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ABSTRACT

The use of artificial insemination in animal production and especially in cattle breeding is an important intensification 
factor. For the purpose of maximal use of genetic potential, importance is always put on the creating conditions for effective 
insemination. The aim of this work was to analyze the effect of the taurine addition to bovine ejaculates in the process 
of cryopreservation on the spermatozoa motility.
Taurine was dissolved in a saline to obtain various concentrations (50, 100, 200, 400 and 600 mM) and added to the extender. 
Fresh ejaculates collected from six breeding bulls were used in the experiment. Ejaculates were placed to the prepared extender. 
The control sample consisted of the extender only. After four hours of exposure at 4 °C, the ejaculates were put into straws 
with a volume of 0.5 ml. The semen was then exposed to freezing temperature of nitrogen vapour for 10 min. The straws 
were stored for one month in liquid nitrogen at -196 °C. Thereafter, the spermatozoa motility parameters were analyzed using 
the CASA method. This assay was repeated four times in the intervals of  0, 30, 60 and 90 min at 39 °C. The correlation between 
the time after thawing and spermatozoa motility shows a regressive character in the curve. In semen doses with taurine at 
200 mM significant increase in the motility and progressive motility, in comparison to the control sample, was recorded. 
The results show that the addition of taurine increases total motility and progressive motility of bovine spermatozoa.
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INTRODUCTION

The spermatozoa is a male gamete almost 
devoid of cytoplasm with large nucleus, containing 
haploid amount of highly condensed chromosomes, an 
acrosome, responsible for interaction and penetration 
of oocyte and series of mitochondria located at the 
anterior region of the flagellum (Eddy and O´Brien, 
1994). Mitochondria produce ATP mainly for the 
purpose of maintaining motility of the spermatozoa, 
while Golgi apparatus and endoplasmic reticulum 
work on maintaining integrity of the cell membrane 
(Medeiros et al., 2002). Not more than 7 % of 
spermatozoa are present in the ejaculate. Spermatozoa 
are protected and nourished by seminal plasma. 

Bull seminal plasma originates from the urethral 
glands, the ampullary glands and the seminal vesicles 
(Rothschild and Barnes, 1954). According to Massányi 
et al. (2003), there are significant differences in 
composition of seminal plasma among different 
animals due to differences in structure and function of 
reproductive system.

Artificial insemination (AI) is the mostly used 
biotechnology method in cattle reproduction (Foote 
et al., 2002). Use of the AI has a great potential in breeding 
of domestic animals. Its benefits come out of potential 
use of genetic material from small number of superior 
sires (Watson, 2000; Maxwell and Watson, 1996). 
AI allows crossbreeding, which results in hardening traits 
in milk and meat production (Unal et al., 2006).
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Cryopreservation is a method of storing cells and 
tissues in liquid nitrogen, which have use in different 
fields of biology, medicine and agriculture (Andrabi 
and Maxwell, 2007). The use in agriculture is focused 
on genetic improvement of domestic species and 
preserving rare plant species and rare breeds of animals 
(Holt, 1997). Arav et al. (2002) state that vitrification 
is the most beneficial method of cryopreservation 
of spermatozoa because of decreasing cold shock by 
rapid freezing. Cryopreservation is a method which slows 
the cellular metabolic activity but restarts it after thawing 
(Medeiros et al., 2002; Mazur, 1984). Intracellular ice 
crystals are formed during cryopreservation, what results 
in different damages to spermatozoa, such as a cytoplasm 
fracture, abnormalities in the cytoskeleton and in 
genome-related structures (Isachenko, 2003). According 
to Del Maestro (1980), decline in motility, functional 
integrity of spermatozoa membranes and fertility can be 
attributed to the action of reactive oxygen species (ROS), 
namely hydrogen peroxide (H2O2) and superoxide anion 
radical (O2-). Protection against ROS and improved 
spermatozoa motility after addition of an antioxidant like 
taurine to the extender was proved by Bucak and Tekin 
(2007).

