-

tiveness for investors. For a potential investor, projects
that are less dependent on environmental factors will
be more attractive, as such factors are characterized
by a high degree of uncertainty and risk. Table 4 shows
the results of constructing the characteristics of the
direction vector of the development of the investment
and innovation project based on the results of the
SWOT analysis.

Table 4. Interpretation of the results of the SWOT matrix and determining vector of directed development

Quadrant of

the matrix Characteristics

Possible reaction of a potential investor

Potentially very high level of Opportunities from the external
environment + Strengths from the internal environment.
The most favourable development option

Such a scenario is considered the
most optimistic and causes the least
expectations of risky and negative
consequences of project implementation
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Table 4, Continued

Quadrant'of Characteristics Possible reaction of a potential investor
the matrix
. . . .
Internal Strgngths sufﬁaentl.y high Opportunities from ex'tgrnal factors. It is considered by the investor as a
They differ from the previous ones by a lower probability of an L o .
L promising and realistic investment option
optimistic forecast. . .
. S L in the absence of additional threats
The direction is promising.
Opportunities of the external environment are high + Weaknesses of the . - .
. . Such projects cause a positive reaction
Il internal environment are at a low level. in case of cooperation with effective risk
It is attractive if it is possible to solve the problems of the internal P
. . . management
environment with management solutions.
. High Internal Weaknesses + low External Environmental Opportunities. .AS d r.uLe,.lf an |nves'For takes the risk of
Il . . . . - investing in such projects, he hopes for a
Potentially risky projects that require additional refinement. . . . .
fairly high-risk premium
High Strengths of the internal environment + low Threats of the The reaction can be positive if the
I external environment. investor assesses the risk and the
Such projects are quite dependent on the influence and dynamics of expected effect and settles the issue of
changes in external factors. their ratio
The factors of the internal environment characterize the low potential . For an |r?vestor, such prOJect§ are
. . . riskier and, if there are alternatives, not
1 of Strengths + a high level of Threats from the external environment. .
Such projects require detailed diagnostics attractive.
’ They need refinement
From the investor’s point of view, the
High level of Threats + Weaknesses of internal environment, low level. project does not meet the expected
I\ . . . .
Such projects need to be refined. results and requires detailed analysis and
refinement
High level of Threats + high level of Weaknesses of the internal The highest l?r\séscigfanger for the
[\ environment. It can receive financing with a very low

In this version of the development of events, the project needs a
complete review.

probability only in the case of complete
absence of alternatives

Source: compiled by the authors based on S.V. Filippova et al. (2015), A. Sherafat et al. (2013)

As can be seen from the proposed methodology, the
main role of research at this stage consists in grouping
projects according to the degree of their attractive-
ness for potential investors, according to the criteria of
the direction of their development. This analysis com-
pares external opportunities and threats with internal
strengths and weaknesses. The next step is to deter-
mine the assessment of the level of influence of factors
of the external environment according to the algorithm,
which makes it possible to determine those that affect

the enterprises of the agricultural sector the most (Ta-
bles 5 and 6).

In order to determine the final result according
to the given analysis, only those connections were
selected where the level of influence corresponds to
rank 1-3, “Opportunity” is marked as a positive result,
and threats as a negative one.

Correlations and evaluations for the factors of
the internal environment are similarly determined
(Table 7).

Table 5. Analysis of the influence of environmental factors

Degree of impact (D) Probability g o
& 5 £
E E E =} © ~
Opportunities £ ] g S$C 3 g 5§
a S . 2 g «
% “ @ g < g
< < E <
Strategy for the development of the “green” . )
economy (within the framework of the Green Deal) high 3 average 50 150 Strategic
direction of 188 2
State programs for the development of the enterprise
2 agricultural sector, support for the “European high 3 high 75 225 development

Green Course”
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Table 5, Continued

Degree of impact (D)  Probability £ o
- - & 5 5
c c =] o ~
Opportunities g (] £ § Sy g g 5
a S a X g 2 g =
g 7 g g g g
2 2 £ <
Creating an attractive investment climate for The level of
3 financing environmental protection measures and high 3 average 50 application
start-ups of innovative 188 1
. . hnologies
Defining the agricultural sector as the vanguard ) ) tec gl
4 of innovative development high 3 high 75> 225 in production
5 Targeted.prograr.ns for the introduction of average 2 high 75 150 The leve.l of
innovations and staffing production
co?r:J;llilatZ\’ce 1503
Availability of high-tech production capacities of . :
6 agricultural enterprises average 2 high 75 150 with modern
needs
. . Ensuring
7 High rates of infrastructure development average 2 average 50 100 100 4
market share
Degree of impact (D) Probability G c o
(7] Q (o] (] 0 o c
Threats E g g °\° E’ E § > S
w (¥} w — 0 S
o gl o 8 < g
" 7] O <
< <
1 Inefficient industry structure average 2 reality 100 200  The level of
. . . . lvency of -175 2
Unsatisfactory level of financing of innovative . so Y
2 projects in the agricultural sector average 2 high 75 150 enterprises
3 The riskiness ofﬁnanu.ng due to military high 3 high 75 225 Positions
aggression of the
enterprise
] ] ) among -188 1
4 Pressure from international competing high 3 average 50 150 competing
manufacturers eco-
enterprises
5 Loss of part of the ter.rltorles due to military average 2 low 75 50 Corpqrate 50 4
actions relations
6 Loss of part of highly qualified personnel high 3 low 25 75 The level of
staffing and 88 3
7 Inefficient industry structure average 2 average 50 100  Personnel
management

Source: compiled by the authors based on S.V. Filippova et al. (2015)

Table 6. Evaluation factors of the SWOT analysis of the external environment of the agricultural sector

Opportunities Threats
Factor Rating Rank Factor Rating Rank
Strategic direction of enterprise Positions of the enterprise among
188 1 . . -188 1
development competing eco-enterprises
Suppor'g for the develop.ment of 188 2 The level of solvency of enterprises -175 2
agricultural enterprises
The level of application of innovative The level of staffing and personnel
L ) 150 3 -88 3
technologies in production management
Average score 175 Average score -150

Source: compiled by the authors
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Table 7. Evaluation of Strengths and Weaknesses of the internal environment

Group of No. Strengths Summary Group of factors No. Weaknesses Summary
factors score score
The level of management Organizational and The level of marketing
2 - . 109 : L 9 L -73
of intangible assets production activity and sales activity
Resource The level of product
support The level of staffing and safety from the
82 “G ing” of 12 point of view of -55
personnel management reening o . . L
entrepreneurship Its environmenta
and competitiveness friendliness
6 Strateglc direction of 145 13 Ensuring market share -18
enterprise development
Organizational The level of application of .
and 7  innovative technologies in 18 18 Dynamlcio(;zgsroﬁts and -200
production production Financial and
activity . economic condition .
The level of production The ratio of own and
10 quality, compliance with 55 19 borrowed investment -55

modern needs funds

Source: compiled by the authors based on S.V. Filippova et al. (2015)

Factors whose score exceeds the indicator (<=50)
are considered more influential, then they are ranked
from 1 to 3,the results of determining the average score

are shown below (Table 8). After calculation, all data
summarized in Table 9. Graphically, it was presented on
Figure 4.

