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Abstract. The relevance of the study is conditioned upon the necessity to explore the possible
influence of chimerisation on the productivity of germinative duck chimaeras and their
descendants. To obtain duck chimaeras, the method described by Aige-Gil & Simkiss and
Tagirov was applied. Shanma duck embryos were used as recipients and Shaoxin duck embryos
homozygous for the plumage colour gene (wild type) were used as donors. To evaluate the egg
production of germinative chimaeras of ducks, the analysis of experimental animals and their
control counterparts was performed. Analysis of the age of sexual maturation (laying the first egg)
indicates that the chimaeras matured later. While in the control group the average age of puberty
was 139%9 days, in the chimaera group it was 148+13 days. Thus, it can be concluded that in this
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experiment chimaeras matured later than control animals, which may be related to the effect of
busulfan during the sterilisation of recipient embryos. The average live weight of ducks in the
control group was lower, and the group itself was more united. Thus, in control ducks, the weight
was 1422.40%57.00 g, and in chimaeras — 1608.80+94.76 g. The advantage of chimaeras over the
control group in terms of live weight may be related to the fact that the control group consisted
of recipients of the Shanma breed. Egg production of ducks for the entire research period was
87.5+0.05% (control) and 79.5+0.12% (busulfan). The weight of eggs in ducks of two groups for
the entire period was: 70.62+0.199 g (control) and 71.15+0.157 g. Morphometric parameters of
eggs of the researched groups of ducks: average values of egg length — 6.056=0.0564 ¢cm (control)
and 6.269%0.1341 cm (busulfan); egg width — 4.520% 0.0053 c¢m (control) and 4.529+0.004 c¢cm
(busulfan). There were no statistical intergroup differences in the morphometric parameters
of the eggs of the research groups. Analysis of the productivity of daughters of germinative
duck chimaeras demonstrates that, in general, the chimerisation of parents did not affect the
productivity of their daughters. The analysis of the productivity of the group of daughters
obtained from chimeric animals demonstrates that, by most indicators, this group occupies
an intermediate place between the groups whose breeds served as donors and recipients. The
method author of the research uses to obtain chimaeras is of practical value for the conservation
of genetic resources

Keywords: germinative chimaera, Shaoxing duck, shanma, busulfan, egg productivity of ducks

Introduction

Due to its high reproductive potential, short
intergeneration interval, and embryonic de-
velopment outside the mother’s body, poultry
provides unique opportunities for its use in
fundamental and applied biological research
(Mozdziak & Petitte, 2004; Kagami, 2016). The
methods of cloning and transgenesis have be-
come a routine tool for designing animal models
of development (Kathleen et al., 2010), diseases
(Ogilvie et al., 2017), bioreactors and producers
of valuable biologically active drugs (Petitte
& Mozdziak, 2002; Pavlou & Reichert, 2004),
highly productive aquaculture objects (Devlin
et al., 2009). However, using the conventional
technique for microinjection of foreign DNA
into the pronucleus of a fertilised egg, which is
well-developed for many mammalian species

Animal Science and Food Technology. 2021. Vol. 12, No. 4

(Gordon & Ruddle, 1981), encounters difficulties
when involved with birds (Perry, 1988; Love et al.,
1994). The development of a transgenic bird is
complicated by the structure of its opaque egg
cell with a large yolk and the unique reproduc-
tive system of this class. Direct microinjection
of DNA into the oocyte, which is frequently used
in mammals, is practically impossible for birds
since fertilisation occurs in the infundibulum of
the reproductive tract and can be polyspermic
(Mozdziak & Petitte, 2004). Therefore, manipu-
lation of the zygote proved difficult to use in the
development of a transgenic bird (Love, 1994).
Over the past decades, some alternative strate-
gies have been developed to obtain transgenic
poultry by using chimeric animals established
by the transfer of blastodermal cells.
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Primordial germ cells are successfully
used to establish transgenic birds (Ginsburg
& Eyal-Giladi, 1987) and as a tool for pre-
serving the genetic resources of local breeds
(Kagami et al., 1997; Kino et al., 1997; Yi-Chen
Chen et al., 2019). However, currently, the ef-
ficiency of transgenic poultry in many cases
remains very low, and the technique of using
ducks to establish transgenic birds is practically
not developed (Szta'n et al., 2012).

Analysis of Recent Researches and
Publications

Nowadays, the duck (Anas platyrhynchos Lin-
naeus, 1758) is an understudied scientific
(breeding) object in comparison with the spe-
cies Gallus gallus domesticus, Coturnix coturnix
but one of the most economically promising
poultry species. A duck can secrete a lot of
protein in the oviduct and can regularly pro-
duce eggs over a 20-24-hour cycle, which is a
very appealing means for the synthesis of ther-
apeutic proteins since the sterile content of
eggs is protected by a hard eggshell. Busulfan
is used to suppress cell proliferation. Injection
of busulfan into the subgerminal cavity is one
of the methods that increase the number of do-
nor cells during the development of chimaeras
(Aige-Gil & Simkiss, 1991; Tagirov, 2010).
However, the methods for developing ger-
minative duck chimaeras encounter difficulties
associated with the structure of the eggshell in
waterfowl; the consequences of chimerisation
and its potential influence on the productivity
of chimaera offspring remain poorly under-
stood (Sawicka et al., 2011). Transgenic animals
are almost not inferior to their non-transgenic
counterparts (Korol et al., 2019). The effect
of the reproductive season on the sperm pro-
ductivity of germinative drake chimaeras was

previously explored (Doroshenko et al., 2018).
For the analysis of survival, Korol et al. (2021)
used embryos obtained using various methods
of introducing the DNA.

To evaluate the egg productivity of daugh-
ters from germinative chimaeras (males), a
study was performed on three groups of ducks
with different origins. Analysis of the produc-
tivity of daughters from germinative duck chi-
maeras demonstrated that, in general, the chi-
merisation of their parents did not affect the
performance of daughters. An analysis of the
productivity (egg production, pieces, length,
width, egg weight, and shape index) in a group
of daughters obtained from chimeric animals
indicates that, according to most indicators,
this group occupies an intermediate position
between the groups whose breeds served as
donors and recipients. The method author of
the research used to obtain chimaeras can be
successfully used on ducks to preserve genetic
resources. Preservation of frozen germ cells of
rare bird species and native bird breeds with the
prospect of their reproduction using germinal
chimaeras will reduce the risks of a decrease
in the genetic diversity of birds (Doroshenko
et al., 2021).

Thus, the productivity of daughters from
drake chimaeras was explored. However, the
egg productivity of female chimaeras remains
understudied. This work is devoted to this issue.

Materials and Methods of Research

All experiments with animals were performed
according to the provisions of the “European
Convention for the Protection of Vertebrate
Animals used for Experimental and Other Sci-
entific Purposes” (1986).

The objects of research were ducks (Anas
platyrhynchos) of Shanma (Shan partridge duck,

Animal Science and Food Technology. 2021. Vol. 12, No. 4
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Shan Ma duck) and Shaoxing breeds kept at
the Zhuji Guowei Poultry Development Co, Ltd
(China). The study was conducted in the poultry
genetics laboratory of the Zhejiang Academy of
Agricultural Sciences at a duck farm of Zhejiang
Generation Biological Science and Technology
Co., Ltd. (Zhejiang Province, China).

To obtain duck chimaeras was used a meth-
od such as the production of somatic and em-
bryonic chimaeras in chickens by transferring
early blastodermal cells (Petitte et al, 1990;
Tagirov, 2010) with changes in time according
to the embryonic development of the duck.
Sterilisation of duck embryos was done with
busulfan (Aige-Gil & Simkiss, 1991; Tagirov,
2010). To identify the offspring of chimeric do-
nors, the microsatellite analysis of the parents
was used (Kostenko et al., 2017).

Isolation of blastodermal cells. Blastodiscs
were isolated from freshly hatched fertilised
eggs using a filter paper ring (Lucas & Jamroz,
1961). The obtained embryos were washed
twice from the yolk in a phosphate-buffered sa-
line (PBS) solution (170 mM NaCl; 3.4 mM KCl,
4 mM Na,HPO,; 1.8 mM KH,PO,; pH 7.2). Then,
10-12 embryos were transferred into 1 ml of
PBS containing 0.25% trypsin and 0.04% ethyl-
enediamine-tetraacetate (EDTA), and incubat-
ed for 10 minutes at 37°C, then pipetted with
a Pasteur pipette and centrifuged for 10 s at
1500 rpm/min. The pellet was resuspended in
1 ml of RPMI 1640 nutrient medium contain-
ing 10% fetal calf serum. The cell suspension
was concentrated by centrifugation for 10 s at
1500 rpm, followed by the removal of 0.7 ml of
the supernatant, and then the cells were resus-
pended again in the medium that remained.

Obtaining duck chimaeras. Shanma duck
embryos were used as recipients, and Shaoxing
duck embryos, homozygous for the plumage

Animal Science and Food Technology. 2021. Vol. 12, No. 4

colour gene allele (wild type), were used as do-
nors. Donor cells were injected into the subge-
rminal cavity of recipients with a micropipette
(outer diameter 50-70 um) through a round
opening (window) with a diameter of 0.7 cm
in the eggshell. Each embryo was injected with
3-4 pl of the suspension, which contained 600-
1000 donor cells. The opening in the egg was
covered with a piece of thin plastic wrap, which
was glued to the shell with protein and then
sealed on top with a larger adhesive tape. Busul-
fan (SigmaAldrich, United States) was used as a
chemical agent that suppresses the division of
primary germ cells in recipient embryos.

Preparation of recipient eggs. An open-
ing in the eggshell (window) of the recipients
(Shanma breed) was made between the blunt
and sharp ends of the eggs. It reduced the dis-
tance between the injector and the embryo nee-
dle. The eggs from recipients were incubated
for 8-10 hours at a temperature of 38°C.

Preparation of busulfan solution. Busulfan
was dissolved immediately before use in 10%
dimethyl sulfoxide (DMSO), diluted with 3-5 pl
of RPMI 1640 nutrient medium. The concen-
trations used were 300 ng/egg, 150 ng/egg, and
75 ng/egg.

Busulfan treatment. After incubation of
recipient eggs for 8 hours, the windows were
opened in them. Busulfan was injected into
the subgerminal cavity of the embryo with a
micropipette (1.5-3 pl of liquid). After busul-
fan injection, the empty cavity was filled with
nutrient medium (RPMI-1640) supplemented
with antibiotics (ampicillin, streptomycin),
the opening was closed with plastic wrap and
adhesive tape. The eggs were incubated for
24 hours at a reduced temperature (+32°C) to
prolong the duration of busulfan action on the
primary germ cells.
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Experimental and control animals were
kept in individual cages in the same room with
constant access to water and food. The egg
productivity of 5 experimental animals, which
were obtained as a result of their treatment in
the embryonic period with busulfan (chimera
group), and 10 control animals was explored. A
total of 1617 eggs were examined in 142 days
in the period from December 13, 2016, to May
3,2017.

The body weight was determined individu-
ally with an accuracy of 10 g for all ducks aged
from 41 to 61 weeks.

Average egg weight and size were meas-
ured every day. The egg length (L) and width
(W) were measured with an accuracy of 0.1 mm
with a vernier caliper.

Eggs were weighed on a JM-A 20001 elec-
tronic balance with an accuracy of 0.1 g. The
egg shape index (SI) was calculated using the
formula:

SI = W/L x 100. 1)

The obtained data were statistically pro-
cessed on a computer by a spreadsheet proces-
sor “MS Excel 2010” using descriptive statistics
and the F-test for two samples for deviation
procedures (Zhelyazkov & Tsvetanova, 2002).

Results of the Research and their
Discussion

As a result of the experiments, animal chimae-
ras (F,) were obtained. For the first time, to ob-
tain blastodermal chimaeras of ducks, busulfan
(1,4-butanediol dimethanesulfonate) was used
as an agent that suppresses the development of

primary germ cells, an alkylating agent whose
mechanism of action is based on cross-linking
of DNA strands, as a result of which the repli-
cation process is disrupted. A method was de-
signed for developing germinative duck chi-
maeras using busulfan injections. It has been
demonstrated that duck embryos are more sen-
sitive to busulfan than hens embryos. Injection
of busulfan at a concentration of 300 ng/egg
results in the mortality of 95.0-96.3% of duck
embryos. More than 50% of embryos died in
the first 2-3 days after the beginning of incu-
bation. Head and neck disorders were observed
in 1.2% of embryos. When using busulfan at a
concentration of 150 ng/egg, a mortality rate of
33.3-75.3% was observed. A decrease in a con-
centration up to 75 ng/egg led to 18.75-38.5%
embryonic mortality.

The assessment of duck chimerism by
means of the analysis of microsatellite loci and
analysis of the phenotype indicates that the ef-
ficiency of obtaining germinative duck chimae-
ras was 65-77.8%.

Analysis of the age of puberty (laying of
the first egg) indicates that the chimaeras ma-
tured later. If the average age of puberty in the
control group was 139.5+9.67 days, then in the
group of chimaeras - 148.2+13.13 days. Thus,
the author of the research can attest that in
this experiment, the chimaeras matured later
than the control animals, which may be due to
the effect of busulfan in the sterilisation of re-
cipient embryos. After the onset of puberty in
this generation, the author analysed the live
weight in two groups of ducks aged from 41 to
61 weeks.

Animal Science and Food Technology. 2021. Vol. 12, No. 4
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Table 1. Average indicators in the control and experimental groups of ducks

Control group Busulfan group
Rate
Mim CvimCv M+m CvimCv

Egg production index 87.5+4.53%* 16.4£0.090 79.5%11.8 32.840.181

(142 days), % 54, 430, . . .80.
Live weight of ducks, g 1422.40+57.00 12.7£0.079 1608.08+94.76 13.2#0.114
Puberty age, days 139.5%9.67 21.8%0.104 148.2%#13.13 19.8+0.140
Egg weight, g 70.6%0.198*** 9.20+0.006 71.4%+0.157 5.07%0.071
Egg length, cm 6.05+0.056 3.65%0.042 6.26%0.134 4.93+0.070
Egg width, cm 4.52+0.053 3.89+0.044 4.53%0.041 2.09+0.045
Egg shape index, % 75.7+0.3 0.70.018 75.2%0.3 0.8+0.028

Note: Statistical significance at * p<0.05; ** p<0.01; *** p<0.001

The average live weight of ducks in the
control group was lower and the group it-
self was more consolidated. Thus, the control
ducks weighed 1422.40+57.00 g and chimae-
ras — 1608.08+94.76 g. The predominance of
chimaeras over the control group in terms of
live weight may be explained by the fact that
the control group consisted of recipients of
the Shanma breed. This breed is character-
ised by egg productivity and is lighter than the
Shaoxing breed (embryos of this breed served
as donors). Thus, donor cells could be affected
by the weight gain of chimaeras. The author’s
previous study demonstrated that the average
live weight of daughters from Shanma drakes
was 1554.20£23.54 g, in the group of daughters
from Shaoxing drakes — 1505.47£17.06 g, and a
group of daughters from germinative chimae-
ras — 1535.69+17.34 g (Doroshenko et al., 2021).

Thus, the data of the average live weight of
ducks obtained as a result of biotechnological
procedures associated with using busulfan, cor-
respond to similar indicators of both the con-
trol group and the offspring of male germina-
tive chimaeras.

Animal Science and Food Technology. 2021. Vol. 12, No. 4

The egg production index in ducks for the
entire study period was 87.5+4.53% (control)
and 79.5%11.8% (busulfan).

In previous studies, the mean values of
egg production per month in the investigated
ducks were 27.52%0.84 % in the group of daugh-
ters from the Shanma breed drake, 27.47+0.61%
in the group of daughters from Shaoxing
breed drake and 27.73%0.53 eggs in the group
of daughters from germinative chimaeras
(Doroshenko et al., 2021). It corresponded to
approximately 91.56-92.4%.

Thus, the sterilisation of recipient embryos
could have an impact on egg production. One
of the experimental duck egg production index
was only 34.92%. The reproductive ability of
this chimeric duck was impaired, 50.43% of the
eggs after artificial insemination were unfer-
tilised. Therewith, the percentage of fertilised
eggs in the initial population was 87.5+3.032 —
92.5+2.414%, depending on the age of the ducks
(Chepiha et al., 2017).

The egg weight in ducks of two groups for
the entire period was 70.6+0.198 g (control) and
71.4%0.157 g (p<0.001).
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In general, it can be noted that the average
weight of eggs in experimental ducks is normal,
as according to the standard in Shaoxing ducks
it should be 62-68 g and becomes relatively sta-
ble (69-73 g) at the end of egg-laying.

Thus, according to the results of our pre-
vious analysis of physical and morphological
parameters in Shaoxing ducks, it was reliably
established that the average weight of eggs
with a green shell is greater than white eggs
(71.43+0.208 g and 68.52+0.415 g; p<0.01)
(Chepiha et al., 2017).

The egg weight is one of the main indica-
tors affecting their quality. Notably, according
to this indicator, the egg weight (71.21 g) in
the group of ducks of the Shanma breed unam-
biguously prevailed in comparison with other
groups of ducks. But the eggs of chimeric ani-
mals were significantly larger (69.94 g) than the
eggs of Shaoxing ducks (69.12 g). The range of
egg weights for various duck breeds is 60-90 g
(Gorski et al., 1998; Adamski, 2005; Rahman,
2010; Xia et al., 2019). For example, the max-
imum egg weight in the Longyan breed ducks
was 65.2 g in the period from 23 to 57 weeks of
age and 66.9 g in the period from 41 to 57 weeks
of age (Huang & Lin, 2011).

The egg morphometric parameters of the
studied duck groups: the average values of
egg length were 6.056%0.0564 cm (control)
and 6.269%0.1341cm (busulfan); egg breadth —
4.520+0.0053 cm (control) and 4.529+0.004 cm
(busulfan). There were no statistical intergroup
differences in the morphometric parameters of
the eggs of the studied groups. Results similar
to the previous ones concerning the egg pro-
duction of daughters from chimaera drake were
obtained.

Thus, the average values of egg length
were in the range of 5.98+0.022 ¢cm, 6+0.02 cm,

and 6.06%0.02 cm according to the experimen-
tal groups. In addition, a similar feature was
observed for the egg width - 4.55+0.01 cm,
4.8+0.01 cm, 4.49%0.01 cm. Analysis of the pro-
ductivity of daughters from germinative chi-
maeras of ducks demonstrated that, in general,
the chimerisation of their parents did not affect
the performance of daughters. An analysis of
the productivity of a group of daughters ob-
tained from chimeric animals demonstrates
that, according to most indicators, this group
occupies an intermediate position between the
groups whose breeds served as donors and re-
cipients (Doroshenko et al., 2021).

The egg index of the two studied groups
(control — 0.758 and busulfan - 0.748) did not
have statistically significant differences.

The index of egg in the 1st group showed
slightly higher values compared to the values
in the 2nd and 3rd groups, but the difference
in values was not statistically confirmed (Doro-
shenko et al., 2021).

In the previous studies on the productivity
of Shaoxing and Shanma ducks, the association
of duck productivity with age (Chepiga et al.,
2017), egg colour (Chepiga et al., 2017) and mi-
crosatellite loci (Chepiga et al., 2018) were pre-
sented.

Hypothetically, the procedure for obtaining
chimeric offspring cannot affect the produc-
tive qualities of their offspring. It is known that
reproductive chimaeras can have reduced fer-
tility and be sterile (Doroshenko et al., 2017).
However, the descendants of chimaeras are not
connected with the process of chimerisation of
their parents. The descendants of donors have
the properties of donors and the descendants of
recipients — recipients, respectively, since the
chimerisation procedure does not affect hered-
itary information. Using busulfan as an agent
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that inhibits the proliferation of recipient cells
can cause a mutagenic effect, but teratogenic
effect and high embryonic mortality were ob-
served. Possibly, the chimerisation procedure
affects the survival of primary germ cells and,
thus, cell selection occurs at the early stages of
development. The data obtained may indicate
the necessity of further investigation of the
effect of chimerisation procedures on the first
generation of chimaeras and their descendants.

Notably, the populations investigated by
authors are not pure breeding lines but poly-
morphic at the loci of quantitative traits, which
could affect the results of the studies.

Conclusions

The method used to obtain chimaeras can be
successfully applied in ducks to preserve ge-
netic resources. Analysis of the age of puberty
(laying of the first egg) indicates that the chi-
maeras matured later. If in the control group
the average age of puberty was 139.5%9.67 days,
then in the group of chimaeras - 148.2+13.13
days. Thus, the author of the research can attest
that in this experiment, the chimaeras matured
later than the control animals, which may be
due to the effect of busulfan in the sterilisation
of recipient embryos. The average live weight

of ducks in the control group was lower and the
group itself was more consolidated. Thus, the
control ducks weighed 1422.40£57.00 g and the
chimaeras 1608.80£94.76 g. The predominance
of chimaeras over the control group in terms of
live weight may be explained by the fact that
the control group consisted of recipients of the
Shanma breed. The egg production of ducks for
the entire study period was 87.5£0.05% (con-
trol) and 79.5+0.12% (busulfan). The egg weight
in ducks of two groups for the entire period
was 70.62+0.199 g (control) and 71.15%0.157 g
(p<0.001). The egg morphometric parameters
of the studied duck groups: the average values
of egg length were 6.056 + 0.0564 cm (control)
and 6.269%0.1341 c¢cm (busulfan); egg width -
4.520%0.0053 cm (control) and 4.529+0.004 cm
(busulfan). There were no statistical intergroup
differences in the morphometric parameters of
the eggs of the studied groups. Results similar
to the previous ones concerning the egg pro-
duction of daughters from chimaera drake
were obtained.

