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of this study was therefore to analyse if the semen volume, sperm motility and concentration can be used to predict 
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Sperm freezing represents an effective method for 
preserving and transporting genetic material that 
eliminates geographical barriers and allows for in-
creased sire use without risking their reproductive 
health. Nonetheless, the process of cryopreservation 
induces irreversible cryodamage, which leads to de-
creased fertilizing ability of sperm. Like many other 
species, ovine sires present their inter-individual 
variability that affects the results of semen storage 
and the freeze-thaw process, which in turn leads 
to their classification according to the freezability 
of their semen (Soleilhavoup et al. 2014; Pequeno 
et al. 2023). Several explanations for this phenom-
enon have previously been described, including the 

age of the ram and birth type (twins or singletons) 
(Malkova et al. 2024). It is also important to note that 
even ejaculates from the same sire exhibit varying 
cryo-resistance, but the responsible endogenous fac-
tors are not yet fully understood (Martinez-Fresneda 
et al. 2019). Therefore, it is not surprising that re-
searchers across multiple industries are looking for 
an effective way to predict the freezability of sperm.

In previous years, both conventional (Chikhaliya 
et al. 2018; Asaduzzaman et al. 2021) and non-con-
ventional (Casas et al. 2009) qualitative and quanti-
tative variables of freshly obtained semen have been 
used as potential predictors of sperm freezability, 
including post-thaw variability parameters.
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In order to evaluate non-conventional semen 
variables, sophisticated approaches employing 
proteomics like Western blot, immunocytochemis-
try, and liquid chromatography-mass spectrometry, 
or even more advanced transcriptomic methods 
(microRNA and mRNA profiles of sperm), have 
previously been suggested by  several authors 
(Pequeno et al. 2023; Ren et al. 2023; Sun et al. 
2023). Qin et al. (2018) reported that aconitate 2 
and pyruvate kinase M2 localised in the body and 
tail of spermatozoa could be used as good predic-
tors of human sperm freezability. Recently, it was 
shown that ram sperm cryotolerance is  related 
to aquaporin 3 expression, which suggests this 
protein could be used as a good freezability predic-
tor (Pequeno et al. 2023). Furthermore, one study 
found that the ram spermatozoa with superior 
freezability contained specific proteins involved 
in regulating Ca2+ transport and maintaining the 
structure of flagella (S100A8, S100A9, S100A12, 
S100A14 and S100A16), providing antioxidant 
protection  and preventing apoptosis (HYOU1, 
PRDX1), and maintaining cell motility and immune 
response (HSP90B1) (Ren et al. 2023).

It is obvious that such approaches are certainly 
useful not only in practical terms but also more im-
portantly for enriching our theoretical knowledge 
of  the mechanisms of  spermatozoa cryodamage 
and developing effective methods to combat them. 
Unfortunately, the major drawbacks of such ap-
proaches are their high costs and time-consumption.

Key factors when choosing what sperm param-
eters to use as freezability predictors are time ef-
ficiency and cost-effectiveness. Previously, results 
from the hypo-osmotic swelling (HOS) test were 
considered a good indicator of sperm freezability, 
and despite its relatively low cost, the time required 
to take this test must be considered (Padrik et al. 
2012; Prinosilova et al. 2014). In contrast, sperm 
motility is a conventional parameter that has long 
been considered an excellent predictor of sperm fer-
tilizing ability (David et al. 2015). Due to its quick 
and low-cost analysis, many researchers are explor-
ing its use as a freezability predictor of sperm from 
various species. Dorado et al. (2009) showed that 
sperm motility parameters of goats, including the 
overall percent of motile spermatozoa, were effec-
tive for predicting freezability. A similar conclu-
sion was reached by Jiang et al. (2017), when they 
developed an effective model to predict post-thaw 
sperm motility based on the pre-freeze parameters 

of human sperm (progressive motility, straight line, 
average path velocity). This model helped the authors 
significantly improve the cryopreservation success 
at a human sperm bank from 67% to 94%. Apart from 
sperm motility, semen volume and sperm concentra-
tion are important conventional indicators of sperm 
quality. Sperm concentration is characterised by the 
number of spermatozoa per one millilitre of ejacu-
late, and based on this concentration, undiluted 
ram semen can be categorised as either spermato-
zoa rich (contains more than 2 billion sperm/ml) 
or spermatozoa poor (contains less than 1 billion 
sperm/ml). It is known that despite using optimised 
procedures, a significant proportion of ram sperma-
tozoa die or are seriously damaged during freezing 
and thawing (Savvulidi et al. 2021), with the growth 
of intracellular ice crystals being one of the main 
causes (Savvulidi et al. 2023). Thus, in order to im-
prove cryopreservation success, it is necessary to use 
not only high-volume ejaculates but also those with 
a high sperm concentration. This requirement allows 
for increased insemination dose production with 
an optimal number of spermatozoa in each dose.

