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Abstract. The restoration of freshwater aquatic life and the cultivation of highly productive sires is
a key stage in the process of restoring a new generation of fish, thus, the task of increasing fertility
is always relevant for the fishing industry of Ukraine. The purpose of the study is to conduct an
in-depth analysis of the physiological characteristics of ejaculates of respiratory and reproductive
capacity, to explore the activity of enzymes of the respiratory chain of mitochondria, to determine
the percentage of sperm survival when using pre-cleaned oats, as the main component in the
diet of carp during the pre-spawning period In the study, males of the Nyvka interbreed type of
Ukrainian scaly carp breed were used, which were kept during the pre-spawning period in pond
conditions of the State Enterprise “State Farm “Nyvka” IRG NAAS. Individuals were divided into 3
groups. The first group (Experiment I) was fed 100% hulled oats, the second (Experiment II) — 30%
and the control group of fish (Control) was fed a grain mixture. The quality of male carp sexual
products was assessed by determining the effect of adding hulled oats to their diet during the
pre-spawning period. Indicators of sperm motility and fertilizing ability, the content of y-, 8- and
a-globulins, albumin, prealbumin and physiological characteristics of ejaculates of respiratory and
reducing capacity, the activity of enzymes of the respiratory chain of mitochondria (COX and SDH)
were explored. Considering the increase in the productivity of fish sperm, in particular, the increase
in the number of sperm with rectilinear motion, the decrease in the number of lifeless sperm and
changes in the protein formula of germ cells, it was established that it is advisable to add hulled
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oats to the main diet in the amount of 30%. According to the results of the conducted research, it

was established that the addition of hulled oats to the fodder during the pre-spawning period has a

positive effect on the quantitative and qualitative indicators of male carp sexual products, the results

of the research can be useful for both students and workers of the fish processing industry of Ukraine

Keywords: male carp, sperm, rectilinear translational motion, succinate dehydrogenase,

cytochrome oxidase, y-, B- and a-globulins, prealbumin

Introduction

Selection of sires with high-quality sperm pro-
duction, and fertilising ability of sperm is im-
portant in the breeding and breeding business
(Ostapiv, 2008), as the main function of the
reproductive system in fish is the production
of sexual products while preserving the genetic
material for the next generation. Thus, one of
the main factors that in the future affect the
viability and plasticity of fish planting mate-
rial is the quality of germ cells. Therefore, the
best quality sperm is one of the conditions un-
der which the fertilisation process occurs with
the subsequent development of the embryo
(Yaremchuk et al., 2015) . The duration of the
period of preservation of sperm motility and
fertilising ability is variable in different fish
species and depends on the environmental con-
ditions, feeding, keeping technology and indi-
vidual characteristics of the sires. All this should
be considered since some external factors have a
significant impact on the body, i.e. they can ac-
celerate, inhibit or completely stop the develop-
ment (spermatogenesis) of germ cells.

It should be noted that sperm membranes
are susceptible to peroxide damage by excess
reactive oxygen species (ROS). The efficiency
of the enzymatic antioxidant defence system,
the key enzymes of which are superoxide dis-
mutase, catalase and glutathione peroxidase,
is important for maintaining the structural
integrity, sperm survival and preventing the
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processes of lipid peroxidation (LPO). There-
fore, it is important to explore the activity of
succinate dehydrogenase and cytochrome oxi-
dase as the primary link in the oxygen process.

Development and maintenance of carp
breeding stock are one of the main and most
crucial processes in breeding and breeding work,
as the efficiency of the farm in the pre-spawn-
ing period is determined by the quality of the
breeders and is crucial for obtaining results at
the end of the growing season. Feeding carp
fry in the pre-spawning period with artificial
fodder, which fully provides the physiological
requirements of fish at this stage of ontogeny,
immediately affects the quality of sexual prod-
ucts and the success of the spawning campaign
in general. Since, in the current conditions,
the technological aspects of carp reproduction
are fully developed, during the work in hatch-
eries, attention is devoted to the selection of
elite sires and determination of the quality of
their sexual products (Martinez Paramo et al.,
2014), (Yurchak et al., 2018). Approximately,
the quality of sperm is determined by a five-
point scale of G.M. Persov. When assessing the
quality of sperm, in addition to visual features
(volume, colour, odour, consistency), the motil-
ity, concentration, survival, protein component
and oxidative functions of sperm are explored
(Makarenko et al., 2022). Notably, motility is one
of the most important characteristics associated
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with the fertilising ability of sperm, indicating
their viability and structural integrity. Thus,
motility studies are an integral part of semen
analysis (Iaremchuk et al., 2012).