Extenders for semen cryopreservation must 
have suitable osmolality, adequate pH and buffering 
capacity to protect spermatozoa from cryogenic injury 
(Salamon and Maxwell, 2000). Cryoprotectants used 
as extenders are either penetrating or non-penetrating 
the cell membrane. Taurine is, therefore, classified as 
a non-penetrating and acts extracellularly (Barbas and 
Mascarenhas, 2009; Purdy, 2006).

Taurine is an organic acid, which contains 
sulphur. Molecular structure of taurine is very similar 
to γ-aminobutyric acid (GABA), which is the main 
neurotransmitter in brain (Huxtable, 1992). Taurine has 
cytoprotective abilities which emerge from the ability 
to detoxicate, osmoregulate and maintain calcium 
homeostasis (Devi et al., 2008). Sinha et al. (2008) 
mention that mechanisms of taurine cytoprotective 
abilities are still not well-investigated, however taurine 
can be perceived as an antioxidant due to its efficiency 
in efflux of free radicals along with maintaining the cell 
membrane permeability exposed to ROS.

The aim of this study was to determine 
spermatozoa motility in semen doses with various 
concentrations of taurine in comparison to conventionally 
produced semen doses without taurine.

MATERIAL  AND  METHODS

Animals and semen collection
Semen samples were obtained from 6 breeding 

bulls. All bulls were held and maintained under usual 
housing and feeding conditions. Ejaculates were 
collected to artificial vagina maintained at temperature 
of 38 – 40 °C. Consistency of ejaculates was determined 
spectrophotometrically. 

Semen processing
The amount of extender added to ejaculates 

was calculated according to its consistency to reach at 
least 20x106 spermatozoa per each insemination dose. 
Extender, consisted of egg yolk, glycerine, fructose, 
citric acid, Tris, aqua pro injectione, antibiotics 
Norostrep® a Linco-Spectin® and taurine (Taurine ≥ 
99 %, Sigma Aldrich, Bratislava, Slovakia) dissolved 
in physiological solution, was added to experimental 
samples. Concentrations of taurine in physiological 
solution were 50 mM, 100 mM, 200 mM, 400 mM and 
600 mM. Control sample (without taurine) was labeled 
with letter X and experimental samples were marked 
according to increasing taurine concentration with letters 
A, B, C, D, E. Diluted ejaculates were cooled down to 
4 °C for four hours. Ejaculates were filled into straws 
with the volume of 0.5 ml. Consecutive cooling of straws 
at 4 °C lasted for 10 min. Subsequent freezing involved 
10 min exposure to liquid nitrogen vapor, afterwards 
the straws with sperm samples were stored in liquid 
nitrogen for a one month. 

Semen evaluation
Semen analyses were performed using the CASA

method with SpermVision software (Minitub, 
Tiefenbach, Germany) and the microscope Olympus 
BX 51 (Olympus, Japan). Five straws of control group 
and five straws of each experimental concentration 
were analyzed to achieve the most authentic results. 
After thawing samples were placed to thermostat at 
the temperature of 39 °C and afterward it were transferred 
to Makler counting chamber (10μm, Sefi–Medical 
Instruments, Germany). Measurements of spermatozoa 
motility were repeated three-times every half an hour 
(Time 0, 30, 60, 90) and the tested samples were stored 
in a thermostat at 39 °C. The following spermatozoa 
characteristics were assessed: motility (MOT), 
progressive motility (PRO), beat cross frequency (BCF), 
curvilinear velocity (VCL) and amplitude of lateral head 
displacement (ALH).
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Control sample was considered to be 100 % and, at 
the same time, a basic comparison value for all 
experimental samples was set. All statistical tests were 
carried out at levels of significance at p < 0.05, p < 0.01 
and p < 0.001.
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Statistical analysis
For the comparison of the CASA results in certain 

time intervals with the focus on effects of extenders, 
ANOVA and Dunnett´s comparative test were applied 
using GraphPad Prism 5 (GraphPad Software Inc., USA). 

Fig. 1:  Spermatozoa motility [control = 100 %] in different taurine concentrations 
	 at	various	time	intervals	(min.)	(*p	≤	0.05;	**p	≤		0.01;	***p	≤	0.001)

Fig. 2:  Spermatozoa progressive motility [control = 100 %] in different taurine 
	 concentrations	at	various	time	intervals	(min.)	(*p	≤	0.05;	**p	≤	0.01;	***p	≤	0.001)

**
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RESULTS 

Post-thawing differences between conventionally 
protected spermatozoa and 5 various taurine 
concentrations of experimentally protected spermatozoa 
were assessed using CASA method.

