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Genetic variations among breeds within a species can im-
pact not only productivity traits, such as milk yield and quality,
but also animal health, including fertility. This study aimed to
compare the reproductive characteristics of bucks from the
Saanen and Alpine breeds. Sperm concentration and motility
were assessed using light microscopy, viability was determined
using eosin-nigrosin staining, and morphological parameters
were evaluated using the Spermac Stain method. DNA frag-
mentation was measured using the Halosperm kit. Artificial
insemination of goats was conducted with fresh semen during
natural estrus. Statistical analysis was performed using the
Graph Pad Prism software. The results revealed that Alpine
bucks exhibited significantly higher semen volume, sperm con-
centration, viability, and motility (P<0.05). No significant differ-
ences (P=0,05) were observed between the breeds regarding
the number of spermatozoa with normal morphology and the
rate of DNA fragmentation. Cryobiological analysis of spermato-
zoa from Saanen bucks suggested a higher cryoresistance
compared to the Alpine breed. Following artificial insemination
of goats, the pregnancy rate for the Saanen breed was 61.8%,
which was twice as high as that observed in Alpine goats —
28.8% (P<0.05). These findings demonstrate significant dif-
ferences in reproductive characteristics between Saanen and
Alpine goats. Despite superior sperm characteristics, the preg-
nancy rate after artificial insemination was significantly lower in
the Alpine breed compared to the Saanen breed. Consequently,
it is crucial to consider these variations in essential reproduc-
tive characteristics when implementing breeding programs
and employing reproductive biotechnology in animal husbandry
to ensure their successful application and effectiveness.

Key words: sperm, reproductive characteristics, cryopreser-
vation, pregnancy, goats, bucks, Saanen breed, Alpine breed

Introduction

Breeding in livestock makes it possible to develop
breeds of domestic animals that have high productive
characteristics and allows to improve their genetic value
through breeding programs and reproductive biotech-
nology [5, 16]. Intraspecies genetic differences between
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breeds can affect not only productivity characteristics,
such as milk yield and its quality [8], but also animal
health, particularly fertility [15]. Saanen and Alpine
breeds of goats belong to the same species Capra ae-
gagrus hircus [1]. The Saanen goat breed is a Swiss
breed and is widely used in dairy farming due to its
ability to produce large quantities of high-quality milk.
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A common feature of this breed is its adaptability to dif-
ferent environmental conditions. The Alpine goat breed,
also known as the French Alpine or Alpine Chamois, is
originated from the French Alps. Alpine goats are known
for their milk production, adaptability, and endurance [17].
Sperm cryopreservation is widely used in animal
breeding as one of the methods of assisted reproduc-
tion, because it allows for more efficient animal repro-
duction [7, 18]. Cryotolerance of spermatozoa depends
on their initial morphological characteristics, such as
size and shape, and functional characteristics, such
as motility, DNA integrity, and membrane lipid compo-
sition, which are seasonally dependent [3; 11].
Considering the importance of these characteristics
when applying assisted reproductive technologies and
choosing the most promising ones for further breeding,
the study of reproductive peculiarities of different goat
breeds is an essential task. Therefore, the aim of our
study was to compare the sperm reproductive charac-
teristics of Saanen and Alpine breeds of bucks.

Materials and methods

All manipulations with animals and their biological
material were carried out according to the permission
of the Bioethics Committee of the Institute for Problems
of Cryobiology and Cryomedicine NAS of Ukraine (Pro-
tocol no. 1 from 28.01.2021) and in compliance with the
main provisions of the Law of Ukraine “On Protection
of Animals from Cruelty” (no. 3447-1V from 21.02.2006)
and the European Convention for the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986).

Ejaculates were obtained using an artificial vagina and
a goat in estrus for attraction from four mature Saanen
bucks (n=48) and three Alpine bucks (n=36) once a week
during the breeding season (September-December)
at the “Tetyana 2011” farm (Cherevky village, Kyiv re-
gion, Ukraine). All animals were kept under the same
conditions and had the same nutrition [13].