Succinate dehydrogenase (SDH) is one of
the important oxidative enzymes of CTA and
the first link in the chain of electron transfer
through ubiquinone and cytochrome system to
oxygen. The features of SDH are its location on
the inner surface of mitochondria and the inde-
pendence of the enzyme activity from the ratio
of oxidised and reduced forms of NAD/NADH
(Fauvel et al., 2010). Cytochrome oxidase (COX)
is an enzyme of the final link of electron and
proton transport in the respiratory chain to ox-
ygen (Makarenko et al., 2021). COX, together
with SDH, characterises the mitochondrial
component of oxygen consumption, providing
ROS resynthesis, thus, their activity affects me-
tabolism in sperm (Kalachniuk, 2013). By ex-
ploring the biochemical parameters of sperm
production, some scientists have established a
link between the activity of oxidative enzymes
and the fertilising ability of sperm, more pro-
nounced with the activity of succinate dehydro-
genase (SDH). A close connection between the
activity of many enzymes of dehydrogenases
and cytochrome oxidase (COX) of sperm with
indicators of its quality and fertilising ability
has been identified, which served as the basis
for using the activity of these enzymes as an in-
dicator of sperm quality (Kosenko et al., 2007),
(Ruiz-Pesini et al., 1998) Studies have proved
the connection between the activity of SDH of
bulls’ sperm and fertility, namely, there was a
decrease in the fertility of bulls’ sperm with a
decrease in the activity of the enzyme in the
ejaculate (Barbagallo et al., 2020), (Linkevich
etal.,2014).

Thus, the results of a comprehensive as-
sessment of male carp sperm production will

provide a complete description of the reproduc-
tive system of male carp and will allow recom-
mend using hulled oats in feeding during the
pre-spawning period.

The purpose of the study — to explore the
physiological characteristics of ejaculates re-
spiratory and recovery capacity, the activity
of enzymes of the mitochondrial respiratory
chain (COX and SDH), sperm survival, motil-
ity and fertilization capacity, the content of y-,
B- and a-globulins, albumin, pre-albumin for
using hulled oats in carp feeding during the
pre-spawning period.

Materials and methods

The object of the research was different-aged
individuals of Nyvkivsky scaly and small-scaled
carp. For the research, sperm was collected
during the spawning campaign of 2012 from
males of Nyvkivsky scaly and small-scaled carp,
which were grown in pond conditions under
semi-intensive technology.

The semen was diluted with phosphate-salt
buffer (NaCl - 0.8 g,KCI-0.02 g,Na,HPO,-0.11g,
KH,PO, - 0.02 g, MgCl, - 0.01 g, H,0 up to 100 ml).

Using the SpermVision program, which is
installed based on the microscope, the analysis
of sperm parameters was performed - their
total activity, the percentage of sperm with
rectilinear and translational movement and
the percentage of lifeless sperm. The kinetic
parameters of sperm were determined by using
the computer system CASA (Computer Assisted
Sperm Analysis) — Sperm Vision with the es-
tablishment of sperm movement parameters:
velocity of curvilinear motion (VCL); velocity
of sperm head advancement along the aver-
age trajectory (VAP); velocity of straight-line
motion of the sperm head along the straight
segment between the starting and ending points
of the trajectory (VSL), degree of linearity
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(LIN=VSL/VCL), degree of straightness of sperm
motion (STR=VSL/VAP) and degree of deviation
(WOB=VAP/VCL). Determined: sperm survival
(h) at 22-24°C until the progressive movement
stopped, the activity of succinate dehydro-
genase (SDH; units/h x 0.1 ml of sperm) and
cytochrome oxidase (COX, units/h x 0.1 ml of
sperm), oxygen consumption — polarograph-
ically (ng-atom O/min x 0.1 ml of sperm) at
38.5°C in phosphate-salt buffer (PSB; NaCl -
0.8 g, KCI - 0.02 g, Na,HPO, - 0.11 g, KH,PO, -
0.02 g, MgCl, - 0.01 g, H,0 to 100 ml) (Dudchak
& Sharan, 2010).

