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Summary: The aim of this study was to assess the use of - 152°C ultra freezer for freezing and storing bull semen as an 
alternative to freezing over the liquid nitrogen vapor and storing in liquid nitrogen in terms of certain post-thaw spermatological 
parameters. Two ejaculates, one per each bull, were used without pooling. Four different freezing and storing protocols were tested. 
At 1 week, 2 months and 6 months after cryopreservation, the frozen semen was thawed and the seminal parameters were 
determined. As a conclusion, this study has confirmed that the use of -152 °C ultra-low freezer for freezing and storing bull semen 
for 6 months is a viable alternative to liquid nitrogen. 
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Alternatif Dondurma ve Saklama Yöntemlerinin Boğa Sperması Üzerine Etkisi 

Özet: Bu çalışmanın amacı, boğa spermasının -152 °C derin dondurucuda dondurulup saklanmasının sıvı azot buharında 
dondurma ve sıvı azotta saklamaya çözüm sonu kimi spermatolojik parametreler bakımından bir alternatif olup olmayacağının 
araştırılmasıdır. Bu çalışmada iki adet boğanın birer ejakulatı miks yapılmadan kullanıldı. Araştırmada dört farklı dondurma ve 
saklama protokolü denendi. Dondurma işleminden bir hafta, iki ve altı aylık periyotlar sonrasında payetler çözdürüldü ve çözüm sonu 
bazı spermatolojik özellikler değerlendirildi. Sonuç olarak bu çalışma -152°C derin dondurucunun boğa spermasının dondurulması 
ve altı ay süreyle saklanmasında sıvı azota bir alternatif olarak kullanılabilirliğini ve boğa spermasının dondurulması ve 
saklanmasında iyi bir ortam sağladığını doğrulamaktadır. 

Anahtar sözcükler: Boğa, derin dondurucu, dondurma, saklama, sperma. 
 

 

 

                                                           
* Aynı isimli doktora tezinden özetlenmiştir. 

Bull semen can be frozen in pellets, ampoules or 
straws and then stored in liquid nitrogen (13). In addition 
to the traditional method for freezing semen in straws, 
freezers operating with liquid nitrogen are also used 
(2,3,4,11). However, with the changes in life sciences, 
liquid nitrogen-based systems have faced with some 
problems, the most important two being the 
contamination risk and temperature change up to 90 °C 
(4,6,7,8,10). Therefore, there is a need to investigate 
feasible alternatives for semen cryopreservation which 
can prevent the complications of traditional methods (2). 
However, there are also other studies confirming that 
another viable alternative may be the use of ultra-low 
freezers at -152 °C, not too far from liquid nitrogen 
temperature at -196 °C (2,3,4,11). It remains to be 
established mechanical freezers which can provide air 
phase at -150°C without the need for liquid nitrogen can 
prevent cross-contamination of germ-plasm over a long 
period of storage (6,7). The aim of this experiment was 
to assess the use of an ultra-low freezer at -152 °C for 

freezing and storage of bull semen for 6 months. Post-
thawing seminal parameters were evaluated to see 
whether an ultra-low freezer at -152 °C could be a 
feasible alternative to cryopreservation in liquid nitrogen. 

Two Holstein bulls were used in this experiment. 
Semen was collected using an artificial vagina. The 
ejaculates from each bull were not pooled but processed 
individually. Following semen collection the semen 
volume, concentration, pH, sperm motility and the 
percentages of abnormal and dead sperm cells were 
determined. Following the seminal analysis, the 
ejaculates were diluted with Bioxcell, packaged in 0.25 
ml plastic straws (9) and equilibrated. Following 
equilibration, the sperm motility and the percentages of 
dead spermatozoa and abnormal spermatozoa rate were 
determined. Four different freezing and storing protocols 
were tested: I- Straws were frozen over the liquid 
nitrogen vapor and then plunged into and stored in liquid 
nitrogen. II- Straws were frozen over liquid nitrogen 
vapor, plunged into liquid nitrogen and then stored in 