Preservation of frozen germ cells of rare
bird species and native bird breeds with the
prospect of their reproduction using germinal
chimaeras will reduce the risks of a decrease in
the genetic diversity of birds.
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IIpoAyKTHUBHICTE repMiHATHBHUX XMMep KAaYOK Ta IXHIX HaIaJKiB

Mapis CepriiBua Jopomenko!, CeiTnana OnekciiBHa KocreHko!,

ITetpo BikropoBuu Kopois?, AntboHa MuxaitriBHa Yerrira3,

Onena BacwriBHa Cumopenko?, ITaBnuua IMetpiBHa IKyc?,

Haraunis IlerpiBHa CBupuaeHko!, Tamapa BasmenTuniBHa JINTBMHEHKO!,
Okcana MukonaisHa Konosas?, JIixku JIy®, Ilonina Onekcanapisua diximosal,
Perina CesiTocinaBiBHa Omiiinuk!, Jliymewnr JIi¢, Mapisa BanepiiBua JparyssH!
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08321, Bys. ITorpe6Hska, 1, KuiBcbka 00i1., Bopucminbebkuii p-H, ¢. Uy6mHCbKe, YKpaiHa

S[IpuBaTHE aKklioHEpHEe TOBApUCTBO «[10 BUPOOHUIITBY iHCY/IiHIB «IHIap»
02099, Bys1. 3poiryBajnbHa, 5, Kuis, Ykpaina

*YkpaiHcbKa 1abopartopist sikocTi i 6e3neku npomaykiii AITK, HYBIll Ykpainn
08162, Bys1. MammHo6YyAiBHNKIB, 7, KeBo-CBATOIMMHCHKUI p-H, c.M.T. YabaHu, YkpaiHa

SUKRel3STHChKA aKaleMisl CiJIbCbKOTOCITOAAPChKMX HAYK
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AHoTalisl. AKTYaIbHIiCTh [JOCTiIKEHHS 3yMOBJ€HA HEOOXiIHICTI0O BMBYEHHS MOXKIVBOTO
BIUIMBY XMMepHU3allii Ha MPOAYKTUBHICTh repMiHATMBHUX XMMepP KAayOK Ta iXHiX HaIaakiB. [jist
OTPMMAaHHSI XMMep KauoK 3acTOoCyBasM MeTon, onucaHmii Aige-Gil & Simkiss Ta TaripoBum. Ik
PEIUITi€HTIB BUKOPUCTOBYBaIM eMOpioH Kauok Illanma, a moHOpiB — eM6pioHM Kavok IllaociHb,
TOMO3UTOTHI 3a ajieJieM reHa KOJIbOpy OINepeHHs (OMKuit Tut). s TOro, 06 OLiHUTYU SE€UHY
MPOAYKTUBHICTh T€PMiHATMBHUX XMMeEp KauoK OyB IPOBENEHMII aHaIi3 eKCIepMMEHTaTbHUX
TBapyMH Ta iX KOHTPOJIbHMUX aHAJIOTiB. AHajIi3 BiKy CTaTeBOro [03piBaHHS (BiJlK/alaHHS MepIIOro
SIALIST) CBiAUMTH TPO Te, IO XMMePU AO3piaM Mi3Himie. SIKII0 B KOHTPOIbHIN Tpymi cepenHiit
BiK CTaTeBOro A03piBaHHS CTaHOBUMB 139%9 ni6, To B rpymi xumep — 148%13 ni6. OTxe, MOKHA
3aCBilUMUTHU, 10 B HALIOMY eKCIIEPUMEHTi XuMepu A03piau Mi3Hillle, HiXXK KOHTPOJAbHI TBaApUHMU,
110 MOsKe GYyTYM TIOB’SI3aHO 3 Ji€lo 6ycyabbany mpu cTepuiisallii eM6pioHiB-penumieHTiB. CepemHst
KMBa Maca KayoK KOHTPOJIBHOI rpymy OGy/la HMKYOIO, a cama rpyma 6yma Oilblll 3rypTOBaHOI.
Tak, y KOHTPOITbHMX KauoK Bara ckiagana 1422,40+57,00 r, y xumep — 1608,80+94,76 r. [TepeBara
XUMeP HaJl KOHTPOJIbHOIO IPYIIOI0 3a KMBOIO MAaCOI0 MOXKe GYTH MOB’sI3aHa 3 TUM, 1110 KOHTPOIbHY
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rpyny ckaaganu peuumieHTV mopoay Illanma. feunicTh Kavyok 3a BeChb Iepion AOCTiIKeHHS
craHoBmia 87,5+0,05% (koHTposb) i 79,5+0,12% (6ycynbdan). Maca si€lb y Ka4oK JBOX I'PyH 3a
Bech mepion craHoBuia: 70,62+0,199 r (koHTposb) i 71,15+0,157 r. MopdomeTpuuHi MOKa3sHUKNU
SIEUb OOCTiIKYBAaHMX TPYTT KAYOK: cepeiHi 3HaUeHHS AOBXMHY i1 — 6,056£0,0564 cM (KOHTPOJIb)
Ta 6,269%0,1341 cm (6ycynbdan); mmpuHa sienp — 4,520%£0,0053 cm (KOHTpOIb) i 4,529%0,004 cm
(6ycynbdan). CTaTUCTUYHUX MiKTPYIIOBUX BifIMiHHOCTE! 3a MOPGOMETPUUYHMMM TTapaMeTpamMu
SIEIb TOCTiIKYBAHMX I'PYTT He 6y/10. AHAJTi3 TPOAYKTUBHOCTI JOYOK TePMiHATUBHUX XMMep KauoK
CBiZUMTb, 1110 3arajioM XMMepu3allis 6aTbKiB He BIUTMHY/IA HAa IIPOAYKTUBHICTh iXHiX TOUOK. AHaIi3
MPOAYKTUBHOCTI TPYIIM OYOK, OTPMMAHMX BiJl XMMEPHUX TBAPUH, CBITUMTD, 110 3a OiNBLIICTIO
MOKa3HMKIB 1is rpyTa 3a/iMae MPOMidKHe Miclle MiXK rpynaMu, Yui HOpPOAy CIyTyBaau JOHOPaMMu Ta
peuunieHTamMu. MeTo, IK1it MY BUKOPUCTOBYBAJIM AJISI OTPUMAHHS XMMep, CTAHOBUTDb MIPAKTUUHY
LiHHICTb )15 36epeskeHHS TeHeTUYHMX PecypciB

KmouoBi coBa: repMiHaTMBHA XuMepa, Kayka IIAOCiHb, IMaHMa, OycyiabdaH, s€yHa
MPOAYKTUBHICTb KAYOK
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Development of lifetime productivity of cows depending on the live weight
of heifers of different ages
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Abstract. One of the problems of modern dairy farming is the short period of productive use
of cows. It is observed both in Ukraine and in most countries of the world with developed dairy
cattle breeding. The consequence of a short period of productive use is a decrease in the lifetime
productivity of cows. The purpose of this work was to investigate the possibility of influencing
the duration of use and lifetime milk yield of cows by selecting heifers by live weight during their
growing period. The study analysed the lifetime productivity of 1071 cows of the Ukrainian black-
and-white dairy breed, starting from their rearing and up to retirement from the herd. Animals were
divided into five groups by live weight at the age of 3, 6, 12 and 15 months using standard deviation
(0) from the mean. Within the groups, the number of calvings, productive life expectancy, lifetime
estrus and estrus for higher lactation and the average period between calvings were determined.
It was established that the hope for higher lactation is associated with the weight of heifers at the
onset of puberty and sexual maturity. Animals, which at 6 months had a live weight of +0.5-1.5 ¢
and at 12 months more than +1.5 o from the average in the herd, were characteristics of the highest
milk yield. The group of traits of lifetime productivity (number of calvings, duration of productive
use and lifetime milk yield) was positively influenced by the live weight of heifers at the age of 3, 6,
12 and 15 months, which exceeded the average for the herd by 0.5-1.5 0. Cows belonging to these
groups exceeded other groups by 0.2-1.4 calving. During the period of use, these cows received 11-
32% more milk than the average for the herd. The results of the research expand the understanding
of the impact of heifer breeding on the development of lifetime productivity of cows and can be
used for the selection of livestock and correction of plans for the cultivation of dairy cattle.
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Relevance

The duration of use of cows is only 3-4 years (De
Vries and Marcondes, 2020; Siatka et al., 2020),
while it should recover the costs of their breed-
ing and ensure profitable maintenance through
milk production. It is implemented through the
development of high productivity and long-
term use of cows. It was identified that the
vast majority of cows leave the herd before the
600th day of productive use (Macalovich et al.,
2018), which significantly limits the lifetime
productivity of animals. In the breeds common
in Ukraine (Ukrainian Red and Black-and-White
dairy and Holstein), cows are used in herds for
an average of 2.32-2.50 lactations, and their
lifetime milk yield is 14940-18669 kg (Mazur
et al., 2018). The reduction of productive lon-
gevity of cows is gradually recorded (Milostiviy
et al., 2017), so the study of the factors that de-
termine it remains relevant.

Analysis of Recent Studies and
Publications

To increase the lifetime productivity of cows,
the possibility of using selection methods for
the duration of productive use is being ex-
plored. A close correlation was identified be-
tween the duration of cow use and lifetime
milk yield and milk fat yield (Hdud et al., 2018).
Therewith, the influence of hereditary factors
on the manifestation of lifetime productivity
traits is insignificant (Milostiviy et al., 2017),
and the selection is complicated by a long eval-
uation period and the receipt of final results
after the animal’s retirement. Therefore, there
is a necessity to apply other approaches to im-
prove the lifetime productivity of cows. One
such measure is considered to be the intensi-
fication of growing young stock, which reduces
the cost of keeping heifers and increases the
productivity of cows (Kruglyak, 2018). The fact

that the development of high lifetime produc-
tivity of cows is influenced by the conditions
of their use, the origin and management of the
dairy herd, and the features of growing heif-
ers is indicated by other researchers (Schuster
et al., 2020). There is evidence of an increase in
the lifetime productivity of cows when intro-
duced into the herd at the age of 22-26 months
(Sawa et al., 2019). In particular, to extend life
expectancy and improve other productivity
traits, it is recommended to inseminate heifers
aged 15-16 months with a live weight of at least
412 kg, provided that at 12 months it is 327-
347 kg, or inseminate heifers at 17-18 months
with a live weight of 426 kg, provided that at 12
months they weighed 316-344 kg (Levina et al.,
2019). In Simmental cows, the highest milk
yields and milk fat were observed when their
live weight at birth was 33-34 kg, at 6 months
of age — 171-190, at 12 months - 291-300, and
at 18 months - 401-415 kg (Fedorovych, 2017).

Features of changes in the live weight of
heifers during the growing period are signifi-
cant. It was established that in terms of milk
yield, milk fat and protein yield, first-born ani-
mals have an advantage over animals with a slow
decline in relative growth rate (Polupan & Siriak,
2019). In subsequent lactations, the advantages
of such animals in terms of productivity have
not been confirmed, but since the milk yield for
the first lactation is a significant proportion of
lifetime productivity, this pattern should be con-
sidered. In addition, it was established that the
lifetime milk yield of cows decreases by 15-37%
if short-term growth delays occur during heifer
rearing (Klimkovetskyi et al., 2020)

To improve milk yields during life, work is
performed to establish benchmarks for heifer
growth. They include such traits as optimal age
and live weight, condition, and development of
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body tissues during the stages of growing and
beginning of productive use of animals. An im-
portant role is devoted to the development of
the udder. There are still concerns that the de-
velopment of the mammary gland is disturbed
when the increase in live weight exceeds a spe-
cific threshold, which adversely affects milk
yield. It has been demonstrated (Van Amburgh
et al., 2019) that mammary gland development
during the prepubertal growth phase does not
decrease due to high energy intake, the overall
growth of the mammary parenchyma depend-
ed on the attainment of puberty, and the udder,
like most reproductive organs, grows in propor-
tion to body size and not in proportion to nu-
trient intake. Therewith, achieving reasonable
targets for the live weight of heifers is essen-
tial. To increase milk production in terms of dry
matter, it was confirmed (Martin et al., 2020)
the importance of heifers reaching the target
live weight at 12 and 15 months of age, while a
limited lag behind the target at 6 and 9 months
of age had little effect on cow performance.
Thus, the literature data confirm the pos-
sibility of influencing the lifetime productivity
of cows by targeted breeding of heifers. For this

purpose, it is advisable to justify the target in-
dicators of their growth. It is advisable to de-
termine the optimal criteria within individual
breeds, and apply them in the conditions of the
level of productivity of cows, on which the re-
search was conducted.

The purpose of the research — determine
the live weight of heifers of different ages,
which is associated with the development of
high lifetime productivity of cows.

Material and Methods of Research

The productivity of animals of the Ukrainian
black-and-white dairy breed of Shevchenkivsky
PAE of the Kyiv-Svyatoshinsky district of the
Kyiv region was analysed. The results of the
lifetime use of 1071 cows for the period from
1992 to 2014 were explored. The average pro-
ductivity of cows was 4565%46.2 kg for 305 days
of lactation, life expectancy 5.9+0.30 years, in-
cluding productive use 3.1+0.27 years.

The live weight at birth at the age of 3, 6,
12 and 15 months was explored in animals. Ac-
cording to these indicators using the standard
deviation from the mean (X*o), the animals
were divided into 5 groups (Table 1).

Table 1. Criteria for dividing animals into groups by live weight of heifers

Group Selgctipn Range in live weight (kg) at age
criteria 3 months 6 months 12 months 15 months
1 <X-1,50 <57 <93 <165 <203
2 X-0,5...1,50 57-71 94-117 166-203 204-247
3 X*0,50 72-86 118-142 204-242 248-292
4 X+0,5...1,50 87-100 143-166 243-280 293-336
5 > X+1,50 >101 > 167 > 281 > 337

Within each of the groups, the results of life-
time use of cows were explored, in particular, the
number of calvings, productive life expectancy,
lifetime milk yield and milk yield for higher lac-
tation and the average period between calvings.

Animal Science and Food Technology. 2021. Vol. 12, No. 4

The influence of the live weight of heifers on the
lifetime productivity of cows was determined
by graphical analysis. The significance of the
difference between the groups was determined
using Student’s t-test (p<0.05, 0.01, 0.001).
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Research BeSUIt_S and their of calvings during life was obtained from animals

Discussion that had a higher than average live weight dur-
The analysis demonstrated that thereisaregular-  ing the analysed age periods. Most calves were
ity between the growth of heifers and the number  obtained from livestock assigned at the age of 3,

of calves obtained from cows. A greater number 6, 12 and 15 months to the fourth group (Fig. 1).
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Figure 1. Effect of live weight of heifers of different ages on lifetime number of calvings

In particular, animals included in the fourth ~ months by 0.7-1.4 (p<0.05...p<0.001) and at 15
group by live weight at the age of 3 months ex-  months by 0.4-1.2 calving. A similar result was
ceeded others by 0.2-0.6 calving; at the age of  for the duration of productive use (Fig. 2) and
6 months by 0.4-1.5 (p<0.05...p<0.001); at 12 lifetime milk yield (Fig. 3).
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Figure 2. Influence of live weight of heifers of different ages on the duration of productive use of cows
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Figure 3. Effect of live weight of heifers of different ages on lifetime milk yield of cows
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The graphs demonstrate that the low live
weight of heifers, at the level of the herd aver-
age (¥0.5 o) and below, reduces the duration of
productive use of cows. But the lifetime produc-
tivity of cows decreased when heifers reached
the highest live weight in all controlled age
periods (indicators of the fifth group). Thus, it
can be argued that the live weight of heifers
that exceeds the average in the herd by 1.5 ¢ is
not desirable. The study identified the optimal
parameters for the live weight of heifers, which
allows for obtaining the highest lifetime pro-
ductivity of cows. They correspond to the crite-
ria of the fourth group at the age of 3, 6, 12 and
15 months. Animals assigned to this group not
only outperformed cows of other groups, their
productivity was higher than the average for
the herd. The advantage in lifetime milk yield
of animals of the fourth group by live weight at
the age of 3 months was 11%. In terms of live
weight at the age of 6 months, the difference
with the herd average reached 32% (p<0.001).
Thus, in the populations of the Ukrainian black-
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Milk yield, kg

Group

and-white dairy breed, to ensure maximum
lifetime productivity, the live weight of heifers
at the age of 3, 6, 12, and 15 months should be
within the range of +0.5...+1.5¢ from the average
herd. In the conditions of the investigated herd,
the optimal for maximum lifetime productivity
was live weight at the age of 3 months 87-100 kg,
at the age of 6 months - 14-166, at 12 months —
243-280 and at 15 months — 293-336 kg.

One of the criteria for assessing the milk
production of cows is the hope for higher lac-
tation. Features of the development of this trait
of cows, depending on the live weight of heifers,
differ from the trends established by the dura-
tion of use and lifetime milk yield. A relation-
ship was identified between milk yield for 305
days of higher lactation and the live weight of
heifers at the age of 3 and 15 months (Fig. 4).
Cow productivity was highest when the live
weight of heifers of this age corresponded to
the criteria of the third group. But no signifi-
cant difference between the groups was estab-
lished.
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Figure 4. Influence of live weight of heifers of different ages on milk yield during 305 days of

higher lactation
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It was established that the increase in
the live weight of heifers at the age of 6 and
12 months, which coincides with the onset of
puberty and the onset of sexual maturity, has
a positive effect on the increase in milk yield
during higher lactation. Optimal at the age of 6
months to obtain the highest milk yield was live
weight in the range of 143-166 kg (group 4), and
at 12 months - more than 280 kg (group 5). Thus,
for the development of high productivity, it is
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Period between calving, days

Group

of great importance to achieve sufficient devel-
opment in live weight at the age of 12 months,
which partially coincides with the conclusions
(Martin et al., 2020) made in the analysis of cow
productivity in New Zealand.

Indicators of reproductive capacity, which
in cows with two or more calvings were esti-
mated by the duration of the period between
calvings, depending on the live weight of
heifers did not change significantly (Fig. 5).
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Figure 5. Effect of live weight of heifers of different ages on the average period between calving

There was a tendency to shorten the period
between calving in animals of group 5 by live
weight at the age of 3 months and prolongation
in animals of the first group by live weight at
6 months. It may be evidence of the influence
of growth rate or general level of nutrition of
heifers of this age on the development of the
ability of cows to reproduce effectively, but the
statistical analysis did not confirm a significant
difference between the individual groups.

Conclusions and Perspectives

By selecting heifers during the growing pe-
riod, the lifetime productivity of cows can be

influenced. The longest life expectancy, pro-
ductive use and lifetime milk yield are char-
acterised by animals that at the age of 3, 6, 12
and 15 months have a live weight of 0.5... 1.5 ¢
more than the average for the herd, thus, these
parameters can be considered optimal.

The milk yield for 305 days of the highest lacta-
tion was higher in animals that at the age of 6
months had a live weight of 0.5 ... 1.5 ¢ higher
than the average for the herd, and at 12 months,
reached its highest indicators. The influence of
the live weight of heifers at the age of 3, 6, 12
and 15 months on the duration of the period
between calving was not confirmed.
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dopmMyBaHH: JOBIiYHOI MPOAYKTUBHOCTI KOPiB 3a/1€KHO BiJ sKMBOI MacHu
TeJHUIb Pi3HOTO BiKy

AnTtoH AHartomniioBuu KinmMKoBeII bR

HairionanpHMit yHiBepcuTeT 6iopecypciB i MpupomoKopMCcTyBaHHS YKpainu
03041, Byn. TepoiB O6oponu, 15, M. Kuis, Yrpaina

AHotanis. OpfHielo 3 TMpo6GeM Cy4acHOTO MOJIOYHOTO CKOTAapCTBa € KOPOTKMII mepiof,
MIPOAYKTUBHOTO BUKOPUCTaHHS KOpiB. Ile criocTepiraioTs He iniile B YKpaiHi, a i B 6ibirocti Kpainax
CBiTy 3 PO3BMHEHMM MOJIOUHMM CKOTapcTBOM. HacmimkomM KOPOTKOro Iepiomy MpOLYKTUBHOTO
BUKOPUCTAHHSI CTA€ 3HMKEHHS TOBIYHOI TPOAYKTUBHOCTI KOPiB. MeTolo 1iei po60TH 6y/10 BUBUUTU
MOX/IUBICTh BIUIMHYTY HA TPUBATICTh BUKOPUCTAHHS i JOBIUHMIT HaZill KOPiB HIIIXOM H060OPY
TeJIUITb 33 )KMBOIO MAacoIo B Mepiof iX BMpolyBaHHs. B moctimkeHHi 6y/10 MpoaHaai30BaHO TOBiUHY
nponyKTuBHicTh 1071 KOpOBM YKpaiHChKOI YOPHO-PSI60I MOJIOUHOI MOpOAM, MOYMHAIOUM 3 iX
BUPOIIYBAHHS i 10 BUOYTTS 3i cTaja. TBapyH 32 KMBOIO MAacOI0 Y Billi 3,6, 121 15 mics1iB po3nopinmmm
Ha ITSATh TPy 3 BUKOPUCTAHHSIM CTaHIapTU30BAHOTO BigxmiaeHHs (0) Bif cepeqHboi BemunHN. B
MeXkax IpyIl BU3HAYaIM KiJbKiCTb OTeleHb, TPUBAJiCTh MPOAYKTUBHOTO KUTTSI, AOBIUHMIA HaALi i
HaJiil 3a BUILY JIaKTallil0 Ta cepefHiii mepios MiX oTeneHHSIMMU. Bys0 BCTaHOB/IEHO, 10 Hafiii 3a
BUIILY JIAKTALIil0 TTOB’SI3aHMI i3 MacOI0 TeUIb Y Mepioj MOYaTKy CTaTeBOTo A03piBaHHS i HACTaHHS
craTeBoi 3pinocti. TBapuHH, Ki B 6 MicsLiB Manu kuBy Mmacy +0,5-1,5 o i B 12 6inblue Hixk +1,5 o
BiJl cepelHbOi B CTafi, XapaKTepu3yBaIUCh HAMGinbMM HamoeM. Ha rpymy o3HaK MOBiYHOL
MPOAYKTUBHOCTI (KibKICTh OTeleHb, TPUBAIICTh MPOLYKTUBHOTO BUKOPUCTAHHS i HOBIiUYHMIA
HaJiif) TO3UTUMBHO BIUIMHY/IA KMBa Maca TeJuilp y Bili 3, 6, 12 i 15 micaiiis, ska mepeBuiyBaa
cepenHio 1o craxy Ha 0,5-1,5 0. KopoBu BimHeceHi 10 1[uX rpym nepeBaxkaau iHmnm rpymnu Ha 0,2-1,4
OTeJIeHHSI. 3a Iepiofl BUKOPUCTAHHS, Bif 11X KOpiB oTpumaiu Ha 11-32 % Mosoka 6inblie, HiXX B
cepeqHbOMY IO CTany. Pe3ynbTaTu OOCTiIKeHb PO3MIMPIOIOTh PO3YMiHHS BIUIMBY BUPOIIYBaHHS
TeMIh Ha GOPMYBaHHS JOBIYHOT MPOMYKTUBHOCTI KOPiB Ta MOXKYTb OYTV BUKOPUCTAHI 1)1 O60PY
TTOTOJTiB S i KOpeKIIii MIaHiB BMPOITYBaHHS BEJIMKOI pOTaToi Xymo6y MOIOYHMX TOPif,

KrouoBi c;toBa: Mo/IouHe CKOTapCTBO, Halili, BiITBOPIOBAIbHA 3[IaTHICTh, OTEJI€HHS, TPUBAJIiCTh
MPOAYKTUBHOTO BUKOPUCTAHHS
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Growth and survival of Clarias catfish (Clarias gariepnus B., 1822) at
different stages of cultivation with the addition to the fodder of “Chiktonik”
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Abstract. Stressful situations decrease the growth rate and survival rate of fish, thus, the search
for ways to reduce their adverse impact is relevant. The purpose of the research - to evaluate
in aquaculture conditions the effect of different concentrations of vitamin-amino acid complex
“Chiktonik” on the growth and survival of larvae and fry of African clarius catfish (Clarias
gariepinus B., 1822) after stressful situations. The stressful situation for the fish arose from
significant fluctuations in the content of ammonia, nitrites and nitrates in the water environment
of the closed recirculation aqua system during the period of start-up of the biological filter, until
the equilibrium was established. A series of experiments were performed, during which it was
established that the addition of the drug at the rate of 1 ml per 1 kg of feed accelerates the growth
of fish in experimental variants compared to the control. Experimental use of high doses of the
drug (5, 15, 30 and 45 ml/kg of fodder) initially inhibited the growth of fish body weight, but 10-30
days after the experiment, the growth rate of the experimental material was equal to that of the
control group of fish and even exceeded the control values in the future. The positive effect of the
vitamin-amino acid complex “Chiktonik” on the survival of young clarius catfish at the stage of
completion of the larval period of life and in the early stages of the fry period was established. In
the experiment with older fish, which were fully developed fry, such an effect of the drug was not
observed: the survival rate of fish was at the same level both in the experiment and in the control.
Therewith, it was established that the fry reacted worse to higher doses of the drug compared to
the grown larvae. The growth rate of fry after using high doses of the drug did not equal that of
fish from the control group within a month after the experiment, unlike younger fish. In general,
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the expediency and safety of the practical use of the drug “Chiktonik” for young clarius catfish as a

fodder additive at a dose of 1 ml/kg of fish fodder have been proved

Keywords: vitamin-amino acid complex, the establishment of biological balance, feeding, stress,

aquaculture

Relevance

At the current level of technical and technolog-
ical support of aquaculture, the conditions for
growing fish in the vast majority of fish farming
enterprises cannot be considered optimal. Vari-
ous stress factors in the form of significant fluc-
tuations in hydrochemical, temperature and
oxygen regimes, and the impact of various in-
fectious and nutritional diseases cause growth
retardation and fish mortality (Bahareva &
Grozesku, 2000).

