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Abstract

The aim of this study was to evaluate the qualitative parameters of sperm during storage  
of the semen of Duroc boars. The ejaculates were diluted, and insemination doses were then  
prepared and stored at 17°C. Analyses were performed four times: after collection, after one day 
of storage, after four and after eight days. Parameters of sperm motility, morphology and  
morphometry, cell membrane integrity, mitochondrial membrane potential and DNA integrity 
were evaluated. Analysis using the CASA system revealed a decrease in the percentage of motile 
sperm and sperm showing progressive motility during liquid storage of boar semen samples.  
The greatest differences, which were statistically significant, were shown between the results on 
the day of ejaculate collection and after eight days of semen storage. In addition, the percentage 
of sperm with head and tail defects increased, and differences were noted in the morphometric 
dimensions of the sperm during preservation of the semen. The length, width and area of the 
sperm heads increased over storage time. Preservation of Duroc boar semen at 17°C for eight 
days resulted in a decrease in the percentage of sperm with an integral cell membrane, sperm with 
high mitochondrial membrane potential, and DNA integrity. The breakthrough moment was  
the fourth day of sperm conservation. After then, the semen quality of Duroc boars deteriorated 
significantly. This study is particularly important since it provides a more complete analysis of the 
qualitative traits of the sperm of Duroc boars during semen preservation. However, there is a need 
for further study to determine the relationship between the qualitative parameters of the semen  
of Duroc boars evaluated during liquid storage of semen samples and fertility data.
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Introduction

Reproductive performance in pigs is the result of 
multiple factors, including environmental factors, breed 
characteristics and individual traits. Artificial insemina-
tion in pigs usually involves the use of semen collected 
directly from the boar or after a few days of storage  
at 15-17°C (Johnson et al. 2000, Knox 2016, Yeste 
2017, Wiebke et al. 2022). Semen stored in liquid form 
is widely used for artificial insemination in this species. 
This method of semen preservation allows for a wider 
insemination reach in pigs. Sperm metabolism decreases 
at 15-17°C, which is a necessary condition for exten- 
ding storage time (Althouse et al. 1998, Lopez  
Rodriguez et al. 2017). It has been observed that  
changes in the permeability of the sperm cell membrane 
occur during storage of liquid boar semen and initiate 
capacitation (Petrunkina et al. 2005). Therefore the  
assessment of the integrity of the cell membrane (Yeste 
et al. 2010) as well as the mitochondrial membrane  
potential (Wysokińska 2020) is particulary important. 
Because of its structure, the cell membrane of boar 
sperm is more susceptible to damage than the cell mem-
brane of the sperm of other animal species. The ability 
of sperm to move through the female reproductive tract 
is fundamental to fertility, since only fully functional 
sperm are able to reach the oocyte and fertilize  
it (Muvhali et al. 2022). Total sperm motility in the 
ejaculate is the most commonly used parameter for  
assessing male fertility (Popwell and Flowers 2004). 
The traditional method of evaluating sperm motility  
is subjective, based on the use of a light microscope 
with phase contrast and a heated stage. Assessment  
of sperm motility using the CASA (Computer Assisted 
Sperm Analysis) system is gaining wider adoption. This 
system was developed in the 1980s to enable objective 
measurements of sperm motility (Aitken et al. 1985). 
The CASA system provides a more standardized  
and objective measurement of sperm motility; it is also 
faster and simpler to use (Maside et al. 2023). Further-
more, CASA can be used to determine all parameters 
defining the motility of each sperm cell individually  
or the average measurements for each ejaculate (van der 
Horst et al. 2018, Luther et al. 2020). However, due to 
species differences in sperm characteristics, the CASA 
system requires species-specific calibration of measure-
ments, combined with careful sample preparation  
before analysis and some expertise of the operator 
(Amann and Waberski 2014).

Another important aspect of determination of semen 
quality is assessment of the morphological structure  
of sperm cells, which may be influenced by numerous 
factors and processes taking place in the animal’s body 
(Wysokińska et al. 2023). The most significant abnor-

malities and anomalies in sperm structures occur in the 
testes during spermatogenesis and in the epididymis 
during maturation. They may also arise as a conse-
quence of an unfavorable environment for sperm in the 
ejaculate, including temperature, osmotic pressure, pH, 
and staining time (Dziekońska et al. 2013, Gacem et al. 
2021). During laboratory handling of the ejaculate, 
changes may be generated in the sperm cell structures, 
which can affect their ability to fertilize the oocyte 
(Schulze et al. 2015, Schulze et al. 2017). The occur-
rence of sperm with abnormal morphological structure 
and varied size in semen may be a predisposing factor 
for the reduced effectiveness of fertilization, as some 
studies have shown a link between sperm dimensions 
and male fertility (Yániz et al. 2015, Garcia-Vazquez  
et al. 2016). 