Previously, Gil et al. (2005) reported a low associa-
tion between conventional sperm parameters and 
freezability in some livestock species, but regard-
less of varying recommendations across species, the 
use of conventional semen parameters, including 
motility, concentration, and semen volume, as pre-
dictors of freezability is still of great interest to the 
sheep industry. In this study, we tested whether pre-
freezing parameters of fresh ejaculate (sperm motil-
ity, semen volume, and concentration) are useful for 
predicting thawed ram sperm motility. Additionally, 
we tested if the order of ejaculate sampling and breed 
influenced cryopreservation outcomes, as these top-
ics are still a focus area for researchers in the field 
of ovine reproduction (Ben Moula et al. 2022; Vozaf 
et al. 2022; Mujitaba et al. 2024).

MATERIAL AND METHODS

Animals

All rams used in  the present study belonged 
to “Suleimenov” Farm in the Akmola region. For 
this study, semen collection, freezing-thawing 
procedures, and quality analysis were done at the 
Republican Centre for Breeding Livestock Asyl 
Tulik JSC, Kosshy city, Akmola region, Republic 
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of Kazakhstan at 350 m above sea level (50.9897, 
71.3636). This centre is nationally accredited for its 
equipment standards, technological processes, and 
animal husbandry. The climate in the Akmola re-
gion is continental and dry, with hot summers and 
cold winters. The highest amount of rain is in June, 
while the minimum is during February. Ram semen 
was obtained with the aid of an artificial vagina 
in different seasons throughout the years from 2021 
to 2023. Semen collection was conducted 3 times 
a week (first and second ejaculation, within a single 
collection session, was collected) from healthy and 
sexually mature Edilbay (n = 10) and Hampshire 
Down (n = 2) rams. The rams were kept in indi-
vidual enclosures located in a separated area and 
were already accustomed to an artificial vagina. 
A balanced diet was prepared daily with a feeding 
ration that consisted of 1.5 kg of hay (mixed grass), 
1 kg of barley, 0.5 kg of carrots, 10 g of feed additive 
(premix), and 20 g of mineral licks. Furthermore, the 
rams were provided good-quality water ad libitum.

Analysis of collected semen quality

Semen was collected with the use of a standard ar-
tificial vagina optimised for ovine semen collection. 
Immediately after collection, the fresh semen was 
evaluated organoleptically for colour, odour, and 
density. Semen volume (VOL, ml) was measured 
using a 15 ml graduated Pyrex® test tube. Sperm 
concentration (CONC, 109/ml) was assessed using 
the “Accucell 783” photometer (IMV Technologies, 
L'Aigle, France). Pre-freeze sperm motility (FRESH) 
was evaluated in a prediluted sample with a cover-
slip, using a 10-point scale (where 1 point is equal 
to 10% and 10 points are equal to 100% motility) 
at 35–38 °C under a basic light microscope with 
200 times magnification (Palmer 2016). The se-
men with a score of at least 8 points was further 
processed and eventually cryopreserved. However, 
in some cases, semen samples with scores lower 
than 8 points were also used.

Semen processing, cryopreservation, 
thawing, and analysis of thawed 
sperm quality

Semen was diluted with OptiXcell diluent (IMV 
Technologies, L'Aigle, France) to  a  concentra-

tion of  800  million sperm/ml and packed into 
0.25 ml straws. An IS 4 packaging machine (IMV 
Technologies, L'Aigle, France) was used for straw 
processing. The straws were frozen using a Mini-
Digitcool 1400 (IMV Technologies, L'Aigle, France) 
freezer with Win 3T software and they were frozen 
over 9 min from +4 °С to –140 °С. The temperature 
was gradually lowered to –10 °С over 4.5 min, then 
to –100 °С within 2.5 min, and finally to –140 °С 
in the last 2 minutes. After one month of storage, 
the sperm was thawed at 37 °C for 30 seconds. Post-
thaw sperm motility was evaluated using a 10-point 
scale at 35–38 °C under a basic light microscope 
with 200 times magnification (Palmer 2016).

Statistical analyses

All statistical evaluations of  frozen/thawed 
sperm were performed using SAS v9.3 (2011; Cary, 
NC, USA).

Freezability prediction using simple 
regression analysis

A simple regression analysis was performed us-
ing the REG procedure. Simple one-way (VOL, 
CONC, FRESH), multiple two-way (VOL × CONC; 
VOL × FRESH; CONC × FRESH), and multiple 
three-way (VOL × CONC × FRESH) linear regres-
sion equations were calculated to predict sperm 
freezability. The prediction value was estimated 
based on  the coefficient of  determination (R2) 
and the statistical significance of each regression 
variable.

Freezability prediction using regression 
analysis corrected for systematic effects

In the next sequence, generalised linear models 
(GLM) and MIXED procedures were used to es-
timate frozen/thawed sperm freezability based 
on individual (VOL, CONC, FRESH) or multiple 
(VOL × CONC; VOL × FRESH; CONC × FRESH; 
VOL × CONC × FRESH) pre-freezing variables 
as covariates. Each relation was expressed after 
adjustment due to seasonal effect (from combin-
ing ejaculates taken in the course of the year), order 
of ejaculate sampling (1st or 2nd ejaculate within 
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a single collection session), and breed variations. 
The prediction abilities of these statistical models 
were compared using the defined criteria: R2 coeffi-
cient, F-value of particular factors, Akaike informa-
tion criterion (AIC), corrected Akaike information 
criterion (AICC), and the Bayesian information cri-
terion (BIC). The best model was the one that had 
the highest R2 and the lowest AIC, AICC, and BIC. 
Significance was estimated at P < 0.05.