A big problem for industrial-type fish farms
is the purification of used water from nitroge-
se» NO, and NO,), which
enter the fish farming system in the process of

nous compounds (NH

decomposition of organic matter of fodder and
waste products of cultivation objects. To re-
move nitrogenous compounds from the water,
a biofilter is used, in which, under the influence
of bacteria, these compounds are converted
into substances less toxic to fish. In case of mal-
functions or during the start-up phase, before
the biological equilibrium is established, when
the biofilter is not yet able to effectively remove
nitrogenous compounds, the latter accumulate
in the water and reach concentrations that are
lethal to fish (Bregnballe, 2015; Sharylo et al.,
2019). In English literature, the period of es-
tablishing biological equilibrium is called the
“new tank syndrome” (Alderton, 2019; Ebeling
& Timmons, 2010).

Fish poisoning by nitrogenous compounds
causes damage to the nervous system and

muscular apparatus. Outwardly, this is mani-
fested in the form of convulsions. In addition,
the gill apparatus is affected, the liver and
spleen abnormally increase in size, and the
haemoglobin content in the blood decreases
(Potrohov et al., 2006; Krasyuk, 2009). In the
absence of timely reaction of technologists, fish
can die within a few days or even hours (Tilak
et al., 2002; Kofonov, 2017)

With a timely response to the problem, the
fish can be saved, but it will still get poisoned,
and if its body is not supported at the rehabil-
itation stage, the death of fish, for this reason,
may continue.

The relevance of this scientific research
is conditioned upon the necessity to increase
the survival rate and maintain the rate of mass
accumulation in fish after stressful situations,
in particular, by using the vitamin-amino acid
preparation “Chiktonik” at different stages of
the technological process.

Analysis of Recent Studies and
Publications

According to the results of the analysis of for-
eign and domestic sources of scientific and
technical information, it was established that
using vitamin-amino acid complexes in aqua-
culture has great prospects.

During embryogenesis and the transi-
tion to external nutrition, fish go through
stages called “critical periods” (Martseniuk &
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Martseniuk, 2021). During such periods, the
highest fish mortality is observed, and it is con-
nected with the fact that the organism enters
into new ecological relations with the environ-
ment. To prevent the death of fish in the em-
bryonic period, scientists (Lyubomirova et al.,
2021) recommend keeping eggs in a solution of
vitamins, which positively affects the process of
embryogenesis and increases the yield of larvae
from eggs. Such larvae are characterised by in-
creased viability and growth rate.

Another use of the complex of vitamins
and amino acids is to eliminate the effects of
poisoning in fish, long-term fasting, strengthen
immunity and increase resistance to bacterial
diseases. Scientists (Lyubomirova et al., 2021;
Eleev et al., 2019; Osipova et al., 2005; Metallov
et al., 2013) believe that the positive effect of
using such substances can be both improved
health and increased survival and body weight
gain of fish.

Chiktonik is a feed additive for animals
that contains a balanced amount of vitamins
and amino acids, including essential ones. Us-
ing the drug is intended to compensate for the
deficiency of biologically active substances in
the body of animals, regulate metabolism, and
promote nonspecific resistance to adverse en-
vironmental factors. In the case of unbalanced
feeding and stress, during the period of inten-
sive growth and high productivity, using this
additive in the composition of fodder increases
the safety of livestock, especially young ani-
mals, and increases productivity and duration
of use of animals.

Chiktonik has been used in agricultural
animal husbandry for more than 10 years. This
drug was developed initially for poultry farming,
but later it was used in other livestock sectors
(Gorchakova, 2013; Adullina, 2014), and more
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recent research on the effects of Chiktonik on
fish has started (Kuznecova & Mosyagina, 2015).

It should be noted that the improper use of
vitamin preparations may have adverse effects,
namely hypervitaminosis (Ksenofontova, 2019).

The purpose of the study - to evaluate the
effect of the drug “Chiktonik” at different con-
centrations on the growth and survival of juve-
nile catfish (Clarias gariepinus B., 1822).

Materials and Methods of Research

The material for the research was larvae and
fry of clarius catfish. Research methods — gen-
erally accepted in fish farming (Martseniuk &
Martseniuk, 2020).

To estimate the growth rate, the total index
of masonry accumulation in the group of fish
in the experiment and the percentage of this
index to that in the control were used. The sur-
vival of fish in each group was determined by
counting the number of juveniles and calculat-
ing the percentage of survival. Data collection
was performed during control catches, with
a frequency of once every 10-15 days. All fish
were counted and weighed in groups.

The research was conducted in 4 stages,
which were distinguished by various experi-
mental conditions and various concentrations
of the drug: 1, 5, 15, 30 and 45 ml/kg of fish
fodder. The first, second and third stages of the
experiments were conducted in the aquarium
laboratory of the Department of Aquaculture of
the Center for Aquatic Bioresources and Aqua-
culture of NUBIP of Ukraine. The fourth stage
of research was conducted in the production
conditions of a private fish farm for the cultiva-
tion of clarius catfish, located in the village of
Yushky, Obukhov district, Kyiv region.

The stress factor for fish, the consequences
of which were planned to be overcome using
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the drug “Chiktonik”, were increased concen-
trations in water of NH,, (0.5-1 mg N/1), NO,
(0.25-0.5 mg N/1) and NO, (30-60 mg N/1). Fish
were planted in the growing tanks of a closed
aquaculture system until the beginning of the
period of biological equilibrium in the water.
During the first 10 days, when the fish were
feeding the preparation with the addition of
artificial fodder, an increase in the content of
nitrogen compounds in the water was observed.
Part of the ammonia and nitrites were removed
using a biofilter, part — by replacing water in the
volume of 10% daily. Later, after the completion
of the biofilter start-up period, the main hydro-
chemical parameters were stabilised.

For the first three stages of research, 6
autonomous mini-fish farms with closed wa-
ter supply were installed. Each unit included a
100-litre glass fish tank (aquarium) and a wa-
ter regeneration unit (mechanical and biologi-
cal filters). For water circulation in the system,
a pump “MinJang NS F801” with a capacity of
1200 1/h was used. Porous foam sponges con-
nected to the water pump served as mechanical
filters. The mechanical filter was cleaned man-
ually as it became dirty. The biological filter
was filled with highly porous filler “Separax”
produced by “JBL Micromec” as a substrate for
the development of the bacterial film.

The water temperature in the UZV was
maintained in the optimal range for the culti-
vation of clarius catfish (27-28°C), using ther-
mostats “Resun Sunlike 200”.

The concentration of nitrogenous com-
pounds in aquarium water was determined us-
ing express tests TM “Ptero”.

The fourth stage of the experiment was
performed in fish ponds with a working vol-
ume of 1 m3. Biological water treatment in the
system was performed using the classic plas-
tic filler Aqua for the biofilter. The fish were
reared in a closed-type aquaculture system in
a private fish farm.

To prepare the fodder with Chiktonik, the
latter was taken from the bottle with a syringe
with a needle in the required volume. The solu-
tion of the drug for feeding was prepared with
the addition of a small amount of distilled wa-
ter to evenly distribute the solution over the
entire volume of fodder and, therewith, mini-
mally moisten the daily portion of fodder. The
required amount of solution was evenly applied
to the surface of the fodder with a syringe.

For feeding juvenile clarius catfish, fodder
of the trademark “Aller Aqua” was used with the
size of grains or pellets from 0.1 mm to 6 mm,
depending on the age of the fish. Fish were fed
5 times during daylight hours. The daily fod-
der rate was 7% of the body weight of 15- and
30-day-old juveniles and 3% for 65-day-old fry.
Fodder with the addition of the drug was given
to fish once a day, mainly in the morning.

The dosage of the drug “Chiktonik”, age
groups and the amount of experimental mate-
rial by variants in the context of the stages of
the experiment are presented in Table 1:

Table 1. Scheme of the experiment to assess the effect of the drug “Chiktonik” on young clarius catfish

Dose of the . Characteristics of the experimental material Stage
S;e:)ge Variant drug, ml/kg syé?:;t;\? o of fish duration,
of fodder age group average weight,g quantity, pcs. days
1 15-day 56
1 Control grown 0.08 20
2 larva 56
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Table 1. Continued

Dose of the . Characteristics of the experimental material Stage
Stag, Variant drug, ml/kg Aquatic of fish duration,
no. ffodder  System No. - - davs
o age group average weight, g quantity, pcs. y
3 56
4 15-day 56
1 Experiment 1 grown 0.08 —_— 20
5 larva 56
6 56
1 82
Control -
2 82
: 3 82
9 Experllment 15 S?A(}ay 0.39 35
4 oldIry 82
Experiment 45 5 82
2
6 82
Experliment 15 1 6
Experiment
30 2 6
2 65-day
3 : old fry 32.08 53
Expergment 45 3 6
Control - 4 6
Experiment 5 pool 1 30-day 1000
4 old 0.41 S — 8
Control - pool 2 fry 1000

As the table demonstrates, the research
at the first two stages was conducted with re-
peated variants, from 2 to 4. In the third and
fourth stages, the study was conducted without
repeated variants.

The duration of the experiment by stages
depended mainly on the ability of the water re-
generation unit to maintain the biological bal-
ance in the aquatic system. The experiment was
stopped as soon as the system could no longer
cope with the organic load, which grew as the
weight of the fish increased. The exception
was the fourth stage, which lasted only 10 days
since the biological filter in the aquaculture
system of the enterprise, where the research
was conducted, failed after the second control
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catch, which resulted in a sharp deterioration
of water quality. The fish began to die en masse,
prompting the owner of the enterprise to plant
the surviving fish in another aquatic system to
prevent further losses of biological material.

Research Results and their
Discussion

In the first stage of research, the smallest by age
and weight experimental material was used,
and the minimum, so-called basic dose of the
drug “Chiktonik” in fish feed was applied. Three
control catches were conducted during the
stage: at the beginning, middle and end of the
stage. The results of processing the material of
control catches are presented in Table 2.
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Table 2. Changes in the total mass and number of experimental materials

during the Ist stage of the experiment

Date of control catch

Variant Aquatic system No.
01.08.21 10.08.21 20.08.21
Weight of experimental material, g (+ average to control, %)
1 4.25 82.00 296.00
Control 2 4.25 85.00 304.00
average 4.25 83.50 300.00
3 4.25 94.00 316.00
4 4.25 87.00 310.00
Experiment 5 4.25 92.00 315.00
6 4.25 82.00 325.00
average 4.25 88,75 (+6,3) 316,5 (+5,5)
Fish survival, pcs (¥ experiment average to control, %)
1 56 49 45
Control 2 56 51 45
average 56 50 45
3 56 53 51
4 56 55 52
Experiment 5 56 52 50
6 56 54 51
average 56 53,5 (+0,9) 51 (+13,3)

As the table demonstrates, the addition of
the drug “Chiktonik” to fish fodder at a dose
of 1 ml/kg had a positive effect on the growth
and survival of juvenile clarius catfish. Thus, in
terms of masonry accumulation, the advantage
of the experimental variant over the control at
the end of the stage was +5.5%, and in terms of
survival — +13.3%.

The purpose of the following stages of the
experiment was to explore the effect of high
doses of vitamin-amino acid complex “Chik-
tonik” (5, 15, 30 and 45 ml/kg of fodder) on
young clarius catfish in the laboratory (2 and
3 stages) and production conditions (4 stage).
The results of the second stage of research are
presented in Table 3.

Table 3. Changes in the total mass and number of experimental materials

during the 2nd stage of the experiment

Date of control catch

. Aquatic
Variant
system No. 24.08.21 04.09.21 14.09.21 29.09.21
Weight of experimental material, g (+ average to control, %)
Control 1 32.00 116.00 482.60 930.00
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Table 3. Continued

Date of control catch

. Aquatic
Varfant sys:lem No. 24.08.21 04.09.21 14.09.21 29.09.21
2 32.00 115.00 529.00 1041.00
Control
average 32.00 115.50 505.8 985.5
3 32.00 108.00 531.00 1320.00
Experiment 4 32.00 88.00 523.40 1207.00
average 32.00 98,00 (-15,2) 527,2(+4,2) 1263,5 (+28,2)
5 32.00 108.00 622.00 1406.00
E"perziment 6 32.00 108.00 582.00 1352.00
average 32.00 108,00 (-6,5) 602,0 (+19,0) 1379 (+39,9)
Fish survival, pcs (¥ experiment average to control, %)
1 82 72 62 50
Control 2 82 68 63 50
average 82 70 62.5 50
3 82 78 77 76
Experiment 4 82 74 70 70
average 82 76 (+8,6) 73,5 (+17,6) 73 (+46,0)
5 82 71 70 70
Experiment 6 82 65 61 60
average 82 68 (-2,8) 65,5 (+4,8) 65 (+30,0)

According to the data of Table 3, a signifi-
cant increase in the content of the drug “Chik-
tonik” in fodder resulted in the following effects:
ten days after the start of the stage, according to
the control catch, in experimental variants 1 and
2 there was a lag behind the control in terms of
masonry accumulation by 15.2 and 6.5%, respec-
tively. In variant Experiment 2, the lowest sur-
vival rate was recorded compared to the control
and variant Experiment 1, in which, on the con-
trary, this indicator was the highest.

During the second “ten days” fish from
experimental variants both reached and over-
took fish from the control group in terms of
masonry accumulation: Experiment 1 - by
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28.2, experiment 2 — by 39.9% more than in the
control. In terms of fish survival rate from the
beginning of the experiment, the experimental
variants demonstrated better results compared
to the control: Experiment 1 — by 46.0, experi-
ment 2 — by 30.0% more.

The task of the third stage of the experi-
ments was to test high doses of the drug “Chik-
tonik” (15, 30 and 45 ml/kg of fodder) on catfish
fry, twice as old as the experimental material of
the 2nd stage and almost ten times larger. Due to
the limited number of juvenile clarius catfish in
this age group, the study was conducted without
repeating the variants. The results of the third
stage of the experiment are presented in Table 4.
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Table 4. Changes in the total mass and number of experimental materials

during the 3rd stage of the experiment

Aqua Date of control catch
Variant system
No. 01.10.21 12.10.21 22.10.21 03.11.21 13.11.21 23.11.21
Weight of experimental material, g (+ average to control, %)

Control 1 775 1080 1456 1906 2458 3050
Experiment 2 760 1031 (-4,5) 1364(=6,3) 1863 (<2,3) 2502 (+1,8) (ff; 21)
Expetiment 5 770 1035(-4,2) 1383 (-5,0) 1891(-0,8) 2570 (+4,6) (ff3676)
Experiment 2050 2560

5 4 775 1040(-3,7) 1380(-52) 1896(-0,5) 5. C16.0)
Fish survival, pcs (¥ experiment average to control, %)
Control 1 6 6 6 6 6 6
Experiment
1 2 6 6 6 6 6 6
Experiment 3 6 6 6 6 6 6
Experiment 4 6 6 6 6 6 6
3

As the table demonstrates, the best re-
sult in terms of masonry accumulation was
obtained in Experiment 1 (concentration of
“Chiktonik —15 ml/kg of fodder), the worst —in Ex-
periment 3 (concentration of the drug — 45 ml/kg
of fodder). The variant Experiment 2 had the
second result, and Control - the third. During 34
days from the beginning of the experiment, re-
search variants 1 and 2 lagged behind the control
in terms of the rate of body weight accumulation
but then reached and overtook the latter, and var-
iant Experiment 3, on the contrary, increased the
gap in this indicator. The difference between the
results of the third stage and the second one can
be explained by the fact that the metabolism of
fish decreases with age, as the body’s reaction to
overcome the adverse effects of adverse factors,
in this case — excessive concentration of vitamins,
which could probably result in hypervitaminosis.

The third stage of the experiment demon-
strated no advantages for any variant in terms
of survival rate, as there was no fish death at all.

The fourth stage of the experiment was
performed in the production conditions of an
existing enterprise for the cultivation of clarius
catfish in a recirculating aquaculture system.
In this stage, there were only two options: con-
trol and experimental, with a concentration of
“Chiktonik” in fodder of 5 ml/kg of fodder. The
short duration of the experiment at this stage is
explained by force majeure circumstances that
arose at the enterprise — the failure of the bio-
logical filter a few days after the second control
catch, which resulted in mass mortality of fish
in the aquatic system pools and termination
of the experiment. The results of the fourth
stage, according to the indicators of two control
catches, are presented in Table 5.

Animal Science and Food Technology. 2021. Vol. 12, No. 4
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Table 5. Changes in the total mass and number of experimental materials

during the 4th stage of the experiment

Date of control catch

Variant Pool No.
01.10.21 11.10.21
Weight of experimental material, g (+ average to control, %)

Control 1 775 1080

Experiment 2 760 1031 (-4,5)
Fish survival, pcs (*+ experiment average to control, %)

Control 1 1000 965

Experiment 2 1000 890 (-7,8)

As the table demonstrates, the results of
the fourth, so-called production, stage of the
experiment, in general, repeated the results of
the second and third stages conducted in labo-
ratory conditions. In addition, during the first
ten days from the beginning of the experiment,
fish in the experimental pool, which received
fodder with vitamin-mineral additives, lagged
behind the rate of body weight gain from fish in
the control pool by 4.5%, and the mortality rate
of juveniles was 7.8% higher than that in the
control. It can be assumed that, in the case of
continuation of the experiment, the indicators
of fish in the experimental variant after a while
would be equal to those in the control and pos-
sibly exceed them. To check this assumption, it
is advisable to conduct a repeated experiment
in production conditions.

Conclusions and Perspectives

According to the results of the research, it was
established:

1. Vitamin-amino acid complex “Chiktonik”
has a biologically active effect on larvae and
fry of clarius catfish. It was established that at a
concentration of 1 ml per 1 kg of fodder the drug
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has a positive effect on the growth and survival
of clarius catfish under stressful situations.

2. At high concentrations (5, 15, 30 and
45 ml/kg of fodder) “Chiktonik” for some time
(in research conditions — from 10 to 30 days
from the beginning of the experiment) in-
itially caused a slowdown in the growth of
fish in experimental variants compared to fish
in the control, which did not receive the drug
supplement. Subsequently, fish from the ex-
perimental variants reached and overtook fish
from the control group in terms of weight gain
rate. Therewith, in younger fish, this process
was faster: in a 30-day fry — during the next ten
days, in older fish — in 20-30 days.

3. The survival rate of fish under the influ-
ence of vitamin-amino acid supplementation
in the experiment, in general, significantly in-
creased: by 13.3-46.0%, depending on the vari-
ant of the experiment.