Table 8. Determination of the average score based on the results of the analysis
of the internal environment of the enterprise

Group of Rank Strengths Summary Group of factors No. Weaknesses Summary
factors score score
The level of Organizational and The level of marketing
2 management of 109 - L 2 L -73
. - production activity and sales activity
intangible assets
Resourcte The level of product
suppor « A
The level of staffing and Greepmg safety fr°f“ the
3 82 enterprise and 4 point of view of -55
personnel management - . .
competitiveness its environmental
friendliness
1 Strateg|c direction of 145 1 Dynamics of profits and 2200
Organizational enterprise development losses
d producti Financial and
and production The level of production economic condition The ratio of own and
activity 4 quality, compliance with 55 3 borrowed investment -55
modern needs funds
Average score 112 Average score -109
Source: compiled by the authors based on S.V. Filippova et al. (2015)
Table 9. Data for the graphic determination of the vector of prospects for the direction
of the development of enterprises in the agricultural sector
Factors of the external environment Factors of the internal environment
Opportunities 175 Strengths 112
Threats -150 Weak sides -109
Opportunities + Threats = X 25 Strong + Weak =Y 3

Source: compiled by the authors
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r

Weaknesses 4

Figure 4. Graphical definition of the perspective vector of the direction of the development
of the enterprises of the agrarian sector of Ukraine

Source: compiled by the authors

As seen from the presented vector scheme, the di-
rection of development is situated in a quadrant that
characterizes the potential for development with a high
level of opportunities for investment attraction and the
utilization of maximum levels of external opportuni-
ties and internal resources. However, it is necessary to
consider the realities of time and the facts that, due
to military aggression, the sown areas in Ukraine have
decreased by 25% as of the year 2023. The agrarians
suffer from losses caused not only by disruptions in
markets and unfavourable new economic conditions,
but also from the disruption of the “grain initiative”,
constant instability, equipment and personnel losses,
animal deaths, and land losses due to landmines. Nev-
ertheless, there are also positive aspects: the agricul-
tural sector shows significant resilience and adapta-
tion to new economic conditions; the opportunity for
alignment with the requirements associated with the
prospect of joining the European Union; the “grain ini-
tiative” has enabled the agricultural sector to realize a
substantial portion of its production; in 2022, Ukraine
exported agricultural products worth $21.1 billion; the
prospects for the 2023 harvest are expected to be pos-
itive (Ministry of Environmental Protection and Natural
Resources of Ukraine, 2023).

It should also be noted that in Ukraine, the Decree
of the President of Ukraine (2019) was signed. Among
the main priorities, the development of agricultural en-
terprises is identified as a forefront in the innovative
development of the agricultural sector. Additionally, the
“Low-Carbon Development Strategy of Ukraine until
20507 (2018) has been developed and adopted, which
envisions Ukraine’s transition to a low-carbon develop-
ment model, including the reduction of GHG emissions
and the minimization of the use of fossil fuels. Simul-
taneously, an increase in investments in the develop-
ment of renewable energy sources and the transition
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to environmentally friendly production using ‘green”
technologies in all sectors of the economy, including
agriculture, is planned. Particularly emphasized in the
practical part are recommendations for steps related to
the agricultural sector, which involve numerous inno-
vations and new production requirements, innovative
waste processing methods, improved energy efficiency,
specifically:

1. Increase carbon absorption through the implemen-
tation of better climate-friendly agricultural methods.

2. Reduce GHG emissions, specifically methane and
nitrous oxide, which are primarily associated with ag-
ricultural production, livestock farming, and resource
extraction.

In conclusion, considering the obtained results of
the assessment of prospects and the strategies de-
veloped by the Government, it can be concluded that
overall, based on the analysis results and forecast ex-
pectations, the prospects for the agricultural sector are
quite positive, even in the context of the current com-
plex situation.

DISCUSSION

The trend of the “green” economy is gradually being
incorporated into the development strategies of most
countries worldwide, particularly in Europe. The support
for climate agreements, the safety of agricultural and
food production, the application of new soil process-
ing technologies, waste recycling, everything related to
emissions reduction and GHG reduction, the develop-
ment of energy independence and security, energy effi-
ciency, and numerous other issues in this direction are
all encompassed by the concept of “greening” the econ-
omy. Even in works published in the 1990s, researchers
like K.P. Bruce et al. (1996) pointed out that economic
development would be impossible without the imple-
mentation of the “‘green” economy concept, given that




the impact of climate change is reflected in the activ-
ities of enterprises across all sectors of the economy.
These authors emphasized that the implementation of
the core elements of the “greening” concept is neces-
sary both in the economic and social aspects of each
country’s development.

Scholars like K. Baylis et al. (2022) examined the im-
plementation of the principles of the ‘green” economy in
the production sectors of the United States and Canada.
They studied the historical aspects and dynamics of
these processes and highlighted the necessity of such an
economic development model, especially in the agricul-
tural sector. The importance of government support for
agricultural sector development programs is noted. The
agricultural sector in the Ukrainian economy has all the
prospects for successfully adopting and implementing
the fundamental principles of the ‘green” economy. How-
ever, this requires addressing a significant number of
challenges that remain unresolved today, including the
depletion and degradation of agricultural lands, water
pollution, and significant atmospheric emissions result-
ing from outdated equipment and pollutants.

The orientation towards the ecologization of ag-
ricultural production should prioritize enhancing food
security, elevating the environmental and economic
efficiency of resource utilization, reducing energy de-
pendency, and increasing the export potential of ag-
ricultural products, industrial sectors, and the entire
national economy. This perspective is supported by re-
searchers like O. Drebot and V. Tarnavskyi (2022), who
underline the prospects for the development and im-
plementation of the core principles of the ‘green” econ-
omy on Ukrainian agricultural enterprises. They empha-
size the need to change strategic orientations, taking
into account new realities related to the military con-
flict and the new perspectives provided by agreements
with the EU. The transformation of the agricultural
sector based on the “green economy” should have clear
goals, principles, directions, and implementation tools.
These elements will form a unified transformation sys-
tem that will help preserve, enhance, and restore the
natural capital in the agricultural sector as a crucial
source of economic assets and societal well-being.

Achieving sustainable development goals by re-
gions, countries, and society as a whole overcomes
many problems related to food security, fosters the eco-
nomic growth of the agricultural sector, and enhances
its competitiveness in international markets. The im-
plementation directions of the ‘green economy” con-
cept encompass virtually all spheres of development
and activities within the country’s agricultural sector,
making it a priority in the formulation of strategic pro-
grams and plans for the future. Similar perspectives on
agricultural safety are revealed in the works of authors
like B. Hasler et al. (2022), who examine the European
approach to implementing the principles of the “green”
economy and the political regulation of this process.

Khodakivska et al.