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
                      + b1 × VOL + eijkl 			

(1)

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
                      + b2 × CONC + eijkl 		

(2)

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
                      + b3 × FRESH + eijkl 		

(3)

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
	                    + b1 × VOL + b2 × CONC + eijkl 

	 (4)

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
	                   + b1 × VOL + b3 × FRESH + eijkl 

	 (5)

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
                      + b2 × CONC + b3 × FRESH + eijkl	

(6)

THAWEDijkl = µ + YSi + BREEDj + ORDERk +
	             + b1 × VOL + b2 × CONC +
                      + b3 × FRESH + eijkl 		

(7)

where:
THAWED 	 – frozen/thawed sperm motility (%);
µ 	 – the mean of the trait evaluated;
YSi 	 – randomised combined year-seasonal  
	     effect;
BREEDj 	 – fixed effect of ram breed (j – Edilbay,  
	     n – 396; j – Hampshire Down, n – 40);
ORDERk 	 – fixed effect of the order of ejaculate sam- 
	       pling (k – 1st ejaculate, n – 218; k – 2nd ejac- 
	    ulate, n – 218);
b1 × VOL 	 – semen volume as a covariate;
b2 × CONC 	 – sperm concentration as a covariate;
b3 × FRESH 	 – sperm motility after collection as a co- 
	     variate;
eijkl 	 – the residual error.

RESULTS

Freezability prediction using simple 
regression analysis

Statistical models for the prediction of sperm 
freezability based on an initial evaluation of con-
ventional semen variables (motility, semen volume, 

sperm concentration) using a simple linear regres-
sion analysis are reported in Table 1.

This table includes simple (one-way statistical 
models No. 1–3) as well as multiple (two- or three-
way statistical models No. 4–7) linear regression.

As far as  the simple (one-way) linear regres-
sions are concerned, the statistical models for 
sperm CONC (No. 2) and FRESH (No. 3) showed 
a significant predictive character for THAWED. 
An increase of 1 × 109 sperm in fresh ejaculate 
or 0.1 point of fresh sperm motility corresponded 
with a significant increase of frozen/thawed sperm 
motility by 0.032 or 0.109 points, respectively. 
However, the coefficients of determination were 
low: 3.3% (P > 0.05) for CONC (statistical model 
No. 2) and 5.7% (P < 0.05) for FRESH (statistical 
model No. 3). When considering multiple covari-
ates, the coefficient of determination increased, but 
by 7.4% at maximum (P < 0.05) (statistical model 
No. 7). Among the evaluated covariates, FRESH was 
a stronger predictor, where an increase of 0.1 point 
corresponded with a 0.117–0.187 point (depend-
ing on the statistical model) increase of THAWED. 
A weaker, but still significant predictive relation-
ship was detected for VOL, when analysed using 
a two-way linear regression with CONC or FRESH.

Freezability prediction using regression 
analysis corrected for systematic effects

Statistical models to  predict frozen/thawed 
sperm motility are reported in Table 2.

This table includes seven prediction model equa-
tions corrected for systematic effects with initial 
check attributes (VOL, CONC, FRESH) as covari-
ates (independently, multiple: two or three simul-
taneously evaluated covariates). The predictive 
value for all the statistical models was similar when 
considering the coefficient of determination (R2 = 
26.0–29.3%, P < 0.05), Akaike information crite-
rion (AIC = 596.5–604.6), corrected Akaike in-
formation criterion (AICC = 596.5–604.6), and 
the Bayesian information criterion (BIC = 594.7–
602.8). Generally, all of these criteria indicate that 
the initially checked attributes had only a minor 
effect. Furthermore, this was confirmed by the sig-
nificance of the effects and it was supported by the 
F-values.

Sperm motility after thawing was also largely in-
fluenced by the order of ejaculate sampling, when 



97

Czech Journal of Animal Science, 70, 2025 (3): 93–101	 Original Paper

https://doi.org/10.17221/185/2024-CJAS
Ta

bl
e 

1.
 F

re
ez

ab
ili

ty
 p

re
di

ct
io

n 
us

in
g 

si
m

pl
e 

re
gr

es
si

on
 a

na
ly

si
s

M
od

el
 

N
o.

Li
ne

ar
 re

gr
es

sio
n 

eq
ua

tio
n

G
LM

 p
ro

ce
du

re
Si

gn
ifi

ca
nc

e
R2

P
V

O
L

C
O

N
C

FR
ES

H
1.

T
H

AW
ED

 =
 3

.3
35

 –
 0

.1
62

 ×
 V

O
L

0.
00

7
n.

s.
n.

s.
–

–
2.

T
H

AW
ED

 =
 3

.2
27

 +
 0

.0
32

 ×
 C

O
N

C
0.