However, research on morphology is most often 
conducted on freshly collected ejaculates. Since boar 
semen used for artificial insemination is stored for  
a certain time in liquid form at 17°C, its quality may 
change during storage. There is also the occurrence of 
individual and inter-breed variability in semen quality 
characteristics, which affects the need to undertake  
research in relation to a specific breed of sire. There are 
no comprehensive studies characterizing the semen 
quality of Duroc boars. Therefore, the aim of our study 
was to evaluate the qualitative parameters of sperm, i.e. 
their motility, cell membrane integrity, mitochondrial 
membrane potential, morphology and morphometry, 
and DNA integrity during storage of the semen of  
Duroc boars, as well as the correlations between these 
parameters.

Material and Methods

This study comprises accepted methods and stan-
dard operation procedures for boar semen processing. 
The study was carried out in compliance with Directive 
63/2010/EU and the Journal of Laws of the Republic  
of Poland of 2015 on the protection of animals used  
for scientific or educational purposes. Approval for  
the research was obtained from the Polish Society  
for Laboratory Animal Sciences (No. 3401/2015).

The material for the study was ejaculates collected 
from ten healthy Duroc boars used for artificial insemi-
nation, at the age of 24-30 months. Ejaculates from 
these boars were collected at regular intervals of 4-5 
days. Boars were kept individually in pens with an area 
of 6 m2. They were fed a complete feed intended for this 
group of animals in the amount of 3 kg of food per day 
per animal. Ejaculates were collected manually in the 
morning (about 6.00-7.00 a.m.) by a single individual. 
The study included two ejaculates collected from each 
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boar at one-week intervals in January-February (total  
of 20 ejaculates). Each ejaculate was evaluated for  
volume, sperm concentration, sperm motility, and the 
number of sperm in the ejaculate, after which the degree 
of dilution was established and the ejaculates were  
diluted using standard Biosolwens Plus extender  
(Biochefa, Sosnowiec, Poland) (Trzcińska and Bryła 
2022). The ejaculates were than placed in 90 ml plastic 
blisters, with 2.8 x 109 sperm in each. Insemination 
doses prepared in this manner were stored at 17°C. 
Analyses were carried out after collection (0 days),  
after one day of storage, after four days, and after eight 
days. A different insemination dose was opened each 
time to avoid microbial contamination. A total of 80  
insemination doses were analysed.

Sperm motility

Sperm motility was evaluated using the CASA sys-
tem (SCA system, Microptic S.L., Barcelona, Spain) 
and a Nikon Eclipse E200 microscope (Japan) with  
a heated stage and a Basler acA1300-200uc camera 
(Germany). The microscope used was equipped with  
a 10x negative-phase contrast objective (AN 0.25). 
From each insemination dose, 5 μl of semen was col-
lected and placed on a GoldCyto slide with a chamber 
depth of 20 μm, heated to 37°C. The analysis was  
carried out using at least five fields of view, and at least 
500 cells per sample were analysed. The sperm motility 
parameters measured were total motility (%), progres-
sive motility (%), non-motile sperm (%), fast motility 
(%), medium motility (%), slow motility (%), straight-
line velocity (VSL, μm/s), curve-linear velocity (VCL, 
μm/s), average-path velocity (VAP, μm/s), straightness 
(STR: VSL/VAP x 100, %), linearity (LIN: VSL/VCL x 
100, %), wobble (WOB: (VAP/VCL x 100, %), ampli-
tude of lateral head displacement (ALH, μm), and beat-
cross frequency (BCF, Hz). The software settings for 
boar sperm motility analysis were as follows: number 
of frames: 50; frames per sec: 60 Hz; minimum con-
trast: 50; minimum cell size: 6 pixels; contrast with stat-
ic cells: 30; straightness: 80%. 