4. It is considered promising to continue
research to clarify the doses of the drug for dif-
ferent age groups of clarius catfish. In addition,
it is advisable to evaluate the effect of the drug
“Chiktonik” on the fertility of females, the qual-
ity of caviar and the offspring of clarius catfish.
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PicT Ta BUsKUBaHicTh KiaapieBoro coma(Clarias gariepnus B., 1822) Ha
Pi3HHX CTaAisIX BUPOIIYBaHHA 3 JOAABAHHAM B KOPM
npenapary «YuKTOHIK»

Bbormau I0piiioBnu KoBanenko, Bacuiab Onekcanaposuu KoBajieHKo,
Omutpo OpiitoBnu lllapuno, Hagiss BanepiiBaa ITosmimyk,
Onbra AmarosiiBHa Kopik, Anina BomogumupiBaa KipakocsH

HarionanbHuii yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpainu
03041, Bysn. TepoiB O6oponu, 15, M. Kuis, Ykpaina

AHoranig. CTpecoBi cuTyallii MpU3BOIATb 3HMKEHHSI TEMITY POCTY Ta BIWSKMBAHiCTh pub, TOMY
TIOIIYK NUISIXiB 3MEHIIEHHS iX HETaTMBHOIO BIUIMBY € aKTyaJbHMM. MeTa HOCTiIKeHb — OLiHUTHA
B YMOBax aKBaKyJbTypU BIUIMB Pi3HMX KOHLIEHTpaLiil BiTaMiHHO-aMiHOKMCJIOTHOTO KOMILIEKCY
«UMKTOHIK» Ha PiCT Ta BUKUBAHICTh IMUMHOK i ManbKiB adprKaHChbKOro KiaapieBoro coma (Clarias
gariepinus B., 1822) micns cTpecoBux cutyaiiii. CTpecoBa cuTyatis ajist pub BMHMKaIa BHACTIIOK
3HAYHMX KOJAMBAaHb BMICTy amiaKky, HiTPUTIB Ta HIiTpaTiB y BOZHOMY CepelOBMILi 3aMKHYTOL
PeIVPKYIISIiiHOT aKBaCKCTEMM ITPOTSITOM ITepiofy 3ammycKy 6iooriuHoro GisbTpa, 0 BCTAaHOBIEHHS
piBHOBaru. byso nmpoBeneHo cepito AOCTiAiB, B X0i IKMX BCTAHOBJIEHO, 1110 NOAAaBaHHS MpernapaTy
3 po3paxyHKy 1 M1 Ha 1 KT KOpMY IPUCKOPIOE PicT pub y AOCTiAHMX BapiaHTaX, Y MOPiBHSHHI 3
KOHTposieM. EKcriepuMeHTa/IbHe BMKOPUCTAHHS BUCOKMX A03 mpemaparty (5, 15, 30 i 45 mui/kr
KOpMY) CITOYATKY IPM3BEJIO 10 TaJIbMyBaHHS MIPUPOCTY Macu Tija pub, aie uepes 10-30 gHiB micsist
3aBepIlIeHHS eKCIIePUMEHTY TEMIT POCTY JOCTiIHOTO MaTepiany 3piBHSBCS 3 TAKUM Y KOHTPOJIbHOL
Tpymy puob i HaBiTh MEPEBUIINB MOKA3HMKM KOHTPOJIIO Hafasli. BCTaHOBIEHO MO3UTUBHMIA BIUIUB
BiTaMiHHO-aMiHOKMCIOTHOTO KOMILIEKCY «UMKTOHIK» Ha BMXKMBAHICTb MOJIOAi KJIapi€BOro coma
Ha eTarli 3aBepiIeHHs JMUMHKOBOTO MePiomy SKUTTS i Ha MepIIMX CTadisx MaJbKOBOTO Iepiony. B
eKCITIepMMEHTi 3 pubaMy CTapIIOTO BiKy, sIKi Gy MOBHiCTIO chOPMOBAaHUMM MabKaMM, TAKOTO
edexTy Bim BMKOPMCTAHHS Iperapary He CIIOCTepirajaocs: BMKMBaHICTh pub 6Gyna Ha OgHOMY
piBHI K B moctifi, Tak i B KOHTposi. OMHOYACHO 6Y/I0 BCTAHOBJIEHO, IO MAJIbKY TipIlle pearyoTh
Ha MiJBUILeHi 03U Ipernapary, y NOPiBHSHHI 3 MiJPOIIeHMMY JMIYMHKaMU. TeMIT POCTy MaJIbKiB
ITiC/IST BUKOPUCTAHHS BMCOKMX 03 TIperapary Tak i He 3piBHSABCS 3 TaKMM Y pub 3 TpyIyt KOHTPOJTIO
MPOTSATOM MICSIIIS TIC/IST 3aBEPIIEeHHS] eKCIIEPUMEHTY Ha BiAMiHy Bim Monommmx 3a BikomM puo.
3arajioM IOBeJeHO AOLIIbHICTh i 6e3MeUHiCTh IPaKTUUYHOTO BUKOPUCTAHHS ITpenapaTy « YMKTOHIK»
JJIS1 MOJIOZLi KIapi€BOTO cOMa SIK KOPMOBOi J,06aBKM B 1031 1 MJI/KT pUGHOTO KOPMY

Kiio4oBi cj1oBa: BiTaMiHHO-aMiHOKMCIOTHMIT KOMILIEKC, BCTAHOBJIEHHs 6iooriunoi piBHOBaru,
rOfiBJISI, CTPeC, aKBaKyJIbTypa
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Quality of queen bees in different ways of their production
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Abstract. Timely replacement of queens is one of the main zootechnical methods for maintaining
the vital activity of bee families, and searching for ways to improve their quality is an urgent problem.
The purpose of this study was to evaluate the effect of the method of obtaining queen bees of Apis
mellifera sossimai and Apis mellifera carpatica breeds on their reproductive functions and bee family
productivity. To conduct research in the conditions of the apiary of honey-pollination area, three
groups were established - control and two experimental, with nine bee colonies in each. In the first
(control) group, uteruses were artificially removed from the nursery, in the second group - fistula
uteri and the third — swarm uteri. The apiary was located at a point of 50x50 meters, bee families
were kept in hives. According to the results of the study, it was established that the queen bee Apis
mellifera carpatica was heavier than the queen bee Apis mellifera sossimai. The queen bees from
the nursery are the smallest, and the swarm queen bees are slightly heavier than in other groups,
although the difference was not statistically significant. Fistula queen bees produce the most eggs
and provide the best brood quality. Fistula queen bees have better weight uniformity than swarm
bees, which affects the productivity of families. Colonies with swarm queen bees are characterised
by different levels of development, which complicates the maintenance of these families. The
quality of queens is affected by the breeding method and the location of the queen cell in the
honeycomb. The more queens the colony grows, the worse their quality. As it is complicated to
establish optimal conditions in the nursery and the number of queen cells is large, this is the reason
for the worst quality of queens. The results obtained are of practical importance for choosing a
method of rearing queen bees of high quality to establish well-developed bee colonies

Keywords: hive, bee family, fistula queen, swarm queen, nursery, bee brood

Suggested Citation:
Kucheriavyi, V., Saliuk, O., & Skrypnyk, S. (2021). Quality of queen bees in different ways of their
production. Animal Science and Food Technology, 12(4), 38-45.

‘Corresponding author



Kucheriavyi et al.

39

Introduction

Honeybees can only live and work in a bee col-
ony. There is normally only one queen bee in a
typical bee colony. It is the colony’s only fully
matured female and the mother of a young
queen, drone, and worker bees. When a bee col-
ony loses its queen bee and is unable to repro-
duce a new one, it eventually dies. The queen
bees have a sting, which they use during fights
with other queens and when laying eggs.

The queen bee is much larger than a worker
bee and longer than a drone but not as thick as
he is. Her wings are longer than those of bees
and drones. The movements are slow, although
if necessary, she can run very fast. Day and
night, she searches for honeycombs prepared
by bees and lays eggs in them. She is constantly
surrounded by young bees (retinue). They feed
the queen bee with milk they produce, lick it
and remove or eat its excrement. The egg pro-
duction by queen bees depends on the strength
of the colony. In a strong colony, the queen bee
is larger, feeding is better, thus, it produces
more eggs.

The queen bee lays an egg in a honeycomb,
cleaned of dust, and old cocoons, and licked by
young bees. She will not lay an egg in a dirty cell.

In a strong colony, where bees rebuild many
cells, the queen bee can lay 2-3 thousand eggs a
day. In a weak colony less, about 1-2 thousand
eggs. Occasionally, a good queen bee lays 2-3
eggs in a cell if there are few clean cells. In this
case, the bees leave only one egg, destroying
the excess.

Analysis of Recent Researches and
Publications

The presence of the queen bee in the bee col-
ony of honey bees fully influences their flight
activity in collecting bee pollen. In its absence,

the harvesting of pollen and its processing, the
extraction of wax and the construction of hon-
eycombs, the cultivation of brood, and the col-
lection of nectar are significantly hindered and
then completely stopped. With the appearance
of the queen bee, all functions of the colony as
an integrated biological system are restored
(Nino et al., 2012).

Timely replacement of queen bees every
2 years, and increasing and maintaining the
strength of bee colonies are the main zoot-
echnical measures to maintain the optimal
vital activity of bees and obtain the maximum
amount of production from them (Mishchenko
et al., 2020). Most parameters characterising
queen bee quality are reflected in the queen’s
body weight, which is considered a robust and
the best indicator of queen quality (Presern
& Smodi$ Skerl, 2019). The age of grafted lar-
vae had a statistically significant effect on the
queen’s weight, body length, thorax width and
length, and wing length of the queen (Okuyan
& Akyol, 2018).

Reducing the intensity of work or their
complete cessation in the absence of the queen
bee is an important biological adaptive re-
sponse of bee colonies, which allows for main-
taining the strength and ability of bees to grow
large numbers of brood (Rangel et al., 2016;
Walsh et al., 2016).

Regarding the age of the queen bee and the
harvesting activity of bees, the research demon-
strates that the age of the queen bee and the
activity of collecting bee pollen are related: the
younger the age of the queen bee, the greater the
collecting activity, the more bee pollen comes to
colonies (Mishchenko et al., 2020). The species
composition and weight of the pollen collected
by bees are influenced by many factors, primarily
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the number and variety of plant pollen in nature,
the development of which depends less on cli-
matic conditions than nectar productivity of
plants (Urcan et al., 2017; Radev, 2018).

The first question that arises when choos-
ing queens concerns the optimal timing of their
use. Some consider that queens in bee colonies
should be replaced every year, while others
suggest replacing them in the 2nd or even 3rd
year. However, notably, according to the natural
conditions, in particular, the duration of the ac-
tive period, the strength of the bee colony, the
intensity of egg-laying and breeding character-
istics of queens, the terms of their effective use
will be different. If the active period of life of
the colony and the oviposition of the queen bee
is short, the colony is weak and the queen bee
lays about 75-100 thousand eggs a year, then its
physiological age will come later. On the con-
trary, during a long active period in strong col-
onies, the queen bee can lay 150-200 thousand
eggs per season. In this case, the queen bee’s
body deteriorates faster and physiological old
age occurs earlier (Mishchenko et al., 2020).

The purpose of the study was to compare
the quality of reproductive function in queen
bees of Apis mellifera sossimai and Apis mellif-
era carpatica breeds with different methods of
obtaining them and the impact on the produc-
tivity of the bee colony.

Materials and Methods of Research

The apiary is located on a plot of land meas-
uring 50x50 meters. Beehives with 20 frames
are used to keep bee colonies. Bees are kept
in the apiary of the Ukrainian field breed. The
apiary has a honey pollination area. A winter
house, a mobile vehicle, and a suitable cham-
ber for honey pumping are all available at the
apiary. Mustard is sown around the apiary
every year.

To conduct experimental work in the api-
ary, three control groups and two experimental
groups were established, with nine bee colonies
in each group (Table 1). In the first group, the
queen bees were artificially raised in the nurs-
ery, in the second group - fistulous queen bees,
and in the third — swarm queen bees.

Table 1. The experimental design

Group Number of bee colonies
1 - control 9
2 — experimental 9
3 — experimental 9

Results of the Research and their
Discussion
Egg-laying, or queen bee reproduction, be-
gins in March. The activity of the queen bee
develops gradually. Initially, she lays several
hundred eggs a day. After the overwintering
of bees and their flight, the number of laid
eggs increases. With the onset of warmth and
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natural flow, egg-laying reaches a maximum.
In steppe areas, it is the end of June, and in
forest areas — the beginning of June. In the
second half of summer, the work of the queen
bee gradually hinders and, with the onset of
colds, stops. If autumn is warm, egg-laying
lasts until October. Thus, the queen bee rests
only a few months a year.




Kucheriavyi et al.

41

The queen bee cannot live long without
bees. Even under favourable temperature condi-
tions and good feeding, she lives no more than
2-5 days. In a wooden cage with 10 bees, she lives
15-20 days, sometimes a month. In a bee colony,
the queen bee lives up to 5-9 years, more than
drones and bees. In the first two years, she lays
the largest number of eggs, then productivity de-
creases. With age, she loses her drone semen and
lays more and more unfertilised eggs, from which
drones are hatched, thus, it is impractical to keep
the queen bee in industrial apiaries for more than
two years. Annually, it is necessary to change at
least half, and preferably 80-100% of all queens.

According to the method of obtaining,
queen bees are divided into 4 groups. Bees that
feed the queen bee constantly lick it. After lick-
ing the queen bee, the bee immediately begins
to share the licked queen bee’s substance (pher-
omones) with other bees. The queen bee’s sub-
stance is secreted by the maxillary glands. When
the queen bee cares for herself, it spreads it all
over the body. If worker bees receive a sufficient
amount of royal jelly, they do not lay queen cells
on the eggs and larvae of worker bees.

The queen bee’s substance has been
learned to be obtained artificially. Bee colonies,
in which queens were removed but given the
queen bee’s substance in the form of drops on
paper, continued to function normally.

In an old queen bee, very little of this sub-
stance is produced, and the bees begin to re-
build the bowls, and the queen bee lays eggs
in them. After 16 days, the young queen bee
is born from an egg. After mating with drones,
the young queen bee begins to lay eggs. This
change in the queen bee is called quiet. With
this change, young and old queens live and
lay eggs jointly without expressing hostility to
each other.

In a colony where a quiet change of the
queen bee is planned, the old queen bee se-
cretes about 1/4 of the queen bee’s substance
produced by the young fertile queen bee. If
placed in a weak colony, the bees will not lay
queen cells to change the queen bee. Practice
demonstrates that if in the summer in a colony
preparing for a quiet change, the queen cells are
broken, then such a colony often does not lay
them and stays to spend the winter with the old
queen bee, which usually dies in the winter. The
quiet change of the queen bee depends on the
breed of bees. Mountain Grey Caucasian honey
bees change 40% of their queen bees annually.
Carpathian bees frequently change queens.

If the bee colony loses the queen bee, the
bees begin to raise the queens from the eggs and
young larvae of the worker bees. Such queens
are named fistulous. Biologically, they are com-
plete and frequently better than a swarm.

In normal colonies, the quality of the fistu-
lous queen bee depends on the age of the larvae
from which the queen bee will be raised. Larvae
up to 3 days old give full-fledged queens, and
larvae older than 3 days (at least 6 hours) pro-
duce transitional forms of queens with varying
degrees of development of signs of worker bees
(wax mirrors, baskets), with fewer ovaries and
a small ovary. Larvae older than 90 hours are
not able to develop into queens, they grow only
as worker bees. When the colony prepares for
swarming, the bees make bowls, in which the
queen bee lays eggs. After the appearance of
larvae, bees complete the bowls, turning them
into queen cells. Queen bees obtained from
such queen cells are called a swarm.

Swarm queen cells are laid, as a rule, on
the side, bottom, and middle of the cells. They
are similar to a ripe acorn or a thimble. Swarm
queen bees are not the same. They grow best in
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the queen cells, which are located at the top of
the cell (frame). Here they get more food, more
temperature, and more humidity. In the lower
part of the cell, the temperature frequently
fluctuates, as warm and cold air passes through
the cell. In addition, there are fewer nursing
bees at the bottom, thus, they feed the larvae
worse, and queen bees are born smaller. Queen
bees from such larvae lay fewer eggs, die more
often in winter, and are less durable.

Nurseries produce fistulous queens, which
are commonly called artificial. For this, firstly,
to prepare the queen bee family: to remove the
queen bee and open brood and give the larvae
of worker bees of one-day age, etc.

The queen bees were removed at the begin-
ning of the main foraging season, and instead,
the bees produced fistula queens. Young queen
bees were weighed after fertilisation and yielded
comparable findings (Table 2, 3).

Table 2. Live weight of fertile queen bees depends on the growth environment

Origin Number of queen bees Weight, mg
Artificial queen bees from the nursery 9 2379+ 7.1
Their daughters were raised in their colonies during
. - 9 272.9+5.9
the main forage period (fistulous)
Their granddaughters were raised in their colonies 9 230497

at the end of the main forage period (fistulous)

Table 3. Live weight of fertile queen bees

Origin Apis mellifera carpatica, mg Apis mellifera sossimai, mg
The queen bee from the nursery 277.1+6.0 223.6+2.8
Their daughters (fistulous) 288.5+5.4 238.7+4.3

During the egg-laying period, the queen
bees were weighed. The queen bees were not
related but belonged to the same Carpathian

breed. According to the data in Table 4, the
queen bees from the nursery are smaller than
the queen bees from their colonies.

Table 4. Oviposition and live weight of queen bees depending on their origin

The mass of the fertile

Live weight during

Origin queen bee at the beginning s Oviposition, pcs.
of oviposition, mg egg-laying, mg
Fistulous 247.6 £4.0 292.2£5.0 1629+ 113.0
Swarm 249.7%6.0 300.2£5.8 1206 £ 94.0

In addition to the Carpathian breed, the
Ukrainian steppe breed was tested, compar-
ing fistula queens with swarm queens. Queen
bees are slightly heavier, as presented in
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Table 4, although this difference is not sta-
tistically significant. Fistulous queen bees,
on the other hand, produce much more eggs.
The brooding quality was greater and higher




Kucheriavyi et al.

43

in colonies with fistulous queen bees than in
swarm queen bee colonies. As a result, swarm
queen bees are not worse than fistulous. Col-
onies with fistulous queen bees are more con-
venient to work with.

The data on the weighting of swarm and
fistulous queens at the beginning of egg-laying
is summarised in Table 4. At the beginning of
oviposition, the amount of swarm and fistulous
queen bees are nearly identical. Only the dif-
ference in maximum and minimum weights is
significant: 85 mg in swarm and 48 mg in fis-
tulous. As a result, fistulous queen bees have
better uniformity than swarm, which has an
impact on colony productivity. As swarm queen
bees can be both good and harmful, their colo-
nies emerge with variable levels of ability, com-
plicating maintenance.

July is the most favourable month for
breeding and changing queens. At this time,
bee colonies reach maximum strength, the
hive is constantly receiving nectar and pol-
len, there are no sharp temperature fluctu-
ations. All this provides the best conditions
for breeding the largest bees and queen bees.
It is almost impossible to establish such con-
ditions for the artificial breeding of queens in
the nursery. Encouraging feeding (100-200 g of
syrup), which is distributed to foster colonies,

does not provide the colony and offspring with
proper nutrition.

The quality of queens is influenced by the
method of breeding and location of the queen
cell in the honeycomb, the presence of fod-
der base in nature during their cultivation,
the strength of the colony, and the number of
queen cells in the colony. The more queens the
colony grows, the worse their quality.

The young queen bee should fly around. If
she does not do this within a month, she loses
the ability to mate with drones, and she begins
to lay unfertilised eggs, from which only drones
are hatched. This queen bee is called a cobweb.
A colony with such a queen bee usually dies if a
beekeeper does not help it.

During a strong flow, the queen bee cannot
lay many eggs because the bees fill the cells
with honey. As the flow decreases and the num-
ber of free cells increases, she lays more eggs.
After the end of the flow season, the queen bee
stops laying eggs as the bees feed them worse.
In winter, they do not lay eggs.

Conclusions

1b. During the artificial rearing of queens, the
foster colony does not accept eggs for rear-
ing, thus they give her larvae. The younger the
larva, the better the queen bee.
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SAkicTh 6/1KOTMHUX MATOK 3a Pi3HUX CIIOCOOIB X OTPUMAHHA

Biraunii [TerpoBuu KyuepsiBuii, Onexkcangp OnekcaHapoBuy Casiiox,
Cepriii BikropoByu CKpUITHMK

BiHHMIIbKMIT HalliOHATBHUI arpapHuii yHiBepcuTeT
21008, Byn. CoHstuHa, 3, M. Binautis, YkpaiHa

AHoTtanis. CBoeuacHa 3MiHa MaTOK € OJHMM 3 OCHOBHMX 300TEXHIUHMX IIPUIOMIB JIJIst
MiATPUMAaHHS KUTTEMISTBHOCTI GIKOMMHMUX CiMeif, a TOIIYK NUISXiB MiABUIIEHHS iX SIKOCTi €
aKTyaJIbHOIO MTPO6IeMOI0. MeTOI0 TaHOTO AOCTiIKEHHS, 6Y/I0 OLIiHUTY BILUIUB CIIOCOOY OTPUMAaHHS
6IKOMMHUX MaTOK mopin Apis mellifera sossimai Ta Apis mellifera carpatica Ha ix BinTBOpIOBaIbHI
¢GbyHKIiT Ta TPOXYKTUBHICTh OMKOMMHOI ciM’i. [IJIsT MpoBefeHHST MOCTiIKeHb B YMOBaxX IMaciku
MeOBO-3aMII0BAIbHOTO HampsMy 6yio copMOBaHO TPU IPYNM — KOHTPOIbHY Ta JIBi JOCTiIHI,
TI0 JeB’ITh 6[KoI0ciMeli y KOsKHil. YV mepiriit (ROHTPOJIbHIi) rpyri 6yau ITYYHO BUBeJeHI MaTKU
i3 po3ruIigHMKa, y APYTiii TPyl — CBUIEBI MaTKM Ta B TpeTiit — poitosi. [Tacika po3millyBanach Ha
TOUKY po3mipom 50%50 MeTpiB, 6aK0MMHI ciM’1 yTpUMYBau y BylInKax-jiexkakax. 3a pe3yabTaTaMu
IOCTiIKeHHsT OYyJI0 BCTAaHOBJIEHO, IO OmkonuHi MaTku Apis mellifera carpatica 6ynu Baxkui 3a
6mkonuHi MaTku Apis mellifera sossimai. BaskonyHi MaTKM 3 pO3IUIiHMKA HaiiMeHIIi, a poifoBi
6IKOMMHI MaTKY JEI0 Baxkyi HiX B iHIIMX TPyIiax, Xoua pisHUIS He 6y/ia CTAaTUCTUYHO 3HAUYIIOI0.
CBuIeBi 6[KOMMHI MaTKM BUPOOJISIIOTh HalibibIlle S€lb i 3a06e3MeUy0Th Kpally SIKiCTh PO3TUIONY.
CBuieBi 6KOMMHI MaTKM MalOTh Kpally BUPiBHSHICTh 3a Macol0, HiK POiiOBi, 110 BIIMBA€E Ha
MPOAYKTUBHICTD ciMmeii. KomoHii 3 poitoBMMY GKOTMHMMY MaTKaMM XapaKTePU3YIOTbCST PisHUMU
PiBHSIMM PO3BUTKY, IO YCKJIAIHIOE YTPUMMaHHS 1IMX ciMeii. Ha sIKicTh MaTOK BIUIMBAIOTh CIIOCIO
pO3BeZieHHs i PO3TallyBaHHS MATOYHMKA B CTiMbHMKY. UMM Oisbllle MaTOK BMUPOIIYE KOJIOHiS,
TUM Tipmia ixX sKicTb. OCKi/IbKM B PO3IUIIAHUKY BaXKKO CTBOPUTMU ONTUMAJIbHI YMOBHU, a KiJIbKiCTh
MaTOYHMKIB BeIMKa, e € MPUUYMHOI0 HaTipiioi SKocTi MaTok. OTpMMaHi pe3yabTaTu MaloThb
MpaKTUYHE 3HAYEHHS JIJIs1 BUOOPY CIIOCOOY BMPOUIYBAHHS MaTOK BMCOKOI SIKOCTi JIJIST CTBOPEHHS
nIo6pe po3BUHEHMX GIKOMMHMUX KOMTOHI

Kito4oBi cimoBa: BY/IMK, O[IKOMMHA CiM’sT, CBUIIIEBI MATKY, POMIOBi MaTKM, PO3IUTITHNUK, 6IKOIMHMI
pO3ILIif,
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Changes in haematological parameters in hens under short-term exposure
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Abstract. Short-term exposure to adverse factors is a common phenomenon in industrial egg
production. An urgent problem is to understand the impact of environmental changes on poultry
use. A comparative analysis of changes in haematological parameters in hens under short-term
exposure to adverse environmental factors of different natures was performed. For this purpose, a
control and 3 experimental groups of hens were established in a modern complex for the production
of food eggs. Within 24 hours, the hens of the 2nd group were deprived of fodder, the 3rd group -
of light, and the 4th group — were kept in significant overcrowding. The smallest changes in the
blood system of hens were observed under the influence of the factor of lack of fodder, namely
an increase, within the physiological standard, in the content of leukocytes and erythrocyte
sedimentation rate, a decrease in haemoglobin concentration, hematocrit, erythrocytes, platelets,
and a violation of the ratio of different forms of leukocytes — an increase in the concentration of
heterophils (3.3%>normal) against a decrease in the concentration of monocytes (1.6%<normal),
lymphocytes and basophils. Therewith, under the influence of the factor of the absence of light,
a higher content of leukocytes in the blood by 10.6%, a lower concentration of haemoglobin by
22.4%, hematocrit — by 4.2%, platelets — by 9.8%, and a higher erythrocyte sedimentation rate by
9.8%, a higher concentration of heterophils by 5.9% and a lower concentration of lymphocytes — by
4.6% were identified compared to the factor of the absence of fodder. The most significant changes
in the blood system were noted under the influence of the factor of significant over-consolidation
of hens, namely, a higher content of leukocytes in the blood by 17.1 and 5.9%, a lower concentration
of haemoglobin by 29.6 and 9.2%, hematocrit — by 5.9 and 1.7%, erythrocytes — by 10.3%, platelets —
by 35.8 and 28.8%, and higher erythrocyte sedimentation rate by 4.9%, a higher concentration of
heterophils by 11.3 and 5.4 % and lower concentration of monocytes by 0.8 and 0.4%, lymphocytes
by 9.4 and 4.8% and eosinophils by 0.7% compared to the factor of lack of fodder and lack of light,
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respectively. Thus, in production conditions, it is necessary to avoid the over-compaction of poultry,

as this factor has the greatest adverse effect
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Relevance

Intensive management of the poultry industry
includes several technological operations that
cause excessive stress on the adaptive systems
of the body of hens and the development of
stress in them (Scanes, 2016; Zhuchaev et al.,
2019). The effect of adverse environmental
factors or technological stressors, such as high
density of housing, changes in the microcli-
mate of production facilities, housing condi-
tions and diet composition, vaccination, trans-
portation and movement, reduce the level of
the immunological reactivity of the poultry body
(Reber et al., 2007; Sloan et al., 2010; Hall et al.,
2014), which decreases its productivity (Lara
& Rostagno, 2013; Stoianovskyi et al., 2018;
Sakhatsky et al., 2020). In conditions of intensive
production, it is impossible to avoid completely
the influence of stressors, however, determining
the degree of influence of technological factors
depending on their nature on the physiological
state of poultry is a prerequisite for the develop-
ment of new methods of stress prevention in the
selection of optimal ways of keeping hens.

