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The aim of the study was to find out the effect of adding
nanocitrate of Mn, Zn and Cu to the diluent for ram spermatozoa
cryopreservation on its quality and ability for fertilizing. The exper-
iment was carried out on six clinically healthy breeder 2—4-year-
old rams of the Texel breed. The received ejaculates of the rams
were evaluated for the volume, sperm concentration and motility
and then divided into control and experimental groups. Control
sperm samples were diluted with lactose-yolk-tris-citrate-glycerin
medium (LYTCGM). Nanocitrates of microelements were added
to the medium in experimental samples of ram sperm in the
following doses: Zn?* and Mn?* — 2.5, 5.0 and 7.5 pg/l, Cu** —
1.25, 2.5 and 3.75 pg/l. The diluted sperm was packaged in
straws, equilibrated for 2.5 h and frozen. After thawing of sperm
we determined motility, survival of sperm, activity of succinate
dehydrogenase (SDH) and cytochrome oxidase (CO), activity
of antioxidant protection enzymes superoxide dismutase (SOD),
glutathione peroxidase (HPO) and catalase (CAT). Adose-
dependent effect of Mn, Zn, and Cu nanocitrates upon their addi-
tion to LYTCGM was established. Addition of nanocitrates of Mn,
Zn to LYTCGM at a dose of 5.0 ug/l increased sperm motility
by 22.2% (P<0.05) and 26.0% (P<0.01), and sperm survival, re-
spectively, by 12.6% on (P<0.01) and 5.9% (P<0.05) compared
to the control. Nanocitrates of Mn, Zn at a dose of 5.0 ug/l as
part of LYTCGM caused a probable increase in SDH (P<0.001)
and CO (P<0.05-0.01), which indicates a high fertilizing ability
of ram spermatozoa. Similarly, when Mn, Zn nanocitrates were
added to LYTCGM at a dose of 5.0 ug/l, SOD activity decreased
by 29.6% (P<0.01) and 38.8% (P<0.01) and HPO activity in-
creased by 43.5% (P<0.01) and 39.1% (P<0.01), and CAT — by
40.0% (P<0.05) and 37.5% (P<0.05), respectively. At the same
time, the addition of Cu nanocitrate to LYTCGM with an increase
in the dose significantly reduces the activity, survival and fertil-
izing capacity of thawed ram spermatozoa, and also worsens
their antioxidant protection.

Key words: ram, sperm, nanocitrate Mn, Zn, Cu, fertilizing
ability, motility, antioxidant protection

Introduction

increasing of the genetic value of farm animals all over the
world. At the same time, artificial insemination requires the

Artificial insemination is major biotechnics in assisted re- constant availability of cryopreserved sperm for breeders
productive technology which had the greatest effect on fast [23]. However, cryopreservation of the rams’ sperm is still

bionozia meapuH, 2023, 1. 25, N2



Sharan O., Stefanyk V., Murawski M. The quality of thawed ram spermatozoa after the addition of nanocitrates to cryopreservation diluent

not effective to be commonly used in insemination because
of its high sensitivity for cooling and thawing after cryopres-
ervation process. Because of that intensive research is car-
ried out in many labs to solve that problems [2].

The process of sperm freezing causes ultrastructural,
biochemical and functional changes in spermatozoa [29].
Sperm plasma and acrosome are especially cryosensitive,
as a result of which the permeability of cell membranes
increases and spermatozoa motility and their morphology
are disturbed [30, 8]. Damage to plasma membranes is
accompanied by the leakage of enzymes, including those
that directly participate in fertilization processes. In addi-
tion, mitochondria, the main energy-generating organ-
elles of germ cells, are impaired or destroyed [27].

To ensure adequate protection of spermatozoa from
adverse factors in low temperatures, various diluents
for cryopreservation are used, which effectiveness
depends on their composition [37].