Sperm cell membrane integrity

Sperm cell membrane integrity assessment was per-
formed using SYBR-14 and propidium iodide (PI) fluo-
rochromes using the Live/Dead Sperm Viability Kit 
(Molecular Probes Inc., Leiden, The Netherlands).  
Test preparations were made in accordance with the 
methodology given in Wysokińska and Szablicka 
(2021). In each preparation 200 sperm were analyzed. 
The assessment identified three groups of sperm: sperm 
stained green, identified as live cells (with an integral 
cell membrane, stained with SYBR-14), sperm stained 

red, identified as dead (with a damaged cell membrane, 
stained with PI) and sperm stained green and red, iden-
tified as dying sperm.

Mitochondrial membrane potential (MMP)

Fluorochrome JC-1 (5,5´,6,6´-tetrachloro-1,1´,3,3´ 
-tetraethyl-benzimidazolocarbocyanine iodide) (Sigma 
Aldrich, USA) was used to analyze the mitochondrial 
membrane potential (MMP) of sperm as described by 
Wysokińska (2020) with modifications. In each slide 
200 sperm cells were assessed, distinguishing those 
with active mitochondria with high membrane potential 
(with JC-1 aggregates with high ΔΨm; sperm emitting 
orange fluorescence from the midpiece), sperm with  
active mitochondria with moderate membrane potential 
(with JC-1 aggregates with moderate ΔΨm; sperm 
emitting orange and green fluorescence from the mid-
piece), and sperm with active mitochondria with low 
membrane potential (with JC-1 aggregates with  
low ΔΨm; sperm emitting green fluorescence from the 
midpiece). A Nikon Eclipse E200 fluorescence micro-
scope (Tokyo, Japan) was used to make the assessment.

Sperm DNA integrity

Sperm DNA integrity was assessed using an Acri-
dine Orange (Sigma-Aldrich, St. Louis, MO, USA)  
according to the methodology described in the works of 
Katiyar et al. (2022, 2024). In each slide at least 200 
sperm cells were assessed, distinguishing sperm with 
intact DNA (sperm heads emitting green fluorescence) 
and sperm with demaged DNA (sperm heads emitting 
orange to red fluorescence). A Nikon Eclipse E200  
fluorescence microscope (Tokyo, Japan) was used to 
make the assessment (exicitation 465-495 and 540 nm).

Sperm morphology

Sperm morphology was evaluated on slides stained 
using the SpermBlue method (van der Horst and Maree 
(2009). Semen in the amount of 5 µl was applied to  
a microscope slide, and a smear was prepared. After the 
slide had dried, it was immersed in SpermBlue stain 
(Microptic S.L., Barcelona, Spain) for 15 min and then 
washed in distilled water and left to dry at room tem-
perature. On each slide 500 sperm were evaluated,  
distinguishing sperm with normal structure and sperm 
with morphological anomalies, including major and 
minor defects (Blom, 1981). Sperm morphology was 
assessed by a single individual to avoid the influence  
of the individual on the result. In addition, sperm with 
morphological defects were divided into three sub-
groups: sperm with head defects, sperm with tail  
defects, and sperm with a cytoplasmic droplet. The eva- 



522 A. Wysokińska et al.

luation was carried out using a Nicon Eclipse E200  
microscope (Tokyo, Japan) at 1000× magnification.

Sperm morphometry

Morphometric measurements of sperm were made 
on the microscope slides prepared for the evaluation  
of sperm morphology stained with SpermBlue. Sperm 
morphometry was analysed using the Sperm Class  
Analyzer system (Microptic S.L., Barcelona, Spain) 
and a Nikon Eclipse E200 microscope (Tokyo, Japan) 
with a Basler acA1300-200uc camera (Germany) con-
figured to work with the Sperm Class Analyzer system, 
version 6.5.091. The microscope was equipped with  
a 60× bright field lens. For better accuracy, individual 
parts of the sperm cell were measured by manual selec-
tion. Due to the detailed nature of the measurements 
and the long analysis time, 30 sperm were measured in 
one sample (total of 2,400 sperm). All measurements 
were performed by one person. The following measure-
ments were made in each spermatozoon: the length, 
width, area, and perimeter of the head; tail length; and 
total sperm length. Based on the results of the morpho-
metric measurements, shape indices were calculated for 
the sperm heads: ellipticity (length/width), elongation 
(length-width)/(length+width), roughness (4π*surface area/ 
perimeter2) and regularity (π*length*width/4*surface 
area).