Analysis of Recent Studies and
Publications

It is known that during stress in hens, the activ-
ity of all body systems is strained, which is de-
signed to protect themselves and adapt to new
living conditions (Dhabhar et al., 2012; Kang
et al., 2018; Gorelik et al., 2020). A prerequisite
for the development of the stress response is the
enhancement of the function of the endocrine
glands, particularly the hypothalamus-anterior

pituitary-adrenal cortex system (Olubodun
et al., 2015). The main role in the development
of stress, according to Selje, is performed by
the adrenal cortex, which, under the influence
of the pituitary gland, increases the secretion
of steroid hormones involved in the adaptation
process (Selje, 1979). Therefore, it is believed
that the main mechanisms in the implementa-
tion of the stress state in the body of poultry are
the sympathoadrenal and hypothalamic-pitui-
tary-adrenal-corticotropic systems, i.e. the de-
velopment of adaptive responses to the effects
of various nonspecific environmental factors
on the body occurs by a common mechanism:
through the hypothalamic-pituitary-adrenal
system and the sympathoadrenal system with
the participation of catecholamines (Gavreliuk
& Chykina, 2017; Infante et al, 2017). Due to
biological effects, catecholamines ensure the
transition of the body from a state of rest to a
state of excitement and allow it to remain in
this state for a long time. Therewith, the emer-
gence and course of physiological reactions in
the body of poultry under the action of hor-
mones of the medullary layer of the adrenal
glands and mediators of the sympathoadrenal
system are accompanied by an increase and
qualitative change in metabolic processes in
immunocompetent tissues (Stoianovskyi et al.,
2018), which is reflected in their blood system.

Changes in the blood system in response
to stressors such as lymphopenia, eosinopenia
and neutrophilia were first described by Hans
Selye in 1936 (Selye, 1936). Modern studies
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demonstrate that acute stress primarily causes
significant changes in the quantitative and qual-
itative composition of leukocytes in hens (Nicol
et al., 2006; Sekeroglu et al., 2011; Nwaigwe et al.,
2020). Leukemoid blood reaction in hens has been
described under the influence of stressors such as
starvation (Najafi et al., 2015), temperature (Prieto
& Campo, 2010), light (Huth & Archer, 2015),
contamination with microorganisms (Redmond
et al., 2011), transportation (Al-Murrani et al.,
1997), movement restriction (Bedanova et al.,
2007), etc. However, the vast majority of studies
are devoted to the effects on the body of hens,
usually only one stressor. In turn, the issue of
physiological changes in the body of poultry un-
der short-term exposure to stressors of different
natures has been understudied.

The purpose of the research was to com-
pare changes in haematological parameters in
hens under short-term exposure to adverse en-
vironmental factors of different natures.

Materials and Methods of Research

As the object of research were used egg hens of
the industrial flock “Hy-Line W-36”. Experiments
with experimental animals were conducted
following the rules of the European Convention

for the Protection of Vertebrate Animals (Official
Journal of the European Union L276/33, 2010).
In the conditions of a modern complex for
the production of food eggs in poultry hous-
es with an area of 2915 m?, 3 groups of hens
(101 heads in each) were established at the age
of 52 weeks, each of which was kept in a sep-
arate cage-analogous in area and equipment
manufactured by “Big Dutchman” (Germany).
The control group was established from 10
representatives of each of the 3 experimental
groups before the simulation of acute techno-
logical stress. Blood samples were taken from
them, from which a control group of 30 heads
was established. Subsequently, each group was
exposed to short-term adverse environmental
factors of different natures (acute stressors). In
particular, hens of the 2nd group were deprived
of fodder, the 3rd group - of light, and the 4th
group — were kept with significant overcrowd-
ing (Table 1). Modelling the effects of acute
stressors in hens of the 2nd and 3rd groups was
achieved by turning off the corresponding sys-
tems in the poultry house - the fodder distribu-
tion line and lighting. In the 4th group, 60 hens
were planted in the cage to ensure significant
over-compaction of the livestock.

Table 1. Experiment scheme

Group of hens

Characteristic 1

2 3 4

Environmental factor

control (before the

absence increased density

factor influence) fodder light of content
Duration of the factor exposure, hours 24
Number of cages per floor 1176
Number of birds per cage 101 161
Planting density, birds / m? 24.9 39.7
Area coverage, cm?/birds 401.4 251.8
Cage area, cm? 40544
Number of nipples per cage, pcs. 12
Feeding front, cm 7.2 4.5
Poultry house area, m? 2915
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Exposure to the factor in all groups was
24 hours, after which haematological parame-
ters of hens were determined. For this purpose,
1.0-1.5 ml of blood was taken from the subwing
vein of 30 hens of each group into a test tube
with EDTA. Haematological parameters of lay-
ing hens were determined on a Micros 60 hae-
matological analyser (Horiba Ltd.) in the labo-
ratory “Bald” (certificate No. LB/02/2016).

The obtained digital results were processed
by methods of variation statistics. The signifi-
cance of differences between the mean values
was determined by Student’s t-test, differences
were considered significant at p<0.05.

Research Results
Haematological parameters of hens of all ex-
perimental groups at the beginning of the re-
search were within the physiological standards
for each parameter (group 1). No significant
differences were identified between the groups.
According to the results of the research, after
24 hours of exposure to adverse environmen-
tal factors, regardless of their nature, the con-
tent of haemoglobin, erythrocytes, hematocrit,
platelets and erythrocyte sedimentation rate in
the blood of hens were within the physiological
standard, and the leukocyte content exceeded
them (Table 2).

Table 2. Haematological parameters of laying hens

Indicator Group Refer(?nce values,
1 2 3 4 (Jain, 1993)
Leukocytes, thousand/ul 26.9%0.46 36.9%0.61"" 40.8+0.39™" 43.2+0.37"""" 20-40
Haemoglobin, g/dl 11.8+0.20 9.8+0.117" 7.6£0.237 6.9+0.18""" 7-13

Hematocrit, % 32.9+0.68 31.1+0.37" 26.9+0.53""" 25.2%0.52"" 22-35
Erythrocytes, mln/mm3 3.240.08  2.9+0.06™ 2.9+0.08™ 2.6+0.07""" 2.5-3.5
Platelets, thousand/mm?3 73.8%0.82 69.3+0.47"" 62.5+0.36""" 44.5+0.42""""" 32-100
The erythrocyte 5.4%0.04 6.1*0.097  6.10.06”  6.4%0.03" 4.0-6.5

sedimentation rate, Mm/hour

Notes: *p<0.05, **p<0.01, ***p<0.001

ooo.

the third group

In particular, there was an increase in the
content of leukocytes in the blood of hens un-
der the influence of adverse environmental
factors. In hens of the 2nd group, the leukocyte
content was higher by 37.2% (p<0.001) com-
pared to the 1st group but was within the phys-
iological standard. Therewith, in hens of group
3, the blood leukocyte content exceeded the
physiological standard by 2.0% and was higher
by 51.7% (p<0.001) and 10.6% (p<0.001) com-
pared to groups 1 and 2, respectively. In hens
of group 4, the leukocyte content exceeded the
physiological standard by 8.0% and was higher
by 60.6% (p<0.001) compared to group 1 and by
17.1% (p<0.001) and 5.9% (p<0.001) compared to

— in comparison with the first group; °p<0.05, °°p<0.01,
p<0.001 - in comparison with the second group; ‘p<0.05, “p<0.01, “p<0.001 - in comparison with

groups 2 and 3, respectively. Thus, the highest
content of leukocytes in the blood of hens was
observed under the influence of the factor of sig-
nificant overcompaction, and then in descending
order - in the absence of light and deprivation of
fodder. In addition, when hens were deprived of
fodder, the content of leukocytes in their blood
did not exceed the physiological standard, al-
though it was close to its upper limit.
Haemoglobin content and hematocrit in
hens of all groups were within the physiologi-
cal standard. However, there was a decrease in
haemoglobin content under the influence of
adverse environmental factors. Thus, in hens
of group 2, the haemoglobin content in the
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blood was lower by 16.9% (p<0.001) compared
to group 1. Therewith, haemoglobin content
in hens of the 3rd group was lower by 35.6%
(p<0.001) and 22.4% (p<0.001) compared to the
1st and 2nd groups, respectively. Therewith, the
haemoglobin content in hens of group 4 was
higher by 41.5% (p<0.001) compared to group 1
and by 29.6% (p<0.001) and 9.2% (p<0.05) com-
pared to groups 2 and 3, respectively.

In addition, there was a decrease in hema-
tocrit under the influence of adverse environ-
mental factors. In hens of group 2, hematocrit
was lower by 1.8% (p<0.001) compared to group
1. Therewith, hematocrit in hens of group 3 was
lower by 6.0% (p<0.001) and 4.2% (p<0.001)
compared to groups 1 and 2, respectively.
While in hens of group 4 hematocrit was lower
by 7.7% (p<0.001) compared to group 1 and by
5.9% (p<0.001) and 1.7% (p<0.001) compared to
groups 2 and 3, respectively.

The influence of adverse environmental
factors during the keeping of hens was accom-
panied by a decrease in the concentration of red
blood cells in their blood within the physiolog-
ical standard. Thus, in hens of the 2nd and 3rd
groups, the concentration of red blood cells in the
blood was the same and, therewith, lower than
in the 1st group by 9.4% (p<0.01). Therewith, in
hens of the 4th group, the erythrocyte concen-
tration was lower by 18.8% (p<0.001) compared
to the 1st group and by 10.3% (p<0.01) com-
pared to the 2nd and 3rd groups, respectively.

The concentration of platelets in the blood
of hens decreased under the influence of ad-
verse environmental factors. Thus, in hens of
the 2nd group, the platelet content in the blood

was lower by 6.1% (p<0.001) compared to the
1st group. In hens of group 3, the platelet con-
tent in the blood was lower by 15.3% (p<0.001)
compared to group 1 and by 9.8% (p<0.001)
compared to group 2. Whereas in hens of group
4, the platelet concentration was lower by
39.7% (p<0.001) compared to group 1 and by
35.8% (p<0.001) and 28.8% (p<0.001) compared
to groups 2 and 3, respectively.

The parameters of erythrocyte sedimen-
tation rate in the blood of hens of all groups,
regardless of the presence and nature of the
factor of influence, were within the physiolog-
ical standard. Therewith, there was an increase
in the erythrocyte sedimentation rate under
the influence of environmental factors. In par-
ticular, in hens of the 2nd and 3rd groups, the
erythrocyte sedimentation rate was higher by
13.0% (p<0.001) compared to the 1st group.
Therewith, in hens of the 4th group the eryth-
rocyte sedimentation rate was higher by 18.5%
(p<0.001) compared to the 1st group and by
4.9% compared to the 2nd (p<0.05) and 3rd
(p<0.01) groups, respectively.

The influence of adverse environmental
factors during the keeping of hens was reflect-
ed in the ratio of leukocytes in their blood (Ta-
ble 3), namely accompanied by an increase in the
number of heterophile in the blood. In hens of
groups 2-4, which were kept in the absence of
fodder, light and significant overcompaction, the
content of heterophile in the blood exceeded the
physiological standard by 3.3%, 9.2% and 6.8%,
respectively. In particular, the concentration of
heterophile in hens of the 2nd group was higher
by 12.3% (p<0.001) compared to the 1st group.

Table 3. Leukogram of laying hens, %

Indicator Group Reference values,
1 2 3 4 (Jain,1993)
Monocytes 7.3+0.22 3.4+0.26™ 3.0+0.18™ 2.6+0.107 5-10
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Table 3. Continued

Indicator Group Refere.nce values,
1 2 3 4 (Jain,1993)
Lymphocytes 64.3+0.48  57.0+0.48™" 52.4*0.89""  47.6+0.33""" 45-70
Eosinophils 4.5+0.34 3.9+0.14 3.4%0.31 3.2%0.20™ 1.5-6.0
Basophils 2.8%0.17 2.3%0.13" 2.0£0.13™ 2.0£0.18™ 1-3
Heterophiles 21.0£0.53  33.3%0.61"" 39.2+0.27"""  44.6+0.28™"" 15-30

Notes: *p<0.05, **p<0.01, ***p<0.001 - in comparison with the first group; °p<0.01; °°p<0.001 - in
comparison with the second group; ‘p<0.05, “p<0.001 — in comparison with the third group

In hens of group 3, the number of hetero-
phile was higher by 18.2% (p<0.001) and 5.9%
(p<0.001) than in groups 1 and 2, respectively.
Thus, the content of heterophile in hens of
group 4 was the highest and exceeded the indi-
cators of group 1 by 23.6% (p<0.001), group 2 —
11.3% (p<0.001) and group 3 — 5.4% (p<0.001).

The increase in the level of heterophile oc-
curred against the background of a decrease
in the number of other forms of leukocytes. In
particular, in hens of the 2nd group the concen-
tration of monocytes did not reach the physio-
logical standard by 1.6% and was lower by 3.9%
(p<0.001), and in hens of the 3rd group - by 2.0%
and was lower by 4.3% (p<0.001) compared to the
1st group. Therewith, in hens of the 4th group,
the concentration of monocytes did not reach the
physiological standard by 2.4% and was lower by
4.7% (p<0.001) compared to the 1st group and by
0.8% (p<0.01) and 0.4% (p<0.05) compared to the
2nd and 3rd groups, respectively.

The number of lymphocytes in the blood of
hens decreased under the influence of adverse
environmental factors, but within the physi-
ological standard. In particular, in hens of the
2nd group the concentration of lymphocytes
was lower by 7.3% (p<0.001) compared to the 1st
group, and in hens of the 3rd group - by 11.9%
(p<0.001) and 4.6% (p<0.001) compared to the
1st and 2nd groups, respectively. While in hens
of group 4, the concentration of lymphocytes
was lower by 16.7% (p<0.001) compared to group
1 and by 9.4% (p<0.001) and 4.8% (p<0.001) com-
pared to groups 2 and 3, respectively.

In addition, a decrease in the content of
eosinophils and basophils in the blood of hens
within the physiological standard was observed
under the influence of environmental factors.
In particular, the content of eosinophils in
hens of the 2nd group was at the same level as
in the 1st group. In hens of the 3rd group, the
concentration of eosinophils was lower by 1.1%
(p<0.05) compared to the 1st group and did not
differ from the 2nd group, and in hens of the
4th group - by 1.3% (p<0.01) and 0.7% (p<0.05)
compared to the 1st and 2nd groups, respec-
tively, and did not differ from the 3rd group.

The content of basophils in hens of group 2
was lower by 0.5% (p<0.05), in hens of groups 3
and 4 - by 0.8% (p<0.01) compared to group 1.
There were no differences between 2-4 groups,
i.e. depending on the nature of the factor of in-
fluence, in the content of basophils.

Thus, the short-term effect of adverse en-
vironmental factors on the body of hens was
accompanied by changes in their blood system,
which were reflected in an increase in the con-
tent of leukocytes by increasing the number of
heterophile and decreasing the level of mono-
cytes and depending on the nature of the factor
of influence. An increase in leukocyte levels is
a characteristic response of immunocompetent
tissues to the action of glucocorticoids and cat-
echolamines, the concentration of which in the
blood of hens increases under the influence of
various stress factors (Sapolsky, 2000; Jiang et al.,
2017). In general, the development of leukocy-
tosis is based on an increase in the content of
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heterophile in the blood of hens, which was noted
in the research (Table 3). According to several au-
thors (Christopher and Link, 2007; Dhabhar et al.,
2012), the increase in leukocyte content due to
heterophile occurs due to hypercortisolemia and
hypercatecholamanemia caused by stress, which
increases their number and mobilisation in the
blood. Increasing the pool of circulating hetero-
phile is the result of preparing the body for a pro-
tective response in response to possible damage
(Kubes, 2018; Liew & Kubes, 2019).

Conclusions and perspectives

The short-term impact of adverse environmen-
tal factors on the body of hens was accompa-
nied by changes in their blood system, which
were reflected in an increase in the content of
leukocytes, increasing the number of hetero-
phile and decreasing the level of monocytes,
and depending on the nature of the factor of
influence. The smallest changes in the blood
system of hens were observed under the in-
fluence of the factor of lack of feed, namely an
increase, within the physiological standard, in
the content of leukocytes by 37.2% and eryth-
rocyte sedimentation rate — by 13.0%, a de-
crease in haemoglobin concentration by 16.9%,
hematocrit - by 1.8%, erythrocytes — by 9.4%,
platelets — by 6.1%, and violation of the ratio

of different forms of leukocytes — increase
in the concentration of heterophils by 12.3%
(3.3%>normal) against the background of a de-
crease in the concentration of monocytes — by
3.9% (1.6%<normal), lymphocytes - by 7.3%
and basophils — by 0.5%. Therewith, under the
influence of the factor of the absence of light,
a higher content of leukocytes in the blood by
10.6%, a lower concentration of haemoglobin
by 22.4%, hematocrit — by 4.2%, platelets — by
9.8%, and a higher erythrocyte sedimentation
rate by 9.8%, a higher concentration of hetero-
phils by 5.9% and a lower concentration of lym-
phocytes - by 4.6% were identified compared to
the factor of the absence of fodder.