03
3

**
*

–
**

*
–

3.
T

H
AW

ED
 =

 2
.7

28
 +

 0
.1

09
 ×

 F
RE

SH
0.

05
7

**
**

–
–

**
**

4.
T

H
AW

ED
 =

 3
.4

47
 –

 0
.2

94
 ×

 V
O

L 
+ 

0.
03

8 
× 

C
O

N
C

0.
04

9
**

*
*

**
*

-
5.

T
H

AW
ED

 =
 2

.9
14

 –
 0

.2
31

 ×
 V

O
L 

+ 
0.

11
7 

× 
FR

ES
H

0.
07

1
**

**
*

–
**

**
6.

T
H

AW
ED

 =
 2

.4
62

 –
 0

.0
33

 ×
 C

O
N

C
 +

 0
.1

87
 ×

 F
RE

SH
0.

06
3

**
**

–
n.

s.
**

7.
T

H
AW

ED
 =

 2
.7

09
 –

 0
.2

05
 ×

 V
O

L 
– 

0.
02

3 
× 

C
O

N
C

 +
 0

.1
70

 ×
 F

RE
SH

0.
07

4
**

**
n.

s.
n.

s.
**

C
O

N
C

 =
 sp

er
m

 co
nc

en
tr

at
io

n 
af

te
r c

ol
le

ct
io

n 
(1

09 /m
l);

 F
RE

SH
 =

 sp
er

m
 m

ot
ili

ty
 a

ft
er

 co
lle

ct
io

n 
(p

oi
nt

s)
; G

LM
 =

 g
en

er
al

is
ed

 li
ne

ar
 m

od
el

s;
 n

.s
. =

 n
ot

 si
gn

ifi
ca

nt
; P

-m
od

el
 =

 
P-

va
lu

e 
of

 th
e 

st
at

is
tic

al
 m

od
el

; R
2  =

 c
oe

ff
ic

ie
nt

 o
f d

et
er

m
in

at
io

n;
 T

H
AW

ED
 =

 fr
oz

en
-t

ha
w

ed
 s

pe
rm

 m
ot

ili
ty

 (p
oi

nt
s)

; V
O

L 
= 

se
m

en
 v

ol
um

e 
af

te
r 

co
lle

ct
io

n 
(m

l)
*P

 <
 0

.0
5,

 **
P 

< 
0.

01
, *

**
P 

< 
0.

00
1,

 **
**

P 
< 

0.
00

0 
1

Ta
bl

e 
2.

 F
re

ez
ab

ili
ty

 p
re

di
ct

io
n 

us
in

g 
re

gr
es

si
on

 a
na

ly
si

s c
or

re
ct

ed
 fo

r s
ys

te
m

at
ic

 e
ffe

ct
s

M
od

el
 

N
o.

Li
ne

ar
 re

gr
es

sio
n 

eq
ua

tio
n

G
LM

 
pr

oc
ed

ur
e

M
IX

ED
 

pr
oc

ed
ur

e
Si

gn
ifi

ca
nc

e
(F

-v
al

ue
)

R2
P

A
IC

A
IC

C
BI

C
YE

A
R*

SE
A

SO
N

BR
EE

D
O

RD
ER

V
O

L
C

O
N

C
FR

ES
H

1.
T

H
AW

ED
 =

 3
.6

69
 –

 0
.0

56
 ×

 V
O

L
0.

26
0

**
**

60
4.

6
60

4.
6

60
2.

8
**

**
 (3

.2
0)

**
**

 (2
6.

82
)

**
* (

11
.9

1)
0.

61
4 

(2
.2

6)
–

–
2.

T
H

AW
ED

 =
 2

.9
25

 +
 0

.0
32

 ×
 C

O
N

C
0.

28
8

**
**

59
7.

6
59

7.
7

59
5.

8
**

**
 (3

.0
7)

**
**

 (3
3.

17
)

**
* (

13
.2

0)
–

**
* (

12
.4

4)
–

3.
T

H
AW

ED
 =

 2
.6

62
 +

 0
.0

81
 ×

 F
RE

SH
0.

28
6

**
**

59
6.

5
59

6.
5

59
4.

7
**

**
 (2

.8
0)

**
**

 (2
9.

68
)

**
* (

12
.0

6)
–

–
**

* (
11

.6
7)

4.
T

H
AW

ED
 =

 3
.1

77
 –

 0
.1

70
 ×

 V
O

L 
+  

+ 
0.

03
6 

× 
C

O
N

C
0.

29
3

**
**

59
7.

9
59

7.
9

59
6.

1
**

**
 (3

.1
0)

**
**

 (3
0.

28
)

**
 (1

0.
73

)
0.

13
3 

(2
.2

6)
**

* (
14

.4
9)

–

5.
T

H
AW

ED
 =

 2
.8

00
 –

 0
.1

31
 ×

 V
O

L 
+

+ 
0.

08
6 

× 
FR

ES
H

0.
28

9
**

**
59

7.
6

59
7.

7
59

5.
8

**
**

 (2
.8

0)
**

**
 (2

6.
90

)
**

 (1
0.