Statistical analysis

The results are presented as mean and standard er-
ror of the mean (SEM). Normal distribution of the data 
was confirmed using the Shapiro-Wilk test at p>0.05. 
Calculations were made using STATISTICA v. 3.21 
software (StatSoft, Tulsa, USA). The influence of dif-
ferent storage times on sperm motility parameters, on 
the frequency of morphological defects, morphometric 
characteristics, integrity of the cell membrane, potential 
of the mitochondrial membrane and DNA integrity  
was determined using analysis of variance (ANOVA). 
The significance of differences between means was  
determined using Tukey’s test at p≤0.05. Pearson cor-
relation coefficients were determined between sperm 
motility and sperm morphology and morphometry on 
each day of semen storage. The significance of the cor-
relation coefficients was determined for p<0.05.

Results

Table 1 presents the results of evaluation of sperm 
motility parameters in semen stored at 17°C. The data 
indicate that sperm motility parameters in the semen  
of Duroc boars decrease over storage time. The greatest 
differences, which were statistically significant, were 

observed between the results on the day of ejaculate 
collection and after eight days of semen storage. These 
differences were confirmed for total motility, progres-
sive motility, sperm with fast motility, and non-motile 
sperm. The lowest percentages of motile sperm 
(71.72%) and sperm with progressive motility (28.72%) 
were shown after eight days of preservation of Duroc 
boar semen, with a marked increase in the number  
of sperm showing no motility compared to the day the 
ejaculate was collected (p≤0.05). The VSL, VCL, VAP, 
STR, LIN and BCF values decreased slightly during 
storage, but the differences were not confirmed statisti-
cally.

Data characterizing the integrity of sperm cell 
membranes, the mitochondrial membrane potential and 
the DNA integrity are presented in Table 2. It was found 
that the integrity of sperm cell membranes changes with 
the sperm storage time. On the eighth day of semen 
storage, there were over 18% fewer sperm with an inte-
gral cell membrane than on day 0 (p≤0.05). An increase 
in the percentage of sperm with damaged cell mem-
brane during semen preservation was observed. On the 
fourth day of semen storage, there were over 19% of 
such sperm, and on the eighth day of storage, over 23%. 
The percentage of dying sperm remained at a similar 
level on individual days of semen storage. The share  
of sperm with high mitochondrial membrane potential 
on the eighth day of liquid semen storage decreased  
by more than 10% compared to the day of collection 
(day 0). On the eighth day of semen storage, signifi- 
cantly more sperm with medium and low mitochondrial 
membrane potential were detected compared to the  
other periods examined.

Table 3 presents the percentages of sperm with nor-
mal structure and sperm with morphological defects in 
the semen of Duroc boars. The frequency of sperm with 
morphological defects was shown to change over  
semen storage time. The percentage of sperm with nor-
mal morphology was significantly lower on the eighth 
day of semen storage (p≤0.05). The percentages  
of sperm with major and minor defects increased with 
semen storage time (from 1.40% on the day of ejaculate 
collection to 5.70% on the eighth day of storage and 
from 2.37% to 12.65%, respectively). In the first 24 
hours, the frequency of sperm with these defects  
remained similar, after which it began to increase to 
5.70% (major defects at 8 days of preservation) and 
12.65% (minor defects at 8 days) (p≤0.05). The per-
centage of sperm with head and tail defects increased 
over semen storage time. The greatest differences were 
noted between one and eight days of preservation 
(p≤0.05). No changes were noted in the percentage  
of sperm with a cytoplasmic droplet during storage of 
semen of Duroc boars.
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Table 1. Sperm motility depending on storage time of semen of Duroc boars (mean±SEM).