The fractional composition of soluble pro-
teins was explored by vertical electrophore-
sis in 7.5% polyacrylamide gel (PAAG) plates
(Fang et al, 2020). Samples for electrophoresis
were prepared: in 7.5% PAGE: 0.1 ml of sperm
was diluted 1:12 with electrode buffer (pH 8.5),
0.1 ml of the sample was mixed with the same
amount of 40% sucrose, 0.02 ml (~150-200 pg
of protein) was added to the wells of the con-
centrating gel. Marker dye — 0.01% bromphenol
blue solution was added to the electrode buffer
before sample dilution. After electrophoresis,
the gels were fixed and simultaneously stained

in 12.5% trichloroacetic acid with 0.25% aque-
ous Coomassie R 250 solution.

Digital statistical analysis of the material
was performed using the computer program
Microsoft EXCEL. The arithmetic mean (M),
mean square error (/m) and probability of dif-
ferences (P) between the explored arithmetic
means were determined.

Results

According to the methodology, in spring the
main herd of breeders was boned and trans-
planted to the pre-spawning ponds. In the
process of boniting the following types of mea-
surements were used: fish weight, body length
(industrialand total), body height, body girth,
and head length.

Based on the data obtained, the statistical
indicators and the main indices of body compo-
sition were calculated - body fatness index (B,),
relative weight index (W/I), index of high-spine
(/H), and girth index (I/O). All experimen-
tal groups of males were clinically healthy, in
growth and development corresponded to the
“elite” class and were used for spawning. The
main characteristics are presented in Table 1.

Table 1. Indicators of exterior of males of Nyvkivsky scaly and small-scaled carp used in the research

Indicators Experimental group
Experiment I Experiment II Control Control
n=4) n=4) n=4) n=4)
M#+m 5.35+0.28 5.42+0.35 5.74%0.20
Average weight (W), kg o 601.12 515.22 288.10
C,% 9.88 10.02 5.02
M+m 56.32%4.31 54.45+2.80 59.22%0.98
Total length (L), cm o 6.61 7.01 1.99
C,% 10.25 9.89 2.98
MEm 51.78+3.80 54.06+3.99 54.80+1.12
Industrial length (I), cm o 5.87 4.99 1.64
C,% 11.40 13.52 3.00
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Table 1. Continued

Indicators Experimental group
Experiment I Experiment II Control Control
n=4) (n=4) (n=4) (n=4)
MEm 21+04%+0.70 21.04%0.56 21.20+0.64

Body height (H), cm o 1.21 1.18 0.84
C,% 5.30 4.98 3.95

M*m 49.03%1.86 48.48+2.65 50.0%1.20
Body girth (0), cm o 2.11 2.23 1.58
C,% 4.56 4.88 3.16

M=m 3.72+0.26 3.90+0.44 3.49%0.16
Body fatness index (B,) o 0.39 0.77 0.20
C,% 21.80 22.15 5.74

MEm 105+2.05 102+1.87 104.72%2.72

Relative weight index (W/I), g/cm o 2.26 3.01 3.26
C,% 2.13 2.08 3.12

M*m 2.45+0.25 2.51+0.15 2.59%0.07
High'sg/ilr}f index o 0.18 0.22 0.08
C,% 9.01 8.56 3.23

M*m 1.16%0.10 1.18%0.08 1.10+0.02
Girth index (I/O) o 0.10 0.12 0.03
C,% 6.98 7.21 2.83

M=m 3.87%0.23 4.01+0.15 3.98%0.13
Head index (I/C) o 0.18 0.16 0.20
C,% 5.33 5.39 0.20

It was established that all experimental
groups of males had high rates of total sperm
activity, the average value of which exceeded
92%. Therewith, the highest rate was recorded in
the experimental animals of the second group —
94.2%, which is 1.32% higher than that of the
control group. Individuals from this experi-
mental group had the highest value of sperm
content with rectilinear motion - 74.73% and
the lowest value of sperm content with arena
motion — 19.41%, but the indicators of this ex-
perimental group in terms of arena motion had

the highest amplitude of fluctuations - 23.61%
against 11.43% in experiment I and 11.2% - in
control. Therewith, in individuals from experi-
mental group I, the lowest value of dead sperm
was observed - 5.77%, with the maximum
variation - 37.21%. Somewhat higher values -
5.87% had individuals from the second ex-
perimental group, but the variability index de-
creased by 9.65%. The highest number of lifeless
sperm — 7.0% was recorded among the indicators
of sperm production in individuals from the con-
trol group, with a variability of 10.79% (Table 2).
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Table 2. Physiological parameters of carp sperm (n =4, M= m)