Tuğba Korkmaz Yavaş - Ali Daşkın 232 

ultra-low freezer at -152 °C. III- Straws were frozen and 
stored in ultra-low freezer. IV- Straws were frozen in 
ultra-low freezer and stored in liquid nitrogen. In the first 
protocol, following the equilibration, semen was frozen 
over the liquid nitrogen vapor at -120 to -140 °C for 10 
minutes and then plunged into and stored in liquid 
nitrogen at -196 °C. In the second protocol, the 
equilibrated semen was frozen over the liquid nitrogen 
vapor at -120 to -140 °C for 10 minutes and plunged into 
liquid nitrogen. The straws were then moved from liquid 
nitrogen to ultra-low freezer at -152 °C to be stored. In 
the third protocol, semen was frozen and stored in ultra-
low freezer. In the forth protocol, semen was frozen in 
ultra-low freezer at -152 °C for 10 minutes and then 
frozen straws were moved to liquid nitrogen container to 
be stored. Frozen semen was stored in ultra-low freezer 
and liquid nitrogen for six months. Thawing was carried 
out at 1 week, 2 months and 6 months after 
cryopreservation. 10 frozen straws per each protocol 
were plunged into water bath at 37 °C for 20 seconds. 
After thawing, the sperm motility and the percentages of 
abnormal and dead sperm cells were determined. Results 
are presented as mean ± standard error of the mean 
(SEM). Data were analyzed using the general linear 

model procedure (ANOVA) of SPSS 15.0. Values were 
considered to be statistically significant when p < 0.05. 

Spermatological parameters of fresh semen of 
donor bulls are presented in Table1. Evaluation of sperm 
characteristics of fresh semen showed similar mean 
values compared to those obtained in other studies (1,12) 
(Table1). After equilibration and before freezing, the 
semen samples were analyzed in terms of sperm motility 
and percentages of dead spermatozoa and abnormal 
spermatozoa (Table 2). The percentages of sperm 
motility (mean ± SEM) observed in bull 1 and bull 2 
throughout the experimental period are shown in Table 3. 
The mean percentages of sperm motility of donor bulls 
did not show any significant differences in four freezing 
protocols (LN-LN, LN-ULF, ULF-ULF and ULF-LN) at 
1 week, 2 months and 6 months after cryopreservation        
(p>0,05) (Tablo 3). Table 4 shows the percentages (mean 
± SEM) of dead spermatozoa observed in two bulls 
throughout the experimental period. The mean 
percentages of dead spermatozoa of donor bulls did not 
show any significant differences in four freezing 
protocols (LN-LN, LN-ULF, ULF-ULF and ULF-LN) at 
1 week, 2 months and 6 months after cryopreservation        
(p>0,05) (Table 4). The percentages of abnormal 

 
Table 1 : Spermatological parameters of fresh semen of donor bulls. 
Tablo 1: Nativ boğa spermalarında belirlenen spermatolojik parametreler. 

Bull Volume 
(mL) 

Motility 
(%) 

Concentration 
109/mL 

Abnormal 
spermatozoa (%) 

Dead 
spermatozoa (%) 

pH 

1 4.0 80.0 1.29 11 15 6.2 
2 4.5 80.0 1.27 13 17 6.4 

 
 
Table 2: Spermatological parameters after equilibration(2 hours in +4oC)(X ± Sx; n=7 ). 
Tablo 2: Alışım (+4oC’de iki saat) sonrası spermatolojik parametreler (X ± Sx;  n=7 ). 

Bull Motility (%) Dead spermatozoa (%) Abnormal spermatozoa (%) 

1 77.14 ± 2.67 16.28 ± 1.80 13.85 ± 1.35 
2 76.42 ± 3.78 17.28 ± 1.11 14.71 ± 1.50 

 
 
Table 3: Percentages of sperm motility after thawing in four freezing protocols at 1 week, 2 months and 6 months after 
cryopreservation (X ± Sx; n = 10).   
Tablo 3: Dondurma işleminden bir hafta, iki ay ve altı ay sonra elde edilen çözüm sonu motilite değerleri (X ± Sx; n = 10).   