The volume of semen was determined. The concen-
tration and motility of spermatozoa were counted using
a Makler chamber (Sefi medical instrument, Israel).
Sperm viability was assessed in stained with eosin-
nigrosin VitalScreen (FertiPro, Belgium) smears under
a light microscope (x400). The number of spermatozoa
with normal morphological parameters was counted un-
der a light microscope with a magnification x1000 in the
smears, which were fixed and stained using the Spermac
Stain kit (FeriPro, Belgium) according to the manufac-
turer’s protocol. The level of DNA fragmentation was
determined using the Halosperm kit (Halotech, Spain)
according to the protocol provided by the manufacturer.

For the cryopreservation, sperm were isolated from
the seminal plasma by centrifugation for 10 min at 200g,
diluted with HEPES-based medium (WASH, IVF Biosci-
ence, United Kingdom) supplemented with 10% glycerol

20

and 20% egg yolk to reach a final concentration of
200x%10°¢ sperm/ml. The sperm suspension was equili-
brated for 15 min at room temperature (25°C), loaded
into 0.25 ml straws (Minitube, Germany), and equilibrated
again for 2 h at 5°C, placed horizontally 4 cm above
the level of liquid nitrogen for 15 min, and then plunged
into liquid nitrogen. Thawing was performed on a water
bath at 37°C for 30 sec. The supernatant containing the
cryoprotectant was removed after centrifugation at 200g
for 5 min with 2 ml of washing medium (WASH, /VF Bio-
science, United Kingdom). Sperm motility and viability,
morphological characteristics, and DNA fragmentation
level were evaluated after cryopreservation.

To perform artificial insemination of Saanen (n=131)
and Alpine (n=78) goats aged 2—3 years in natural estrus,
the obtained fresh sperm after analysis mentioned above
was diluted with Andromed diluent (Minitube, Germany)
to achieve a final concentration of 200%x108 sperm/ml,
loaded into 0.25 ml straws, and artificial insemination was
performed using the cervical method. After 60 days, ultra-
sound diagnostics was performed to detect pregnancy.

Statistical analysis was performed using Graph Pad
Prism software (GraphPad Software, USA). The data
were presented as meanzstandard deviation for all pa-
rameters except those related to pregnancy after artifi-
cial insemination. The data were tested for normality of
distribution using the Shapiro-Wilk test. To compare two
samples, a non-parametric test was used to compare
samples with non-normal distribution — the Mann-Whitney
U-test, the difference was considered significant at P<0.05.
Fisher’s exact test was used to compare the parameters
related to pregnancy, the difference was considered
significant at P<0.05.

Results and discussion

Comparing the parameters of the fresh semen of the
studied breeds, we found a significant difference between
the following reproductive characteristics: sperm volume,
concentration, sperm motility and viability (table 1).

Thus, the Alpine bucks had a significantly higher
semen volume, sperm concentration, sperm motility
and viability compared to the Saanen bucks (P<0.05).
There was no significant difference between the breeds
in the normal morphology rate of spermatozoa and the
sperm DNA fragmentation rate.

It is considered that semen volume and sperm con-
centration are not affected by season and feeding [20].
Sperm motility also does not depend on the diet of the
bucks, but varies in different breeding seasons. Our re-
sults may indicate that despite the similar physiological
functioning of the reproductive system of different breeds,
the genetic characteristics of the breed have an impact on
some semen characteristics. This is confirmed by a study
conducted with three different breeds, which demonstrat-
ed that Alpine bucks had higher quantitative sperm pa-
rameters (sperm volume, sperm concentration) but lower
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qualitative characteristics (sperm motility) compared
to the same parameters for Saanen and Damascus
breeds [6]. Similar to the results of our study, there was
found no difference in sperm DNA fragmentation rate
between the Zaraibi and Baladi goat breeds [19].

Analyzing the morphofunctional parameters of sperma-
tozoa after cryopreservation, no significant difference was
found between the two breeds as for the motility and via-
bility of spermatozoa, the amount of morphologically nor-
mal spermatozoa, and the number of spermatozoa with
fragmented DNA. However, considering the parameters
of sperm before cryopreservation, it can be concluded that
the cryotolerance of spermatozoa of the Saanen goats is
higher, although the difference is not significant (table 2).

In this study, conducted during the breeding season,
fresh semen was used to inseminate goats. However,
during the non-breeding season, it is planned to use
cryopreserved biomaterial.

