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Semen quality in sheep
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Abstract

Reproductive evaluation, the selection
of individual breeders, and reproductive
biotechnologies are important tools in
developing productive and reproductive
rates. When choosing a male as a breeding
future, determining its general health status
and genotypic and phenotypic superiority
are necessary. This study evaluated the
conventional and functional seminal quality
in ovine males. The semen of eleven ovines
of different pure races was collected by
electroejaculation. The following average
values were observed for each conventional
parameter: scrotal circumference (CE, 34.3 cm),
seminal volume (vol, 1.63 mL), concentration
(C, 768.4 x 10%/mL), individual motility (MI,
80%), masal motility (MM, 4) and vigor (Vi,
3.7). On the other hand, functional analysis
showed plasma membrane integrity (PMI)

Introduction

Ovine species in Colombia are kept
by small producers as a source of food
(meat and milk) of high nutritional value
and income when marketing products
such as skin, wool, and others (Barrios).
To date, the census of sheep exploitation
in the country is very low, since there are

of 45.7%, mitochondrial membrane potential
(MMP) of 38.5%, DNA fragmentation index
(DFI) of 17.0%, lipoperoxidation of the
membrane (LPO) of 32.7%, and the production
of reactive oxygen species (ROS) of 28.56%.
Additionally, a high and positive correlation
was found for variables concerning seminal
quality: Vi and MM, Vi and MI, MMP and
MM, MMP and MI, PMI and MMP, as well
as ROS and MMP. In contrast, two strongly
negative correlations were obtained (C vs. Vol
and LPO vs. CE). These are the first estimates
of functional seminal quality evaluation of
sheep in Colombia. In addition, this study
provides a baseline for conventional and
functional seminal parameters in the region.
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only two million animals, distributed
mainly in six regions: La Guajira (42.4%),
Magdalena (10.9%), Coérdoba (7%),
and Cesar (7.9%) and Boyaca (6.7%)
(Instituto Colombianao Agropecuario,
2018). However, at present, the business
of sheep farming is increasing due to the
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increase in meat consumption and the
profitability that entrepreneurs show in
this activity, so much so that in recent
years the development of productions
and agribusiness in the sheep sector
has promoted everything related to the
import of animals, the incorporation of
technology, the acquisition of equipment
and implements and technical training.
This has enabled the high demand for
products to be partly met in Colombia
and in some markets of neighbouring
countries (Restrepo).

In any productive activity, including
sheep production, the evaluation, and
control of aspects such as management,
feeding, facilities, production, and
reproduction, are determining factors for
establishing the viability of sheep. The
area of animal reproduction has been
extensively studied. However, in practice,
there are still many shortcomings that
hinder the fertility and fertilization
process, both in ovine species and in other
domestic species: inadequate nutritional
and sanitary conditions at holdings,
poorly trained workers, and failures
in artificial reproduction processes
(Gonzalez-Stagnaro, 2011).

The female and the male are essential
and indispensable in a production
system; however, it is essential to state
that the male accounts for more than
80% of the economic viability of a farm
(Barrios, 2007). Consequently, strong
excellent genotypic and phenotypic
selection of males is essential; therefore,
it is necessary that the holding knows
the reproductive status of each animal.
Reproductive examination of a male
consists of a physical examination,
in which scrotal circumference, body
development, vision, good poise, body
condition, and overall reproductive
organ health are evaluated, in addition to
a seminal quality test to know the male’s
fertilising capacity.

The techniques most used today for
collecting semen in domestic animals,

mainly ruminants (bovines, sheep,
and goats), are the artificial vagina and
electroejaculation (Morillo, Salazar, &
Castillo, 2012; Yamasaki Maza et al., 2005).
Semen can be evaluated by conventional
methods in which the quality is defined
according to macroscopic characteristics,
usually flow cytometry (FC) (Izquierdo
et al, 2016) to quantify functional
seminal parameters that allow for better
evaluation of the capacity for fertilisation
(Laguado, 2007).

The use of FC in veterinary medicine
has been increasing, though there is still
much to evaluate (Cérdova-Izquierdo,
Saltijeral Oaxaca, Mufioz Mendoza,
Cérdova-Jiménez, & Coérdova-Jiménez,
2006). An innovative idea has been to
implement FC for sperm evaluation in
male sheep. The objective of this study
was to analyse the conventional and
functional semen quality of sheep.

Material and methods

Study area and population

Semen samples were collected from
11 sheep pure bred rams: Dorper (n=4),
Katahdin (n=4), and Santa Ines (1=3). The
Ethics Committee approved this work for
the Ethics Committee for Experimentation
with Animals (CEEA) of the University of
Antioquia in Act No. 109/2014.