The most significant changes in the blood
system were noted under the influence of the
factor of short-term significant over-consolida-
tion of hens, namely, a higher content of leuko-
cytes in the blood by 17.1 and 5.9%, a lower con-
centration of haemoglobin by 29.6 and 9.2%,
hematocrit - by 5.9 and 1.7%, erythrocytes - by
10.3%, platelets - by 35.8 and 28.8%, and high-
er erythrocyte sedimentation rate by 4.9 %, a
higher concentration of heterophils by 11.3 and
5.4 % and lower concentration of monocytes by
0.8 and 0.4 %, lymphocytes by 9.4 and 4.8 % and
eosinophils by 0.7 % compared to the factor of
lack of fodder and lack of light, respectively.
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3MiHH reMaToOJ/IOTiYHUX MapaMeTPiB y Kypel 3a KOpOTKOTEPMiHOBOTO
BILJIMBY HETaTUBHUX (DAKTOPiB HABKOJHITHHOTO CepPeI0BHIIIA

I0nisa BacuiaiBHa Ocagua

HauioHanbHMI yHiBEpCUTET 6iopecypciB i mpupomoKkopucTyBaHHS YKpaiHu
03041, Byn. TepoiB O6oponu, 15, M. Kuis, Yrpaina

AHoTanist. KopoTkouacHMI BIUTMB HETaTMBHMX (PaKTOPiB, IOIIMPEHE SIBUIIIE ITiJT 4ac TPOMMCIOBOTO
BUPOGHUIITBA €. AKTYaTbHO0 ITPOGIEMOIO0 € 3PO3YMiTH BIUIMB 3MiH 30BHILITHBOTO CEPEIOBUIIIA
Ha BMKOPUCTaHHS NTHUlli. [IpoBegeHO MOPiBHSIbHMII aHa/Ii3 3MiH reMaTOJOTiUHMUX ITapaMeTpiB
Yy Kypeii 3a KOPOTKOTEPMiHOBOIO BIUIMBY HEraTMBHUX (DaKTOpPiB HAaBKOJMIIHBOTO CEepemoBMUIIA
pi3HOi mpupoau. ST 1[bOTO B YMOBax CYYaCHOTO KOMIUIEKCY 3 BMPOOGHMUIITBA XapyOBUX SIEIb
chopMyBa KOHTPOJIbHY i 3 JOCTiAHI Ipymyu Kypeii. BopomoBxk 24 romuH Kypu 2-i rpymu Oyiau
1o36asieHi Kopmy, 3-i — cBiT/Ia, a 4-1 — yTpUMyBa/IMCh 32 3HAYHOTO TepeyiliibHeHHs. Halimenri
3MiHM B CUCTeMi KPOBi Kypeil crocTepirajinch 3a BIUIMBY (GaKkTopa BiCYTHOCTi KOpMY, a came
MiIBUIIIEHHS, B MeXax (i3ionorivHoi HOpMu, BMICTY y KPOBi JIEMKOIUTIB Ta MIBUIKOCTI OCiTaHHS
€PUTPOLIMTIB, 3HVKEHHST KOHIeHTpallii reMorno6iHy, reMaTOKPUTY, €PUTPOLIUTIB, TPOMOOIIUTIB,
a TaKOX IMOPYIIEHHS CITiBBiZHOIMEHHS Pi3HMUX (GOPM JIEHKOIMTIB — MiABUINEHHS KOHIIEHTpaIii
rerepodiniB (3,3 % > HOpMM) Ha T 3HVDKEHHSI KOHIeHTpalii MoHouuTiB (1,6 % < HOpMM),
nimdornutie Ta 6a3odinis. Toxi sk 3a BIIMBY (hakTopa BifCyTHOCTI CBiT/Ia 6y/0 BUSIBIEHO BULIMIT
BMICT Y KpOBi JiefikonuTiB Ha 10,6 %, HMKUY KOHIIEHTpaIlito reMoriobiny Ha 22,4 %, TeMaTOKPUTY —
Ha 4,2 %, TpoM6ouMTiB — Ha 9,8 %, a TAaKOX BUIIY MIBMAKICTh OCiZaHHS epUTPOLMTIB Ha 9,8 %,
BMIIY KOHIIEHTpaIlifo retrepodinis Ha 5,9 % Ta HMKUY KOHLEeHTpauioo diMmbouunTiB — Ha 4,6 % y
MOPiBHSHHI 3 (HaKTOpOM BifgcyTHOCTi Kopmy. HajicyTTeBimi sMiHM B cucteMi KpoBi BimmiueHi 3a
BIUIMBY (DaKTOpa 3HAYHOTO TepeyIIiIbHEHHS Kypeii, a caMe BUIMIL BMIiCT Y KPOBi JIeMAKOLUTIB Ha
17,1 i 5,9 %, HWOKUYy KOHIIeHTpaIlil0 reMornobiny Ha 29,6 i 9,2 %, remarokputy — Ha 5,9 i 1,7 %,
eputpoiutiB — Ha 10,3 %, TpoM6OIMTIB — Ha 35,8 i 28,8 %, a TaKOX BUIIY HIBUIKICTh OCiTaHHSI
epuUTpoIUTiB Ha 4,9 %, BuIly KOHIIeHTpaI1lito reTepodiniB Ha 11,3 i 5,4 % Ta HYKYY KOHIIEHTpAIIi 0
MoHouuTiB — Ha 0,8 Ta 0,4 %, nimdoiuTiB — Ha 9,4 i 4,8 % Ta eo3uHOGiNiB — HA 0,7 % y MOPiBHAHHI
3 (aKTOpPOM BiZICYTHOCTi KOpMY Ta BifICYTHOCTi CBiT/a BigmoBimHo. TaKMM YMHOM y BUPOOHMUMX
yMOBaX HEOOXiTHO YHMKATU TepeylliIbHeHHSI MTHUIli, OCKIIbKK 1eii (hakTop Mae HaibimbImii
HeraTMBHMUIA epexT

KmiouoBi cmoBa: Kypwu, HeraTuBHi (aKTOpPM HaBKOJMUIIHbBOTO CEepemoBUINA, TIeMaTONOTiuHi
rapamMeTpu, CTpec
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Abstract. Humic preparations are used as microfertilisers in crop production and growth stimulants
in animal husbandry, in aquaculture there is a positive effect of these compounds on individual
objects of cultivation, but their use in fish farming has not yet been understudied. The purpose of
the work was to present the results of an experiment to evaluate the effect of fodder additive humates
on the growth rate and survival of different age groups of sterlet (Acipenser ruthenus L., 1758) and
the conversion of fodder by fish in aquaculture. A series of experiments were conducted on feeding
sterlet with fodder with the addition of sodium humate. The research was conducted in 2018, 2020
and 2021 in the production conditions of the cage fish farm located at the Kaniv reservoir. The effect
of various concentrations of sodium humate fodder additive on yearling and two-year-old sterlet was
evaluated. Sodium humate was applied to the fodder for the respective groups of sterlet by spraying its
aqueous solution in defined proportions with subsequent drying. It was established that the addition
of sodium humate to fish fodder at concentrations of 60, 100, 120 and 200 mg/kg of fodder did not
significantly affect the growth rate of sterlet. Thus, the advantage of the experimental variants over
the control for this indicator was insignificant, within 1.0-1.6%. No effect of sodium humate on the
survival of sterlet juveniles reared in cages was established. Therewith, the conversion of fodder with
the addition of humates by juvenile and two-year-old sterlet was better by 6.7-17.4%. According to
the experimental results, the best result was obtained in the variant using fodder additive humates at
a concentration of 200 mg/kg of fodder. Based on the results of the research, it was established that
in aquaculture conditions it is advisable to use sodium humate as a fodder additive for yearlings and
two-year-old sterlet, designed to increase fodder conversion
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Relevance

Improving the fish fodder formula is one of the
most effective ways to increase the profitabil-
ity of commercial fish farming. The main pur-
pose that the researchers set themselves is to
achieve a reduction in fodder costs per unit of
marketable products both in quantitative and
in value terms.

To improve the productive properties of
artificial fodder, additives of biologically active
substances are frequently used, which, with
a slight increase in the cost of fodder, signifi-
cantly improve its conversion. Such substances
include easily soluble salts of humic acids - hu-
mates. These substances have the properties
of immunostimulants, probiotics, toxin ad-
sorbers, and digestive and growth stimulants
(Horovaya et al, 1995). According to Kovalenko
& Polishhuk (2018), the effect of humates on
fish, under the conditions of their cultivation in
different aquaculture systems, has not yet been
understudied, which determines the relevance
of conducting appropriate research on various
fish farming facilities, in particular on sturgeon.

Analysis of Recent Studies and
Publications

The interest in the search for fodder additives
with biologically active properties that can
improve the conversion of artificial fodder for
farm animals has existed for a long time. fodder
additives of different origins, both made from
natural raw materials and synthetic, are widely
used (Polishhuk & Bulavkina, 2010). An essen-
tial place among the latter is occupied by hu-
mates — water-soluble salts of humic and fulvic
acids (Popov, 2004).

Humates are mainly used in crop produc-
tion as growth stimulants and microfertil-
isers (Luchnyk et al.; Semenyuk et al., 2016).

Significant positive experience has been accumu-
lated in using these substances as micro-additives
in animal and poultry fodder (Druzhynyna, 2002;
Islam, 2005; Bezuhlova & Zynchenko, 2016),
including for the treatment and prevention of
diseases (Stepchenko & Hryban, 1997; Belyaev
etal.,2012; Hrybanova & Karymova, 2015).

Information on using humates in aquacul-
ture is limited and fragmentary. Thus, it is known
about the positive effect of fodder supplemen-
tation of humic substances on the fish farming
performance of channel catfish (Neronin et al.,
1990), carp (Abdel-Wahab, El-Refaee & Ammar,
2012) and tilapia (Ahmed El-Ashram & Maaly
Mohammed, 2012). There is no information on
using humates in the sturgeon fodder.

The first investigation of the effect of hu-
mates on the growth rate and survival of sterlet
(Acipenser ruthenus Linnaeus), a valuable object
of commercial sturgeon farming, was conducted
in 2017 (Kovalenko & Polishhuk, 2018). It was
established that feeding fodder with the addi-
tion of humates to three-year-old sterlet, us-
ing the cage method of rearing this fish, had a
positive effect on fish breeding performance.
Thus, the average daily weight gain of fish in the
experimental variant with the addition of hu-
mates in the amount of 30 mg/kg of fish fodder
was 0.695 g/day, and in the control - 0.59 g/day.
The survival rate of fish during the experiment
in experimental cages was 92.7%, and in con-
trol cages — 82.5%. The obtained result of the
experiment was the foundation for continuing
research in this area.

The Purpose of the Research

The purpose of the research was to investigate
the effect of different concentrations of humate
additives in fish fodder on sterlets of different
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ages when grown in the production conditions
of cage fish farming.

The object of research — the fish-breeding
effect of adding sodium humate to fish fodder.

The subject of the research — growth and
survival rates of various age groups of sterlet,
the efficiency of conversion of fish fodder with
the addition of sodium humate.

Objectives of the research:

- to test the effect of feed additive sodi-
um humate at different concentrations on the
growth rate and survival of sterlet juveniles,
and on the efficiency of fodder use;

- to collect biological material for laborato-
ry tests on the content of heavy metals in fish.

Materials and Methods of Research

The research was conducted in 2018, 2020 and
2021 at the production facility of the private
fish farm of industrial type “Research and Pro-
duction Agricultural Enterprise” Bester””. The
gardens of the enterprise are located in the

waters of the Kaniv reservoir, in the coastal
zone near the village of Trypillya, Obukhov dis-
trict, Kyiv region.

The material for the research was this yearling
(in 2018 and 2020) and two-year-old sterlet (2021),
for their cultivation in fish cages with intensive
feeding with the product feed “INICIO 917" of the
Danish company BioMar, one of the world leaders
in fodder production in the field of aquaculture.

The source of sodium humate - the drug
“Reasil Humic Health” in powder form, pro-
duced by the international company UAB “Life
Force Baltic” (Lithuania). The content of humic
compounds in dry matter — not less than 80%.
The product corresponds to the generally ac-
cepted requirements for bacteriological indica-
tors and sanitary and hygienic standards for the
permissible content of radionuclides and heavy
metals (Feed material Reasil® Humic Health,
2021). The research was conducted using differ-
ent concentrations of sodium humate additive
to fodder according to the scheme (Table 1).

Table 1. The scheme of research

Concentration of sodium humate in fish fodder, mg/kg

Year Age %TS(L“P of : .
Control Experiment 1 Experiment 2

2018 Yearlings 0 60 120

2020 Yearlings 0 100 200

2021 Two-year-olds 0 200* -

Notes: * - one pilot variant was established in 2021

The research was performed with double
replication. For each variant of the experiment,
2 specifically made rectangular frame cages
with side dimensions of 1x1x1 m and a mesh
size of 5 mm were allocated.

The planting density of the experimen-
tal material in all orchards was the same and
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generally corresponded to the technological re-
quirements (Sudakova et al., 2006).

The preparation of sodium humate in the
form of an aqueous solution was applied to the
fodder in the required proportion using a house-
hold sprayer, after which the fodder was dried be-
fore feeding to the fish. To balance the conditions
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of the experiment, the fish fodder in the con-
trol variant was sprinkled with distilled water.

Fish feeding was performed with the fre-
quency and according to the provisions pro-
posed by BioMar, based on the actual weight
of sterlet in the cages, obtained from the data
of periodic control catches and the schedule of
planned fish growth.

The duration of the research period, ex-
cluding landing and fishing days, was: 70 days
in 2018 (from July 27 to October 4), 90 days in
2020 (from August 2 to October 30) and 35 days
in 2021 (from September 15 to October 20).

Fish growth was monitored during control
catches, every 8-10 days. All fish from each cage
were inspected, counted and weighed.

Assessment of the growth rate and survival
of fish and fodder conversion efficiency was

performed according to the methods generally
accepted in fish farming. Thus, the growth
rate was determined by the values of average
absolute and relative body weight gain and
specific growth rate (Shherbyna & Hamihyn,
2006), and survival rate — by the percentage
of fish that survived to the end of the exper-
iment among the planted ones (Marcenyuk &
Marcenyuk, 2020).

The fodder conversion efficiency was esti-
mated by the feed coefficient, which was defined
as the ratio of the amount of consumed fodder
to the body weight gain of fish (Marcenyuk &
Marcenyuk, 2020).

Research results

The evaluation indicators of the experiment con-
ducted in 2018 are presented in the table (Table 2).

Table 2. Results of research conducted in 2018

Experiment variant

Indicators Control Experiment 1 Experiment 2
cage 1 cage2 cage3 cage4 cage 5 cage6
50 50 50 50 50 50
units
total 100 total 100 total 100
Small fry planted
13.3 12.3 13.2 12.6 11.8 11.2

average weight, g/units

average 12.8

average 12.9 average 11.5

48 49 47 49 49 47

units

total 97 total 96 total 96
Caught yearlings
80.2 56.5 89.4 57.1 63.3 60.6
average weight, g/units

average 68.4 average 73.3 average 62.0
66.9 44.2 76.2 44.5 51.5 49.4

Absolute growth, g/units
average 55.6 average 60.4 average 50.5

143.10 128.49  148.54  127.69 137.15  137.60

Relative growth, %

average 135.79

average 138.11 average 137.37

2.04

1.84 2.12 1.82 1.96 1.97

Specific growth rate, %

average 1.94

average 1.97 average 1.96
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Table 2. Continued

Experiment variant

Indicators Control Experiment 1 Experiment 2
cage 1 cage2 cage3 cage4 cage 5 cage6
96.00 98.00 94.00 98.00 98.00  94.00
Fish survival, %
average 97.00 average 96.00 average 96.00
0.99 1.11 0.87 1.12 1.03 1.06

Fodder coefficient

average 1.04

average 0.97 average 1.04

As evident from the table, in terms of rela-
tive body weight gain, the best result (138.11%)
was obtained in experimental variant 1, the av-
erage (137.37%) — in experimental variant 2, the
worst (135.79%) — in the control group. Experi-
mental variant 1 was the best in terms of abso-
lute body weight gain and specific growth rate
(60.4 g/unit and 1.97%, respectively), the con-
trol variant had the second result (55.6 g/unit)
in terms of growth and the third - in terms of
specific growth rate (1.94%). Experimental var-
iant 2 is the second in terms of specific growth
rate (1.96%) and the third in terms of absolute
growth (50.5 g/unit). In general, the advantage
of the experimental variants over the control in
terms of growth rate was insignificant and was
in the range of 1.2-1.7%.

Thus, there is a close correlation between
the starting weight of fry and the absolute
weight gain of sterlet yearlings. A significantly
smaller difference in the values of relative
growth and specific growth rate of fish be-
tween experimental variants 1 and 2 than be-
tween the control and each of the experimen-
tal variants can be perceived as an additional
confirmation of the positive effect of sodium
humate fodder additive on fish. According to
the survival rate of sterlet from fry to juveniles,
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there was no significant advantage of any var-
iant of the experiment, as the absolute differ-
ence between the control and experimental
variants in the number of fish at the end of the
experiment was only 1 fish.

The best result of fodder conversion was
recorded in experimental variant 1, with an av-
erage value of fodder coefficient of 0.97. In the
variants, Experiment 2 and Control the same
values of this indicator were obtained (1.04).

Based on the analysis of the results of the
experiment conducted in 2018, it can be con-
cluded that the addition of sodium humate at
the rate of 60 mg per 1 kg of fish fodder had a
positive effect on the growth of yearling sterlet
and the efficiency of their use of fodder.

In 2020, a repeated experiment was con-
ducted on yearling sterlet to assess the effect
of the fodder additive sodium humate on the
growth and survival of fish and their absorption
of fodder. The number of fish in each variant of
the experiment doubled compared to the previ-
ous year. In addition, the concentration of sodi-
um humate in the fodder for the experimental
variants was increased: in Experiment 1 — up to
100 and in Experiment 2 — up to 200 mg/kg of
fodder. The results of the experiment are pre-
sented in Table 3.
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Table 3. Results of research conducted in 2020

Experiment variant

Indicators Control Experiment 1 Experiment 2
cage 1 cage 2 cage 3 cage 4 cage 5 cage 6
100 100 100 100 100 100
units
Small fry total 200 total 200 total 200
lanted
p average 15.2 23.3 17.5 24.5 29.4 21.3

weight, g/units average 19.3

average 21.0 average 25.4

99 99

100 100 100 100

units

Caught total 198

total 200 total 200

earlings
4 & average 96.3

123.1

129.2 124.2 155.2 121.4

weight, g/units average 109.8

average 126.7 average 138.4

81.1

99.8

111.7 99.7 123.8 100.1

Absolute growth, g/units
average 90.5

average 105.7 average 112.0

143.48

134.98

152.28 132.76 143.74 140.30

Relative growth, %

average 140.24

average 142.52 average 142.02

1.59

1.50

1.69 1.48 1.60 1.56

Specific growth rate, %
average 1.55

average 1.59 average 1.58

99.00

99.00

100.00 100.00 100.00 100.00

Fish survival, %
average 99.0

average 100.00 average 100.00

1.39

1.24

0.93 1.50 1.15 1.02

Fodder coefficient
average 1.32

average 1.22 average 1.09

As the table demonstrates, in terms of rel-
ative body weight gain, experimental variants
1 and 2 demonstrated almost the same result
(142.52% and 142.02%, respectively), which was
higher than in the control (140.24%). The values
of absolute body weight gain were higher in ex-
perimental variants 1 and 2, which was largely
influenced by the superiority of these variants
over the control planting material: 15.2 and
21.5 g, or 16.7 and 23.8%, respectively). How-
ever, in terms of relative growth and specific
growth rate, which consider the difference in
the starting weight of fish, the advantage of

experimental variants over the control was not
that evident. Thus, the best results in terms of
relative growth and specific growth rate in ex-
perimental variants 1 and 2 (142.52 and 1.59%
and 142.02 and 1.58%, respectively) were only
1.3 and 1.6% higher than the corresponding fig-
ures in the control variant.

The survival of sterlet from fry to yearlings
in the 2020 experiment was at a high level: from
99% in the control to 100% in both experimen-
tal variants. These indicators were significantly
higher than the regulatory values (70-80%), due
to the high level of the technological process
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at the base fishery. A slight advantage for this
indicator in the experimental variants over the
control (only 1% or 1 fish per cage) does not
give grounds for a conclusion about the pres-
ence of a positive effect of sodium humate on
the survival of sterlet yearling in the first year
of rearing under cage conditions.

The most effective use of artificial fodder
by fish in terms of fodder coefficient was re-
corded in experimental variant 2 (1.09), the
second result was observed in experimental
variant 1 (1.22), and the third - in the control
(1.32). The advantage of experimental variants
1 and 2 over the control for this indicator was
7.6 and 17.4%, respectively.

Thus, according to the results of the exper-
iment conducted in 2020, it can be concluded
that the addition of sodium humate in concen-
trations of 100 and 200 mg per 1 kg of fish fod-
der had a slight positive effect on the growth

of sterlet yearlings, but contributed to a much
better fodder conversion.

The main objective of the experiment con-
ducted in 2021 was to collect experimental ma-
terial to assess by laboratory methods the pro-
tectionist effect of humates on protecting the
fish organism from the accumulation of heavy
metals in the second year of commercial ster-
let rearing, to prevent fish diseases and ensure
food safety of fish products. Therefore, and con-
sidering the fact that simultaneously research
was started to assess the impact of humates
on sterlet yearlings during their cultivation in
a closed recirculating aquaculture system, the
cage experiment was conducted in two vari-
ants: experimental (200 mg of sodium humate
per 1 kg of fodder) and control. The duration of
the experiment was significantly reduced com-
pared to previous years of research. The results
of the experiment are presented in Table 4.

Table 4. Results of research conducted in 2021

Experiment variant

Indicators Control Experiment
cage 1 cage 2 cage 3 cage 4
40 40 40 40
units
total 80 total 80
Planted annuals
53.7 54.5 53.8 54.0

average weight, g/units

average 54.1 average 53.9

36 32 34 35

units

total 68 total 69

Two-year-olds caught

106.3 115.0 109.0 112.2

average weight, g/units

average 110.4 average 110.6

52.6 60.5 55.2 58.2

Absolute growth, g/units

average 56.3 average 56.7

65.75 71.39 67.81 70.04

Relative growth, %

average 68.57 average 68.93
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Table 4. Continued

Experiment variant

Indicators Control Experiment
cage 1 cage 2 cage 3 cage 4
1.46 1.59 1.51 1.56

Specific growth rate, %

average 1.53 average 1.54

90.00 80.00 85.00 87.50

Fish survival, %

average 85.00 average 86.26

1.55 1.711 1.49 1.45

Fodder coefficient

average 1.63 average 1.47

As the table demonstrates, the experimen-
tal and control variants almost did not vary
in terms of body weight gain and growth rate
of fish. A slight advantage in these indicators
(within 0.5-1.0%) was demonstrated by the ex-
perimental variant.

The survival rate of sterlet from yearlings
to two-year-olds had no significant differences
in the variants of the experiment and, in gen-
eral, was slightly lower than the technological
standard (90%). The latter can be explained by
the abnormally intense and long-term devel-
opment and death of planktonic algae (the so-
called “water bloom”) in the Dnipro reservoirs
during August-October this year, which caused
a significant deterioration in the living con-
ditions of aquatic organisms by reducing the
oxygen concentration in the water below the
optimum level and a high risk of fish poisoning
by decay products of algae (particularly blue-
green algae).

The values of the fodder coefficient for the
variants of the experiment were significantly
higher than those recommended by the fod-
der manufacturer (1.1-1.2): experiment — 1.43,
control — 1.67. Presumably, this was caused by
the above-mentioned “water bloom”, which
resulted in the deterioration of the quality pa-
rameters of the aquatic environment for fish,

in particular — to reduce the concentration of
oxygen dissolved in water. But, even under un-
favourable growing conditions, the addition of
sodium humate to fish fodder had a positive ef-
fect: using the fodder by fish in the experimen-
tal variant was 10.9% more effective than the
control one.

After completion of the experiment, fish
material was selected for testing for heavy met-
als and transferred to a certified laboratory for
ecological and toxicological research.

Conclusions and Perspectives

According to the results of the research, the fol-
lowing was identified:

1. Using humates as a fodder additive is
rather common in livestock farming. However,
the influence of humates on the growth rate
and survival of fish farming objects, in particu-
lar sturgeon, has been understudied.

2. The addition of sodium humate to fish
fodder at a concentration of 60, 100, 120 and
200 mg/kg of fodder did not significantly affect
the growth rate of sterlet yearlings in the cage
method of rearing. The advantage of the exper-
imental variants over the control for this indi-
cator was within 1.0-1.6%.

3. There was no significant effect of fod-
der additive humates on the survival of sterlet
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yearlings during their cultivation in experi-
mental cages of a production enterprise with a
high level of technological support of the pro-
duction process.

4. The conversion of fish fodder with the
addition of sodium humate was noted to be bet-
ter by 6.7-17.4% when feeding to yearlings and
two-year-old sterlet.

5. According to the results of the experi-
ments, the greatest level of positive impact on
the results of sterlet rearing in cages had to

feed fish with the addition of humates at a con-
centration of 200 mg/kg of fodder.