Item
Semen storage time (days)

0 1 4 8
Total motility (%) 91.78±0.58a 81.90±2.77ab 76.75±5.80b 71.72±7.09b

Progressive motility (%) 53.00±3.95a 42.27±6.45ab 31.92±3.80b 28.72±4.26b

Non-motile sperm (%) 8.21±0.58a 18.09±2.77ab 23.25±5.80ab 28.30±7.09b

Fast motility (%) 61.09±2.55a 48.99±6.83ab 37.33±9.74b 32.40±7.67b

Medium motility (%) 14.49±1.85a 13.00±1.46a 12.60±1.20a 11.52±2.00a

Slow motility (%) 16.19±1.85a 19.92±3.28a 26.81±5.63a 27.78±3.00a

VSL (µm/s) 43.88±1.51a 38.35±2.37a 37.33±2.48a 39.95±2.75a

VCL (µm/s) 125.87±8.61a 115.45±3.24a 112.08±5.85a 118.27±6.79a

VAP (µm/s) 64.23±3.44a 57.42±2.65a 56.43±4.27a 61.20±4.00a

STR (%) 68.73±1.70a 66.29±1.11a 66.20±0.89a 64.55±1.10a

LIN (%) 36.80±1.81a 34.08±1.68a 34.09±1.39a 34.65±1.21a

WOB (%) 52.39±1.09a 50.31±1.85a 50.64±2.24a 52.51±1.60a

ALH (µm) 3.28±0.24a 3.02±11.00a 3.05±0.13a 3.12±0.16a

BCF (Hz) 11.91±0.78a 11.80±1.82a 9.41±0.62a 9.41±0.70a

a,b – Values in rows with different letters are significantly different at p≤0.05.

Table 2. �Sperm cell membrane integrity, mitochondrial membrane potential (MMP) and DNA integrity depending on storage time  
of semen of Duroc boars (mean±SEM).

Item
Semen storage time (days)

0 1 4 8
Sperm cell membrane integrity (%):
Sperm with intact cell membrane 88.42±1.38a 86.25±2.41a 74.92±5.18b 70.00±5.16b

Sperm with damaged cell membrane 5.83±1.03a 6.00±1.13a 19.17±5.54b 23.33±5.40b

Moribund spermatozoa 5.75±1.84a 7.75±2.83a 5.91±1.87a 6.67±1.45a

Mitochondrial membrane potential (%)
High 86.00±2.07a 80.58±2.21ab 84.92±2.25a 75.42±2.18b

Medium 5.67±1.07a 7.08±0.58a 8.25±2.45a 14.75±1.19b

Low 8.33±2.17a 12.33±2.48b 6.83±0.47a 9.83±1.46c

DNA integrity (%) 96.75±0.76a 96.00±0.89ab 95.25±0.81ab 93.42±0.92b

a,b,cValues in rows with different letters are significantly different at P≤0.05.

Table 3. �Percentage of sperm with normal structure and with morphological defects depending on storage time of semen of Duroc boars 
(mean±SEM).

Item
Semen storage time (days)

0 1 4 8

Sperm with normal structure (%) 96.23±0.56a 94.58±0.96a 90.38±1.14a 82.25±3.28b

Sperm of morphologically abnormal (%):
Major abnormalities 1.40±0.34a 1.78±0.56a 3.48±0.91ab 5.70±1.03b

Minor abnormalities 2.37±0.45a 3.65±1.03a 6.48±1.22ab 12.65±3.46b

Sperm with:

Head defects (%) 1.15±0.32a 2.00±0.36ab 4.63±0.91b 7.90±1.54c

Tail defects (%) 1.87±0.31a 2.15±0.34a 3.58±0.43a 8.17±1.98b

Cytoplasmic droplet (%) 0.77±0.16a 1.25±0.56a 1.78±0.51a 2.53±0.98a

a,b,cValues in rows with different letters are significantly different at p≤0.05.
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Table 4 presents the results for the morphometric 
dimensions of sperm depending on the storage time  
of liquid semen of Duroc boars. The data indicate dif-
ferences in sperm dimensions during preservation of 
semen. These differences were most evident between 
the day the ejaculate was collected (0 days) and after 
eight days of storage. These differences mainly con-
cerned the sperm head dimensions. The length, width 
and area of the sperm heads increased with semen stor-
age time. After eight days of storage, the sperm head 
dimensions were significantly larger than after collec-
tion (0 days). The dimensions of the sperm heads on the 
eighth day of semen storage were: head length 9.45 µm, 
width 4.97 µm, area 40.67 µm2, whereas on the day  
of ejaculate collection they were 9.10 µm, 4.85 µm and 
37.92 µm2, respectively.