The study extensively reviews the European agroeco-
logical policy, which has various and competing goals.
The Common Agricultural Policy was the main political
foundation that guided the development and imple-
mentation of mandatory and voluntary instruments of
agroecological policy in the EU and its member states.
The voluntary agroecological scheme, initiated in the
1990s, continues to play a central role in achieving the
EU’s environmental and climate goals. These programs
have faced challenges in achieving their goals, includ-
ing limited environmental impact, low farmer partic-
ipation, and conflicts between ecological goals and
income support objectives. Lessons from the past and
potential future research and policy directions aimed
at improving the EU’s agroecological and climate goals
can be informative for the development of strategic ori-
entations in development programs. Furthermore, the
works of G. Pe'er et al. (2020) highlight the necessity of
control throughout the entire cycle of agricultural crop
cultivation and the quality of agricultural products up
to the point of consumption.

Considerable attention is also given to food secu-
rity. For example, in the research of K. Eckerberg et al.
(2023), questions of land policy are interconnected
with other domains: food security, energy supply, envi-
ronmental protection, stimulation of sustainable devel-
opment. The values proclaimed by these new realities
sometimes conflicted or were not always easily recon-
ciled with the values of those who previously managed
agricultural policies. Their research in this field shows
that value conflicts are resolved differently, leading to
various paths of inter-agency coordination and deci-
sion-making. The study of the formation of inter-agency
policy in the field of agricultural development manage-
ment has the potential to contribute to the theoretical
development of state policy analysis, just as research
on land policy did in the past (Eckerberg et al., 2023).
Defining new priority directions and implementing
an enhanced SWOT analysis method based on char-
acteristics of external and internal factors, as well as
its interpretation, enables the evaluation of prospects
based on the obtained results. In this regard, the list
of Opportunities and Threats, as well as Strengths and
Weaknesses for agro-sector enterprises in Ukraine, was
determined considering all perspectives for investment
and innovation projects, as well as the country’s situa-
tion in relation to military aggression.

In the works of researchers S.V. Filippova et al.
(2015) and A. Sherafat et al. (2013), examples of using
the directional analysis methodology are provided to
determine the attractiveness of investment and in-
vestment-innovation projects when selecting alter-
natives and assessing their prospects. An outstand-
ing feature of the proposed method is its application
to determine the direction vector of the agro-sector’s
development prospects, taking into account factors
of strategic development for the “‘green” economy in

Scientific Horizons, 2023, Vol. 26, No. 10

175



176

Prospective analysis of the implementation of the ‘green” economy...

the country, maintaining sustainable growth despite
external threats, supporting a course aimed at imple-
menting principles within the “European Green Deal’,
endorsing investment-innovation development of
agrarian enterprises, startup implementation, digitiza-
tion of the agro-sector, ensuring high levels of safety
and environmental friendliness of products, and their
competitiveness in domestic and international markets,
among others. The question of the necessity for financ-
ing “green” projects is explored in the works of Q. Yin
(2023) and W. Pan et al. (2023). In their research, the au-
thors address the issues of attracting investment funds
into innovative projects and mechanisms for evaluat-
ing their effectiveness within the framework of envi-
ronmental policies. All these issues resonate with the
thematic focus of the aforementioned study and remain
relevant in the context of Ukraine.

The further development of Ukraine’s economy ne-
cessitates a complete transformation of the existing
economic system, a shift towards a renewed business
model, and the implementation of sustainable devel-
opment concepts based on ‘green” economic principles.
It holds prospects for realizing investment and innova-
tion projects in the agro-sector in the coming decade.

CONCLUSIONS

The new challenges of modernity, created by threats
to ecology under the influence of society’s activities
on climate change, require fundamental solutions at
the economic, social and technological levels. More
and more often, environmental issues are resolved at
global conferences or summits, and their results re-
quire funding for implementation and new approaches
to assessing the prospects for the development of the
sphere of activity of enterprises in different countries. A
‘green” economy based on alternative sources of ener-
gy and fuel, ecologically clean production technologies,
agricultural clean technologies, “‘green buildings” and
programs for cleaning air, water and soil pollution, pro-
cessing and disposal of waste is an urgent issue today.
It is the “green” economy that can be promising, and
the creation of a ‘green” economy model in Ukraine be-
comes a necessary and quite achievable goal.

for the environment and consumers, which at the same
time will have competitive qualities at the national and
international levels, as well as preserve the characteris-
tics necessary for indicators of production efficiency. The
conducted research confirmed that the agricultural sec-
tor is one of the most dynamic industries with the poten-
tial to transition to ‘green” development. The industry is
undergoing constant transformation under the influence
of growing demand from the European market, which is
one of Ukraine’s most important trade partners.

The principles of transformation of the agricultural
sector to a ‘green” economy should be considered in the
context of the implementation of the following stra-
tegic priorities: development with the use of new re-
source-saving technologies, taking into account climate
change and the implementation of climate protection
measures, the use of eco-production of food products;
GHG emissions in the agricultural sector; provision of
State support for the ‘green” economy; development
of financing mechanisms with the participation of the
State and other investment funds; implementation of
monitoring and Methodology for assessing the pros-
pects of investment and innovation projects in the agri-
cultural sector in order to control their implementation,
reduce the scale of environmental damage caused by
military aggression in the agricultural sector. The spec-
ified strategic directions should become the basis for
the rationalization and adoption of a unified strategy
for the development of the Ukrainian agricultural sec-
tor and the economy as a whole, based on the princi-
ples of the ‘green” economy.

For the further development of such a model, it is
necessary to resolve the contradictions of production,
strengthen the stimulating role of the country in “green”
investments and innovations, create conditions for in-
creasing the competitiveness of Ukrainian producers of
organic products, and form new ideas among the public
in relation to the environment. This is the perspective
of development and the basis for further research and
implementation of the international experience of the
‘green” economy, the application of its concepts and
principles in Ukraine.