6. It is considered promising to explore
the effect of fodder additives of humates
on the growth and survival of valuable fish
farming objects under different conditions
of keeping, in particular — in closed recircu-
lating aquaculture systems, and to continue
the search for the optimal concentration of
these additives in fish fodder for different age
groups of fish.
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JlocJriizkeHHA BITMBY KOPMOBOI JOOABKH ryMaTy HaTpilo Ha CTepJsighb 3a
CaJIKOBOT0 CII0CO0Y BUPOIILyBaHHS

Hapis BanepiiBna ITomnimyk, Borgan I0piiioBuu KoBanenko, Hagis IitiBHa BoBK,
Ipuna CepriiBHa KonoHnenko, Bacuib Onekcanaposnu KoBaseHKO

HarionanbHuii yHiBepcuTeT 6iopecypciB i mpupomsoKopucTyBaHHS YKpainu
03041, Bysn. TepoiB O6oponu, 15, M. Kuis, YkpaiHna

AHoranig. T'ymiHOBi mpemapaTyi BMKOPUCTOBYIOTb, SIK MiKpOmoOpMBa Yy POCIMHHMUIITBI i
CTUMYJIITOPY POCTY Y TBAPMHHUIITBI, B aKBAKYJIbTYPi TAKOX iCHY€E MO3UTUBHA [Iisl IIUX CIIOIYK Ha
OKpeMi 06’€KTU KyJbTMBYBaHHS, ajie iX 3aCTOCYBaHHS 3a BUPOIIYBAaHHS PUOU Ie HEJOCTAaTHbO
BMUBUEHe. MeTOr0 PO6OTH 6Y/I0 BUCBITIUTU PE3YIBTATH €KCIIEPVMEHTY 3 OLIiHKYM BIUIMBY KOPMOBOL
m06aBKyM TyMaTiB Ha IIBMUIKICTb POCTY i BUSKMBAHICTh Pi3HMX BiKOBUX Tpym cTepisifi (Acipenser
ruthenus L., 1758) Ta KoHBepciio KopMy pubOI0 32 YTPMMAHHSI B YMOBax akBaKy/IbTypu. Byno
MIPOBEJIEHO Cepil0 eKCIIEpUMMEHTIB 3 TOMiB/Ii CTep/sii KopMaMyu 3 J00ABKOI TymMaTy HaTpilo.
Hocrimkenus mpoxoamnu y 2018, 2020 i 2021 pp. y BUpOGHMYMX YMOBaX CaJJKOBOTO PUOHMUIILKOTO
rocrnojapcTsa, po3TamioBaHoro Ha KaHiBCbKOMY BoAOCXOBMIli. By/lo OliiHEHO BIUIMB Pi3HUX
KOHIIEHTpaIlili KOpMOBOi J06GAaBKYM I'ymMaTy HaTpil0 Ha I[OTOMITKIB i JBOMITKIB cTepasai. I'ymar
HaTPil0 HAHOCWIM Ha KOMOGIKOpM /ISl BiATIOBiMHMX TPYIT CTEPJISAI IIIJITXOM PO3MIIIOBAHHS 110TO
BOAHOTO PO3YMHY Y BM3HAUEHUX ITPOIOPIISX 3 MOAAJbIIMM BUCYIIYBaHHSIM. BCTaHOBJIEHO, 1O
JIOMaBaHHS IyMaTy HaTpilo [0 pMOHOro KOM6iKopMy B KOHIeHTpalisx 60, 100, 120 i 200 mr/kr
KOpPMY CYTT€BO He BIUIMHY/IO Ha IIBUAKICTh pOCTy cTepssi. Tak, mepeBara IOCTiZHUX BapiaHTiB
HaJ KOHTPOJIBHMM 3a LM [OKa3HMKOM Oy/ia He3HauyHOoIo, B Mexax 1,0-1,6 %. He BcTaHOBIEHO
BIUIMBY I'yMaTy HaTPil0 Ha BMOKMBAHICTb IIbOTOTITKIB CTEPJISIAi, 3a iX BUPOILyBaHHS B cafgkax. Pasom
i3 TMM, BimMiueHo Kpaily Ha 6,7-17,4 % KOHBepcilo KOpMiB 3 JOOABKOIO I'yMAaTiB IbOTOMiTKAMU
i mBomiTKaMM crepnsni. 3a pesyiabTaTaMy €KCIIEPMMEHTIB HaKpalluii pesyabTaT OTPUMMAHO Y
BapiaHTi 3 BUKOPUCTAaHHSIM KOPMOBOi J06aBKM I'yMaTiB y KOHIeHTpatii 200 Mr/Kr Kopmy. Buxomstun
3 pe3y/bTaTiB JOCTiIKeHb, BCTAHOBJIEHO, 1[0 B YMOBAX aKBaKy/IbTYPU IOLIBHO BUKOPUCTAHHS
rymaTy HaTpilo, Ik KOpMOBOi J06GABKM AJIsl I[bOTOMITOK i IBOMITOK CTepssifi, Ipu3HaueHoi Jjist
MiABUIIEHHS KOHBEPCii Kopmy

KimrouoBi cioBa: 6iofOriuHO akTMBHI peYOBMHM, PUOHMIITBO, OCETPOBiI pMOM, BUKMUBAHICTD,
HMIBUAKICTh POCTY, KOHBEPCist KOpMY
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Biotechnological features of production and quality assessment
of lactose-free yoghurt
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10008, Stary Boulevard, 7, Zhytomyr, Zhytomyr Region, Ukraine

Abstract. The production of lactose-free yoghurts as a dietary product for people with milk sugar
intolerance requires its extraction, which can affect the sensory and physicochemical properties
of the finished product, thus, their evaluation to improve the technology is relevant. The purpose
of the work was to explore yoghurts produced by conventional and lactose-free technologies. The
object of the study was organic drinking yoghurt with “blueberry” filler (with probiotic) 2.5% and
lactose-free organic yoghurt (with probiotic) 2.5%. The experimental samples were determined by a
group of tasters organoleptic indicators, and titrated acidity and active acidity, conditional viscosity
and structural and mechanical parameters of the product. According to the results of the research,
organic drinking yoghurt with blueberry filler tasted sour-milk, without foreign flavours and odours,
moderately sweet, with a pronounced taste of “blueberry” filler, consistency — homogeneous, tender,
dense, without gas generation, with fresh blueberry particles distributed throughout the yoghurt,
colour — with a shading characteristic of blueberries. Organic lactose-free yoghurt had a sour taste,
fermented milk, without foreign flavours and odours, and colour — white. According to the results of
physicochemical studies of the experimental samples of organic drinking yoghurt with “blueberry”
filling and lactose-free organic yoghurt, it was established that the titrated acidity was 80 and 85°T,
pH was 4.7 and 4.5, respectively. The mass fraction of carbohydrates in drinking yoghurt with the
“blueberry” filling was 9.8 g/100g compared to 4.4 g/100g in lactose-free yoghurt, including sugar,
respectively — 5.8 and 0 g/100 g. The energy value and caloric content were higher in the yoghurt
sample with “blueberry” filling. The conditional viscosity of the test samples was respectively 1 min.
30sec.and 59 sec. The degree of syneresis in the samples of organic drinking yoghurt with “blueberry”
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filling and lactose-free organic yoghurt was 55 and 45%, moisture content was 44.07 and 39.49%,

respectively. The results obtained are relevant for understanding the changes in the properties of

lactose-free yoghurts compared to the conventional type of this fermented milk product

Keywords: lactose, lactase, yoghurt, organoleptic evaluation, physicochemical parameters,

viscosity, functional products

Relevance

Milk and dairy products play a significant role in
human nutrition, as they are a source of highly
valuable, easily accessible substances that are
in balanced proportions and are characterised
by high digestibility in the body (Slavov, 2018;
Vlasenko, 2012; Kovalchuk, 2020). However,
not all people can consume dairy products. A
significant part of the world’s population suf-
fers from milk sugar intolerance (partial or
complete lactose intolerance) and, as a result,
cannot consume dairy products in their natural
form (Khavkin, 2009; Ipatova, 2013). To pro-
vide dietary dairy products to people with such
pathology of digestive organs in Ukraine and
all over the world, the production of functional
products, in particular lactose-free dairy prod-
ucts, has been launched. Thus, nowadays, it is
relevant to explore the technological features of
production and evaluation of nutritional proper-
ties of lactose-free fermented milk products.

Analysis of Recent Studies and
Publications

The theoretical and practical foundations
of the production of functional and tactless
dairy products are presented in the works of
many well-known foreign (Dekker, Koenders,
2019; Dekker, 2016; Karnyaczki;
2017) and domestic scientists (Misnyk, 2007;
Khavkin, 2009; Ipatova, 2013). In their works,
the working hypothesis of the production of

Csanadi,
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high-quality tactless dairy products is based
on the assumption that the extraction of lac-
tose from milk does not significantly affect the
organoleptic and physicochemical parameters
of fermented milk products. Currently, there is
an entire range of technical and technological
methods for reducing lactose in milk and dairy
products: enzymatic hydrolysis, baromembrane
treatment, obtaining products of an artificial
combination of components, etc.

The conventional way to reduce the amount
of lactose in dairy products is the fermentation
process during the gelation and coagulation
of casein (Vlasenko et al., 2016). Thus, during
the production of fermented milk products or
cheese ripening, lactose is naturally degraded
(Mashkin & Parish, 2006). When the starter is
added, lactic acid bacteria ferment milk sugar
and produce lactic acid, which is necessary to
start the coagulation process of casein (Gvozdev
et al., 2013). Thus, in all fermented milk prod-
ucts, cheeses are low-lactose, because milk sug-
ar is fermented by bacteria, and as a result - its
amount in them is less than in ordinary milk.

Lactose-free dairy products are obtained
after membrane filtration of milk and the ad-
dition of lactase enzyme to it. Having lost lac-
tose in this way, milk does not change its taste,
colour and fully preserves mineral compounds
and vitamins. According to the authors (Slavov,
2019; Vlasenko, 2015), lactose-free products
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differ from conventional products only in the
absence or low content of lactose and have ad-
vantages in terms of dietary and functional nu-
trition. Therewith, it becomes less caloric due
to a decrease in carbohydrate concentration by
35-45%, which is lower than in conventional
milk (Dekker, Koenders, 2019). And this, in turn,
can have an adverse effect on the consumer
properties of some types of lactic acid products.

Therefore, a comparative assessment of the
organoleptic and physicochemical characteris-
tics of yoghurts produced by conventional and
lactose-free technologies is quite relevant and
is of both practical and scientific interest.

The purpose of the research - explore
in a comparative aspect the biotechnological

features of yoghurts produced by conventional
and lactose-free technologies and evaluate their
organoleptic and physicochemical properties.

Material and Methods of Research

The research was conducted in the laboratory
of the Department of Processing Technologies
and Quality of Livestock Products of Polissya
National University, Zhytomyr.

The objects of the study were samples of
yoghurts purchased in the branded outlets of
LLC “Organic Milk”, Zhytomyr, namely: organic
drinking yoghurt with “blueberry” filler (with
probiotic), mass fraction of fat 2.5% and lac-
tose-free organic yoghurt (with probiotic) fat
content 2.5% (Fig. 1).

Aorypr
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Figure 1. Research samples

Animal Science and Food Technology. 2021. Vol. 12, No. 4




70

Biotechnological features of production and quality assessment of lactose-free yoghurt

During sampling, the yoghurts corresponded
to the three-day use-by date. After sampling,
the samples were stored in a refrigerator at 6°C.

Organoleptic parameters (appearance,
structure and consistency, taste and smell, col-
our) of yoghurt were evaluated according to
DSTU 4343:2004 “Yogurts. General technical
conditions” and were conducted by a group of
five tasters. At the time of the study, all sam-
ples had a valid date of use and were coded with
a three-digit code. In the experimental sam-

ples of yoghurt, physicochemical parameters

were determined: titrated acidity (titrometric
method), and active acidity (potentiometric
method using an ionometer). The mass frac-
tion of fat was determined according to GOST
5867-90 by the Gerber acid method. The mass
fraction of protein was determined by the for-
mal method.

The conditional viscosity was determined
on an Oswald viscometer, and the duration (in
seconds) of a continuous flow of the product
was measured, which was 1 min. 30 sec. and 59
sec. respectively (Fig. 2).

'_"'""--

Figure 2. Measurement of conditional viscosity on the Oswald viscometer

To evaluate the structural and mechanical
properties of the prototypes, the conditional vis-
cosity was determined by the time of outflow of
the product with a capacity of 10 cm?® with an out-
let of 5 mm and the degree of syneresis — by the
amount of serum produced per 1 hour of free fil-
tration. The moisture content in the experimen-
tal samples was determined on a moisture meter.
The conditional viscosity was determined on an
Oswald viscometer, and the duration (in seconds)
of a continuous flow of the product was measured.

Animal Science and Food Technology. 2021. Vol. 12, No. 4

All analyses were performed in triplicate.
The obtained results were processed biomet-
rically using the built-in statistical functions
package of MS Excel.

Research Results and their
Discussion

In the conditions of LLC “Organic Milk” organic
drinking yoghurt with “blueberry” filling is pro-
duced according to the conventional scheme by
thermostatic method (Fig. 3).
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Figure 3. Scheme of technological process of organic drinking yoghurt production
with “blueberry” filling

The most common way in the world to re-
duce the lactose content in milk is to add the
enzyme lactase to the product (Slavov et al.,
2019; Vlasenko et al., 2018; Skorchenko &

Greek, 2012). The enzyme splits up to 98% of
the lactose in milk. In the conditions of LLC
“Organic Milk”, this scheme of lactose-free yo-
ghurt production is used (Fig. 2).
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Figure 4. Scheme of the technological process of lactose-free yoghurt production in the conditions of
LLC “Organic Milk”
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The difference in technological schemes is
that lactose-free yoghurt contains the enzyme
lactase. Due to the addition of this component
to milk, people with lactose intolerance can en-
joy dairy products and not feel any discomfort.
Considering that lactose intolerance is the ab-
sence (lack) of the enzyme lactase, it is simply
added to the products. Thus, milk sugar is al-
ready split in this product.

The results of the organoleptic evaluation
of lactose-free yoghurt are presented in Table 1.
According to the main organoleptic indicators,
lactose-free yoghurt with 2.5% fat content
practically did not vary from organic drinking
yoghurt with “blueberry” fillers of similar fat

content. Some differences were observed only
in the sweet and sour taste. The lactose-free
version of fermented organic milk with probi-
otics had a less pronounced sweet taste than
organic drinking yoghurt and was sourer. It is
explained by the fact that products with lactose
hydrolysis have a more sour taste due to the
lower content of milk sugar (Dekker, 2016). Or-
ganic lactose-free yoghurt (with probiotic) with
2.5% fat content had a sour taste, fermented
milk, without foreign tastes and odours, and
white colour. The consistency of lactose-free
yoghurt was homogeneous, tender, and dense,
without gas production, and practically did not
vary from organic drinking yoghurt.

Table 1. Organoleptic evaluation of research samples

Characteristic

Indicator

organic drinking yoghurt with
“blueberry” filling
(with probiotic) 2.5 %

organic lactose-free yoghurt
(with probiotic) 2.5 %

Sour milk, without foreign tastes and
odours, moderately sweet, with a

Taste and odour

Sour milk, without foreign
flavours and odours, sour taste

pronounced taste of “blueberry” filler

Homogeneous, tender, dense, without
gas production, with fresh blueberry

Homogeneous, delicate,

Consistency particles distributed throughout the moderatelyrg(ejﬂz%,(:/\r/:thout gas
yoghurt mass p
Colour With a shade that is typical for White

blueberries

One of the most significant factors that allow
using fermented milk for human consumption is
its acidity. In addition, viable bacterial cultures
are the foundation for the production of fer-
mented milk, and their activity causes changes in
the finished fermented milk beverages (Dekker &
Koenders, 2019). In these studies, the effect of lac-
tose hydrolysis on the acidity of fermented milk
was hardly noticeable (Table 2). In the samples of
this drink, the titrated acidity was slightly higher
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(85°T) compared to drinking yoghurt (80°T). A
similar picture was observed for active acidity,
which was 4.5 in lactose-free yoghurt against 4.7
in drinking yoghurt. Similar conclusions were
reached by (Csanadi, 2017), who noted that lac-
tose-free yoghurts had a lower pH and a higher
concentration of lactic acid than the control yo-
ghurts using classical technology. The authors
explain their findings by the fact that the split-
ting of lactose into monosaccharides facilitates
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the metabolism of bacteria and enhances the
fermentation process.

Regarding the indicators of total nutrition,
a significant difference between the samples
was observed only in the concentration of

carbohydrates. Thus, the mass fraction of car-
bohydrates in drinking yoghurt with “blue-
berry” filling was 9.8 g/100 g for 4.4 g/100 g in
lactose-free yoghurt, including sugar 5.8 and
0 g/100 g, respectively (Table 2).

Table 2. Physicochemical parameters of the research samples

Indicator

Organic drinking classic yoghurt
(with probiotic) 2.5%

Organic lactose-free yoghurt
(with probiotic) 2.5%

Titrated acidity, °T 80 85
Active acidity 4.7 4.5
Mass fraction of fat, g/100g 2.5 2.5
Mass fraction of protein, g/100g 2.5 2.9
Mass fraction of carbohydrates 9.8 44
Including sugar, g/100g 58 0
Energy value, kJ/100 g 327 216
Calorie content, kcal/100g 78 55

Energy value and caloric content were
slightly higher in the sample of yoghurt with
“blueberry” filling.

Evidently, this is connected with the higher
mass fraction of carbohydrates and sugar in the
composition of this yoghurt.

As for the ingredient composition of the
yoghurt samples, the only difference between
them was that the first sample contained “Blue-
berry” filler, and the second — Lactase enzyme.
The starter and probiotic consisted of the same
lactic acid bacteria (Table 3).

Table 3. Composition of yoghurt of research samples

Organic drinking yoghurt with “blueberry” filler (with

probiotic) 2.5%

Organic lactose-free yoghurt
(with probiotic) 2.5%

Organic cow’s milk normalised

«Blueberry» filler 8% (organic frozen blueberries,

organic sugar, citric acid - acidity regulator, pectin - -

thickener)

organic sugar

yoghurt sourdough starter (streptococcuc termophilus, lactobacilius delbrueckii subsp bulgaricus)

probiotic: lactobacillus rhamnosus

lactase enzyme
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One of the significant indicators of nutri-
tional evaluation of fermented milk drinks is
syneresis — the separation of the liquid phase
from the gel. This process can be spontaneous
or occur only when the gel is mechanically de-
stroyed by cutting, shaking or freezing. This
visible defect can occur during the storage of
fermented milk drinks and can affect the con-
sumer properties of the final product (Dekker
& Koenders, 2019). This indicator is primarily
influenced by the total solids concentration
and protein content in fermented milk, which
increases the hardness of the gel and the reten-
tion capacity of whey in yoghurt. In addition,
the type of milk and the type of starter used

can affect the syneresis of fermented beverages
(Karnyaczki & Csanadi, 2017). In these studies
(Table 4), it was established that lactose-free
yoghurt had a lower syneresis (45%), while the
samples of drinking yoghurt with “blueberry”
filling (55%). Similar data were observed
(Dekker, 2016). The authors attributed this
phenomenon to a lower amount of synthesised
exopolysaccharides in lactose-free yoghurt at a
higher enzyme concentration.

A similar picture was observed for the hu-
midity content in the research samples. In ad-
dition, it was lower in lactose-free yoghurt and
amounted to 39.49% against 44.07% in drink-
ing yoghurt with “blueberry” filling (Fig. 5).

Table 4. Structural and mechanical indicators of research samples

Organic drinking yoghurt with

Organic lactose-free yoghurt

Indicator (Wﬁl}?gligg}.’tiglfg% (with probiotic) 2.5%
Conditional viscosity 1 min. 30 sec. 59 sec
Degree of syneresis, % 55 45
Humidity content, % 44.07 39.49

ART0) e MR T LR

3949«

Figure 5. Determination of humidity content in research samples
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Conclusions and Perspectives

The conducted studies on biotechnological fea-
tures and consumer qualities of yoghurts pro-
duced by conventional and lactose-free tech-
nologies provide grounds to state:

1) LLC “Organic Milk” organic drinking yo-
ghurt with “blueberry” filling is produced from
organic milk according to the conventional
scheme by the thermostatic method. During
the production of lactose-free yoghurt, the
addition of lactase enzyme is provided in the
technological line;

2) lactose-free version of fermented organ-
ic milk in its consumer qualities practically did
not differ from the drink made by the classical
method and had high consumer quality;

3) some differences in the organoleptic

evaluation and physicochemical parameters
were not significant and were caused by the
technological feature of the preparation of the
fermented milk product;

4) lactose-free yoghurt had a less distinct
sweet taste than organic drinking yoghurt and
was sourer;

5) the mass fraction of carbohydrates in
drinking yoghurt was significantly higher than
in lactose-free yoghurt, caused by the addition
of “blueberry” filler. In addition, lactose-free
yoghurt had no sugar in its composition;

6) in the future, it would be advisable to
explore the effect of the lactase enzyme on the
viability of fermented milk microflora, which is
a source of probiotics in finished products for
functional purposes.
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BioTexHoJI0riuHi 0COO/IMBOCTiI BHUPOOHHUIITBA TA OL[iHKA TKOCTi
0e3J1aKTO3HOro HOTypTYy

Bita 3urmynaiBHa Tpoxnmenko, Mukona Iriu Tigyx,
Tersana IBaniBHa KoBanbuyk, Bonogumup MuxosnaiioBuu BigeHko,
B’sueciaB BacuiboBuu 3axapin

[Momicpkuii HalliOHAJILHUIA YHIBEPCUTET
10008, 6ynbBap Crapwuit, 7, JKutomup, JKutromupcbka o6yactb, YRpaina

AHoranisg. Bupo6GHUIITBO 6€3/1aKTO3HMX MOTYPTiB, SIK MiE€TMYHOTO TMPOAYKTY IJis Jofeit 3
HENEPEHOCUMICTIO MOJIOUHOTO I[YKpy IMOTpebye i0ro BWIYYEHHS, IO MOXE TIO3HAUYUTUCH
Ha CeHCOpHMX Ta (i3MKO-XiMiYHMX BJIACTMBOCTSIX TOTOBOTO TMPOMAYKTY, TOMY iX OI[iHIOBAaHHS
IUIST YOOCKOHAJIEHHST TEeXHOJIOTii € aKkTyaJbHMM. MeToi0 poGOoTM 6Y/0 AOCTiIKEHHS HOTYypTiB,
BUTOTOBJIEHMX 3a TPAAMIIIIHOI Ta 6e3/IaKTO3HOI0 TeXHOojorisiMu. O6’€KTOM MOCTiIKEeHHST Gy
JOTYPT OpraHiyHMiI MUTHMII 3 HAIIOBHIOBAUEM <«YOPHMUISI» (3 TpobioTukom) 2,5 % Ta iorypt
6e371aKTO3HMIT OpraHiyHuit (3 MPo6ioTMKOM) 2,5 %. V MOCHiIHMX 3pa3Kax BU3HAUAIM TPYIIOI0
JleTyCTaTOPiB OPraHOIeNTUYHI TOKa3HUKY, a TAKOK TUTPOBAHY KUCIOTHICTb i aKTUBHY KUC/IOTHICTb,
YMOBHY B’SI3KiCTb Ta CTPYKTYPHO-M€eXaHiuHi MMOKa3HUKM MPOAYKTY. 32 pe3yabTaTaMMu JOCTiIKeHb,
JIOTYPT OpraHiuHWiI MUTHUIT 3 HATIOBHIOBAUEeM «UOPHMIISI» Ha CMak 6YB KMCIOMOJIOUHMIA, 6e3
CTOPOHHIX MPUCMaKiB i 3amaxiB, y Mipy COMOAKMIL, 3 BUpaskeHUMM IPUCMaKOM HaIlOBHIOBaya
«YOPHUIIST», KOHCUCTEHIIiSI — OMHOPIIHA, Hi’kKHA, 1i/TbHA, 6€3 ra30yTBOPEHHSI, 3 YaCTKAMM YOPHMII]
CBDXOI, SIKi pO3MOi/ieHi 3a BCi€0 Maco MOTypTY, KOJIip — 3 BiITIHKOM, XapaKTepHUM 7151 YOPHMUIII.
MorypT 6e31aKkTO3HMIT OpraHiuHMit MaB KMUCIYBaTMil CMaK, KUCIOMOJIOYHMIL, 6e3 CTOPOHHIX
MIPUCMAKIB i 3amaxiB, Komip — Ginmit. 3a pesynbratamu Qi3uKo-XiMiUHMX JOCTIIKEHDb TOCTiTHUX
3pasKiB JOTypTy OPraHiuHOTO MUTHOTO 3 HAIIOBHIOBAYEM «UOPHUIIST» Ta JIOTYPTYy 6€371aKTO3HOTO
OPraHivHOTO BCTAaHOBJIEHO, 1[0 TUTPOBAHA KUCIOTHICTh cTaHoBMIa 80 Ta 85 °T, pH BigmoBigHO —
4,7 Ta 4,5. MacoBa 4acTKa BYIVIEBOAIB Y OTypTi MUTHOMY 3 HAaITOBHIOBaUEM «UOPHMUIISI» CTAHOBWJIA
9,8 1/100 T 3a 4,4 1/100 r B JiorypTi 6€371aKTO3HOMY, Y TOMY YMC/Ii I[yKpy BimmoBigHo — 5,8 Ta
01/100 r. EHepreT1yHa LIiHHICTb Ta KaJIOPilHICTb OyJia BUILOIO Y 3pa3Ky OrypTy 3 HATIOBHIOBAYeM
«4OpHMUIIST». YMOBHA B’SI3KiCTh JOCTIZHMX 3pa3KiB cTaHOBWJIA BigmoBimHo 1 xB. 30 cek. Ta 59 cek.
CryniHb CMHepe3ucy y 3pa3Kax MOTypTy OPTaHiuHOTO MUTHOTO 3 HATIOBHIOBAYEM <«UOPHMUIIST» Ta
Jiorypty 6e3/1aKTO3HOTO OpPraHiuyHOro CTaHOBMB 55 Ta 45 %, BMicT Bosoru BimmoBimHo — 44,07
Ta 39,49 %. OTpuMaHi pe3yabTaT¥ MAalOTh 3HAUEHHS MJISI PO3YMiHHSI 3MiH y BJIACTUBOCTSIX
6€e371aKTO3HMX JOTYPTiB y MOPiBHIHHI 3 TPAAUIiIHKM BUIOM ITbOTO KMCTIOMOJIOYHOTO MMPOIYKTY.