06
)

0.
24

2 
(1

.3
8)

–
**

* (
12

.7
9)

6.
T

H
AW

ED
 =

 2
.8

33
 +

 0
.0

23
 ×

 C
O

N
C

 +
+ 

0.
02

5 
× 

FR
ES

H
0.

28
8

**
**

60
1.

1
60

1.
2

59
9.

3
**

**
 (2

.8
4)

**
**

 (3
0.

41
)

**
* (

12
.6

3)
–

n.
s. 

(0
.9

0)
n.

s. 
(0

.1
6)

7.
T

H
AW

ED
 =

 2
.8

33
 –

 0
.1

67
 ×

 V
O

L 
+

+ 
0.

03
3 

× 
C

O
N

C
 +

 0
.0

10
 ×

 F
RE

SH
0.

29
3

**
**

60
1.

5
60

1.
6

59
9.

7
**

**
 (2

.8
9)

**
**

 (2
8.

58
)

**
 (1

0.
53

)
0.

14
6 

(2
.1

2)
n.

s. 
(1

.6
5)

n.
s. 

(0
.0

2)

A
IC

 =
 A

ka
ik

e 
in

fo
rm

at
io

n 
cr

ite
ri

on
; A

IC
C

 =
 c

or
re

ct
ed

 A
ka

ik
e 

in
fo

rm
at

io
n 

cr
ite

ri
on

; B
IC

 =
 B

ay
es

ia
n 

in
fo

rm
at

io
n 

cr
ite

ri
on

; B
RE

ED
 =

 fi
xe

d 
ef

fe
ct

 o
f b

re
ed

; C
O

N
C

 =
 sp

er
m

 
co

nc
en

tr
at

io
n 

af
te

r 
co

lle
ct

io
n 

(1
09 /m

l);
 F

RE
SH

 =
 s

pe
rm

 m
ot

ili
ty

 a
ft

er
 c

ol
le

ct
io

n 
(p

oi
nt

s)
; G

LM
 =

 g
en

er
al

is
ed

 li
ne

ar
 m

od
el

s;
 n

.s
. =

 n
ot

 s
ig

ni
fic

an
t; 

O
RD

ER
 =

 fi
xe

d 
ef

fe
ct

 
of

 th
e 

or
de

r 
of

 r
am

 s
em

en
 c

ol
le

ct
io

n;
 P

-m
od

el
 =

 P
-v

al
ue

 o
f t

he
 s

ta
tis

tic
al

 m
od

el
; R

2  =
 c

oe
ff

ic
ie

nt
 o

f d
et

er
m

in
at

io
n;

 T
H

AW
ED

 =
 fr

oz
en

-t
ha

w
ed

 s
pe

rm
 m

ot
ili

ty
 (p

oi
nt

s)
; 

V
O

L 
= 

se
m

en
 v

ol
um

e 
af

te
r 

co
lle

ct
io

n 
(m

l);
 Y

EA
R*

SE
A

SO
N

 =
 r

an
do

m
is

ed
 c

om
bi

ne
d 

ye
ar

-s
ea

so
na

l e
ffe

ct
*P

 <
 0

.0
5,

 **
P 

< 
0.

01
, *

**
P 

< 
0.

00
1,

 **
**

P 
< 

0.
00

0 
1



98

Original Paper	 Czech Journal of Animal Science, 70, 2025 (3): 93–101

https://doi.org/10.17221/185/2024-CJAS

the 2nd ejaculate reached higher freezability com-
pared to the 1st one (Figure 1A).

The differences in frozen-thawed semen ranged 
from 0.172 points (statistical model 5: with sperm 
VOL and FRESH as covariates) to 0.192 points (sta-
tistical model 2: with sperm CONC as covariate), 
depending on the statistical model applied. The 
fixed effect of breed was a major driving factor 
influencing frozen/thawed sperm motility in the 
present study. Edilbay rams exhibited significant-
ly higher sperm motility after thawing compared 
to Hampshire Down (Figure 1B) with the differ-
ences ranging from 0.58 to 0.63, depending on the 
statistical model used.

DISCUSSION

Effect of semen volume, sperm motility and 
concentration on frozen-thawed motility

Routine methods for predicting the freezabil-
ity of ram sperm cells using conventional semen 
variables (motility, volume, concentration) are easy 
to implement. Our results revealed that both sperm 
concentration and motility have a significant effect 
on freezability. This is in line with the results previ-
ously reported by Dorado et al. (2009), who found 
a positive relationship between conventional se-
men variables (namely motility) and the prediction 

Figure 1. Fixed effects of  the order of  ejaculate sampling and breed as  factors influencing frozen/thawed sperm 
motility
(A) Fixed effect of the order of ejaculate sampling. (B) Fixed effect of breed
a,bDifferent symbols mean statistically significant differences
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of sperm freezability in goats. However, it should 
be noted that in the present study, the coefficients 
of determination were low: 3.3% (P < 0.05) for con-
centration, and 5.7% (P < 0.05) for motility. In this 
sense, our results are in line with those of Gil et al. 
(2005), who demonstrated that motility parameters 
are insufficient for the determination of the freez-
ability of boar sperm. Furthermore, in our study 
the semen volume was found to have a very low 
predictive character. Based on the obtained results, 
we concluded that the initial evaluation of sperm at-
tributes is not a sufficient tool on its own. It is bet-
ter to consider other methods such as proteomics, 
transcriptomics, or the HOS test (Padrik et al. 2012; 
Prinosilova et al. 2014; Qin et al. 2018; Pequeno 
et al. 2023; Ren et al. 2023; Sun et al. 2023) for now 
and deal with this topic in future.