The correlation coefficients between the total motility 
and the morphological structure of sperm depending on 
semen storage time are presented in Table 5. Positive, 
significant correlations were noted between total and 
progressive motility: r=0.76 after one day of storage,  
r=0.85 after four days, and r=0.94 after eight days.  
Positive correlations were noted between sperm head 
dimensions and total motility. Significant relationships 
were shown between total motility and width of sperm 
heads after one day of storage of liquid semen, between 
total motility and sperm with intact cell membrane, 
head length after four days, and between total motility 
and the surface area, perimeter and length of sperm 
heads at eight days. Interestingly, at four and eight days 
of preservation of liquid semen, negative correlations 
were shown between sperm motility and tail length  
(r=-0.83 and r=-0.94).

Discussion

This study is particularly important for assessing 
the quality of the semen of Duroc boars. The results  
of the study indicate that evaluation of the qualitative 
parameters of the spermatozoa of Duroc boars during 
storage of liquid semen is important and necessary for 
correct diagnostics of ejaculates used for artificial  
insemination. The analysis carried out using the CASA 
system revealed that the percentage of motile sperm and 
sperm with progressive motility decreased during stor-
age of liquid boar semen. Motility is one of the main 
characteristics associated with the fertilization capacity 
of sperm. Decreased motility of sperm in the semen has 
been shown to be correlated with lower fertilization 
rates (Yániz et al. 2018). According to Keller and Kerns 
(2023), conventional analysis of sperm motility and 
morphology is not sufficient to predict male fertility. 
According to their research, combining the analysis of 
sperm capacitation with motility and morphology can 
increase the effectiveness of determining an ejaculate 
fertility potential. In our study, we did not analyze the 
process of sperm capacitation, but based on the decreas-
ing percentage of sperm with normal morphology and 
progressive motility during semen storage, it can be  
assumed that such sperm will have a lower ability for 
capacitation. Sperm motility (total and progressive) and 
concentration are the main ejaculate parameters evalua- 
ted to determine the number of insemination doses per 
ejaculate (Caldeira et al. 2019). Adenosine triphosphate 
(ATP) concentration has been shown to be linked to 
sperm motility. A decrease in the percentage of motile 
sperm in semen may be due to potentially reduced ATP 

Table 4. Morphometric dimensions of sperm depending on storage time of semen of Duroc boars (mean±SEM).

Item
Semen storage time (days)

0 1 4 8
Number of analyzed cells 600 600 600 600
Head
Length (µm) 9.10±0.06a 9.26±0.06ab 9.37±0.07bc 9.45±0.07c

Width (µm) 4.85±0.04a 4.93±0.04ab 4.94±0.05ab 4.97±0.05b

Area (µm2) 37.92±0.35a 39.11±0.27b 39.50±0.30b 40.67±0.33c

Perimeter (µm) 23.95±0.11a 24.29±0.12ac 24.70±0.13b 24.60±0.14bc

Tail
Length (µm) 46.22±0.25a 46.90±0.20a 46.68±0.28a 46.67±0.20a

Sperm total length (µm) 55.33±0.27a 56.16±0.22b 56.05±0.30ab 56.12±0.19b

Shape indices
Ellipticity 1.88±0.02a 1.89±0.02a 1.90±0.02a 1.91±0.02a

Elongation 0.30±0.00a 0.31±0.00a 0.31±0.00a 0.31±0.00a

Rugosity 0.83±0.01a 0.83±0.01a 0.82±0.01a 0.84±0.01a

Regularity 0.92±0.01a 0.92±0.01a 0.92±0.01a 0.91±0.01a

a,b,cValues in rows with different letters are significantly different at p≤0.05.



525Storage-dependent changes in sperm motility ...

production (Li et al. 2016). Adenosine triphosphate 
(ATP) in semen may decrease as a result of storage  
of semen in various extenders (Fraser et al. 2001, Gogol 
et al. 2009). The observed decrease in the percentage of 
motile sperm during storage of liquid boar semen could 
be indicative of a decrease in ATP in the sperm mid-
piece. However, there are studies in which, despite the 
decrease in sperm motility, no decrease in ATP content 
was demonstrated in semen stored in a liquid state  
(Dziekońska et al. 2009). In the study by Tremoen et al. 
(2018), clear differences in sperm motility and ATP 
concentration between day 0 and day 4 of semen stor-
age were indicated. Therefore, it is important to analyze 
semen stored for several days, because often diluted 
boar semen is often transported long distances. Main-
taining the correct mitochondrial membrane potential 
guarantees adequate ATP production by mitochondria 
(Luo et al. 2013). In our previous studies, we indicated 
that the percentage of sperm with a high mitochondrial 
membrane potential remains similar (not statistically 
significantly different) until the fourth day of sperm 
storage, after which it decreases significantly. It can 
therefore be assumed that after the fourth day of sperm 
preservation, the mitochondrial membrane potential 
weakens. Mitochondria have been indicated to be the 
main determinants of cell life or death. Induction of 

apoptosis causes the opening of mitochondrial pores, 
which results in a decrease in the mitochondrial mem-
brane potential (Trzcińska et al. 2011).