The implementation of the European integration ACKNOWLEDGEMENTS
strategy of Ukraine and its goal of entering the Euro-  None.
pean economic space requires an approach to the de-
velopment of an economic policy aimed at ensuring the CONFLICT OF INTEREST
production of products that are environmentally safe  None.
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AHoTauif. Peanii cyyacHoro po3BWTKY €KOHOMIKM BMMaratTb CYTTEBMX 3MiH ICHYHYOT €KOHOMIYHOI CUCTEMM Ta
nepexoay Ha NPUHLUMMOBY HOBY MOAESb, B OCHOBI SIKOi Oye peanizoBaHO OCHOBHI NiAX0AM CTanoro po3suTKy. OLHUM
i3 HalKpalwmx BapiaHTiB 3ab6e3neyeHHs Li€i 3MiHM BBAXXAETbCS KOHLEMLIN «3e/IeHOi» eKOHOMIKWU. AKTYasbHICTb
TEMW PO3BMUTKY «3€/IeHOI» eKOHOMIKM 3aCHOBaHA Ha ii MoTeHUiani y BUPilWEHHi HaralbHUX eKonoriyHux npobnem
Ta CMPUSHHI CTAaNOMy pO3BMUTKY, WO BiANOBIAAE MOTpebaM CyCninbCTBA Ta MiXKHAPOAHOro ChiBTOBapuCTBa. MeTta
CTATTi — Le OUiHKA NepCneKkTUBHOCTI arpapHOro CeKTopy eKOHOMIKM YKpaiHu B pamkax ctpaTterii TpaHchopMalii,
Wo chopMOBaHa 3a NPUHLMNAMU «3EeEHOI» EKOHOMIKW. [pn LbOMY BPaxOBYETbCS Linni cnekTp GakTopis, B SKUX
iCHYIOTb Ta PO3BMBAKOTLCS arponifnNPUEMCTBA, @ TAKOX Ti YMOBM LLIO CKIANUCh Y 3B%I3KY i3 BiNCbKOBOK arpecieto B
KpaiHi. 1ng AoCArHeHHs BM3HA4YeHOi MeTu Bynu BMKOPUCTAHI HACTYMHi METOAM: CMCTEMHO-CTPYKTYPHOrO aHanisy,
METOA aHanisy, CMHTe3y, MeTOA Yy3araJibHeHHs, MeToAM AefyKuii Ta iHAYKUii, Ta MEeToA0Noris BMAO3MIHEHOrO,
yaockoHaneHoro SWOT-aHanisy. BusHaueHo psn ¢daktopiB BNAMBY Ha iHBECTWULIMHO-IHHOBALiMHI Npouecu Ha
NiANPUEMCTBAX arpocekTopy 3 Tak 3BaHMX 30BHiLLHiIX 3arpo3 Ta MoxnuBocTed i BHYTpilWHiX CunbHMx Ta Cnabkux
CTOpiH. B npoueci pocnigaxeHHs NpoBOAUTLCS TaKOX y3arafibHEHHS acnekTiB Nepexoay Bif, KOHUEMLIM «CTanoro»
PO3BUTKY [0 KOHLENUii «03eneHeHHS» eKOHOMIKKU, BpaXyBaHHS MiXHApOAHOro AO0CBIAY, Ta BKAKOYEHHS YKpaiHu Ao
nepeniky KpaiH o 3abe3neyytoTb 60poTbOY i3 3MiHaMK KAiMaTy, WKiAAMBUMKU BUKMAAMU. OTpUMaHi BUCHOBKM Npo
nepcneKkTUBHICTb NPOEKTIB iIHBECTYBAaHHS B arpoCeKTop, @ Came iHBeCTULIMHO-IHHOBALiMHI NpPoeKkT! NiANPUEMCTB
CiNbCbKOr0 roCnofapcTBa, WO XapakTepu3yTbCs BUCOKMM piBHEM NpMBabAMBOCTI ANS iHBECTOPIB 33 MOKA3HUMKOM
CNPSIMOBAHOr0 BEKTOPY PO3BWTKY, NiATBEPMXKYHOTb aKTyaNbHICTb peanisauii KoHuenuii «3eneHoi» eKOHOMIKM B
arpapHy cdepy YkpaiHu. BUKOpUCTaHHS Takoi METOAMKM OLIHKM Ha MpaKTULi AacTb 3MOry NpoBOAMTM BiAbip Ta
aHani3 NepcnekTUBHUX HaNpAMiB hiHaHCYBaHHS Ta IHBECTYBAHHS NPOEKTIB, a TAKOX KOPUTYBAHHS CTpaTerii po3BUTKY
YKPaiHCbKMX arponianpueMcTs

KniouoBi cnoBa: ekonorisauis; rnobanisauis; ctpaTerii po3BUTKY; LiiNbOBi OPIEHTUPU; CTANIUI PO3BUTOK
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concretisation, generalisation, formalisation, and tabular and graphical interpretation of theoretical information.
In the course of the study, the current state of agricultural production in the sector of farms, infrastructure, and
information support for agricultural producers are examined. It is determined that effective consulting in the
field of agro-industrial complex is a basic prerequisite for intensifying the productivity and competitiveness of
farm production. Priority vectors of agricultural consulting activities are highlighted. The specific features of the
process of managing the productivity of farms with the involvement of agricultural consulting opportunities are
examined, and further prospects for its development are outlined. The main measures to optimise the situation
in the industry under study are proposed. The practical importance of the results is considered in the possibility
of their application in developing appropriate programmes aimed at improving farm management efficiency,
increasing production productivity, and product competitiveness, and forming a stable and effective agricultural
consulting system in Ukraine

Keywords: nature conservation area; strategic management; monitoring; forecasting; competitiveness; profitability;

consulting

INTRODUCTION

Destructive processes in the agricultural sector of
Ukraine, caused by the decline of animal husbandry, the
deepening of narrow specialisation in the cultivation
of grain and oilseeds in crop production, against the
background of increased labour migration from rural
areas and irrational use of Natural Resources, cause a
deterioration in the quality of agricultural land and a
decrease in productivity indicators.

World practice convincingly shows that consulting
activities is one of the most effective mechanisms for
solving problems in the agricultural sector, for which
the term “agricultural advisory activity” is often used
in Ukraine. The short history of practical implemen-
tation of such activities on the territory of Ukraine in
the new economic conditions requires the implemen-
tation of the accumulated paradigm of agricultural
consulting development in the world practice, which
aims to increase the productivity of farms through
the use of effective management tools. Many studies
by modern researchers are devoted to the essence of
consulting in agriculture. Thus, O. Svitovyi (2022) and
O. Berbenets (2022) define agricultural consulting as
a process that aims to generate useful information
about optimising the activities of farms. N. Mazur and
A. Nikolashyn (2021) argue that consulting is the use of
information to form optimal solutions by a business en-
tity and create prerequisites for their implementation.

Considering the essence of consulting, V. Zbarsky
and M. Talavirya (2023) decompose it into specific vec-
tors, which include the purpose, means, and communi-
cation between participants in the consulting process.
Therewith, G. Pruntseva (2020) emphasises that the
duty of a consultant is to act for the benefit of their
partner, while the business entity reserves full inde-
pendence in decision-making and responsibility for the
consequences of their implementation. The problem
of consulting in the agricultural sector is multidimen-
sional. It combines legal, technological, environmental,
social, and economic aspects. Researchers O. Klenin
and M. Bilopolskyi (2017) include the features of the

concept of consulting, its meaning and functions in the
system of agricultural transformations, prospects for
consulting in the context of the formation of a market
economy in the content of economic aspects.

Today, in the agricultural sector of Ukraine, there is
a process of destruction of the productivity of business
entities, which is largely due to the instability of the
economy and a decrease in production volumes. Mod-
ern researchers T. Grober and O. Grober (2020) see the
essence of the impact of negative factors in the fact
that many farms develop without synergy with market
laws, in conditions of inadequate material and tech-
nical base of production, in the absence of the possi-
bility of using innovative technological solutions and
established economic ties. In addition, today, there is
a phenomenon of disparity in the economic processes
of farms, which is caused by price liberalisation, weak-
ening of state regulation, strengthening of inflation
processes, complication of credit policy, and together
with disproportionate phenomena - the redistribu-
tion of responsibility for overcoming them (Williams &
van Triest, 2023).