From the practical point of  view, since pre-
freeze semen parameters are not a strong predictor 
of freezing success, it may be unnecessary to reject 
samples that do not meet the set minimum require-
ments before freezing. It is known that workers 
in most centres that produce insemination doses 
are guided by methodological recommendations, 
which describe the minimum requirements that 
the semen must meet to be included in the freez-
ing process. Rejection based on these parameters 
leads to a decrease in the total number of insemi-
nation doses produced. We speculated about the 
possibility of producing acceptable insemination 
doses with the rejected semen, if the rejection was 
only based on the volume, concentration, and/or 
motility measurements before freezing. In the study 
by Nikitkina and Shapiev (2010), the bull semen 
was selected for freezing either according to the 
national methodological recommendation (with 
a concentration of > 0.8 × 109/ml and with mini-
mum motility of 80% before freezing) or with in-
tentionally low concentration and motility (< 0.8 × 
109/ml and < 80%, respectively) before freezing. 
After thawing, it was found that the sperm from the 
two groups did not differ in their in vitro quality 
indicators. In addition, no differences were found 
in the in vivo experiments, after conducting ex-
periments using artificial insemination. The au-
thors concluded that if the semen that does not 
initially meet the specified parameters is allowed 
to be frozen, it would be possible to prepare 6% 
more doses for insemination. We believe that the 
results obtained in  our study on  rams support 
the previously reported conclusion made from 

the results of the study by Nikitkina and Shapiev 
(2010) conducted on bulls. Our practical recom-
mendation is that the ram semen with relatively 
low concentration, volume, and/or motility can 
be included in the technological process of freez-
ing and subsequent preparation of insemination 
doses, as we have found that these parameters are 
weakly associated with the outcome of the freezing 
procedure. However, further research, includ-
ing a larger number of animals and different ovine 
breeds, is needed to confirm this recommendation.

Additionally, inter-individual differences in fro-
zen sperm quality have previously been observed 
in  small ruminants (Barbas and Mascarenhas 
2009). There is not only significant variability be-
tween ejaculates of individuals of different breeds, 
but also among ejaculates of the same individual 
sires on different semen collection days (Yeste 
et al. 2015).

This unpredictable variability highlights the 
importance of pre-screening semen samples and 
of looking for new and robust strategies how to pre-
dict freezability more effectively.

Effect of the order of ejaculate sampling 
and breed on frozen-thawed motility

The order of ejaculate sampling played an im-
portant role. Sperm from the second ejacula-
tion achieved demonstrably higher freezability 
(P < 0.05) than those from the first. This fact was 
previously confirmed by Nel-Themaat et al. (2006), 
who pointed out in their study that greater post-
thaw progressive motility of cryopreserved sperm 
was observed in the ejaculate from the second col-
lection. Similar results were also obtained by Ben 
Moula et al. (2022). Before ejaculation, mature 
sperm are usually stored in the cauda epididymis, 
and as more mature sperm enter the caudal region, 
the sperm that have not yet been ejaculated move 
into the vas deferens, where they begin to degrade. 
As a result, a large proportion of ejaculates from 
the first collection may contain these less viable 
sperm, which may also be one of the reasons why 
ejaculates from the second collection exhibit better 
freezability than those from the first.

The results of this study showed that the fixed 
effect of breed was the main driving factor influ-
encing post-thaw sperm motility. Compared to the 
Hampshire Down breed, the Edilbay breed showed 
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significantly higher sperm motility after thawing 
(P < 0.05). A statistically significant effect of breed 
on sperm motility was also confirmed by Tohura 
et al. (2019), yet several other authors found that 
the breed plays a very small role in these parameters 
(Barbas et al. 2023; Mujitaba et al. 2024). Vozaf et al. 
(2022) compared three ram breeds (Slovak Dairy, 
Native Slovak Wallachian, Improved Wallachian 
breeds) and observed no significant effect (P > 0.05) 
on standard motility parameters after thawing, 
but it should be noted that this case involved the 
use of three national Slovakian breeds, which are 
well adapted to local environmental conditions. 
In  our study, two breeds were compared, only 
one of which is native to the area. It is well known 
that native purebred breeds are perfectly adapt-
ed to their environment and are more vital and 
healthy, which is also reflected in their reproductive 
traits (Kumaresan et al. 2021). Edilbay is a breed 
that was historically adapted to a nomadic lifestyle 
in  the deserts and semi-deserts of Kazakhstan. 
We speculated that this may be one of the reasons 
why the sperm cell motility of this breed was higher 
after thawing compared to the imported British 
Hampshire Down breed of sheep.