Fig. 3:  Beat cross frequency [control = 100 %] in different taurine concentrations 
	 at	various	time	intervals	(min.)	(*p	≤	0.05;	**p	≤	0.01;	***p	≤	0.001)

Spermatozoa motility (Figure 1), measured 
immediately after thawing, was in control sample lower 
than in experimental samples, except for the E group 
(the highest taurine concentration). Significance 
difference was found for the C (p < 0.001) and 
D (p < 0.01) concentration. After 30 min incubation 

Fig. 4:  Curvilinear line velocity [control = 100 %] in different taurine concentrations 
	 at	various	time	intervals	(min.)	(*p	≤	0.05;	**p	≤	0.01;	***p	≤	0.001)
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significantly higher motility (p < 0.01) was detected in 
samples B and C. Significant increase in the motility 
was found for concentrations B (p < 0.01), C (p < 0.001) 
and D (p < 0.05) 60 min after thawing. After 90 min 
of incubation a higher motility was recorded for 
C (p < 0.001), D and E (p < 005) groups.

Spermatozoa progressive motility (Figure 2) 
at the beginning of the assessment reflected results of 
spermatozoa motility. Only E concentration showed lower 
progressive motility compared to control (p < 0.001). 
Higher progressive motility (p < 0.01) was recorded for 
C and D groups. After 30 min incubation a significant 
increase was recorded only for C concentration 
(p < 0.001). After 60 min significantly higher spermatozoa 
progressive motility was found at B (p < 0.05), C and E 
concentrations (p < 0.001). The further 30 min incubation 
at 39 °C resulted in significantly higher progressive 
motility in groups B (p < 0.05), C and E (p < 0.001).

Beat cross frequency (Figure 3) at initial time 
showed positive effect of taurine on spermatozoa in 
sample B (p < 0.01). Negative effect was proven in 
samples D (p < 0.05) and E (p < 0.001). Following 30 
min incubation higher BCF values in comparison to 
control were recorded for A (p < 0.001) and B (p < 0.05) 
concentrations. The further 30 min of incubation resulted 
in higher BCF at concentrations B (p < 0.05), C (p < 0.01) 
and D (p < 0.001). After 90 min incubation significantly 
higher values were recorded for samples C (p < 0.001), 
D (p < 0.05) and E (p < 0.05).

Velocity of spermatozoa in curvilinear line 
(VCL; Figure 4) was higher in all experimental 

Fig.	5:		Amplitude	of	lateral	spermatozoa	head	displacement	[control	=	100	%]	in	different	
	 taurine	concentrations	at	various	time	intervals	(min.)	(*p	≤	0.05;	**p	≤	0.01;	***p	≤	0.001)

samples compared to the control sample for all time 
periods. Significant differences with control group 
(p < 0.001) during the first assessment of VCL was 
found in samples A, B, C, D. Incubation in a thermostat 
for 30 min positively affected all experimental samples. 
Incubation for 90 min resulted in significantly higher 
VCL in samples B (+41 %; p < 0.001), C (+69 %; 
p < 0.001), D (+25 %; p < 0.001) and E (+71 %; p < 0.01).

Amplitude of lateral head displacement (ALH; 
Figure 5) copied previous spermatozoa motility 
parameters with significant differences (sample B – 
p < 0.05; C – p < 0.001). After 30 min incubation 
significant increase was detected for the group B 
(p < 0.05) and C (p < 0.05). No significant differences 
were found after 60 min of incubation. After 90 min 
incubation positive effect of taurine was recorded for 
samples B (+24 %; p < 0.01), C (+26 %; p < 0.001) 
and D (+27 %; p < 0.001).

DISCUSSION 

Differences between fresh and frozen-thawed 
semen are significant, what is reflected in reduced 
fertility (Salamon and Maxwell, 1995). It is also proved 
that frozen-thawed semen contains only 50 % of motile 
spermatozoa in comparison with fresh semen (Salamon 
and Maxwell, 2000). 