An important role in the regulation of metabolic pro-
cesses in sperm belongs to trace elements such as
Zn%*, Mn?* and Cu?*, which are cofactors of glycolysis
enzymes, the respiratory chain of mitochondria and an-
tioxidant protection, and also provide energy needs and
utilization of cytotoxic metabolites of cells [26]. In partic-
ular, Zn?* is included in the active centers of numerous
enzymes of glycolysis and the pentose phosphate path-
way of glucose oxidation, Cu?* ensures the activity of
enzymes of the respiratory chain and proteinases, and
Mn?* is a part of enzymes of the Krebs cycle. In addi-
tion, the indicated microelements as Cu?, Zn? and Mn?*
are part of the first link of enzymatic antioxidant protec-
tion which is superoxide dismutase (SOD), i.e. they are
cofactors of the enzyme that converts O, and by this
inhibits the formation of active forms of oxygen [5, 19].
It is also known that SOD in sperm is present in three
isoforms, which contain ions in the catalytic center: Mn?*
in mitochondria; Zn?* and Cu?* in cytoplasmic and exo-
cellular matrix [33, 20]. These studies proved that the
survival and, accordingly, the capacity of spermatozoa
for fertilizing of germ cells depend on the activity of the
specified enzyme and the ratio of its isozymes.

In the process of preparing ejaculates for cryopreser-
vation, the concentration of these ions decreases, which
leads to a decrease in enzyme activity and ultimately dis-
rupts the process of substrate transformation and ATP
resynthesis. Therefore, trace elements are added to ejac-
ulate diluents to maintain high physiological characteris-
tics and fertilizing ability of sperm. However, the use of
inorganic salts of microelements as part of diluents is inef-
fective, which is due to their short-term contact with germ
cells after sperm dilution, low permeability through mem-
branes and the ability to be included in metabolism [28].

The disadvantages of using inorganic salts of trace
elements in ejaculate diluents can be eliminated by us-
ing organic nanoforms of metals, in particular as nano-
citrates, which will make easer their involvement in the
metabolic processes of sperm [10, 15, 17, 22, 32, 36].
The investigation of Kosinov and Kaplunenko showed
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that toxic doses of nanoaquacitrates are 6 to 8 folds
lower than their substitutes of mineral salts forms [17].
In this regard, it is of interest to study the influence of
nanocitrate of Mn, Zn, and Cu as part of sperm diluents
on the quality of ram spermatozoa. Therefore, the aim of
the study was to find out the effect of adding nanocitrate
of Mn, Zn and Cu to the diluent for cryopreservation of
ram sperm on the quality and its ability for fertilization.

Materials and Methods

The study was conducted on six clinically healthy Texel
rams, from 2- to 4-year-old, which were kept in three
cages for two males in each one. Semen from rams was
collected with artificial vagina (Minitube, Germany) and
each ejaculate was evaluated separately for its volume,
motility, concentration and total number of spermatozoa.
Only ejaculates with spermatozoa concentration of at least
2.5 billion/ml were used for investigation. After evaluation,
semen was diluted with a lactose-yolk-tris-citrate-glycerol
medium (LYTCGM) to final spermatozoa concentration
of 8x107/ml. Each diluted ejaculate was divided into one
control and nine experimental groups. Three groups of di-
luents were prepared for each nanocitrate microelements
of Zn, Mn and Cu in amount as follow: 2.5; 5.0; 7.5 ug/l
and 1.25; 2.5; 3.75 ug/l, respectively. Nanocitrates of Mn,
Zn and Cu were prepared by the method of erosion-
explosive aqua nanotechnology by “Nanotechnologies
and nanomaterials” LLC (Kyiv, Ukraine) [17].

Diluted semen was packed into 0.25 ml volume
straws (Minitube, Germany) and cooled for 2.5 h at
a temperature of +4°C. After that, straws were placed
in nitrogen vapor for 30 min, then were put into liquid
nitrogen. After thawing in a water bath at temperature of
40-42°C for 20 sec, sperm motility, survival of sperma-
tozoa, activity of succinate dehydrogenase (SDH) and
cytochrome oxidase (CO), activity of antioxidant protec-
tion enzymes superoxide dismutase (SOD), glutathione
peroxidase (GPO) and catalase (CAT) were evaluated
in each control and experimental group.

Semen analysis

The volume of ram ejaculate was determined with
a graduated test tube, and the spermatozoa concentration
was determined spectrophotometrically using a photome-
ter SDM 6 with a touch display (Minitube, Germany). Germ
cell motility, morphological abnormalities and the percent-
age of degenerate spermatozoa were determined by the
computerized system CASA (Computer Assisted Semen
Analysis) with activation of the Sperm Vision module [40].