CONCLUSION

Results from our study confirmed that sperm 
concentration and motility were significant pre-
dictive values for the outcome of the freezing pro-
cedure, but the coefficients of determination were 
very low: 3.3% for concentration, and 5.7% for mo-
tility. An even weaker, albeit significant predictive 
relationship was detected for the semen volume 
variable.

We concluded that the association between con- 
ventional semen variables (motility, volume, concen- 
tration) and sperm freezability in rams is low; ana-
lysing the measurements of ejaculated sperm be-
fore freezing is not a beneficial tool for predicting 
the outcome of ovine sperm freezing. The order 
of ejaculate sampling (first versus second, within 
a single collection session) played an important role 
in the outcome of sperm freezing. The sperm from 
the second ejaculation achieved higher freezability 
than those from the first. Furthermore, the results 
of this study showed that the effect of breed was 
the main driving factor influencing post-thaw ram 
sperm motility.

Acknowledgement

The authors thank Mr. Christopher LeBrun 
(XLEBC001@studenti.czu.cz), a  native English 
speaker from the Faculty of Agrobiology, Food and 
Natural Resources, Department of  Ethology 
and Companion Animal Science, CULS Prague for 
his excellent help with the English language of the 
manuscript.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Asaduzzaman M, Saha A, Akter S, Jha P, Alam M, Bari F. 
Assessment of semen quality of two ram breeds at pre-
freeze stage of cryopreservation. Int J Livest Res. 2021 
Feb;11(2):37-44.

Barbas JP, Mascarenhas RD. Cryopreservation of domestic 
animal sperm cells. Cell Tissue Bank. 2009 Feb;10(1): 
49-62.

Barbas JP, Pimenta J, Baptista MC, Marques CC, Pereira 
RMLN, Carolino N, Simoes J. Ram semen cryopreserva-
tion for Portuguese native breeds: Season and breed ef-
fects on semen quality variation. Animals. 2023 Feb; 
13(4):579.

Ben Moula A, Badi A, Hamidallah N, Allai L, El Khalil K, 
El Fadili M, Moussafir Z, El Amiri B. Effect of ejaculation 
frequency on ram semen characteristics, seminal plasma 
composition and chilled sperm quality. J Cent Eur Agric. 
2022 Dec;23(4):722-31.

Casas I, Sancho S, Briz M, Pinart E, Bussalleu E, Yeste M, 
Bonet S. Freezability prediction of boar ejaculates as-
sessed by functional sperm parameters and sperm pro-
teins. Theriogenology. 2009 Oct;72(7):930-48.

Chikhaliya PS, Ahlawat AR, Solanki GS, Raval RJ, Vala KB, 
Verma AD. Physical seminal attributes of Gir bull semen. 
Int J Curr Microbiol Appl Sci. 2018 Jul;7(7):1152-9.

David I, Kohnke P, Lagriffoul G, Praud O, Plouarboue F, De-
gond P, Druart X. Mass sperm motility is associated with 
fertility in sheep. Anim Reprod Sci. 2015 Oct;161:75-81.

Dorado J, Hidalgo M, Munoz A, Rodriguez I. Assessment 
of goat semen freezability according to the spermatozoa 
characteristics from fresh and frozen samples. Anim Re-
prod Sci. 2009 May;112(1-2):150-7.

Gil MA, Roca J, Cremades T, Hernandez M, Vazquez JM, 
Rodriguez-Martinez H, Martinez EA. Does multivariate 



101

Czech Journal of Animal Science, 70, 2025 (3): 93–101	 Original Paper

https://doi.org/10.17221/185/2024-CJAS

analysis of post-thaw sperm characteristics accurately 
estimate in vitro fertility of boar individual ejaculates? 
Theriogenology. 2005 Jul;64(2):305-16.

Jiang XP, Zhou WM, Wang SQ, Wang W, Tang JY, Xu Z, 
Zhang ZX, Qin C, Wang ZJ, Zhang W. Multivariate model 
for predicting semen cryopreservation outcomes in a hu-
man sperm bank. Asian J Androl. 2017 Jul-Aug;19(4):404-8.

Kumaresan A, Elango K, Datta TK, Morrell JM. Cellular 
and molecular insights into the etiology of subfertility/
infertility in crossbred bulls (Bos taurus × Bos indicus): 
A review. Front Cell Dev Biol. 2021 Jul;9:696637.

Martinez-Fresneda L, O‘Brien E, Velazquez R, Toledano-
Diaz A, Martinez-Caceres CM, Tesfaye D, Schellander K, 
Garcia-Vazquez FA, Santiago-Moreno J. Seasonal varia-
tion in sperm freezability associated with changes in tes-
ticular germinal epithelium in domestic (Ovis aries) and 
wild (Ovis musimon) sheep. Reprod Fertil Dev. 2019 Sep; 
31(10):1545-57.