Massányi et al. (2011) analyzed effect of various 
additives on bull spermatozoa motility and, on the basis 
of CASA results, determined that substances with 
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antioxidant action have positive impact on spermatozoa 
motility, what is in accordance with our data. 
Bucak and Tekin (2007) studied effect of taurine 
on ram semen during cryopreservation. Experimental 
sperm samples, enriched with 50 or 100 mM taurine 
showed, that taurine contributes to creation of an 
ideal environment for the spermatozoa, in comparison 
with conventional TRIS-based egg yolk extender. 
Motility parameters measured at time intervals 
of 0, 6, 24 and 30 hours are in concert with our data on 
bovine spermatozoa recorded following 0, 30, 60, 90 
min after thawing. Although the time intervals are 
different, the trend of higher motility in taurine 
protected spermatozoa was proved. Significant 
differences in taurine-treated cryopreserved semen 
were demonstrated also by Chhillar et al. (2012). 
In addition to motility analysis membrane integrity and 
intracellular calcium tests were performed. The results 
show that taurine antioxidant action may be the reason 
of higher motility in experimental sperm samples.

Taurine has multiple biological and metabolic 
functions as an antioxidant that conjugates biliary acids, 
detoxifies some xenobiotics and modulates intracellular 
calcium levels. Taurine preserves the motility of the 
spermatozoa, supports their capacitation, improves 
the chances of success of fertilization and the early 
embryonic development. This is why it can be found in 
some culture media for in vitro fertilization (Bidri and 
Choay, 2003; Guérin and Ménézo, 1995).

Intracellular taurine is maintained at high 
concentrations in a variety of cell types and alteration 
of cell taurine levels is difficult. The role of taurine 
within the cell appears to be determined by the cell type. 
Recent and past studies suggested that taurine might be 
a pertinent candidate for use as a nutritional supplement 
to protect against oxidative stress, neurodegenerative 
diseases or atherosclerosis (Bouckenooghe et al., 2006). 
Fan et al. (2009) and Yang et al. (2010) reported that 
male accessory sex glands are able to synthesize taurine 
through the cysteine sulfinate decarboxylase (CSD) 
pathway. Also Li et al. (2006) reported that male genital 
organs have the function to produce taurine through the 
CSD pathway, although quantifying the relation of CSD 
expression to taurine synthesis and the exact functions of 
taurine in male genital organs still need to be elucidated 
in future studies.

Taurine and hypotaurine have been found in 
spermatozoa and seminal plasma of numerous species 
and are known to have beneficial effects on spermatozoa 
characteristics in mammals. Previous study investigated 
the effect of taurine on rabbit spermatozoa motility in 
vitro (Kročková et al., 2013). Total spermatozoa motility 
and progressive motility were evaluated immediately 
after samples preparation, after 2 hours of incubation 

and after 24 hours of incubation. The results confirm 
that the addition of taurine increases motility 
and progressive motility of rabbit spermatozoa. 
With the increase of its concentration and the length 
of incubation the parameters of motility were stimulated 
almost in all experimental groups (Kročková et al., 
2013). Also, significant amounts of taurine and 
hypotaurine were found in spermatozoa, seminal plasma 
and epididymal flushing fluid (Buff et al., 2001).

Holmes et al. (1992) determined taurine and 
hypotaurine levels in human spermatozoa and seminal 
fluid. Sperm hypotaurine content was significantly 
correlated with the spermatozoa morphology, relative 
forward progression, the percentage of motile 
spermatozoa and the total number of spermatozoa 
in the ejaculate. Oppositely, sperm taurine content 
was negatively correlated with these parameters. 
Hypotaurine, as an antioxidant, may play an important role 
in protecting spermatozoa from reactive oxygen species. 
Higher concentrations of taurine in the spermatozoa 
of infertile men suggest that accelerated oxidation of 
hypotaurine to taurine may accompany the observed 
decline in other spermatozoa parameters. The results 
of our experiments show, that the addition of taurine 
increases total motility and progressive motility 
of bovine spermatozoa. The elevation of taurine 
concentrations and the length of incubation resulted 
in the stimulation of the sperm motility almost in all 
experimental groups.