The content of sperm with

Percentage of sperm

Experimental Total rectilinear progressive with arena movement Percentage of
. RSN . o
options activity (%) movement (%) %) lifeless sperm (%)
Experiment I 93.75%0.43 73.37+2.61 20.87£1.38 5.77+1.24
P 0.83 6.16 11.43 37.21
Experiment 94.2+0.99 74.73+2.31 19.41+2.64 5.87+0.93
I 1.81 5.37 23.61 27.56
Control 92.97£0.38 72.63*1.28 20.37£1.32 7.0£0.44
0.72 3.06 11.20 10.79

After dilution of sperm, the survival of
sperm at a temperature of 22-24°C on average
exceeded 63.0 hours. The highest rate (66.37 h)
was recorded in experiment II, and the lowest
value and the highest rate of variability for this
indicator were sperm samples obtained from
individuals from the control group - 63.1 h and
7.87%, respectively. In this experimental group,

the highest was the index of motility of non-di-
luted sperm, at a temperature of 22-24°C, it was
100.4 h and exceeded the index of experimental
group I and control group by 2.63 and 3.31%,
but the indicators in this group were the most
variable, in particular, the variability index was
almost 5% against 3.64 and 3.12 in experimen-
tal group I and control, respectively (Table 3).

Table 3. Sperm survival and oxidative enzyme activity of carp sperm, (n =4; M+ m)

Experimental Survival of diluted

Preservation of motility

Enzyme activity,

: of non-diluted sperm at units/h x 0.1 ml of sperm
option sperm at 22-24°C, h .

P P 22-24°C,h soH | cox
Experiment I 63.6+0.53 97.83+2.06 16.8%0.71 27.47+2.68
p 1.45 3.64 7.31 16.88
Experiment II 66.37+1.20 100.4+2.72 19.95+2.98 32.7+2.34
P 3.14 4.70 25.87 12.39
Control 63.10+2.86 97.07+1.75 17.9+1.02 26.83+1.30

7.84 3.12 9.88 8.39

It is known that the intensity of substrate
used by individual links of the respiratory
chain is a marker of physiological parameters
and characterises the fertilising ability of germ
cells [17]. From the analysis of the activity of
oxidative enzymes of male carp sex products,
it was established that the samples of the ex-
perimental groups, compared to the control,
had higher values, which indicates the ability
of germ cells to use substrates of the environ-
ment to provide energy requirements through
the resynthesis of ROS in the respiratory chain

Animal Science and Food Technology. 2021. Vol. 12, No. 2

of mitochondria by adding hulled oats to the
main diet.

This analysis demonstrated a significant
variability of redox processes in male carp
ejaculates. The highest activity of sperm en-
zymes was noted in the samples of the II ex-
perimental group. Thus, the average value of
the SDH was 16.0 units/h x 0.1 ml of sperm,
with a minimum value of 16.8 recorded in
the I experimental group, and the maximum
value — 19.85 units/h x 0.1 ml of sperm - in the
IT experimental group. Despite the highest rate,
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the maximum value of variation was recorded
in this group - 25.87%, compared to 7.31 and
9.88% in the experimental groups. The activity
of the COX during the research demonstrated
similar dynamics. With lower variability, com-
pared to SDH, the maximum values were char-
acterised by the samples of the II experimental
group. The index of this group exceeded the
index of the control group by 17.9%, and by
15.9% - of the I experimental group (Table 3).
Therewith, the quality of sperm depends
both on the activity of enzymes and on the
content of proteins and their fractions involved
in protein metabolism. The analysis identified
that the addition of hulled oats to the diet in-
creases the content of protein fractions in se-
men. In particular, depending on the share of
hulled oats in the main diet, the albumin con-
tent varied from 7.07 in the control to 9.80%
(experiment with 30% content). A similar