Quite thoroughly general problems of farm man-
agement are examined in the studies of modern re-
searchers C. Li et al. (2021) and M. Masud et al. (2022).
Certain issues of improving the productivity and com-
petitiveness of farm formations are reflected in the pa-
pers of E. Mohamed et al. (2021). However, the problems
associated with the analysis of the algorithm of the
successful functioning of farm formations and effective
management of their activities using the capabilities
of agricultural consulting, which aims to increase the
competitiveness and productivity of production, remain
insufficiently examined today and require further scien-
tific consideration.

The purpose of the study was to analyse the use of
consulting to improve the efficiency of agricultural pro-
duction. An additional task was to examine the possibil-
ities of management tools based on agricultural con-
sulting to stimulate the productivity of farms in Ukraine.
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MATERIALS AND METHODS

In the course of the study,a number of general scientific
and special methods of cognition were used, including
methods of logical, structural, functional, comparative
analysis, abstraction, induction and deduction, and
methods of concretisation and formalisation. The theo-
retical and methodological base of the study is formed
based on the dialectical method, a systematic approach,
and priority principles for conducting comprehensive
research. Therewith, the systematic approach allowed
examining the object and subject of study as a system
in the entire set of relationships.

The comparison method was used to determine the
specific features of development and the dynamics of
quantitative and qualitative characteristics of farm pro-
ductivity. Methods of analysis and synthesis were used
in the process of identifying the stages and factors of
development, and the most influential elements of the
object under study. The inductive method was used to
predict development indicators. Deduction was applied
in the course of developing proposals for optimising
management processes in farm production. Methods
of system analysis and synthesis were used to identify
the essence of the organisational and economic mech-
anism of the object under study and to determine stra-
tegic vectors for the development of effective manage-
ment in the farming sector. Through system analysis,
structural connections between the elements of the
phenomenon under study are established.

The abstraction method was used in the course
of the study to identify the main concepts and cat-
egories. Through this method, the concept of an in-
tegral process of the management system in the
agricultural farming sector is formed as a structural
and consequence system of relationships, where the
consulting process occupies a prominent place along
with the main production and organisational factors.
The historical-logical method is used to identify his-
torical and structural connections in the production
system of agricultural production. Abstract-logical and
dialectical methods of scientific knowledge, and the
method of scientific abstraction, are used in the study
to form theoretical generalisations, clarify the concep-
tual apparatus, and formulate conclusions. In addition,
mathematical methods were applied in the course of
the study to develop a methodology for assessing the
feasibility of integrating farms.

The concretisation method is used to fix the effi-
ciency and expediency of agricultural consulting in the
process of increasing the productivity of farms and to
identify optimal conditions and solutions for levelling
risks in the field of agricultural production. The method
of formalisation in the study was used at the stage of
deriving priority vectors for optimising the productivity
management system of farms based on agricultural
consulting and in the process of fixing the results of
the study aimed at active practical implementation in
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the process of agricultural sector management. The
theoretical basis of the study includes legislative and
regulatory acts of Ukraine, scientific literature on the-
matic areas, monographs, scientific and analytical pub-
lications of Ukrainian and World researchers on the
examined issues, results of independent observations
and practical recommendations on ways to optimise
management processes in the agricultural sector in the
aspect of consulting farms.

RESULTS

The dynamics of economic relations and the reorien-
tation of agriculture with the priority of private prop-
erty led to substantial development of the farm sector
(Berbenets, 2022). Ensuring their effective functioning,
productivity growth, and economic efficiency requires
solving a whole range of problems regarding the
growth of competitiveness, innovative development
prospects, the introduction of the latest effective tools
of the management mechanism, and the development
of a set of appropriate measures that could mitigate
adaptation processes in conditions of increased compe-
tition. Ultimately, the market economy forms the main
goal of agricultural production - increasing profitabil-
ity, which is directly related to productivity growth, so
the active development of farms, in particular, is deter-
mined by indicators of economic performance (Klenin &
Bilopolskyi, 2017).

Given the current situation, the role of agricultural
consulting in the structure of the management system
in the agricultural sector cannot be overestimated. In
general, consulting is an optimisation process based
on professional advice. Notably, the resulting effect can
have a different form of expression and be achieved by
different methods and means. For example, along with
an increase in the volume of farm production, organisa-
tional-managerial or personnel changes are used. Con-
sulting is a process that results from the interaction of
three systems: the consultant, the client organisation,
and the external environment (Mohamed et al., 2021).
Therewith, the concept of a consultant is a set of all
means of production and personnel directly involved
in the formation of certain decisions and programmes,
that is, in the production process of a consulting prod-
uct. It is worth emphasising the integrity of the con-
sulting process because external factors - economic,
social, political, natural and climatic (Latif et al., 2020;
Hu et al., 2020) affect the process.

Notably, as a rule, any solution formed in the pro-
cess of professional consulting differs substantially
from the established practice. As a result, its implemen-
tation requires the participants of the consulting sys-
tem not only the expected changes in knowledge and
qualifications but also an active perception of innova-
tions and the ability to find and effectively implement
solutions to problematic issues that constantly arise




in the process of production activities. In this case, it
is worth highlighting the essence of the consultant’s
work, which consists in the practical growth of the
pace of agricultural development, in particular, farm-
ing, that is, in performing a stimulating function. From
the standpoint of economic efficiency, the consulting
process should have a constant character and be po-
sitioned as a long-term cooperation, initiating positive
dynamics of transformations within the economy and
stimulating it to constant self-development.

The practice of managing the productivity of busi-
ness entities in the agricultural sector of Ukraine indi-
cates the need to develop and implement appropriate
individual management methods, functions, organisa-
tional structure and management system as a prereg-
uisite for effective management of the competitiveness
of farms. Based on the examination of the theoretical
foundations of consulting and the possibilities of their
adaptation in real conditions, it is considered appro-
priate to form the concept of strategic management of
farms, which aims to increase their productivity, should
ensure the orientation of production to demand and
current market needs, cultivate effective relationships
between labour, financial and information resources,
stimulate the desire to increase production efficiency,
and obtain optimal results with cost minimisation. No-
tably, effective management involves flexibility, adapt-
ability, and regular review of goals and programmes
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depending on market conditions. In addition, the basic
prerequisite for successful optimisation of the man-
agement system in the agricultural sector is the use of
modern innovative programming, modelling, and fore-
casting capabilities.

The current strategy of the farm management sys-
tem to increase their productivity should be a kind of
hub of interrelated organisational and information
principles, tools and levers that contribute to increas-
ing the level of competitiveness of farm formations.
The main components of ensuring the implementation
and development of a farm development strategy are
proposed to be the following:

e technical-technological, which involves the
analysis of statistical data and diverse information, the
introduction of the latest innovative strategies, tech-
nologies and concepts;

« legislative-scientific, which implies an under-
standing of the legislative framework of Ukraine and
the ability to predict possible legislative changes, in-
vestigate foreign experience, develop and implement
strategic innovations;

e personnel motivated by regional development
potential, awareness of local needs, communication
between farmers and the authorities.

The primary principles of strategic management of
farm productivity are consistency, efficiency, flexibility,
balance, risk minimisation (Table 1).