ACKNOWLEDGEMENT 

This study was supported by the projects 
VEGA 1/0760/15; 1/0857/14, APVV-0304-12 and 
KEGA 006/SPU-4/2015. This work was financially 
supported by the European Community under 
project No. 26220220180: Building Research Centre 
,,AgroBioTech”.

REFERENCES

ALVAREZ, J. G. – STOREY, B. T. 2005. Differential 
incorporation of fatty acids into peroxidative loss 

 of fatty acids from phospholipids of human 
spermatozoa. Molecular Reproduction and 
Development, vol. 42, 2005, p. 334–346.

ALVAREZ, J. G. – TOUCHSTONE, J. C. – BLASKO, 
L. – STOREY, B. T. 1987. Spontaneous lipid 
peroxidation and production of hydrogen peroxide 
and superoxide in human spermatozoa: superoxide 
dismutase as a major enzyme protectant against 
oxygen toxicity. Journal of Andrology, vol. 23, 1987, 
p. 338–348.

Original paper                                                                                                                                                            Slovak J. Anim. Sci., 48, 2015 (2): 49–56



55

ANDRABI, S. – MAXWELL W. 2007. A review on 
reproductive biotechnologies for conservation 
of endangered mammalian species. Animal 
Reproduction Science, vol. 99, 2007, p. 223–243.

ARAV, A. – YAVIN, S. – ZERON, Y. – NATAN, D. 
– DEKEL, Y. – GACITUA, H. 2002. New trends 
in gamete`s cryopreservation. Molecular Cell 
Endocrinology, vol. 187, 2002, p. 77–81.

BARBAS, J. P. – MASCARENHAS, R. D. 2009. 
Cryopreservation of domestic animal sperm cells. 
Cell Tissue Bank, vol. 10, 2009, pp. 49–62.

BIDRI, M. – CHOAY, P. 2003. Taurine: A particular 
aminoacid with multiple functions (Short Survey). 
Annales Pharmaceutiques Francaises, vol. 61, 2003, 
p. 385–391.

BOUCKENOOGHE, T. – REMACLE, C. – REUSENS, 
B. 2006. Is taurine a functional nutrient? (Review). 
Current Opinion in Clinical Nutrition and Metabolic 
Care, vol. 9, 2006, p. 728–733. 

BUCAK, M. – TEKIN, N. 2007. Protective effect of 
taurine, glutathione and trehalose on the liquid 
storage of ram semen. Small Ruminant Research, 

 vol. 73, 2007, p. 103–108.
BUFF, S. – DONZÉ, A. – GUÉRIN, P. – GUILLAUD, 

J.– FONTBONNE, A.– MÉNÉZO, Y.2001. Taurine 
and hypotaurine in spermatozoa and epididymal 
fluid of cats. Journal of Reproduction and Fertility, 

 vol. 57, 2001, p. 93–95. 
CHHILLAR, S. – SINGH, V. K. – KUMAR, R. 

– ATREJA, S. K. 2012. Effects of taurine or 
trehalose supplementation on functional competence 
of cryopreserved Karan Fries semen. Animal 
Reproduction Science, vol. 135, 2012, p. 1–7.

DE LAMIRANDE, E. – GAGNON, C. 1992. Reactive 
oxygen species and human spermatozoa I. Effects 
on the motility of intact spermatozoa and on sperm 
axonemes. Journal of Andrology, vol. 13, 1992, 

 p. 368–378.
DEL MAESTRO, R. F. 1980. An aproach to free 

radicals in medicine and biology. Acta Physiologica 
Scandinavica, vol. 492, 1980, p. 153–168.

DEVI, S. 2009. Taurine enhances the metabolism and 
detoxification of ethanol and prevents hepatic fibrosis 
in rats treated with iron and alcohol. Environmental 
Toxicology and Pharmacology, vol. 27, 2009, 

 p. 120–126.
EDDY, E. – O´BRIEN, D. 1994. The spermatozoon. 
 The Physiology of Reproduction, vol. 1, 1994, 
 p. 29–77. 
FAN, J. J. – ZHOU, J. L. – LI, J. H. – CUI, S. 2009. 