upward trend was recorded among the values
of y-globulins (46.7-50.97%). Among the group
of a-globulins, there is a tendency to decrease
this indicator, depending on the content of
the fodder supplement. Among the results of
this group, there were significant differences
among the values of the coefficient of varia-
tion. Thus, in the control group, it ranged from
1.39 to 4.96%, in experimental I — from 7.14 to
19.89, and in experimental II — from 4.56 to
21.88%. Instead, the trend in the distribution of
soluble sperm protein fractions, depending on
the feeding of hulled oats, could not be traced
among the values of B-globulins and prealbu-
min. Thus, the maximum value of these indi-
cators was respectively 7.47 and 24.64% in the
control, the minimum value for the content of
B-globulins (5.33%) — in experiment I, for the
content of prealbumin (22.01%) - in experi-
ment II (Table 4).

Table 4. Content of soluble protein fractions of carp sperm, % (n =4, M+ m)

E a 2 g E E c E
o S — = —_ — = = E
s =4 E; 2 2 s =)
£3 2 c 3 g c 2 2
X ® v ® % ® Z
[33 > <N =] o] =] [aW
Experiment I 49.27+1.76 5.33+0.50 4.60+0.42 3.57¥0.41 4.20+0.17 8.83+0.65 24.2+1.22
P 6.19 16.38 15.68 19.89 7.14 12.72 8.77
Experiment 50.97+1.11 7.35*0.69 3.57+0.27 3.10+0.08 3.20£0.40 9.80+0.57 22.01%1.59
1I 3.77 16.35 13.25 4.56 21.88 10.10 12.44
Control 46.70%+1.14 7.47+0.43 5.70%+0.16 4.17+0.03 4.25+0.04 7.07+0.75 24.64+0.97
4.24 9.87 4.96 1.39 1.66 18.47 6.81
Conclusions

The obtained data confirm that proteins in
the fish body are in a dynamic state, which is
provided by the processes of constant synthe-
sis and decay. The latter are genetically deter-
mined and depend on the conditions of deten-
tion. In contrast to mammals, in fish, the share
of amino acids only in the substrate of energy
metabolism can be 50-90%.

It was established that additional feeding of
hulled oats in the amount of 30% is effective.
In particular, the addition of this proportion
to the basic diet increases the total sperm ac-
tivity by 1.32% and the rectilinear motion by
2.9% compared to the control. Thus, consider-
ing the increase in sperm productivity, which is

Animal Science and Food Technology. 2021. Vol. 12, No. 2
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manifested in their higher activity, their ability
to fertilise increases accordingly. In addition,
there is an increase in the activity of enzymes
of the respiratory chain - succinate dehydroge-
nase and cytochrome oxidase, which indicates
an increase in the ability of germ cells to use
substrates of the environment to meet energy
needs through the resynthesis of ROS in the

respiratory chain of mitochondria. In addition,
the lack of a distinct trend in the distribution
of the total protein content and their fractional
composition in the testes of carp, depending on
the proportion of hulled oats in the main diet,
can be explained by the action of many envi-
ronmental factors, and depend on the season,
age and physiological state of the body.
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XapakTepucTHKa 0i0XiMiYHUX TOKAa3HUKIB ClIEPMONIPOAYKI{I IV THUKIB
KOpoNa 3a BUKOPHCTAHHS B FOJiBJIi FOJI03€PHOrO0 BiBca
BIIPO/IOB:K IlepeHEPeCTOBOrO epioxy

Harans I0piiBHa CupoBarkal, Irop IBanHoBuu I'punuHak!,
Hennc AnaroniitoBimu CupoBarkal, Ipuaa MuroaiiBaa SIpeMuyk?

TctuTyT prbHOTO rocrogapcrsa HAAH Vkpainu
03164, Byn. O6yxiBchbKa, 135, M. Kuis-164, Ykpaina

ucTuTyT Gionmorii TBapuH HAAH Ykpainu
79034, Byn. Bacuis Cryca, 38, m. JIbBiB, YkpaiHa