To ensure a high fertilization rate after cryopreservation,
spermatozoa must have a high cryotolerance. Our previous
studies have shown that to achieve higher fertilization rate
using cryopreserved sperm of Saanen goats, it is recom-
mended to collect semen during the breeding season [2].
In general, sperm resistance to cryodamage is associated
with seminal plasma proteins that provide protection against
oxidative stress during cryopreservation [18]. In addition,
better sperm cryotolerance is demonstrated when the
translation of aquaporin proteins (AQP3, AQP7, AQP11) is
upregulated, as they presumably facilitate the penetration
of cryoprotectants into the cell during equilibration [14].

After the artificial insemination of goats, the preg-
nancy rate was significantly higher (P<0.05) in Saanen
goats and twice as high as in Alpine goats. There was
no significant difference in the occurrence of pseudo-
pregnancy, singleton and multifetal pregnancy between
the studied breeds (table 3).

The pregnancy rate in small ruminants depends on
both the male factor, i.e. semen parameters, and the fe-
male factor, i.e. follicular development, egg maturation, and
hormonal regulation of endometrial development. It has
been shown that the expression of genes responsible for
follicular development and atresia differs in different goat
breeds, and thus is genetically determined [21]. However,
the results of other groups of scientists also highlight the
influence of environmental conditions, such as husbandry,
climate, and feeding, on the pregnancy rate [10]. The inci-
dence of pseudo-pregnancy in our study was much lower
(approx. 7%) than in a study conducted on Saanen goats
in northeastern Brazil (approx. 30%) [9]. This may indicate
that environmental conditions have a considerable impact
on this parameter. This is confirmed by a study conducted
on three breeds of goats, which found no correlation
between the pseudopregnancy rate and genetic or pheno-
typic traits of goats, but revealed a link with out-of-season re-
production, when estrus stimulation is performed by admin-
istering hormones [4]. Regarding the occurrence of single-
ton and multifetal pregnancies, the results of our study are
consistent with the research of a group of scientists who
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Table 1. Fresh semen parameters of Saanen and Alpine bucks

Semen parameters Breed
Saanen Alpine
Semen volume, pl 8504375 1575+275*
Sperm concentration, x10%ml 1.7£0.5 3.2+0.2*
Sperm motility, % 80.4+4.1 91.14£3.1*
Sperm viability, % 88.3+2.9 95.9+3.9*
Sperm with normal morphology, % 93.4+1.1 95.1+0.9
Sperm DNA fragmentation rate, % 2.8+0.16 3.1+0.2

Note. Here and further * — the difference is significant (P<0.05)
compared to Saanen goats.

Table 2. Sperm parameters of Saanen and Alpine bucks
after cryopreservation

Sperm parameters Breed
after cryopreservation Saanen Alpine
Sperm motility, % 65.5+5.8 67.2+6.8
Sperm viability, % 85.2+5.1 83.2+4.8
Sperm with normal morphology, %  86.9+2.4 89.5+3.4
Sperm DNA fragmentation rate, % 6.2+1.9 7.142.4

Table 3. Parameters related to pregnancy
after artificial insemination of goats in natural estrus
with fresh semen of Saanen and Alpine bucks

Parameter Breed
Saanen Alpine
Pregnancy rate, % (n) 61.8 (81/131) 28.2 (22/78)*
Pseudopregnancy rate, % (n) 6.9 (9/131) 7.7 (6/78)
Singleton pregnancy rate, % (n) 46.9 (38/81)  40.9 (9/22)

Multifetal pregnancy rate, % (n) 53.1 (43/81) 59.1 (13/22)

showed the effect of hormonal stimulation on increasing
the frequency of multifetal pregnancies, but did not find any
difference for this parameter between the three breeds
after artificial insemination in natural estrus [12].

Thus, the study of breed-specific reproductive char-
acteristics allows us to identify specific genetic features
of breeds that affect the effectiveness of reproductive
biotechnology in livestock. This provides an opportu-
nity to select males and females for further breeding,
improve the genetic potential of the herd, and develop
effective breeding programs.