Experimental periods Bull Group 1 
(LN-LN)a 

Group 2 
(LN-ULF)b 

Group 3  
(ULF-ULF)c 

Group 4 
(ULF-LN)d 

Day 7 1 54.00 ± 6.15 54.50 ± 5.99 55.50 ± 3.69 55.00 ± 4.08 
 2 52.00 ± 5.37 51.00 ± 4.59 52.50 ± 5.40 50.00 ± 3.33 
Day 60 1 55.00 ± 4.71 55.50 ± 4.97 56.00 ± 4.59 54.00 ± 3.94 
 2 51.50 ± 4.12 50.50 ± 4.97 51.00 ± 4.59 51.50 ± 4.12 
Day 180 1 54.50 ± 4.97 55.50 ± 6.85 55.50 ± 5.50 55.00 ± 4.08 
 2 51.00 ± 4.59 50.00 ± 3.33 51.50 ± 5.30 50.50 ± 4.97 

a LN-LN: freezing and storing in liquid nitrogen 
b LN-ULF: freezing in liquid nitrogen and storing in ultra-low freezer 
c ULF-ULF: freezing and storing in ultra-low freezer 
d ULF-LN: freezing in ultra-low freezer and storing in liquid nitrogen 
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spermatozoa (mean ± SEM) observed in donor bulls 
throughout the experimental period are shown in Table 5. 
No significant differences were found between the four 
freezing protocols (LN-LN, LN-ULF, ULF-ULF and 
ULF-LN) at 1 week, 2 months and 6 months after 
cryopreservation (Table 5). Finally, According to the 
statistical analysis, no significant difference was 
observed between the four groups in the two bulls in 
terms of seminal parameters (p > 0,05). In addition the 
sperm motility and percentages of dead and abnormal 
spermatozoa for each individual bull did not change 
significantly in four groups at 1 week, 2 months and 6 
months after cryopreservation, showing that storage time 
neither decreased sperm motility nor increased dead and 
abnormal sperm cells. As a conclusion, this study has 
confirmed that the use of -152 °C ultra-low freezer for 
freezing and storing bull semen for 6 months is a viable 
alternative to liquid nitrogen. 

This study assesses, for the first time, the use of 
ultra-low freezer at -152 °C for the cryopreservation of 
bull semen. However, there are a few studies 
investigating the ultra-low freezer at -152 °C for freezing 
and storing canine and goat semen (2,3,4,11).One of the 

studies on the cryopreservation of canine semen assessed 
the post-thawing seminal parameters obtained by similar 
protocols including the use of ultra-low freezer at -152 
°C and liquid nitrogen, finding no significant differences 
between both protocols in terms of sperm motility and 
percentages of dead and abnormal spermatozoa (2). 
When compared, the results of our study also detected no 
statistically significant differences between the similarly 
applied protocols (freezing over liquid nitrogen vapor 
and storing in liquid nitrogen, freezing over liquid 
nitrogen vapor and storing in ultra-low freezer, and 
freezing and storing in ultra-low freezer) in terms of 
sperm motility and percentages of dead and abnormal 
spermatozoa. In another study on the cryopreservation of 
canine semen, semen was frozen in ultra-low freezer at -
152 °C and liquid nitrogen, and stored for 12 months, 
reporting no significant differences between 
cryopreservation in the two freezing protocols in terms of 
sperm motility and percentages of live and abnormal 
spermatozoa (3). Similarly, our study on the 
cryopreservation of bull semen detected no significant 
differences between the ultra-low freezer and liquid 
nitrogen protocols in terms of seminal parameters at 6 

Table 4 : Percentages of dead sperm cells of after thawing in four freezing protocols at 1 week, 2 months and 6 months after 
cryopreservation (X ± Sx; n = 10). 
Tablo 4: Dondurma işleminden bir hafta, iki ay ve altı ay sonra elde edilen çözüm sonu ölü spermatozoa yüzdeleri (X ± Sx; n = 10).   