AHoTanisg. BigHOB/ieHHST TOMy/siLii  TIPiICHOBOOHMX TiAPOGIOHTIB Ta  BUPOIILYBaHHS
BMCOKOIIPOIYKTUBHUX TUTITHUKIB € KJIIOYOBMM €TaroM IPOLeCy BiTHOBJIEHHSI HOBOT'O TMTOKOJiHHS
pub, TOMY 3ajaua MiABUIIEHHS PiBHS 3aIUIiAHIOBAHOCTI 3aBXIM aKTyalbHa IJIsI pUOOIOBEIIbKOT
ranysi Vkpainu. MeTa [OCTIIKEHHS — TIPOBECTM TOMMOMIeHuit aHami3 ¢isionorivumux
XapaKTePUCTUK eSIKYISITIB OMXaJbHOI Ta PENpOAyKTMBHOI 3MATHOCTi, MOCTIAUTM aKTUBHOCTI
€H3MMIB IMXa/JIbHOTO JIQHI[IOTa MiTOXOHJPilt, BCTAHOBUTH BifCOTOK BVM>KMBAHHS CIIepMaTO30iiB
MpY 3aCTOCYBaHHi IMOIMepesHbO OUMILEHOTO BiBCa, SIK OCHOBHOTO KOMIIOHEHTY B pallioHi Kopora
BIIPOZOBX IepeHepecToBOro nepiony vV OOCTiIKeHHSIX BUKOPUCTOBYBAIM CaMIliB HUBKiBCbKOTO
BHYTPIIIHbOTIOPOIHOTO TUITY YKPAaiHChKOI JTYCKATOi IMMOPOAM KOPOTIA, SIKUX YTPUMYBAIU BITPOIOBK
repeIHepecTOBOro epiomy B cTaBoBuX yMoBax «II1 «II' Huka» IPT HAAH. Oco6uH 6yi1o nofisieHo
Ha 3 rpymu. [Tepuiit rpyni (Jocriz I) sromoByBanu 100 % ronosepHoro BiBca, apyriii (Jocmin IT) —
30 %, KOHTpOMNbHIIi TpyTi pu6 (KOHTPOJIb) 3TOJOBYBAIY 3€PHOBY CyMilll. [IpoBeIeHO OI[iHKY SIKOCTi
CTaTeBUX ITPOAYKTIB caMIIiB KOpOIa Cltoco60M BM3HAUYeHHS BIUTMBY A0JaBaHHS 1O IXHbOTO pallioHy
rOJI03€pPHOTO BiBCa BIIPOJIOB3K IepeHEPECTOBOrO Mepiony. JocmiikeHO MOKa3HMKY PYXJIMBOCTI Ta
3aIUTiTHIOBAJIbHOI 3IaTHOCTI CIIEPMU, BMICT Y-, B- i a- mI06GymiHiB, anb6yMiHy, MpeanboyMiny Ta
(isionoriuHi xapakTepUCTUKA eSIKYISITIB IUXAIbHOI i BiIHOBHOI 34aTHOCTI, aKTMBHOCTI €H3MMiB
IMXaNbHOTO jaHUpora mitoxoHapiit (IXO ta CAT). 3 omisny Ha MiABUIEHHST TTPOAYKTUBHOCTI
criepmiiB  pub, 30KpeMa 36i/MbIIeHHST KiJIbKOCTI CIIepMiiB 3 MPSIMOJiHiIHO-ITOCTYaJbHUM
pPyXOM, 3HMKEHHSI KiIbKOCTi HEXXMBMX CTepMiiB Ta 3MiHM 6inKoBOi GOpMyaM CTaTeBUX KIITUH
YCTaHOBJIEHO, 1110 IOLJIBHUM € 0faBaHHs roJI03ePHOr0 BiBca 10 OCHOBHOTO PallioHy B KiJIbKOCTI
30 %. 3rigHO 3 pe3yJabTaTamMu MPOBEAEHUX NOCTiIKeHb BCTAHOBJIEHO, 10 AOJaBaHHS O CKJIaLy
KOPMiB rojio3epHOro BiBca BITPOIOBK [TepeIHepeCTOBOTO MepioAy IMO3UTUBHO BIUIMBAE Ha KiIbKiCHi
Ta SIKiCHi MIOKa3HMKY CTaTeBUX MPOAYKTIB CAMIIiB KOPOIIa, Pe3yabTaTH JOCTiIKeHb MOXKYTh OYTHU
KOPUCHUMM, SIK IJIST CTYIEHTIB TaK i IS MpalliBHUKIB pubomnepepobHoi ramysi Ykpainm
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