Kiio4oBi c/1oBa: 1akT03a, 1aKTasa, oTypT, OpraHONIeNTUYHA OIliHKa, (i3MKO-XiMiuHi TOKa3HUKHA,
B’SI3KiCTb, QYHKITiOHATBHI ITPOAYKTU
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Influence of methods of selection of parents by the index of similarity of
antigens in blood groups on weight and linear growth of bulls
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. In solving the problem of qualitative improvement of meat breeds, an important place
is occupied by the improvement of methods of practical use of existing methods of selection
of parental pairs using histocompatibility antigens, polymorphic proteins and blood group
systems. The purpose of the work is to determine the effect of homogeneous and heterogeneous
selection of parental pairs by blood group factors on the weight and linear growth of Ukrainian
beef bulls. Ukrainian meat breed is bred using four breeds and is characterised by high variability
in polymorphic traits. The type of selection of parents was determined by the index of antigenic
similarity (r, ) of antigens of the B blood group system of cattle. To calculate the index of antigenic
similarity of parents, the formula of D.A. Zhivotovskiy and A.M. Mashurov was used. The selection
was considered homogeneous if the parents’ r_ > 0.268, and heterogeneous if r__ < 0.267. It is
proved that bulls that come from parents with higher r_ prevail in the test by average daily gain
and have a higher live weight. For r__ in parents over 0.268, animals tend to improve growth rate
by 8 months of age. This trend continues after weaning. Bulls sired by parents with r,_ up to 0.267
have better average daily gains in the period from 15 to 18 months, which indicates their lower
precocity. According to the index of antigenic similarity of parents over 0.268, animals are better
in terms of meat forms at the age of 15 and 18 months. At 15 months of age, bulls obtained from
homogeneous selection for r, have smaller height measurements, the better developed front part
of the body in terms of chest width and depth, and longer torso and hindquarters. Homogeneous
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selection of parental pairs according to the index of similarity of antigens of the B blood group

system improves the weight growth and expressiveness of meat forms in bulls of the Ukrainian

beef breed

Keywords: selection, antigenic similarity, live weight, average daily gain, measurements, beef

cattle breeding

Relevance

In the genetic progress of beef cattle, the ra-
tionale for the selection of parental pairs is of
great significance. With a significant (about
90%) use of natural mating during its breeding,
inbreeding is inevitable, which can increase
homozygosity for recessive non-functional al-
leles, which can increase embryonic mortality
(Upperman et al., 2019) and reduce animal pro-
ductivity. Currently, a growing problem in the
Ukrainian meat breed is the decline in animal
productivity. In females, it is manifested by
weight growth, reproductive capacity and milk
production. Therewith, the methods of selec-
tion of parents in local breeds of beef cattle are
not sufficiently justified, which is a problem.
Parental pairs are selected in different ways,
regardless of the degree of their kinship. There-
fore, inbred depression is manifested, particu-
larly in local breeds.

One of the genetic methods that allow in-
creasing the variability of traits in offspring
is using antigens of the B blood group system
during the selection of parents. They are pro-
tein or polysaccharide compounds that result
in the development of antibodies. According to
LY. Gorbatenko, and M.I. Gil (2006), antigens of
erythrocytes and some proteins are used to de-
termine the origin of animals, evaluate the gene
pool of breeds and account for productivity in-
dicators after the selection of parental pairs.
Immunobiological features of blood groups,

based on immunogenetic analysis by the index
of antigenic similarity, allow predicting of the
results of parental selection by the features of
its selection.

Therefore, it is essential to explore the
weight and linear growth of beef bulls in the
local Ukrainian beef breed, under the influence
of the selection of parental pairs that have a
different index of similarity of antigens (r_) of
the B blood group system.

Analysis of Recent Studies and
Publications

One of the methods for assessing the genetic
potential of animal productivity currently
using the system of B blood groups is still. It
combines relative simplicity of implementa-
tion on large livestock, with rather high re-
sults (Chizhova et al., 2015). Despite the am-
biguous results obtained when studying the
relationship between blood groups and ani-
mal performance traits, research in this area
continues, thanks to data obtained on cattle
(Bukarov, 1995), sheep (Kopylov, 2019) and
pigs (Goncharenko, 2009).

The data of studies (Nazarenko, 1986;
Tyutyunnikov, 1995; Ivanova and Rossokha,
1996) indicate the relationship between blood
groups on the one hand and some traits of
cattle productivity, which have an essential
role in cattle breeding, on the other hand, it
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was established (Tyutyunnikov, 1995) that the
lower the index of antigenic similarity of father
and mother by blood group antigens, the higher
the fertility of their daughters. After mating of
cows and bulls at a low (up to 0.20) coefficient
of antigenic similarity, the fertility of cows is
higher by 5.7%, the number of walks, respec-
tively (p>0.999) is lower by 0.14, and the service
period is shorter by 21.6 days (Nazarenko, 1986).
The most productive were identified (Ivanova &
Rossokha, 1996) pairs “cow-bull” with a low de-
gree (from 0.10 to 0.39) of antigenic similarity.
The
(Ugnivenko and Nosevych, 2014a) in females of

opposite feature was obtained
the Ukrainian beef breed at the initial stages of
complex reproductive crossing for reproductive
traits. As the degree of antigenic similarity of
parents by blood group factors increases, the
average milk yield and lifetime milk yield per
1 day of the life of their daughters tend to in-
crease (Uhnivenko and Nosevych, 2014b).
Thus, the purpose of the study was to de-
termine the influence of the selection of par-
ents by the index of antigenic similarity ()
of cattle of local Ukrainian beef breeds on the
traits of weight and linear growth of their sons
and to substantiate its optimal options for com-

plex reproductive crossing.

Materials and Methods of Research

The research was performed on bulls in the
breeding plant “Volia”, Zolotonosha district,
Cherkasy region. Animals up to 6-7 months of
age were raised near cows on suckling. After
weaning, well-developed bulls were selected
for the group and tested for the probability of
origin by blood group factors. Until 8 — months
of age, they were accustomed to a typical diet
and conditions of detention. Intensive rearing
was performed from 8- to 18-months of age.
The general level of feeding was calculated to
obtain an average daily gain of 1000 to 1200 g.
During this period, the animals were fed with
the fodder of their products according to the ra-
tions established by the standards. The mass of
fodder eaten by each bull was calculated every
ten days (two days in a row) by weighing the
given fodder and its residues. Based on the con-
sumed fodder, their energy value (in oat feed
units) and costs per 1 kg of live weight gain were
determined. Bulls were examined indoors with
a tethered keeping system. Each time before
giving a new portion, the fodder that remained
in the feeder was weighed and determined how
much it was consumed by the animals. There
was no significant difference in its consump-
tion between the bulls of the groups (Table 1).

Table 1. Fodder consumption from 8 to 18 months of age by bulls obtained from a different

selection of parental pairs by the index of antigenic similarity (r,), M*m

r above 0.268 (n=15)

r, up to 0.267 (n=11)

Fodder
fodder unit % fodder unit %
Concentrated 1480+31.5 49.5%0.85 1407£58.5 46.8+0,64
Rough 482%53.7 15.7+1.57 493%52.8 15.9+1.41
Juicy 543+35.9 17.9+1.00 554+60.4 18.1+1.59
Greens 536+41.7 17.4+1.69 568+57.0 19.2+2.09
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Table 1. Continued

r above 0.268 (n=15)

r, up to 0.267 (n=11)

Fodder
fodder unit % fodder unit %
Total 3032+77.6 100.0 3017+124.7 100.0
Per 1 kg of growth 8.9+0.44 - 9.3+0.67 -

To calculate the index of antigenic simi-
larity of parents, erythrocyte antigens of bo-
vine blood groups according to the B system
were used. It was determined by the formula of

Zhivotovsky-Mashurov (1974):

S
ny+n,-S’

@

Tas =

where r - index of antigenic similarity of par-
ents; S — the number of antigens that coincide
in the father and mother; n,- the total number
of antigens detected in the mother; n,~ the to-
tal number of antigens detected in the father.
To analyse changes in weight and line-
ar growth of bulls, they were grouped by the
value of the index of antigenic similarity of
parents: Group I -r_over 0.268 and Group II -
r, . up to 0.267. Meat forms in animals were eval-
uated according to the guidelines (Prakhov
etal., 1972). The obtained data were processed
using the methods of variation statistics. To

determine the degree of variability of traits,
its coefficient (Cv, %) was calculated by the
ratio of the standard deviation to the average
value for the group.

Research Results and their
Discussion

Animals with an index of antigenic similarity
(r,) in parents of 0.268 and more tend to de-
teriorate the growth rate up to 8-months of
age. Perhaps it is due to the worse milk pro-
ductivity of their mothers, which offsets the
positive effect of homogeneous selection on
the growth rate of offspring in the suckling pe-
riod. After weaning, it mainly tends to prevail
over the indicators of peers from parents with
r..up to 0.267 (Table 2). It contradicts the data
(Romanov et al., 1984), according to which the
place has a better growth rate in animals ob-
tained from heterogeneous selection for r_.

Table 2. Average daily gain of bulls obtained with different indexes

of antigenic similarity (r,) of parents

Average daily r, over 0.268 r to 0.267
increase for the
period: from-to n M*m Cv, % n M*m Cv, %
0-8 33 872%21.6 14.0 35 906+20.3 13.1
8-12 34 1128+36.4 18.5 35 1075+37.8 20.5
12-15 32 1188+50.2 23.5 32 989+56.1 31.6
8-15 32 1144%33.3 16.2 32 1051£38.5 20.4
15-18 27 903+57.2 32.3 21 932+87.6 42.1
8-18 28 1084+26.0 12.5 21 1032+37.2 16.1
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In bulls obtained from parents with r_ up to
0.267, the average daily gains are better in the
period from 15 to 18 months (Table 2), which
indicates their lower precocity. Due to faster
growth in the suckling period, outbred animals

at the age of 8 months tend to increase their
live weight. The higher growth rate of bulls
from parents with r__ over 0.268 during these
periods contributes to an increase in their live
weight (Table 3).

Table 3. Live weight of bulls obtained with different index of antigenic similarity (r,) of parents

Live weight at age: r, over 0.268 r, t00.267
month n Mtm o, % n Mtm w, %
newborns 35 32.5+0.60 10.8 35 32.5+0.58 10.5
8 35 247+5.4 12.8 35 253+5.1 11.6
12 34 384+7.0 10.5 35 383+6.7 10.2
15 32 49049.6 10.9 33 47249.4 11.2
18 28 574+10.3 9.3 21 558+11.5 9.2

The tendency for the advantage in the live
weight of animals from heterogeneous se-
lection begins to appear at 15 months of age.
Heterogeneous bulls have greater variability
in average daily gain compared to homogene-
ous bulls. It indicates their unequal adaptation
to environmental conditions, both during the
suckling period and after weaning. The coeffi-
cient of variation of live weight obtained from
a homogeneous and heterogeneous selection of
bulls in all age periods have no difference.
Bulls from homogeneous and heteroge-
neous selection for r . maintain a fairly high
growth rate until 18 months of age. The off-
spring of parents with similar antigens grow
faster for a longer time. Their average daily
live weight gain from 8 to 18 months is high-
er compared to their peers from the hetero-
geneous selection. Thus, at the first stages of
the establishment of the Ukrainian beef breed,
a homogeneous r, selection of parents im-
proved the average daily weight gain of bulls.

Animal Science and Food Technology. 2021. Vol. 12, No. 4

Homogeneous mating increases the tendency
of animals to stop growing early and increases
feed costs for growth.

The results of this study were com-
pared with those obtained on Aberdeen An-
gus (Romanov et al., 1984) and Red Steppe
(Nazarenko & Voronenko, 1986) breeds. Ac-
cording to L.M. Romanov and colleagues (1984),
the group of bulls and heifers born from parents
with a high (more than 0.308) index of anti-
genic similarity are smaller. Growth retardation
in young animals was observed in the follow-
ing age periods. At the age of 12 months, the
difference is significant. The difference in body
weight between heifers from parents with low
and high similarity index at 15 months of age
was 13 kg (P<0.999), and at 18 months — 16 kg
(P>0.999) in favour of the first ones (Nazarenko
& Voronenko, 1986).

The Ukrainian beef breed was established
by complex reproductive crossbreeding of Kian
(K 3/8), Charolais (Ch 3/8), Simmental (S 1/8),
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Grey Ukrainian (GU 1/8) cattle (Ugnivenko
et al., 2008). Homogenealogical selection of
animals of four initial breeds with large dif-
ferences in their pedigrees results in heterosis
by average daily gain and live weight after 8
months at the first stages of complex reproduc-
tive crossing. Probably, the adverse effects of
heterogeneous selection on the index of anti-
genic similarity regarding the growth of bulls in
the initial stages of breeding are levelled by the
genetic background of significantly different
crossbreds. The best average daily gains from

birth to 8 months of age are the result of better
milk production of cows, which, in combination
with the bulls matched to them, had a low index
of similarity for blood group factors.

Meat forms of bulls obtained from parents
with different r_ are different. Animals with a
higher index of antigenic similarity are better
in the expression of meat forms at 15 and 18
months (Table 4). Breeding cattle for better-ex-
pressed meat forms contributes to obtaining
from it a higher growth rate up to 18 months of
age and reducing feed costs for growth.

Table 4. Expression of meat forms and measurements of bulls obtained with different indexes of

antigenic similarity (r,) of parents

rover 0.268 rup to 0,267
Feature
n M*m n M*m
Meat forms (points) at age: 15 months 19 54.1+0.93 14 52.8+0.97
Meat forms (points) at age: 18 months 15 55.6+0.79 11 53.8+1.07
Measurements at the age of 15 months, cm.

Height at the withers 3 126.7+4.32 5 127.2+3.51
Height at the sacrum 3 137.3+4.32 5 138.0+3.89

Breast depth 3 68.7+0.41 5 66.4+1.60

Breast width 3 46.3+1.78 5 46.2+1.19

Width in clusters 3 45.0+1.41 4 46.3%2.02

Oblique length of the body (stick) 3 152.7+5.21 4 145.5+3.35
Oblique rear length 3 52.0+2.55 4 50.5%2.13
Chest girth 3 188.0+3.08 4 190.0£3.24

Heel girth 3 20.8%0.20 4 20.8%0.35

At 15 months of age, bulls with a higher index of
antigenic similarity (r, more than 0.268) have
smaller height measurements, the better devel-
oped front part of the body in terms of chest width
and depth, and longer torso and rear and heel
girth. Animals from parents with a lower index of

antigenic similarity (r_ up to 0.267) are relatively
taller, with wider clusters and larger chest girth.

Conclusions and Perspectives

Selection of parents with a high (homogeneous)
index of antigenic similarity (., more than 0.268)

Animal Science and Food Technology. 2021. Vol. 12, No. 4
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for erythrocyte antigens of the B blood group sys-  increases the average daily gain and live weight of

tem with large differences in their genealogies  sons and improves the expression of meat forms.
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BrinB crioco6iB nig0opy 6aTeKiB 3a iHgekcoM mogioHOCTi aHTHTEeHIB
cucreMu B rpyn kpoBi Ha BaroBwuii i stiHiliHMIi picT Oyraiinis

Amnarosiii MukosaioBnu YraiBeHKo, OnmekcaHap Bomogumuposuya HaTammu

HarionanbHuii yHiBepcuTeT 6iopecypciB i mpupomsoKopucTyBaHHS YKpainu
03041, Byn. TepoiB O6oponnu, 15, M. Kuis, Ykpaina

AHoTanis. Y po3p’si3aHHi Ipo6/ieMyM SKiCHOTO IIOJIMIIEHHS M’SCHUX IOpif BaskiuBe Micile
MOCiJla€ YAOCKOHAJIEHHSI CIOCOGiB MPAaKTUYHOTO BMKOPUCTAHHS HAsBHUX METOIB Mimbopy
6aThKiBCHKMX TP 3@ BUKOPUCTAHHS aHTUTEHIiB riCTOCYMiCHOCTi, moniMopdHMX GiNKiB Ta cucTemM
rpyn KpoBi. MeToi po6OTH € BM3HAYEHHSI BIUIMBY TOMOTEHHOTO i reTeporeHHOro IMimbopy
6aThKiBCHKMX Map 3a (akTopamyu TPyl KpOBi Ha BaroBuii i JMiHiAHUIT picT GyraiiiB ykpaiHChbKOi
M’SICHOi Topoau. YKpaiHCbka M’SICHA TIOpOJa BUBeIEHa 3 BUKOPUCTAHHSIM YOTUPbOX TMOPif i
XapaKTepu3yeThCSI BUCOKOIO MiHJIMBICTIO 3a MoiiMopdHMMM O3Hakamu. Tum migb6opy 6aTbkiB
BY3HAYa/Iy 3a iHJeKCOM aHTUIeHHOi NoAibHocTi (r,) aHTureHiB cuctemu B rpyn Kposi Benmkoi
poraToi Xymo6mu. [IJs1 po3paxyHKY iHeKCy aHTUTeHHOI MoZiGHOCTi 6aThbKiB BUKOpUCTAIN GOPMYITY
I. A. )KusoToBcbKoro i A. M. Mamryposa. Tomorennum BBaskanu migbip 3a r,. 6arekis > 0,268, a
rereporeHHuM npu r,_ < 0,267. JJoeneHo, o 6yra’iili, siKi IOXOASTD Bif 6aTbKiB 3a 6iNbLIOrO 7,
repeBakaloTh Ha BUITPOOGYBAHHI 3a cepeIHbOA0O0BMMY IIPUPOCTAMM i MAIOTh OIIBIINY KUBY Macy.
3a r, y 6arpkiB moHan 0,268 TBapuMHM MaroTh TEHIEHIIIO IO IOJMINIIEHHs WBUIKOCTI POCTY 10
8-micstuHoro BiKy. ITicast BimjTyyeHHS 1 TeHAEHIsl 36epiraeTbcs. Y OyraiiliB, OTpMMaHuX Bif
6aTbKiB i3 1,100,267 cepeqHbO060BI MPUPOCTH Kpalili y mepion Bia 15 10 18 mics1iiB, 110 CBimUMUTD
PO MEHIIY iX CKOPOCHiTiCcTh. 3a iHAeKCy aHTUTeHHOI moAioHocTi 6aThKiB 1MoHas 0,268 TBapMHU
Kpari 3a BUpakeHicTio M’sicHuX Gopm y Binti 15 ta 18 micsiis. V 15 micaiiB 6yraiiiii, orpuMaHi Bif,
rOMOTeHHOTO Mi60PY, 3a I,  MaloTh MeHILi BUCOTHI IPOMipy, Kpallie PO3BMHEHY MTepeIHI0 YaCTUHY
Tyay6a 3a MMUPUHOIK i MIMOMHOI0 Ipyaeii, BoBIIMii Tyay6 i 3aa. TomoreHHMi mia6ip 6aThbKiBChKMUX
map 3a iHJeKCOM MOMiGHOCTi aHTUIeHiB cucTeMu B rpym KpoBi NMpM3BOOUTL OO TOMIMIIEHHS Y
6yraiiiiB ykpaiHCbKOi M’SICHOT ITOPOAY BaroBOTO POCTY Ta BUPAKEHOCTi M ICHUX (hOpM

KitouoBi ciroBa: mifbip, aHTUreHHa Moi6HiCTh, JKMBa Maca, cepeaHbOI000BMIT MPUPICT, MpoMipH,
M’SICHE CKOTapCTBO
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