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ABSTRACT

This study aimed to evaluate the effect of thawing temperature for deep-frozen semen by analyzing sperm motility and kinetic
parameters. Before computer-assisted semen analysis (CASA), semen straws (0.25 mL) were thawed in a water bath using three
protocols: 38 °C for 20 seconds (Group A, n = 6), 55 °C for 10 seconds (Group B, n = 6), and 65 °C for 5 seconds (Group C, n = 6).
While total and progressive sperm motility showed a tendency to increase with higher thawing temperatures and shorter periods
(65 °C for 5 seconds, Group C) compared to Groups A and B, these differences did not reach statistical significance (P > 0.05).
Notably, the percentage of locally motile spermatozoa was significantly higher when semen was thawed at 65 °C compared to
55 °C (P < 0.05). Similarly, kinetic parameters were generally higher in Group C, with a statistically significant increase in DAP
compared to Group B (P < 0.05). Conversely, LIN values were lower in Groups B and C than in Group A, reaching statistical
significance (P < 0.05). The cytomorphological evaluation revealed no significant differences between the three groups in terms of
the percentage of pathologically altered spermatozoa, live spermatozoa, or the prevalence of head, midpiece, or tail defects
(P> 0.05). These results suggest that rapid semen thawing at 65 °C for 5 seconds may optimize sperm motility and kinetic
parameters. However, further research with larger sample sizes is needed to evaluate the fertilization capacity of semen during
artificial insemination.

Keywords: deep-frozen semen, thawing temperature, CASA, kinetics

HU3BOJ

Llub pasa je 6uo fa ce ucnuTa eGpUKACHOCT OTanama JyOOKO 3aMP3HYTOr ceMeHa NpPH Pas/MYUTHM TeMIepaTypaMma IpeKo
OlleHe apaMeTapa NOKpPeT/bUBOCTH U KMHETHKe criepMaTo3ouja. [Ipe nperJyieia ceMeHa KOMIIjyTEPCKH aCUCTUPAHOM aHAJIM30M
ceMeHa (CASA), najete oz 0.25 mL cy oTanmaHe y BoIeHOM KynaTuJy Ha TeMnepatypu 38 °C y Tpajamwy ox 20 cekynau (rpymna A,
n=6), 55 °C tokom 10 cexyngu (rpyna b, n=6) u Ha Temnepatypu 65 °C TokoMm 5 cekyHau (rpyma B, n=6). YkynHa u
IIporpecrMBHA OKPET/bUBOCT CIEPMAaTO301/ja O1JIa je BUILA YKOJIMKO je CeMe OTallaHO Ha BUIIOj TeMIIEPATypH Kpahu BpeMeHCKU
nepuof (65 °C 5 cekynay, rpyna B) y nopebemy ca rpynama A u b, anu 6e3 cratuctuyuke 3HayajHoctd (P > 0.05). IlpoueHart
JIOKaJIHO NIOKPETHUX CllepMaTo30M/ia 6HO je 3HaYajHO BULIM YKOJIMKO je ceMe oTanmaHo Ha 65 °C y ogHOCy Ha ceMe OTamaHo Ha
55°C (P < 0.05). Takobe, y HaleM pafly cy yTBpheHe BHllle BpeJHOCTH NTapaMeTapa KHHETHKe cliepMaTo301/a y rpynu B, anu cy
CTAaTUCTHYKY 3HA4YajHO BUllle 6uJle caMmo BpegHocTH DAP y nopehemy ca rpynom b (P < 0.05). Huxe BpegHocTtu LIN yTBpheHe cy
y rpynama b u B y nopebemwy ca rpynom A, Ha HUBOY CTaTHCTH4YKe 3HayajHOCTH P < 0.05. LIuToMOpdOoIOMIKUM HCTUTHBabEM je
yTBpheHo Ja HeMa pas/iMKe y NpOLeHTya/lHOj 3aCTyM/beHOCTH NMaTOJIOLIKH MPOMeHeHUX CepMaTo30M/a, MPOLEHTY >KUBUX
CTepMaTo301/1a, Kao HU MPOILeHTya/lHe 3aCTyN/beHOCTH AedeKaTa IJaBe, CpeJier Jesa HUTH AedeKaTa pena crepMaTo30MAa
(P> 0.05). Mako je y HameMm pazay 6p3o oTamame ceMeHa (5 cekyHau) Ha TeMmmepaTypu 65 °C fajo Haj6osbe pesyJiTate,
HEOIXO0/JHA Cy Jla/ba UCTPaXKMBamwa Ha BeheM Opojy y3opaka, Kao U ¢pepTHUIN3aLHOHH KaNalMTeT ceMeHa NPUJIMKOM BEIITaYKoTr
oceMemaBama.