After thawing semen was kept in refrigerator at tem-
perature of +4°C and its survival was checked every
hour under a microscope at magnification of 200-fold
until the complete death of germ cells.

The activity of antioxidant protection enzymes was
determined according to the methods described by Wirth
and Mijal [38]. In particular, SOD activity was determined
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by the amount of nitroformazan formed in the reaction be-
tween phenazinemetasulfate and NADH using a calibra-
tion curve, for which a standard solution of SOD (Sigma,
USA; C1345) was used and expressed in 1U/mg protein.
Photometry of the samples was carried out at a wave-
length of 540 nm on a spectrophotometer SF-46.

The activity of GPO was determined by using the ElI-
man reagent (0.01 M solution of 5,5-dithiobis-2-nitroben-
zoic acid (Acros Organics, Belgium) The staining intensity
was measured at 412 nm on a spectrophotometer SF-46.
The sample was added to the control sample before
protein precipitation.

The activity of CAT was determined by the method
of Koroliuk et al. (1991). The staining intensity was mea-
sured at 410 nm on a spectrophotometer SF-46.

Statistical analysis

All obtained digital data were processed using the Sta-
tistica computer program using the method of variational
statistics and the Excel program from the Microsoft Office
2007 and 2010 service packages. Differences between
groups were considered statistically significant at P<0.05.

Results and Discussion

The highest motility of spermatozoa after thawing
semen, 56.7%, was noticed in diluent with 5.0 pg/L of
Zn nanocitrate, which was significantly higher (P<0.01),
and the lowest one, 35%, was observed in diluent
with 3.75 ug/L of Cu nanocitrate wich was significalntly
lower (P<0.05) than in control group (table 1).

More pronounced changes in the motility of thawed
ram spermatozoa were found with the addition of Zn
nanocitrate to LY TCGM diluent. In particular, sperm
motility increased by 12.9% (P<0.05), 26.0% (P<0.01)
and 3.8% compared to the control, after adding it in
amount of 2.5, 5.0 and 7.5 pg/l, respectively.

The addition of 1.25 pg/l Cu nanocitrate to the diluent
for cryopreservation of ram semen caused increase in

Table 1. Motility and survival of ram spermatozoa
after freezing in diluents with addition of Mn, Zn or Cu nanocitrate
(MxSD, n=6)

sperm motility in after thawing by 5.1%, but adding 2.5 and
3.75 pg/L of nanocitrate of Cu caused decrease in motility
compared to the control by 12.9 and 35.0% (P<0.05),
respectively. However, the highest time of spermatozoa
survival, 105.3 h (P<0.01), was observed in diluent with
5.0 pg/l Mn nanocitrate and the lowest, 64.7 h (P<0.001),
was in diluent with 3.75 pg/l of Cu nanocitrate which was
lower than in diluent in control group (table 1).

The study of the activity of SDH and CO enzymes,
which are markers of the fertilizing ability of spermatozoa re-
vealed dose dependent differences in thawed ram semen.
The highest activity of both SDH and CO enzymes were
observed in spermatozoa in group with 5.0 pg/L in diluent of
Mn nanocitrate on the level of 44 units (P<0.001) and 49.8
units (P<0.01) respectively than in control group (table 2).

The lowest activity of SDH and CO enzymes in com-
parison to control group were noticed in diluent with
3.75 pg/l on the level of 19.2 units (P<0.05) and 29 units
(P<0.01) respectively.

Addition of nanocitrates of Mn, Zn and Cu to LYTCGM
causes changes in the activity of antioxidant defense en-
zymes in thawed ram sperm. Thus, the addition of 2.5 ug/l
Mn nanocitrate caused a decrease in the activity of SOD
by 14.5% with a simultaneous increase in the activity of
GPO by 15.2% and CAT by 7.5% compared to the con-
trol (table 3). At the addition of manganese nanocitrate in
a dose of 5.0 pg/l, the difference in the activity of antioxi-
dant protection enzymes in thawed spermatozoa was the
highest compared to the control: the activity of SOD de-
creased by 29.6% (P<0.01), and the activity of GPO and
CAT increased by 43.5% (P<0.01) and 40.0% (P<0.05),
respectively. At the same time, with the addition of 7.5 pg/l
of Mn nanocitrate, the difference in the activity of antiox-
idant defense enzymes in thawed spermatozoa of rams
with the control was insignificant or absent: the activity of
SOD was 7.1% lower than the control, and GPO and CAT
were higher by 2.2% and 5.0%, respectively.