Sample collection and evaluation

Each collection began with a physical
examination of the whole animal,
including the fore and hind limbs,
physical examination of the foreskin,
penis, scrotum, testicles, and epididymis,
in addition to assessing body condition
and the ruling out any vision problems.
Finally, the scrotal circumference (SC)
was measured.

The seminal sample was obtained
by using the electroejaculation method
(Yamasaki Maza et al.,, 2005). Once the
sample was obtained, macroscopic
evaluation was performed (volume,
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appearance, colour, and presence of
foreign elements), and then it was
divided into two fractions: one for
conventional field tests or microscopic
evaluation (mass motility (MM, scale 1
to 5), percentage of individual motility
(MI), vigor (Vi, scale 1 to 5), sperm
concentration (C, 10%/mL)) and the second
was taken to the laboratory within 2
hours to quantify the mitochondrial
membrane potential (MMP) using FC
(Ospina Medina and Cardona Maya,
2015). This was performed using the
dye 3,3’-dihexyloxacarbocyanine iodide
(DIOC6) Mayorga-Torres et al., 2013;
2015; Mayorga Torres et al, 2015, B.
J. Mayorga-Torres,  Cardona-Maya,
Cadavid, & Camargo, 2013, intracellular
reactive oxygen species (ROS) (Mayorga
Torres etal., 2013; 2015; Mayorga Torres et
al., 2015), using 2’,7’-dichlorofluorescein
diacetate (DCFH-DA) staining, plasma
membrane integrity (PMI) Mayorga
Torres et al., 2015; B. ]. Mayorga-Torres et

al., 2015; B. J. Mayorga-Torres et al., 2013
using SYBR 14, lipoperoxidation (LPO)
Mayorga Torresetal., 2013;2015; Mayorga
Torres et al.,, 2015), using BODIPY C11
dye, and DNA fragmentation index (DFI)
Mayorga-Torres et al., 2013; 2015), using
acridine orange.

Statistical analysis
The characteristics analysed in this
study were described using descriptive

statistics (Table 1) and Pearson’s
correlation (Table 2), all variables were
continuous. The statistical program

R-Project was used through the RCORR
procedure and the HMISC library.

Results

No males with physical problems
or lesions were found in the physical
evaluation. The evaluation of the
reproductive system organs was within
the normal parameters. It should also

Table 1. Descriptive statistics of continuous variables analysed by conventional method and flow

cytometry

Standard
Maximum
deviation

Scrotal circumference (cm)

Volume (mL] 11
Mass motility 11
Individual motility (%) 11
Vigor 11
Concentration (10¢/mL) 1
oH 1
Age (months) 11
Mitochondrial membrane potential (%) 11
Plasma membrane integrity (%) 11
Lipoperoxidation (%) 11

Production of reactive oxygen species (%) 11
DNA fragmentation index (%) 11

34.3 30.0 38.0
1.6 1.2 0.25 4.5
4.0 0.6 2.5 4.5
80.0 12.6 50.0 90.0
3.8 0.5 2.5 4.5
768.4 755.6 133.0 2810.0
7.6 0.5 6.5 8.0
34.7 22.8 9.0 79.2
38.5 18.9 15.3 74.5
45.7 24.3 8.23 76.8
32.7 35.7 1.31 98.5
28.6 18.2 2.23 56.0
17.0 6.5 13.0 36.0
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be considered that the evaluated males
belong to different breeds and different
management systems.

Correlations between all analysed
variables (Table 2) by conventional
methods and FC were determined, with
their respective confidence levels. A
strongly positive correlation was obtained
for essential variables in determining
semen quality, such as Vi and MM, Vi
and MI, MMP and MM, MMP and MI,
PMI and MMP, and ROS and MMP,
while strongly negative correlations were
found for C and Vol, and LPO and CE,
Table 2.

The values analysed by FC showed
that an average of 38.5% of the cells
evaluated present high MMP: 28.56% ROS
production, 17% DNA fragmentation,
32.7% OLP, an average of 32.7% was
obtained, and 45.7% of the analysed cells
have intact ML

Discussion

The average semen volume was
1.63 mL, which is higher than that
reported by Avellaneda et al. (2006)
(0.6 mL) who also obtained the semen
sample by electroejaculation, was higher
than reported by Coérdoba-Izquierdo
et al. (2006) using an artificial vagina
for natural mounting (0.57 mlL), and
similar to (Cabrera and Pantoja, 2008)
obtained by artificial vagina (1.7 mL). It
should be noted that the breeds used in
the different studies cited are different
from those examined in this study. Like
sperm concentration, this characteristic
presented a wide range of variation
(0.25 to 4.5 mL and 133 to 2810 x 10¢
mL, respectively), possibly due to the
heterogeneity presented in the study
population regarding bred.