Kiby4yHe peuyu: 1y60K0 3aMp3HYTO CeEMe, TeMIepaTypa oTanamwa, CASA, KUHETHKA

1. Introduction semen remains a significant challenge (Upadhyay et al,,
2021). High sperm motility and viability are crucial for

Deep freezing of bull semen has been a successful artificial insemination of cows, as evidenced
cornerstone of improved genetics and reproductive by the strong positive correlation between post-thaw
efficiency in the cattle industry for decades. However, sperm viability and conception rates in cows (Correa et
the reduced fertilization capacity of frozen-thawed al, 1996). Some authors state that if you want to
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prevent the effects of heat stress of cows, you should
not use a natural performance bull, as spermatogenesis
will most likely be disrupted (Cincovi¢ et al, 2023).
Both the freezing and thawing processes affect semen
quality (Nur et al, 2003). Standard practice usually
involves thawing semen straws at physiological
temperatures (38 °C), although slow thawing is known
to induce recrystallization and damage to sperm
organelles (Sharafi et al., 2022). However, the potential
benefits of rapid thawing at higher temperatures for
shorter durations remain unclear, with conflicting
results reported in the literature and limited post-thaw
semen quality evaluation parameters. Recent research
suggests that thawing at 39 °C, compared to 70 °C, may
prolong sperm exposure to harmful sub-physiological
temperatures within the straw (Nguyen et al, 2023).
Therefore, this study aimed to evaluate sperm motility
and kinetic parameters following thawing at
temperatures higher than standard, using varied
exposure times.

2. Materials and methods

Deep-frozen bull semen, stored in liquid nitrogen
at -196 °C, was transported to the Laboratory of the
Department of Reproduction, Fertility and Artificial
Insemination to perform an objective examination of
motility and kinetic parameters via computer-assisted
sperm analysis (CASA) using the AndroVision system
(Minitube, Germany). Before the examination, semen
straws (0.25 mL) were thawed in a water bath using
three protocols: 38 °C for 20 seconds (Group A, n = 6),
55 °C for 10 seconds (Group B, n = 6), and 65 °C for 5
seconds (Group C, n = 6). Following thawing, semen
was transferred from the straws to Eppendorf tubes on
a heated plate (Minitube, Tiefenbach, Germany), mixed
thoroughly, and a 2.7 pL subsample was loaded into a
Leja chamber (Leja, GN Nieuw Vennep, The
Netherlands). Spermatozoa were analyzed across ten
fields of view using a phase-contrast microscope (Motic
BA310, Barcelona, Spain) equipped with a heated stage.
Motility and Kkinetic parameters were automatically
assessed using the AndroVision software (Minitube
Manual 12500/0000, AndroVision, Germany). The
following parameters were measured using the CASA
system: sperm concentration, total and progressive
motility, percentages of rapid, slow, circularly motile,
locally motile, and immotile spermatozoa. Kinetic
parameters included velocity curved line (VCL),
velocity straight line (VSL), velocity average path
(VAP), distance curvilinear line (DCL), distant straight

line (DSL), distance average path (DAP), amplitude of
lateral head displacement (ALH), beat cross frequency
(BCF), head activity (HAC), wobble (WOB), linearity
(LIN) and straightness (STR).

2.1. Cytomorphological examination of
spermatozoa

Spermatozoa cytomorphology was evaluated using
eosin-nigrosin staining according to the standard
protocol (Dott and Foster, 1972). A total of 100
spermatozoa were assessed to determine the
percentages of live and dead spermatozoa, as well as
the presence of pathological defects in the head,
midpiece, and tail.

2.2. Statistical analysis

Data distribution was assessed for normality using
the Shapiro-Wilk test. As the data were normally
distributed (Shapiro-Wilk test, p > 0.05), one-way
analysis of variance (ANOVA) was employed to
compare the experimental groups. Post-hoc
comparisons were performed using Tukey's test. Data
are presented as mean value * SD in tabular form.
Statistical analyses were conducted using GraphPad
Prism version 7 software (GraphPad, San Diego, CA,
USA).

3. Results and Discussion

It is well-established that deep freezing and
thawing of semen can reduce sperm motility and
induce structural, biochemical, and physiological
damage to spermatozoa (Senger, 1980). For decades,
the recommended thawing temperature for deep-
frozen bull semen has been around physiological
temperature, typically 37-39 °C (Correa et al., 1996;
Omiir, 2022). However, recent investigations have
explored alternative thawing temperatures and
durations to determine optimal conditions for getting
the highest post-thaw percentages of sperm viability
and motility (Dhami & Sahni, 1993; Lyashenko, 2015;
Nguyen et al., 2023).