The similar changes in the activity of antioxidant
defense enzymes in thawed spermatozoa were also
found when Zn nanocitrate was added to the medium

Table 2. Activity of SDH and CO in thawed ram spermatozoa
in diluent with the addition of Mn, Zn or Cu nanocitrate
(MSD, n=6)

N:g:gt;ztlle, Spermatog/z)a motility, Sperm survival, hours inN;Fu%Cr:tttaggll SD|_I|Enzyme activity, umtsCO
25 47.5£1.12 96.0+1.93* 25 33.7+2.16** 43.2+2.77
Mn2* 5.0 55.0+1.83* 105.3+2.04** Mn2* 5.0 44.0£3.24*** 49.8+2.26**
7.5 44.2+1.54 101.3+2.90* 75 39.844.18** 39.7+1.69
2.5 50.8+1.54* 94.0+1.93 25 38.7£2.70** 41.3+£2.57
Zn?* 5.0 56.7+1.67** 99.0+2.96* Zn? 5.0 41.7+3.04*** 48.3+1.80*
7.5 46.7+2.11 95.2+2.64 7.5 39.244.04** 40.2+1.94
1.25 47.3+2.67 83.7+2.99* 1.25 31.5£1.89* 41.0+£2.25
Cu? 25 39.2+3.01 75.312.78*** Cu? 25 29.2+2.93* 35.5+1.75*
3.75 35.0+1.83* 64.7+2.78*** 3.75 19.243.67* 29.0+1.83**
Control 45.0+1.83 93.5+1.84 Control 25.5+1.59 40.0+2.52

Note. In this and the following tables *, ** and *** — superscripts indicate statistical differences P<0.05, P<0.01 and P<0.001, respectively.
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for cryopreservation of ram sperm. In particular, the ad-
dition of zinc nanocitrate in doses of 2.5, 5.0 and 7.5
Mg/l caused a decrease in SOD activity in thawed ram
sperm by 18.3% (P<0.05), 33.8% (P<0.01) and 10.4%,
respectively, and GPO activity, on the contrary, in-
creased by 13.0%, 39.1% (P<0.01) and 4.3%, respec-
tively. At the same time, CAT activity in thawed sperm
of rams significantly increased compared to the control
at doses of Zn nanocitrate 5.0 pg/l by 37.5% (P<0.05),
and at other doses only by 10.0 and 5.0%.

Addition of Cu nanocitrate to LYTCGM caused oppo-
site changes in the activity of antioxidant defense enzymes
in thawed ram sperm. Thus, with the addition of 1.25 ug/l
of cuprum nanocitrate, SOD activity increased by 6.2%,
while GPO and CAT, on the contrary, decreased by 10.9%
and 2.5%, respectively, compared to the control. With an
increase in the dose of Cu nanocitrate, the difference be-
came more significant: with the addition of 2.5 ug/l, the
activity of SOD increases by 18.8% (P<0.05), and the
activity of GPO and CAT decreases by 28.5% (P<0.05)
and 12.5%, respectively. The difference in the activity of
antioxidant protection enzymes in thawed spermatozoa of
rams with the control at doses of Cu nanocitrate 3.75 ug/l
is even greater: the activity of SOD is higher by 30.3%
(P<0.01), the activity of GPO and CAT is lower by 37.0%
(P<0.001) and 25.0% (P<0.05) , respectively.