The average scrotal circumference was
34.3 cm, which is larger than the report
by (Avellaneda et al.,, 2006) (22.6 cm),
despite a similar average age of males in

both studies (31.25 vs. 34.7 months).

The sperm concentration in the
present study was 768.4 x 10%mL,
which was lower than that reported by
(Avellaneda et al., 2006) (1285.7 x 109/
mL) and (Cabrera and Pantoja, 2008)
(2735 x 10%mL), but higher than that
reported by (Cérdova-Izquierdo et al,,
2006) (206.4 x 10%mL using an artificial
vagina) and when obtaining the semen
sample directly from the vagina after a
natural mount (176.02 x 10%mL) in the
same study.

Regarding individual motility,
this was 80% on average, which was
higher than the report by (Avellaneda
et al.,, 2006) (58.87%) and (Cordova-
Izquierdo et al.,, 2006) (64.5% using
artificial vagina) and when obtaining
the semen sample directly from the
vagina after natural mating (60.4%) in
the same study. Mass motility was 4.0
on average, similar to the report by
(Cabrera and Pantoja, 2008).

Concerning the functional parameters,
in humans as the most widely studied
group, the reference limit for MMP has
been estimated at 60% (Mayorga-Torres
et al, 2013; 2017), Ospina Medina &
Cardona Maya, 2015), suggesting that
it is low in the present study. It should
be noted that MMP is a predictive
characteristic in fertilisation and it is
highly correlated with some of the most
predictive conventional characteristics
of semen quality, such as mass and
individual motility (Table 2).

The production of a high ROS average
was 28; this value is considered optimal
in humans (Mayorga-Torres et al., 2013;
2017). Likewise, ROS production is
related to DFI, although a low negative
correlation was observed in the present
study (Table 2).

The results obtained for DFI show an
average of 17.0% of DNA fragmentation,
a high figure compared to that reported
as optimal in humans (<15%) (Mayorga-
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Torres et al., 2013; 2017), though this can
be considered to still represent semen
of acceptable quality and may indicate
a high percentage of sperm viability.
Regarding the LPO analysis, an average
of 32.7% of cells with lipid oxidation was
obtained; this is a functional parameter
of interest because it is theoretically
related to motility, although a low
positive correlation is not significant in
this study (Table 2). The PIM analysis
shows that on average, 45.7% of the
analysed cells have an intact MI which,
as a parameter correlated with sperm
viability, should be higher (> 50%)
(Mayorga-Torres et al., 2013; 2017), as
reported as optimal in humans.

Of the five variables analysed in FC,
only one, the production is ROS, and
it was within the values reported as
optimal for humans. Still, this cannot
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Reproduktivna procjena, odabir
pojedina¢nih  rasplodnih ~ muzjaka i
reproduktivne biotehnologije vazni su alati u
unaprjedenju produktivnih i reproduktivnih
stopa. Pri odabiru muzjaka za rasplod,
potrebno je odredivanje opceg zdravstvenog
statusa te genotipskeifenotipske superiornosti.
Ovaj rad procenjuje konvencionalnu i
funkcionalnu kvalitetu sjemena u ovnova.
Sjeme jedanaest ovnova razlic¢itih ¢istokrvnih
pasmina prikupljeno je elektroejakulacijom.
Zamijecene su sljedece prosjecne vrijednosti
za svaki konvencionalni parametar: opseg
skrotuma (CE, 34,3 cm), volumen sjemena (vol,
1,63 mL), koncentracija (C, 768,4 x 10%mL),
pojedinacna pokretljivost (MI, 80 %), ukupna
pokretljivost (MM, 4) i vitalnost (Vi, 3,7). S
druge strane, funkcionalna analiza pokazala

je integritet stanicne membrane (PMI) od
45,7 %, potencijal mitohondrijske membrane
(MMP) od 38,5 %, indeks fragmentacije DNK
(DFI) od 17,0%, lipoperoksidaciju membrane
(LPO) od 32,7 % i proizvodnju reaktivnih
kisikovih spojeva (ROS) od 28,56 %. Uz to
je otkrivena i visoka i pozitivna korelacija
za varijable o kvaliteti sjemena: Vi i MM, Vi
i MI, MMP i MM, MMP i MI, PMI i MMP,
kao i ROS i MMP. Suprotno tome, dobivene
su dvije vrlo negativne korelacije (C nasuprot
Vol i LPO nasuprot CE). To su prve procjene
ocjenjivanja funkcionalne kvalitete sjemena
ovaca u Kolumbiji. Uz to, ova studija osigurava
pocetnu vrijednost za sve konvencionalne i
funkcionalne parametre sjemena u regiji.

Kljucne rijeci: kvaliteta sjemena, protocna
citometrija, reprodukcija, ovce, sjeme
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