Table 1 presents the post-thaw semen quality
parameters for the three temperature protocols. Sperm
concentration was significantly higher (P < 0.05) in
Group B (55 °C for 10 seconds) than in Group A (38 °C
for 20 seconds).

Table 1.
Post-thaw deep-frozen bull semen quality parameters

38°C - 20 sec. 55°C-10 sec. 65 °C - 5 sec.

(Group A) (Group B) (Group C)

Concentration of sp. (106/mL) 103.50 + 26.36 127.60 * 7.23* 108.60 + 3.57
Total mobility of sp. (%) 62.96 +9.35 66.05 + 6.35 70.11+3.91
Progressive mobility of sp. (%) 58.14 +10.33 59.84 + 6.88 65.45 + 4.45
Rapid sp. (%) 35.96 £9.46 36.05 £ 5.42 4243 +3.94
Slow sp. (%) 22.03+2.68 23.67 £1.49 22.81+1.30
Circularly motile sp. (%) 0.13+0.10 0.13+0.02 0.22 +0.08
Locally motile sp. (%) 4.83 £1.49 6.21 = 0.69 4.66 + 0.61*
Immotile sp. (%) 37.04 £9.35 33.95+6.35 29.89+3.91

Statistically significant difference: *P < 0.05 Group A vs Group B; #P < 0.05 Group B vs Group C
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Although not statistically significant (P > 0.05),
both total and progressive sperm motility tended to be
higher when semen was thawed at higher
temperatures for shorter exposures (Group C, 65 °C for
5 seconds) compared to Groups A and B. Specifically,
total sperm motility was highest in Group C; namely, it
was 11.36% higher than in Group A and 6.15% higher
than in Group B. Progressive motility followed a similar
trend, with Group C exhibiting a 12.57% increase
compared to Group A and a 9.37% increase compared
to Group B. These findings align with that of Nguyen et
al. (2023), who reported that rapid semen thawing at
70 °C, followed by stabilization at 39 °C, significantly
improved motility, viability, and mitochondrial activity
compared to standard thawing at 39 °C. This suggests
that minimizing thawing time may enhance the number
of spermatozoa capable of regaining maximal motility
(Smirnov, 1982).

In this study, the percentage of rapid spermatozoa
was approximately 18% higher in Group C than in
Groups A and B, while the percentage of slow
spermatozoa was about 4% lower in Group C. Notably,
the percentage of circularly motile spermatozoa in
Group C was 69.23% higher than in Groups A and B,
though this increase reached no statistical significance
(P < 0.05). The percentage of locally motile
spermatozoa was significantly higher in the case of
semen thawing at 65 °C than in semen thawing at 55 °C
(P < 0.05). Although the percentage of immotile
spermatozoa was 24% lower in Group C than in Group
A, this difference was not statistically significant
(P>0.05). Similarly, Yilmaz et al. (2020) found no
statistically significant difference in the percentage of
rapid spermatozoa between semen thawed at 37 °C for
20 and 30 seconds and semen thawed at 60 °C for
8 seconds. Lyashenko (2015) observed improved
sperm motility when semen was thawed at 65-70 °C
for 6 to 7 seconds compared to standard thawing at
39 °C, attributing this to reduced recrystallization and

hydration damage during rapid thawing. Similarly,
other studies reported improved sperm motility when
deep-frozen bull semen was thawed at higher
temperatures, such as 60 °C and 80 °C (Narasimha et

al,, 1986; Dhami et al., 1996).

Table 2 presents the sperm kinetic parameters,
assessed using CASA, for deep-frozen bull semen
thawed at different temperatures. Sperm Kinetic
parameter evaluation found higher VCL values in Group
C, with a 14.23% increase compared to Group A and an
11.43% increase compared to Group B, though these
values showed no statistical difference (P > 0.05).
Similarly, deep-frozen semen thawing at higher
temperatures (65 °C for 5 seconds) yielded
approximately 12% higher VSL and VAP values
compared to groups where semen was thawed at lower
temperatures. Shah et al. (2016) observed higher VCL
and VSL values when thawing semen at 50 °C for 15
seconds and at 70 °C for 7 seconds compared to
thawing semen at 37 °C for 30 seconds. These findings
align with that of our study. DCL and DSL values were
also higher in Group C than in Group B (16.26% and
22.52%, respectively), though these differences were
not statistically significant (P > 0.05). However, DAP
was significantly higher in Group C than in Group B
(P<0.05), with an 18% increase. ALH value was also
11.57% higher in Group C than in Groups A and B.
Conversely, LIN was significantly lower in Groups B
and C than in Group A (P < 0.05). Dolezalova et al.
(2017) tested four deep-frozen semen thawing
methods: control group (38.5 °C for 30 seconds), slow
thawing (30 °C for 50 seconds), medium thawing (50 °C
for 15 seconds), and fast thawing (70 °C for 3 seconds)
and reported significantly lower VSL and LIN values in
the control group than in all other tested groups.
Overall, our data suggest that higher thawing
temperatures enhance sperm motility and Kkinetics,
which aligns with the results of other studies (Nur et

al, 2003; Rastegarnia et al.,, 2013).