The use of frozen-thawed ram semen is important in
modern sheep breeding, so effective cryopreservation of
ram spermatozoa is an important tool for developing of
this branch of breading and for the whole reproductive
technology [3]. It is known that diluents, dilution-cooling-
freezing and thawing methods play an important role in
the success of ram sperm cryopreservation [34]. To main-
tain high physiological characteristics of sperm, trace ele-
ments are added to ejaculate thinners. At the same time,
literature data indicate a negative effect of an excess of
trace elements on the physiological characteristics and
fertilizing ability of sperm [31, 40]. With an excess of cer-
tain elements, it is possible to disrupt the functions of mi-
tochondria, which leads to a decrease in the physiological

Table 3. Activity of antioxidant defense enzymes
in thawed spermatozoa of rams at the addition
of micronutrient nanocitrate (M+SD, n=6)

Micronutrient GPO KAT, pmol/
nanocitrate, Sc?f%ré?e/ir:g pmol/min>fmg minxrng of
dose, pg/l of protein protein

25 47.3+2.11 0.53+0.040 0.43+0.027

Mnz 5.0 38.5+1.77**  0.66+0.039**  0.56+0.037*
7.5 50.8+1.88 0.47+0.045 0.42+0.029

25 44.7+2.39* 0.52+0.028 0.44+0.024

Zn? 5.0 36.2+1.85"  0.64+0.038**  0.55x+0.043*
7.5 49.0%+1.75 0.48+0.038 0.42+0.031

1.25 58.1+2.44 0.41+0.024 0.39+0.033

Cu?* 2.5 65.0+2.88* 0.32+0.037* 0.35+0.040
3.75 71.312.68** 0.29+0.036*** 0.30+0.027*

Control 54.7+2.58 0.46+0.026 0.40£0.025
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characteristics and fertilizing ability of spermatozoa [24]. In
view of the above, many authors conduct research on the
effect of metals in the form of nanosized forms or nanopar-
ticles on the quality of mammalian sperm [6, 9, 12].

Today, an important role in ensuring the health and
productivity of animals is played by new directions of
obtaining and using biologically active substances, in
particular nanotechnology and nanomaterials [1, 4, 11,
13, 14, 18, 35].

In experiments with the sperm of bulls, the effective-
ness of using nanosuccinate of Mn, Zn, and Cu as part
of the diluent for cryopreservation of semen of breeding
bulls was determined, where the optimal doses of na-
nosuccinate of manganese and zinc were established,
which have a positive effect on the activity, movement
parameters, survival, and fertilizing ability of spermatozoa
[16, 40]. At the same time, the addition of Cu nanosucci-
nate to the medium for cryopreservation of spermatozoa
has a slight positive effect on bull sperm only at a low
dose, with an increase in the dose, the quality and fer-
tilizing ability of germ cells significantly decreases.

In view of the above, we conducted a study to study
the effect of adding nanocitrate of Mn, Zn and Cu to the
composition of the diluent for cryopreservation of ram se-
men on quality parameters and fertilizing ability of sper-
matozoa. It was found experimentally that the addition of
Mn and Zn nanocitrate at an optimal dose of 5.0 ug/L to
LYTCGM probably increases the motility of ram sperma-
tozoa after thawing, and also reduces the percentage of
sperm with morphological disorders. In contrast, the ad-
dition of Cu nanocitrate in increasing doses significantly
reduces sperm motility in thawed ram semen, simultane-
ously increasing the percentage of degenerate sperma-
tozoa. This is confirmed by the research of Leahy et al.,
which was established that an excess of Cu?* in diluted
ram semen causes sperm agglutination due to the oxida-
tion of free sulthydryl groups to disulfide ones and educed
its motility [20, 21, 39].

In our studies, the addition of Mn and Zn nanocitrate
at a dose of 5.0 pg/L to the medium for freezing ram
sperm increases spermatozoa survival, and the addi-
tion of Cu nanocitrate in increasing doses significantly
reduces the survival time, which confirms the results of
studies with bull sperm [16, 39].

Scientists have proven that SDH and CO are
markers for determining the fertilizing ability of sper-
matozoa of male farm animals [25]. In our studies,
the addition of Mn and Zn nanocitrate at a dose of
5.0 ug/L to LYTCGM increases the activity of SDH
and CO in ram sperm after thawing, and the addition
of Cu nanocitrate to diluent in Cu1 and Cu2 groups
significantly reduces the activity of these enzymes.

Sperm has an effective enzymatic system of antioxi-
dant protection (SAP), which destroys the excess of formed
active forms of oxygen and improves the quality of semen.
The main enzymes of SAP are SOD, GPO and CAT [7].
In our experiment, the addition of Mn and Zn nanocitrates
to the diluent for cryopreservation of ram semen intensifies

11



LLlapaH O., CtedaHvik B., Mypascki M.