Table 1. Principles of Strategic Management

No. Principle

Essence

1 Adaptability

It provides for the possibility of changes in the process of implementing strategic management under
the influence of external and internal factors

Possibility of

Defining an organisation’s strategic development goals involves considering its external and internal

2 implementation resources to assess the possibility of their implementation
3 Structure The strategic management process should have a structure, regulation, and implementation algorithm
4 Perspective The priority is the prolonged development of the organisation in the future
. The implementation of management measures should, at a minimum, bring the effect of cost
5 Economic effect -
compensation
6 Monitorin The implementation of management measures should be a fully controlled process, with established
9 benchmarks and performers
7 Consistency The implementation of strategic management should be conducted for the entire organisation, and

not for individual divisions, which implies a common focus on a single goal

Source: M. Horikhovskyi (2018)

Evidently, agricultural consulting services are an
important element of the management system of ag-
ricultural enterprises. Consulting is a process in which
the real state of processes in the enterprise is analysed,
reserves are identified to increase production volumes
and save resources. The results of the analytical work
serve as a basis for the development of a set of meas-
ures that, with minimal costs, bypassing the substan-
tial restructuring of the organisational structure of the

enterprise, allow a substantial increase in productivity
and production efficiency, increasing the competitive-
ness of manufactured products. Thus, it can be argued
that agricultural consulting is able to increase the pro-
ductivity and efficiency of farms with minimal costs of
material resources and, therefore can be used as an ef-
fective tool for reducing costs per unit of production. In
developed countries, the process of providing agricul-
tural advisory services is an effective tool as part of a
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management algorithm for increasing the productivity
of the agricultural segment, in particular, farms.
Notably, agriculture is an industry that is extremely
subject to the influence of natural and climatic factors,
and often, even their timely forecasting cannot pro-
tect the producer of agricultural products from losses.
Thus, the prospects for the development of agricul-
tural enterprises should mainly be based on model-
ling production processes in the entire set of factors

of influence and interdependence. Since any perfor-
mance indicator is influenced by various factors, it is
necessary to identify these factors, predict them, and,
if they are negative, neutralise them. The general struc-
ture of the strategic management process in a farm is
shown in Figure 1.

Notably, strategic management of farms has its
own characteristics. The main factors affecting the pro-
cess are shown in Table 2.

Strategic planning

/

\

Analysis of the external
environment i

SWOT analysis  [47]

Analysis of the internal
environment

-

Agricultural policy |

Strategy formation |

Strategic planning

v

Strategy implementation

-

Operational management

-

ue)d 216a1e13s ay3
UM S3INSal paAalyde jo uosiiedwo)

Adaptation of the economy to
the strategic plan

Figure 1. The process of strategic management in farms

Source: M. Horikhovskyi (2018)

Table 2. Factors influencing the farm management process

Factors

The essence of influence

Natural-climatic conditions

Direct influence of the natural environment on production activities

Territorial dispersion of production

Complexity of timely operational decision-making and adjustment of strategic plans

Seasonality

High level of risk when implementing selected productivity strategies

Limited product diversification

Disparity in prices for agricultural products

Organisational and legal forms of business
management

Farms are substantially affected by external factors of varying strength and degree

of action

Source: M. Horikhovskyi (2018)

Difficulties in the field of agricultural consulting are
primarily due to the fact that many factors affect the
efficiency of agriculture in complex and contradictory
ways. Recently, a number of effective formats of con-
sulting operations aimed at solving existing problems
and creating favourable conditions for the effective de-
velopment of farms have been formed (Kovalska, 2014;
Goncharova, 2015; Karpenko, 2018). Today, evidently,
agricultural consulting services, in the context of mod-
ern globalisation challenges, should perform, along
with increasing productivity and competitiveness, re-
lated relevant functions, such as establishing links with
highly competitive and export markets, promoting the
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ecological development of rural areas, and establish-
ing a closed production cycle on them, and intensive
use of the results of research and development in pro-
duction turnover, ensuring the activation of innovation
processes based on the improvement of information,
consulting, and implementation activities, the creation
and development of innovative infrastructure facilities
(Panitz & Gluckler, 2020; Van Rossem, 2021).

The main components of the innovation sector in
the field of agricultural consulting should be agricul-
tural advisory centres, united in a single system and
an extensive network close to the commodity producer
of agricultural products, raw materials, and foodstuffs




(Griffin & Gammon, 2020; Agnolucci et al.,, 2020;
Emirhuseyinoglu & Ryan, 2022). Today, in Ukraine, the
functions of agricultural consulting centres are mainly
performed by specialised consulting organisations op-
erating at the regional and district levels. There is a pri-
mary need to assess the effectiveness of their activities,
based on which, as a rule, budget financing and further
development strategies of consulting organisations
are formed to improve the effectiveness of their activ-
ities (Randall & James, 2012; Junior et al., 2019; Giua
etal.,2021). Therefore, the activities of agricultural con-
sulting facilities have their specific features and indi-
vidual characteristics. Considering the above, separate
methods of agricultural consulting aimed at improving
the productivity and competitiveness of farms can be
separated. Their choice and implementation depend on
the conditions in which the consulting subjects are lo-
cated and the tasks facing them. The main methods of
agricultural consulting include the following.

1. Advising a separate project. It involves collecting
and analysing data to solve the current problem, analyse
the state of activity, and form appropriate recommenda-
tions. The decision is formed within a short period, and
the involvement of the business entity in its formation is
minimised. This approach is recommended for optimis-
ing the organisational structure of the farm, revising the
marketing system, and reviewing business projects.

2. Support service. The method is the periodic in-
volvement of a consultant at different stages of a par-
ticular project. It is characterised by the low cost of ser-
vices of this type of consulting.

3. Expert advice. It provides for the involvement of
a consultant at the stage of identifying the problem.
The consultant structures the problem, investigates the
possibilities of its solution, formulates hypotheses, and
suggests a solution method or alternative options.

4. internal counselling. The method involves the
permanent work of a consultant in the staff of a busi-
ness entity.

Notably, the effectiveness of a particular method
of consulting depends on a combination of factors, in-
cluding the flexibility and adaptability of the client to
changes, the qualification of the consultant, and the
type of problem being solved. In case of unsatisfactory
results, the consumer of the consulting service can re-
view the initial conditions of the problem in terms of
the features of the activity identified by the consultant,
which were not previously considered, and in case of
serious disagreements, contact other consultants.

The agricultural production sector is one of the
main sectors of the Ukrainian economy. The agro-indus-
trial complex has a substantial resource potential and
has all the prospects for successful development. Farms
are currently positioned as full-fledged entities in the
agro-industrial complex. As a diminutive form of en-
trepreneurship, they have substantial advantages over
larger forms of agricultural production. These include
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the brevity of the organisation, the ease of entering
the market, increased adaptability in economic activi-
ties due to the small scale of production, and a quick
response to the dynamics of market conditions. Farms
have evident advantages along with other agricultural
entities: savings on on-farm transportation, manage-
ment costs, and an interest in improving operational
efficiency. Successful further development of the farm
segment requires optimisation of the methodological
base and practical measures to increase their competi-
tiveness and profitability (Knierim et al., 2019).