Experimental periods Bull Group 1 
(LN-LN)a 

Group 2 
(LN-ULF)b 

Group 3  
(ULF-ULF)c 

Group 4 
(ULF-LN)d 

Day 7 1 32.80 ± 2.10 31.20 ± 1.69 33.80 ± 2.82 33.60 ± 3.57 
 2 34.50 ± 2.79 33.30 ± 3.34 34.10 ± 4.75 34.80 ± 2.90 
Day 60 1 31.80 ± 1.62 31.30 ± 2.41 32.40 ± 2.07 33.00 ± 3.80 
 2 32.20 ± 3.08 32.90 ± 4.01 35.10 ± 3.14 33.70 ± 3.23 
Day 180 1 31.30 ± 2.11 30.30 ± 1.89 31.50 ± 2.55 32.10 ± 3.38 
 2 33.80 ± 3.36 33.00 ± 3.59 32.30 ± 3.27 32.90 ± 2.69 

a LN-LN: freezing and storing in liquid nitrogen 
b LN-ULF: freezing in liquid nitrogen and storing in ultra-low freezer 
c ULF-ULF: freezing and storing in ultra-low freezer 
d ULF-LN: freezing in ultra-low freezer and storing in liquid nitrogen 
 
 
Table 5: Percentages of abnormal sperm cells of after thawing in four freezing protocols at 1 week, 2 months and 6 months after 
cryopreservation (X ± Sx; n = 10). 
Tablo 5: Dondurma işleminden bir hafta, iki ay ve altı ay sonra elde edilen çözüm sonu anormal spermatozoa oranları (X ± Sx; n = 10).   

Experimental periods Bull Group 1 
(LN-LN)a 

Group 2 
(LN-ULF)b 

Group 3  
(ULF-ULF)c 

Group 4 
(ULF-LN)d 

Day 7 1 21.80 ± 1.81 21.10 ± 1.20 20.90 ± 1.79 19.80 ± 2.15 
 2 22.10 ± 2.13 20.90 ± 1.37 21.30 ± 1.83 21.30 ± 1.89 
Day 60 1 22.00 ± 1.56 20.40 ± 2.37 20.10 ± 1.52 20.30 ± 1.83 
 2 21.30 ± 2.63 21.30 ± 2.00 21.10 ± 1.29 22.90 ± 1.91 
Day 180 1 21.30 ± 2.16 20.80 ± 1.87 21.80 ± 1.69 19.70 ± 1.64 
 2 22.00 ± 1.56 21.90 ± 2.13 21.80 ± 1.69 21.40 ± 1.58 

a LN-LN: freezing and storing in liquid nitrogen 
b LN-ULF: freezing in liquid nitrogen and storing in ultra-low freezer 
c ULF-ULF: freezing and storing in ultra-low freezer 
d ULF-LN: freezing in ultra-low freezer and storing in liquid nitrogen 
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months after cryopreservation (motility and percentages 
of dead/live and abnormal spermatozoa). In another study 
(11), semen taken from bucks were frozen and stored 
using liquid nitrogen and ultra-low freezer at -152 °C to 
compare sperm cryosurvival between freezing methods. 
The results of that study showed similar mean values for 
the freezing methods at 2 days and 2 months after 
cryopreservation. Similarly, the findings of our study 
showed no significant differences between the two 
protocols in terms of seminal parameters at 1 week and 2 
months after cryopreservation. In another study on the 
cryopreservation of goat semen in ultra-low freezer at -
152 °C (4), the in vitro quality of semen was reported to 
be not modified after cryopreservation for up to 1 year. 
Our study on bulls also confirmed that ultra-low freezer 
did not change the post-thawing parameters observed at 6 
months after cryopreservation. The results of this study 
confirmed that the use of ultra-low freezers at -152 °C 
for freezing and storing bull semen for 6 months is a 
viable alternative to cryopreservation in liquid nitrogen. 
However, before recommending the routine use of this 
freezer for long-term cryopreservation as semen banks, 
further studies should be done to assess cryopreservation 
for 1 year and more. It is also necessary to assess the 
fertility of bull semen frozen and stored in ultra-low 
freezer.  
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