The reproductive characteristics of spermatozoa of
Saanen and Alpine goats differ significantly. Despite the
better characteristics of the semen, the pregnancy rate for
Alpine breed after artificial insemination was significantly
lower than for Saanen. The spermatozoa of Saanen goats
are characterized by a higher survival rate after cryopres-
ervation compared to the same characteristic of the Alpine
breed, which may have an impact on the effectiveness
of artificial insemination with cryopreserved sperm. For the
successful implementation of breeding programs and the
effective use of reproductive biotechnology in animal hus-
bandry, it is important to take into account the breed-specific
differences in the main reproductive characteristics.
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BHyTpilLHbOBMAOBA reHeTUYHa Pi3HULIA MiXK TOpOAaMM MOXE BMMBATW HE TiNbKu Ha XapakKTepUCTVKU NPOAYKTUBHOCTI — Hanpuknag,
Ha KinbKiCTb Ta AKICTb HaAo10, ane 1 Ha 300pOB’A TBapuH, 30Kpema ixHIo depTunbHiCTb. MeTa gocnigkeHHs — MOpIBHATY pENpPOAYKTUBHI
XapaKTepuCTVKM 3aaHEeHCbKOI Ta anbnincebkoi nopig. KoHueHTpaLilo Ta pyxnuBiCTb CriepMaTtosoifiB BU3Ha4Yany 3a JONOMOroK CBITIOBOT
MIKPOCKOMii; XXUTTE3AaTHICTb — Y 3abapBneHnX e03VH-HIrpO3MHOM; MOPAOIOriyHi NapaMeTpu — MeToaoM Spermac Stain, BU3HAYEHHsI
piBHs doparmeHTauii JHK nposoaunu 3 BukopuctaHHsM Habopy Halosperm. LLUTy4He ociMEHIHHS Ki3 NPOBOAUMWN HATUBHUM ESIKYNSITOM B
ecTpyci cammub. CTatucTuyHy 06pobKy AaHnx BUKOHyBanu y ripoepami Graph Pad Prism. BcTaHOBNEHO, LLO Lanu anbmnincbkoi nopoau
Manu CTaTMCTUYHO BGinbLUnA 06’eM esIKyNATY, KOHLEHTpaLito cnepMaTo30iiB, XUTTE3AATHICTb Ta pyxnusicTb (P<0,05). He 6yno BusieneHo
CTaTUCTMYHO BiporigHoi pisHuLi (P=0,05) Mixk nopogamm y KinbKoCTi crnepmaTo3oifis 3 HopMarbHUMU MOPAOONYHUMM XapaKTepPUCTUKaMM
Ta piBHeM (parmeHTauii JHK cnepmatosoigis. KpioGionoridHi xapakTeprcTvkiM cnepmaTos0ifis Lianie 3aaHeHCbKOI Nopoay Manu TeHaeH-
Ljto A0 BinbLUOi Kpiope3ncTeHTHOCTI. MMicns LWTY4YHOro OCiMEHIHHS Ki3 YacToTa BariTHOCTEN Y CAMOK 3aaHEHCBKOi nopoam cknana 61,8%,
Lo BABIYi NepeByLLYyBano 4YacToTy HAaCTaHHSA BariTHOCTI Y Ki3 anbnincbkoi nopoan — 28,8% (P<0,05). PenpoayKTuBHI xapakTepucTykm
Crnepmartos30iiB LianiB 3aaHeHCbKOI Ta anbniliCbKoi MOpiA CTAaTUCTUYHO BiAPI3HAIOTLCA. HeaBaxatoum Ha KpaLli XapakTepuCTUKN esKymnaTy,
YacToTa HacTaHHS BariTHOCTI CamuyLb anbniiCbKoi NOPOAW NiCAS LWTYYHOrO OCiMeHiHHS Byna BiporiaHO HKYOH, HiXX 3aaHEeHCHKOI mopoau.
[ns ycnilwHoro BNpoBafKeHHs NporpaM po3MHOXEHHS Ta eheKTUBHOIO BUKOPUCTAHHSA GiOTEXHOMNOrIN Y TBAPUHHULTBI BaXIMBUM €
KOMMJIeKCHEe BpaxyBaHHsi BHYTPILLHbOBUAOBOI Pi3HWLL OCHOBHUX PENPOAYKTUBHUX XapaKTEPUCTUK.
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anbnicbka nopoaa
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