AKICTb PO3MOPOXKEHMX CNIepMiiB 6apaHiB 3a A0AaBaHHS HAHOLMTPATIB A0 CEPEAOBULLA KPIOKOHCEPBYBaHHS

the activity of antioxidant defense enzymes in thawed
spermatozoa, which indicates their higher quality at the
optimal dose of 0.5 ug/l. At the same time, the addition of
Cu nanocitrate LYTCGM in higher doses increases the ac-
tivity of SOD and decreases the activity of GPO and CAT,
which indicates a decrease in sperm quality.

Thus, the addition of Mn and Zn nanocitrate at an op-
timal dose of 5.0 pg/L to the medium for cryopreservation
of ram sperm probably increases the motility of thawed
spermatozoa, their survival, the activity of SDH and CO in
germ cells, and also intensifies the activity of antioxidant
defense enzymes in sperm.

In summary, in our study we observed the highest
survival time of semen and highest activity of SDH, CO,
GPO and CAT enzymes in ram spermatozoa after thaw-
ing in diluent supplemented with 5.0 pug/l Mn and values of
those parameters in that group were much better than in
control group. Also, the addition of 5.0 pg/l Zn citrate to the
extender resulted in a significantly longer sperm survival
time after thawing and had a significantly beneficial effect
on increasing the SDH, CO, SOD, GPO and CAT enzy-
matic activity of ram semen after thawing, and the semen
survival time was significantly higher (P<0.05) compared
to the control group. Although the addition of 1.25 ug/l Cu
the sperm survival time was significantly shorter than in
the control group, an increase in SOD activity was ob-
served (P>0.05), while the activity of other enzymes did
not change significantly compared to the control group.

The obtained results indicate that the addition of Mn,
Zn or Cu nanocitrates has a positive effect on all or some
parameters of semen suitability for fertilization and also
extends its survival (Mn, Zn nanocitrate) after thawing.
Due to the multifactorial effect of the addition of Mn, Zn
and Cu nanocitrates on semen parameters, research
should be continued in order to explain their impact on
ram sperm metabolism and survival in the cryopreser-
vation process.

1. Addition of Mn and Zn nanocitrate in amount of
5.0 ug/l to LYTCGM increases the motility of ram sperm
(P<0.05-0.01) after thawing, and with the addition of
Cu nanocitrate in increasing doses, sperm motility sig-
nificantly decreases in thawed sperm of rams.

2. Addition of Mn and Zn nanocitrate at a dose
of 5.0 pg/L to the extender for freezing ram semen
increases sperm survival (P<0.05-0.01) but addition
of Cu nanocitrate in amount used in our experiment
significantly reduces its survival time.

3. The addition of Mn and Zn nanocitrate at a dose
of 5.0 ug/l to LYTCGM increases the activity of SDH
(P<0.01-0.001) and TSO (P<0.05-0.001) in thawed
ram sperm, and the addition of nanocitrate Cu in high-
er amount significantly reduces the activity of these
enzymes.

4. Addition of Mn and Zn nanocitrates in amount of
0.5 pgl/l to the extender for cryopreservation of ram semen
intensifies the activity of antioxidant defense enzymes in
thawed spermatozoa, which indicates their important role
for spermatozoa protection during cryopreservation.
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AkicTb cnepmiiB 6apaHiB nicnsa po3mMopoXyBaHHA 3a AoAaBaHHA HaHouuTpaty Mn?*, Zn?* Ta Cu?
[0 cepeaoBMLLa ANsl KPiOKOHCepBYBaHHS

O. lWapaH', B. CmegpaHuk', M. Mypascki?
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"bBIBCLKWIN HaLOHaNbHUIA YHIBEPCUTET BETEPUHAPHOT MeanLMHM Ta GioTexHonorii iMeni C. 3. IxuLbkoro,
Byn. MNMekapcbka, 50, m. JbiB, 79010, YkpaiHa
2KpakiBCbKMI CinbCbKkorocnogapcbkuii yHiBepcuTeT, an. Miukesuya, 21, m. Kpakis 31-120, MNonbLya