Notably, one of the prefaces to the practical im-
provement of agricultural production efficiency indica-
tors is the economic effect of reducing the initial cost of
production, which, in turn, requires improving the cost
management system. Therewith, the qualification of
managers within the framework of a farm, for the most
part,does not allow effectively solving the tasks of such
a plan, which makes it necessary to use management
consulting services. Today, the level of demand for agri-
cultural advisory services in Ukraine needs to be more
substantial. This state of affairs is mainly due to farm-
ers’ low solvency level and ignorance of the advantages
and benefits of consulting services. In the vast majority,
managers of agricultural enterprises are not sure of
the proper level of confidentiality of information about
their commercial activities. However, it is essential to
understand that consulting can encourage substantial
economic benefits, including introducing innovative
approaches and technologies (Kernecker et al., 2019;
Romero-Padilla et al., 2022).

Agricultural consulting can become the man-
agement lever that, when used effectively, will allow
achieving a substantial increase in the productivity of
farms while not separating their functional activities
from the principles of a closed-loop economy and sus-
tainable production (Reddy et al., 2021).

The purpose of a promising study in the field
should be to highlight strategic priorities for forming
a stable professional agricultural consulting system
and integrating an information monitoring system as
the main initial resource for optimising the situation.
Therewith, an important role is assigned to attracting
international practical experience in developing new
and improving existing methods within the framework
of an integrated multi-factor approach to managing
farm productivity.

DISCUSSION

Most modern researchers see consulting as the basis
for the development of entrepreneurship in agriculture,
which creates a number of organisational and economic
prerequisites for technical reproduction and efficient
use of agricultural production. M. Horikhovskyi (2018)
argues that management consulting services are one
of the most effective tools for optimising the produc-
tion activities of farms. According to the researcher, the
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main goal of the consulting process is to help clients
solve management problems. This goal can be achieved
using various effective advisory algorithms. In addition
to that, the author notes that the process is influenced
by a number of factors, in particular, time constraints,
financial capabilities, and the level of intellectual re-
sources of personnel. The researcher is convinced that,
as a rule, consultants, providing a service stipulated
by the agreement rarely encourage the farmer to form
a solution to the problem by themselves. In addition,
the researcher considers coaching on identifying and
solving problematic phenomena the most promising
area of agricultural consulting. Given the current state
of infrastructure support for the agricultural sector in
Ukraine, according to the author, the state management
of the farm advisory system requires further research.
Therewith, he convinces of the need to use information
resources and the successful experience of developed
countries for the needs of the agricultural market of
Ukraine. The researcher notes that today, only a small
number of agricultural producers are consumers of
technological and managerial innovations, while small
farms do not have such an opportunity. In this regard,
insufficient access to information and lack of readiness
for its independent practical implementation are the
most substantial factors limiting farms’ potential.

X. Hu et al. (2020) believe that agricultural coun-
selling is primarily an activity that is advisory in nature
and helps rural producers implement goals and objec-
tives by finding solutions to various problems, identi-
fying new opportunities, implementing changes, and
coaching. Researchers suggest understanding that ag-
ricultural consulting services are a necessary element
of the market and non-market relations system in the
agro-industrial complex. Researchers argue that they
represent an essential component of the infrastructure
of the agricultural market, and it is difficult to disa-
gree with them. Researchers consider the institutional
transformation of the agricultural complex in synergy
with the need to develop consulting for the effective
functioning of agriculture and rural areas or monitor-
ing information and consulting activities as the basis
of farm management. Results of scientific research by
X. Hu et al. (2020) show that small forms of agricul-
tural production - farms have a higher resource effi-
ciency level than large and medium-sized agribusiness
structures. Given the limited availability of land, they
exhibit higher productivity and self-reproduction abili-
ty. The forecast of the trend in the development of ag-
ricultural production shows that conjunctural industry
requirements in the future will increasingly depend on
the supply of a small sector of agricultural production.

Researchers D. Cheng et al. (2023) identify specific
prerequisites for agricultural consulting, among which
the main ones are the following:

- features of the living conditions of the rural
population that form the system of functioning of the
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farmer community and, accordingly, the need to ensure
the conditions for its reproduction;

- characteristic features of production, which is a
biological process that involves living organisms (soil,
plants, animals), which determines the synergy of eco-
nomic processes in farming activities with the pro-
cesses of natural reproduction;

- seasonality of agricultural production, which
causes uneven use of labour, land, machinery,and other
material resources by period of the year;

- dependence on natural and climatic conditions
and features makes it necessary to ensure the repro-
duction of a strong material and technical base.

Taking the listed prerequisites as a basis, the main
specific features of agricultural consulting of farms can
be listed, including: high labour intensity of the process;
instability, uncertainty, and complexity of forecasting
related to weather and climatic conditions of the area;
urgent need to optimise production processes due to
seasonal shortage of basic resources (labour, material,
financial); high responsibility and risk level due to the
presence of living biological objects and short shelf life
of products; the need to track many processes occurring
in parallel and characterised by mutual influence; the
need for large amounts of information from different
sources; high urgency of solving problems due to sea-
sonality of production; complexity problems of farms.

Based on the findings of M. Vare et al. (2021), which
consider consulting support as the main prerequisite
for the development of innovation activities in rural ar-
eas, it can be argued that consulting of the agro-indus-
trial complex, and farms, in particular, has substantially
expanded the scope of its functioning today, becoming a
basic element of the agricultural market system. There-
with, researchers note that increasing the productivity
of farms based on agricultural consulting provides for a
gradual and effective achievement of goals that include:

- optimisation of the overall financial and economic
situation by increasing production volumes, effective
saving of resources, and efficient use of assets;

- strengthening the status in the agricultural market,
developing new sales areas and diversifying production;

- formation of high indicators of production stabil-
ity through the stabilisation of resource reserves and
the use of risk insurance opportunities.

In the study by R. Weir et al. (2023), it is noted that
the formation of a highly productive competitive agri-
cultural sector, and farms in particular, largely depends
on the economic motivations of participants in the
production process. Therewith, according to research-
ers, the main condition for the formation of positive
economic dynamics in this industry is the competitive-
ness of the proper level. It is necessary to supplement
such conclusions of researchers with the fact that com-
petitive ability is primarily associated with an effec-
tive management system and strategy for developing
agricultural market entities, which is ensured by the




effective attraction of agricultural consulting opportu-
nities. Therewith, the researchers note that consulting in
the field of agriculture, particularly in the case of farms,
is characterised by a high dependence on environmental
factors and, therefore, requires prompt adaptation of the
structure to the dynamics of tasks depending on needs.
In addition, management measures to increase farm pro-
ductivity require integrating and combining efforts with
scientific, educational, and statistical opportunities, their
synergy to maintain an up-to-date database and develop
innovative technologies, innovations, and best practices.
According to researchers, the success of management
tools to increase the productivity of farms based on ag-
ricultural consulting depends mostly on flexibility, the
ability to change and develop, and the predominance of
informal relations over formal ones.