The literature contains few studies evaluating  
parameters of boar semen during preservation. Our pre-
vious research on the semen of Landrace boars showed 
that the percentage of sperm with morphological  
defects and the percentage of sperm with a damaged 
cell membrane increased during semen storage at 17°C 
(Wysokińska et al. 2023). In other studies, it was indi-
cated that in the semen of Duroc boars, during the  
preservation of liquid semen, a decrease in the number 
of sperm with the correct structure of the sperm cell 
membrane was observed with a greater intensity than  
in crossbred boars and Pietrain boars (Wysokińska and 
Szablicka 2021). According to Prieto-Martínez et al. 
(2014) sperm cell membrane integrity is affected by  
a high level of bacterial contamination. A high storage 
temperature for boar semen is conducive to more rapid 
microbial growth (Morell 2016). Therefore, analysis  
of semen quality should take into account a variety of 
factors which may be important in semen diagnostics. 
Semen characteristics show high variation resulting 
from genetic factors, environmental factors, and indi-
vidual traits (Dziekońska and Strzeżek 2011, Schulze et 
al. 2018, Hafemeister et al. 2022). In the present study, 

Table 5. �Pearson correlation coefficients between total motility and sperm morphology and morphometry, cell membrane integrity,  
mitochondrial membrane potential of sperm and DNA integrity at different times of storage of boar semen (*p<0.05).

Item
Semen storage time (days)

0 1 4 8

Progressive motility 0.63 0.76 0.85* 0.94*

Normal morphology 0.10 0.88* -0.70 -0.31
Major abnormalities 0.07 -0.04 -0.06 -0.42
Minor abnormalities -0.17 -0.73 0.55 0.35
Head defects -0.16 -0.13 0.61 0.31
Tail defects -0.08 -0.90* 0.07 0.22
Cytoplasmic droplet 0.22 -0.86* -0.09 0.42
Head area 0.01 0.56 0.27 0.82*

Head perimeter -0.44 0.78 0.59 0.87*
Head length 0.67 0.66 0.78 0.90*

Head width -0.56 0.90* 0.62 0.64
Tail length 0.83* 0.43 -0.83* -0.94*

Sperm total length 0.91* 0.64 -0.77 -0.79
Sperm with intact cell membrane -0.05 -0.36 0.84* 0.60
Sperm with demaged cell membrane -0.60 -0.23 -0.75 -0.43
Moribund spermatozoa 0.38 0.40 -0.09 -0.55
High MMP -0.54 0.09 -0.06 -0.08
Medium MMP 0.59 -0.07 0.09 -0.08
Low MMP 0.23 -0.06 -0.21 0.19
DNA integrity -0.08 -0.36 -0.24 -0.11
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we analysed semen of Duroc boars, which some studies 
have shown to be characterized by smaller ejaculate 
volume but a higher sperm concentration than the  
semen of boars of other breeds (Smital et al. 2004).  
For this reason, the ratio between seminal plasma and 
spermatozoa in the semen of Duroc boars is smaller 
than in the semen of boars of other breeds (Wysokińska 
and Szablicka 2021). Seminal plasma contains various 
proteins whose concentrations in the semen influence 
fertility (Flowers et al. 2016). Dilution of boar semen is 
believed to decrease the content of proteins and natural 
antioxidants, as well as other components of the semi-
nal plasma essential to the normal functioning and  
integrity of the sperm cell membrane (Maxwell and 
Johnson 1999). Thus the changes in the quality of  
Duroc boar semen observed in the present study may  
be due to natural processes taking place during storage 
of liquid semen. Nevertheless, our data show that the 
qualitative characteristics of sperm change during  
semen preservation, which may reduce the effective-
ness of fertilization. Our study showed that the percent-
age of sperm with head and tail defects increases during 
storage of liquid semen of Duroc boars, and differences 
in the morphometric dimensions of sperm are observed. 
Perhaps the tendency of decreased sperm motility 
during semen storage observed in our studies is caused 
by morphological changes occurring in the sperm tail, 
especially marked on the eighth day of preservation.