Mertoto poboTu Byno 3'acyBatu BNnNunB AodaBaHHsA HaHoumuTpaTy Mn, Zn Ta Cu o cepenoBwLLa Ansi KPIOKOHCEPBYBaHHSA Crepmu
GapaHiB Ha siKicTb Ta 3annigHIoBanbHy 30aTHICTb cnepmiiB. EkcnepumeHT npoBoaMny Ha LWECTU KMiHIYHO 300poBKX BapaHax-nnigHukax
BiKOM 2-4 poku nopoau Tekcenb. OTpumaHi eskynsTi 6apaHis ouiHOBanyu 3a 06’eMoM, KOHLEHTpaLi€elo Ta pyXJIMBICTIO CnepMi-
B i 4iNUnM Ha KOHTpONbHY i AocnigHi rpynu. KoHTponbHi 3pa3ku cnepmMu po3baBnsny NakTo30-KOBTKOBO-TPiC-LUMTpaTo-rniLepUHOBUM
cepepouem (JDKTLIC). Y gocnigHux 3paskax cnepmu 6apaHiB 4o cepefoByLLa JoAaBanu HAHOUUTPATU MiKpOENeMEHTIB y [03aX:
Zn% i Mn?* — 2,5, 5,0 Ta 7,5 mkr/n, Cu** — 1,25, 2,5, Ta 3,75 mkr/n. Po3baBneHy cnepmy chacyBanu y CONOMUHKU, ekBinibpysanu
BMpoAoBX 2,5 rof. i 3amopoxysanu. icns po3MOpoXyBaHHSA CNepMU BU3Ha4anm pyxnnBiCTb, BUXXUBAHHS CNEPMIiB, akTUBHICTb
cykumHataerigporeHasun (CAIN) Ta umtoxpomokeuaasm (LIO), akTUBHICTb €H3MMIB aHTUOKCUAAHTHOTO 3aXMCTY CynepoKCcMaAMCMYTasm
(COL), rmyTationnepokcuaasm (I'MO) i katanasn (KAT). BctaHoBNeHO fo303anexHy Aito HaHouutpartie Mn, Zn Ta Cu 3a gogaBaHHs ix
oo JDKTUIC. JopaBaHHst HaHouwmTpatie Mn, Zn go JDKTUIC y posi 5,0 MKr/n akTuBHIiCTb cnepmiiB nigsuwimnacs Ha 22,2% (P<0,05)
Ta 26,0% (P<0,01), a BwkMBaHHA cnepmiis — BignoBigHo, Ha 12,6% (P<0,01) ta 5,9% (P<0,05) nopiBHsAHO 3 KOHTponem. HaHouutpatu
Mn, Zn 'y gosi 5,0 mkr/n y cknagi JXKTUIC cnpuymtiunu siporigHe 3poctanHs CAOIM (P<0,001) i LO (P<0,05-0,01), wo Bka3dye Ha BUCOKY
3annigHoBanbHy 34aTHICTb cnepMiiB 6apaHiB. AHanoriyHo, 3a gogaBaHHA HaHouuTpaTtie Mn, Zn go JDKTUIC y posi 5,0 mkr/n ak-
TuBHiCTb CO[] 3HM3unacs Ha 29,6% (P<0,01) Ta 38,8% (P<0,01), aktusHicTb [T1O nigsuwmnacs, signosigHo, Ha 43,5% (P<0,01) Ta
39,1% (P<0,01), KAT — BignogigHo, Ha 40,0% (P<0,05) Ta 37,5% (P<0,05). BogHo4ac nogaBaHHs HaHoumTpaty Cu go JDKTLUIC 3i
36inbLUEHHSIM J03M BiPOTiAHO 3HWXKYE aKTUBHICTb, BUXXMBaHHSI Ta 3annigHoBanbHy 34aTHICTb AEeKOHCEPBOBaHKX CNepMIiB 6apaHiB, a Takox
MoripLly€e NOKasHWKM iX aHTMOKCUAAHTHOTO 3aXUCTY.

KniouoBi cnoBa: 6apaH, cnepma, HaHouuTpat Mn, Zn, Cu, 3annigHoBanbHa 34aTHICTb, PyXITUBICTb, aHTUOKCUAAHTHUIA 3aXUCT
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