Table 2.
Post-thaw sperm kinetic parameters

38°C - 20 sec. 55°C - 10 sec. 65 °C - 5 sec.

(Group A) (Group B) (Group C)

VCL (pm/s) 107.50 + 21.78 110.20 + 11.97 122.80 + 8.91
VSL (um/s) 36.17 £7.10 36.31+3.62 40.31+2.84
VAP (um/s) 47.61+8.73 48.72 + 4.67 53.76 +£3.55
DCL (um) 35.54+5.58 33.76 +3.43 39.25+1.94
DSL (pm) 9.56 £1.90 8.26 +0.98 10.12 £ 0.61
DAP (um) 14.07 £ 2.16 13.00 + 1.33 15.31 + 0.75#
ALH (pm) 1.21+0.19 1.21+0.11 1.35+0.08
BCF (Hz) 10.33 +1.58 9.74 £ 0.89 10.85 + 0.57
HAC (rad) 0.23+0.05 0.23+0.03 0.26 +0.02
WOB (VAP/VCL) 0.45+0.01 0.44+0.01 0.44 +0.01
LIN (VSL/VCL) 0.34+0.01 0.33 + 0.00** 0.33 + 0.00*
STR (VSL/VAP) 0.76 £ 0.02 0.75+0.01 0.75+0.00

Statistically significant difference: *P < 0.05 Group A vs Group C; **P < 0.01 Group A vs Group B; #P < 0.05 Group B vs Group C
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Table 3 presents the results of the
cytomorphological examination of spermatozoa. No
significant differences (P > 0.05) were observed
between the three thawing protocols regarding the
percentage of pathologically altered spermatozoa, live
spermatozoa, or the prevalence of head, midpiece, or
tail defects. This contrasts with findings reported by
Yilmaz et al. (2020), who observed a higher percentage
of pathologically altered spermatozoa when semen was
thawed at 37 °C compared to 60 °C. It is well-
established that sperm plasma membranes, acrosomal
outer membranes, and mitochondrial membranes are
highly susceptible to damage during freezing and

unsaturated fatty acids, undergo phase transitions from
liquid to gel during the deep-freezing process, leading
to structural alterations (Watson, 1995). Furthermore,
the high unsaturated fatty acid content renders
spermatozoa vulnerable to oxidative stress, which
occurs during both freezing and thawing (Holt, 2000).
Oxidative stress and subsequent lipid peroxidation can
compromise plasma membrane integrity, resulting in
reduced sperm motility (Nur et al,, 2006). In our study,
the absence of significant differences in the percentages
of live or pathologically altered spermatozoa suggests
that thawing semen at temperatures higher than
physiological does not significantly increase or

thawing processes. These membranes, rich in decrease membrane damage.
Table 3.
Post-thaw sperm cytomorphology changes

38°C-20 sec. 55°C-10 sec. 65 °C - 5 sec.

(Group A) (Group B) (Group C)

Share of morphologically changed sp. (%) 8.33+4.46 11.67 £1.97 10.33 £ 2.34
Living sp. (%) 70.00 + 6.20 70.67 £7.76 73.67 £ 4.46
Dead sp. (%) 30.00 +6.20 29.33+7.76 26.33 £4.46
Head defect in sp. (%) 5.67 +4.46 4.67 +2.42 4.67 +2.07
Midpiece defect in sp. (%) 2.00 £0.00 3.00+£1.16 2.00 £0.00
Tail defect in sp. (%) 3.00+1.16 5.00 £3.52 5.00 £2.10
4. Conclusion characteristics. Acta Universitatis Agriculturae Et

The findings of this study suggest that thawing
semen at a higher temperature for a shorter duration
(65 °C for 5 seconds) results in improved sperm
motility and kinetics compared to standard
physiological thawing temperatures. This enhanced
bull semen motility and kinetic performance observed
with rapid thawing at elevated temperatures may be
attributed to reduced exposure to temperatures
outside the physiological limits, consequently
preserving mitochondrial activity in spermatozoa.
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