Some studies have found that sperm head dimen-
sions may be associated with male fertility (Saravia  
et al. 2007, Hidalgo et al. 2008, Barquero et al. 2021). 
Males producing sperm with smaller heads have been 
shown to be more fertile (Hirai et al. 2001). The size 
and shape of the sperm head depends on the size of the 
cell nucleus, its shape, and the shape of the acrosome. 
These traits may be determined genetically (Thurston  
et al. 2001), and thus may depend on the breed of boar 
(Kondracki et al. 2012, Wysokińska and Kondracki 
2019). Saravia et al. (2007) demonstrated that sperm 
head dimensions are greater in Duroc boars than in 
boars of other breeds. Only the semen of Duroc boars 
was analysed in the present study. The current findings 
indicate a need to investigate how storage factors inter-
act with breed-specific characteristics. According to 
some researchers, changes in the shape of the sperm 
head may arise as a result of chromatin condensation 
disorders and DNA fragmentation (Ostermeier et al. 
2001). Morphometric characteristics play an important 
role in the functioning of individual sperm structures 
(Maroto-Morales et al. 2016). Some authors indicate 
that the morphometric dimensions of sperm depend  
on the frequency of sperm with morphological defects 
in the head (Casey et al. 1997) and on sperm motility 
(Malo et al. 2006). Investigating specific mechanisms 

responsible for the correlation between sperm motility 
and sperm morphometry (mainly the length of the 
sperm tail) may be the basis for future research. Some 
studies have indicated that sperm with longer tails are 
more active in terms of motility, but their activity is 
shorter than that of sperm with shorter tails (Gomendio 
and Roldan 1991). Our study showed no effect of the 
duration of semen storage on the length of the sperm 
tail, but it showed significant negative correlations  
between sperm motility (total motility) and the length 
of the tail and of the entire sperm after four and eight 
days of semen preservation. Thus it can be expected 
that during storage of liquid Duroc boar semen, the  
motility of sperm and their energy state may be reduced. 
Sperm with a longer mitochondrial sheath (midpiece) 
of the sperm tail may be more competitive than sperm 
with a shorter mitochondrial sheath and can reach the 
egg cell faster. Such sperm can produce more energy 
necessary for sperm movement. However, as shown  
in the research of Kerns et al. (2020), there is a negative 
correlation between the length of the mitochondrial 
sheath of the sperm tail and the number of piglets born 
in the litter. The authors of these studies conclude that 
this relationship may be related to the process taking 
place immediately after fertilization, since the oocyte 
may have difficulty eliminating paternal mitochondria 
without proceeding to embryogenesis. Hence there  
is a need to monitor and analyse the qualitative param-
eters of boar sperm during semen storage, which  
may also be an indicator of their potential to reach the 
oocyte.

To sum up, preservation of the semen of Duroc 
boars at 17°C for eight days reduced the qualitative  
parameters of the sperm: total motility, progressive  
motility, percentage of sperm with fast motility, the per-
centage of sperm with normal morphology, the share  
of sperm with an integral cell membrane and sperm 
with a high potential mitochondrial membrane.  
The breakthrough moment is the fourth day of sperm 
conservation. After the fourth day, the semen quality  
of Duroc boars deteriorates significantly. Changes in 
sperm dimensions are observed during storage of liquid 
semen, especially in the heads. The length, width and 
surface area of the sperm heads increase with preserva-
tion time. The proportion of sperm with morphological 
defects, i.e. changes in the head and tail, increases as 
well. These parameters were evaluated using the CASA 
system, which enabled an objective analysis of the 
qualitative characteristics of the sperm of Duroc boars 
during the preservation of liquid semen. The analysis  
of many structural parameters of sperm gives more  
information on the changes occurring during storage of 
liquid boar semen and provides valuable information 
about the fertility potential of the sire. However, to fully 
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assess the impact of storage on fertilization potential, 
further research is needed to investigate the relationship 
between these qualitative parameters and fertility data 
in Duroc boars.
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