Malkova A, Ptacek M, Savvulidi FG, Nagy ST, Stadnik L. 
Effects of age and litter-of-origin on cryopreserved sper-
matozoa in Sumava rams. Czech J Anim Sci. 2024 Apr; 
69(4):129-38.

Mujitaba MA, Kutvolgyi G, Debnar VJ, Tokar A, Posta J, 
Bodo S, Vass N. The impact of retrieval method and breed 
on the motility and kinematic parameters of fresh and 
post-thaw ram epididymal spermatozoa. Acta Vet Hung. 
2024 Nov;71(3-4):210-8.

Nel-Themaat L, Harding GD, Chandler JE, Chenevert JF, 
Damiani P, Fernandez JM, Godke RA. Quality and freez-
ing qualities of first and second ejaculates collected from 
endangered Gulf Coast Native rams. Anim Reprod Sci. 
2006 Oct;95(3-4):251-61.

Nikitkina EV, Shapiev IS. [Use of bovine sperm with low 
concentration and activity of spermatozoa for cryopreser-
vation]. Dostizhenija Nauki i Tehniki APK. 2010;(7):49-51. 
Russian.

Padrik P, Hallap T, Kaart T, Bulitko T, Jaakma U. Relation-
ships between the results of hypo-osmotic swelling tests, 
sperm motility, and fertility in Estonian Holstein dairy 
bulls. Czech J Anim Sci. 2012 Oct;57(10):490-7.

Palmer CW. Management and breeding soundness of ma-
ture bulls. Vet Clin North Am Food Anim Pract. 2016 Jul; 
32(2):479-95.

Pequeno B, Castano C, Alvarez-Rodriguez M, Boveda P, 
Millan de la Blanca MG, Toledano-Diaz A, Galarza DA, 
Rodriguez-Martinez H, Martinez-Madrid B, Santiago-
Moreno J. Variation of existence and location of aqua-
porin 3 in relation to cryoresistance of ram spermatozoa. 
Front Vet Sci. 2023 Mar;10:1167832.

Prinosilova P, Kopecka V, Hlavicova J, Kunetkova M. Mod-
ified hypoosmotic swelling test for the assessment of boar 
and bull sperm sensitivity to cryopreservation. Acta Vet 
Brno. 2014 Sep;83:313-9.

Qin Z, Wang S, Han P, Jiang X, Liu Z, Sun H, Tang M, 
Wang W, Tang J, Zhang W. Aconitate 2 (ACO2) and pyru-
vate kinase M2 (PKM2) are good predictors of human 
sperm freezability. Int J Clin Exp Med. 2018 Aug;11(8): 
7995-8002.

Ren C, Sun Z, Chen Y, Chen J, Wang S, Liu Q, Wang P, 
Cheng X, Zhang Z, Wang Q. Identification of biomarkers 
affecting cryopreservation recovery ratio in ram sperma-
tozoa using tandem mass tags (TMT)-based quantitative 
proteomics approach. Animals. 2023 Jul;13(14):2368.

Savvulidi FG, Ptacek M, Malkova A, Beranek J, Stadnik L. 
Optimizing the conventional method of sperm freezing 
in liquid nitrogen vapour for Wallachian sheep conserva-
tion program. Czech J Anim Sci. 2021 Feb;66(2):55-64.

Savvulidi FG, Ptacek M, Malkova A, Kratochvilova I, Simek D, 
Martinez-Pastor F, Stadnik L. Inhibition of extracellular 
ice crystals growth for testing the cryodamaging effect 
of intracellular ice in a model of ram sperm ultra-rapid 
freezing. J Appl Anim Res. 2023 Feb;51(1):182-92.

Soleilhavoup C, Tsikis G, Labas V, Harichaux G, Kohnke 
PL, Dacheux JL, Guerin Y, Gatti JL, de Graaf SP, Druart X. 
Ram seminal plasma proteome and its impact on liquid 
preservation of spermatozoa. J Proteom. 2014 Sep;109: 
245-60.

Sun P, Zhang G, Xian M, Zhang G, Wen F, Hu Z, Hu J. 
Proteomic analysis of frozen-thawed spermatozoa with 
different levels of freezability in dairy goats. Int J Mol Sci. 
2023 Oct;24(21):15550.

Tohura S, Parvin A, Siddique A, Assaduzzaman M, Zo-
hara B, Islam M. Factors affecting the semen quality 
of breeding bulls. Bangladesh Vet. 2019 Jan;35(1-2):32-9.

Vozaf J, Svoradova A, Balazi A, Vasicek J, Olexikova L, Du-
jickova L, Makarevich AV, Jurcik R, Duranova H, Chrenek P. 
The cryopreserved sperm traits of various ram breeds: 
Towards biodiversity conservation. Animals. 2022 May; 
12(10):1311.

Yeste M, Estrada E, Rocha LG, Marin H, Rodriguez-Gil JE, 
Miro J. Cryotolerance of stallion spermatozoa is related 
to ROS production and mitochondrial membrane poten-
tial rather than to the integrity of sperm nucleus. Androl-
ogy. 2015 Mar;3(2):395-407.

Received: November 8, 2024
Accepted: February 12, 2025

Published online: March 21, 2025