Based on the results obtained in this study and the
conclusions of the authors of the above-analysed stud-
ies, it is possible to predict the growth of the role of
agricultural consulting in the implementation of suc-
cessful management policies of farms, which will sub-
stantially increase their productivity indicators, imple-
ment innovative solutions and ensure compliance with
the principles of a closed-cycle economy.

CONCLUSIONS

As a result of the study, it was possible to analyse the
multi-factorial management paradigm of increasing
farm productivity based on agricultural consulting to
assess the role and place of consulting in the system
of agrarian transformations. In the course of the study,
it was established that the development of agricultural
advisory services plays a substantial role in increasing
agricultural productivity, strengthening food security,
and optimising the population’s living standard in rural
areas. It is determined that consulting provides prac-
tical and effective support to rural producers who can
quickly respond to new challenges, including trans-
formations in the global food and agricultural system,
growing importance of food safety standards, increased
competition in agribusiness, degradation of the natural
resource base and climate change. Objective conditions
of the functioning of advisory services in the modern

Trusova et al.

production on the environment, and regulation of food
quality and safety standards. It is established that im-
plementing these goals is possible due to advisory sup-
port and support of agricultural activities. It is noted
that strategic planning, operational management, and
developing an effective farm policy should be positioned
as integral components of strategic management.

The paper examines the economic-organisational
components of the consulting process, identifies its
specific features in the market economy of developing
countries, and trends and prerequisites for its dynamic
development. The levers of economic regulation of in-
formation transformations in agricultural production
are examined, and the main elements of the mecha-
nism for ensuring stable, effective consulting activities
are identified. Special attention is paid to examining
the management system’s effectiveness in the farms’
competitiveness and productivity. In addition, it is estab-
lished that the regulatory and legal environment should
perform the primary function of forming performance in-
dicators, which should include developing adapted mod-
els of management tools and professional and effective
agricultural consulting. A practical approach to the farm
management system involves a hub of methods and
tools in a set of relationships that can increase the level
of productivity and competitiveness of farms. It should
be based on implementing a development strategy
formed based on professional agricultural consulting as
an integral part of the management paradigm.

Based on the results obtained in the paper, priority
vectors of further research on the subject are proposed,
and the need to organise the availability and system-
atisation of information on agricultural consulting of
farms is justified. There is a need to study further the
possibilities of applying management measures, using
international practical experience and developing opti-
mal programmes for increasing the productivity of agri-
cultural production. Together, such measures will allow
solving the existing complex situations in the field of
farm production and identifying reserves to increase
its efficiency, considering the combination of factors af-
fecting the internal and external environment.

market economy in Ukraine are analysed. It is proved ACKNOWLEDGEMENTS
that the government should play a leading role in de-  None.
veloping agriculture and its information support. In ad-
dition, its appropriate functions should be innovative CONFLICT OF INTEREST
production, control of the impact of agricultural None.
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AHoTauifi. ArponpoMmncnoBuin Komnnekc, i depmepcbki rocnofapcTea, 30Kpema, € OAHUM 3 HAWPU3UKOBAHILLIMX
BMAIB MiANPUEMHULBKOI AiNbHOCTI. 19 OTpUMaHHS BUCOKMX YPOXKaiB i MiaBULLEHHS eDeKTUBHOCTI BUPOOHMLTBA
HeobXiAHWMMM € OOIPYHTOBAHI | BUBAXEHI pilleHHS HA OCHOBI BY3bKOCMELiaNi30BaHMX 3HaHb | MPaKTMYHOIO AOCBIaY.
MeTolo CTaTTi € ieHTUdiKaLlia poni KOHCAaNnTUHIY B CUCTEMI arpapHOi ynpaBAiHCbKOT napaaunrMu. JocnioxeHHs
NpOBOAMNOCH 3 BWKOPWUCTAaHHSM 3aralbHOHAYKOBMX METOLIB Mi3HAHHA: JIOMIYHOrO Ta CTPYKTYPHOrO aHanisy,
NMOPIBHAHHS, TEOPETUYHOIO MOAENIOBAHHS, abcTparyBaHHs, iHAYKLUIT Ta AefyKLii, @ TaKOX CTaTUCTUYHUX METO.IB,
KOHKpeTu3auii, y3aranbHeHHs, dopmanisauii, TabnmyHoi Ta rpadivyHoi iHTepnpeTauii TeopeTuyHoi iHbopMaLii.
Y xoai pobOTM [OCNIIKEHO Cy4YaCHWI CTaH CinbCbKOroCMOAAapCbKOro BMPOOHWULTBA B CeKTOpi (epMepcbKmx
rocnoAapcrs, iHQpacTpykTypHe i iHpopMauiiHe 3abe3neyeHHs arpapHMX TOBapOBMPOOHMKIB. Bu3HaueHo, L0
ePeKTUBHUIN KOHCANTUHT B cdepi arponpoMMCIOBOro Kommniekcy € 6a30BO NepesyMOBOK ANa iHTeHCUdiKaLiT
NPOAYKTUBHOCTI Ta KOHKYPEHTOCMPOMOXHOCTI (depMepcbkoro BMPOOHMLTBA. BuaineHo npioputeTHi BekTopU
LiSNbHOCTI CiNnbCbKOroCNoAapcbkoro KOHCanTuHry. [locnigxeHo crneundiky npouecy ynpaBaiHHA NPOAYKTUBHICTIO
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dhepmMepCbkMX roCnofapcTB 3 3aNyYeHHSIM MOX/IMBOCTEW CiNbCbKOrOCNOAAPCbKOrO [LOPaAHULITBA, OKPEeCcneHo
nofanblli NepCneKkTMBM MOro po3BUTKY. 3aNPOMOHOBAHI OCHOBHI 3aX04M 3 ONTMMI3auii CUTyauii B AOCNIAXKYBaHIN
ranysi. [pakTMyHa 3HAYMMICTb pe3ynbTaTiB AOCNILKEHHS PO3MSAAETLCS B MOXKMBOCTI iX 3aCTOCYBaHHS B NpoLeci
po3pobKM BiAMOBIAHMX MpOrpaM, WO MakTb Ha MeTi MiABULEHHS edeKTUBHOCTI YnpaBniHHA (epMepCbKUMM
rocnoAapCTBaMm, 3pOCTaHHA NMOKA3HWKIB NPOAYKTUBHOCTI BUPOOHMLTBA Ta KOHKYPEHTOCMPOMOXHOCTI NPOAYKLiIi, a
TaKOX POPMYBaHHS CTabiNbHOI ePEKTUBHOI CUCTEMM CilbCbKOrOCNOAAPCHKOr0 KOHCANTUHIY B YKpaiHi

KniouoBi cnoBa: npuvpoOoOOXOpOHHA TepUTOpis; CTPaTeriyHUMM MeHEeOKMEHT;, MOHITOPUHI; MNPOrHO3YyBaHHS;
KOHKYPEHTOCMPOMOXHICTb; peHTabeNbHiCTb; 4OPALHULTBO
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