Accessory sex glands of male mice have the ability 
to synthesize taurine via the cysteine sulfinate 
decarboxylase pathway. Cell Biology International, 
vol. 33, 2009, p. 684–689. 

FOOTE, R. H. 2002. The history of artificial insemination: 
Selected notes and notables. Journal of Animal 
Science, vol. 80, 2002, p. 1–10.

GUÉRIN, P. – MÉNÉZO, Y. 1995. Hypotaurine and 
taurine in gamete and embryo environments: de novo 
synthesis via the cysteine sulfinic acid pathway 

 in oviduct cells. Zygote, vol. 3, 1995, p. 333–343.
HOLMES, R. P. – GOODMAN, H. O. – HURST, C. H. – 

SHIHABI, Z. K. – JARROW, J. P. 1992. Hypotaurine 
in male reproduction. In: LOMBARDINI, J. B. – 
SCHAFFER, S. W. – AZUMA, J. Taurine. First edit. 
New York : Plenum Press, p. 437–441.

HOLT, W. V. 1997. Alternative strategies for long-
term preservation. Reproduction, Fertility and 
Development, vol. 9, 1997, p. 309–319.

HUXTABLE, R. 1992. Physiological actions of taurine. 
Physiological Reviews, vol. 72, 1992, p. 101–142.

ISACHENKO, E. 2003. Vitrification of mammalian 
spermatozoa in the absence of cryoprotectans: 
From past practical difficulties to present success. 
Reproductive Biomedicine Online, vol. 6, 2003, 

 p. 191–200. 
KROČKOVÁ, J. – MASSÁNYI, P. – PAÁL, D. 

– KOVÁČIK, A. 2013. In vitro effect of taurine on 
rabbit sperm motility. Animal Welfare, Ethology and 
Housing Systems, vol. 9, 2013, p. 539–544.

KUMAR, R. – SINGH, V. K. – CHHILLAR, S. – 
ATREJA, S. K. 2013. Effect of supplementation of 
taurine or trehalose in extender on immunolocalization 
of tyrosine phospoproteins in Buffalo and Cattle 

 (Karan Fries) cryopreserved spermatozoa.
Reproduction in Domestic Animals, vol. 48, 2013, 

 p. 407–415.
LI, J. H. – LING, Y. Q. – FAN, J. J. – ZHANG, X. P. 

– CUI, S. 2006. Expression of cysteine sulfinate 
decarboxylase (CSD) in male reproductive organs 
of mice. Histochemistry and Cell Biology, vol. 125, 
2006, p. 607–613. 

MASSÁNYI, P. – TRANDŽÍK, J. – NAĎ, P. – TOMAN, 
R. – SKALICKÁ, M. – KORÉNEKOVÁ, B. 2003. 
Seminal concentrations of trace elements in various 
animals and their correlations. Asian Journal of 
Andrology, vol. 5, 2003, p. 101–104.

MASSÁNYI, P. – TVRDÁ, E. – RAFAJOVÁ, M. – 
LUKÁČ, N. 2011. The effect of trehalose, caffeine 
and glutathione on bovine spermatozoa: 1. Motility 

 in vitro. Contemporary Agriculture (The Serbian 
Journal of Agricultural Sciences – Savremena 
poljoprivreda), vol. 60, 2011, p. 387–397.

MAXWELL, W. M. C. – WATSON, P. F. 1996. Recent 
progress in the preservation of ram semen. Animal 
Reproduction Science, vol. 42, 1996, p. 55–65.

MAZUR, P. 1984. Freezing of living cells: Mechanisms 
and implications. American Journal of Phyiology, 
vol. 247, 1984, p. 125–142.

Slovak J. Anim. Sci., 48, 2015 (2): 49–56                                                                                                 Original paper



56

MEDEIROS, C. M. – FORELL, F. – OLIVEIRA, A. T. 
– RODRIGUES, J. L. 2002. Current status of sperm 
preservation: why isn´t better. Theriogenology, 

 vol. 57, 2002, p. 327–344.
PURDY, P. H. 2006. A review on goat sperm 

cryopreservation. Small Ruminant Research, vol. 6, 
2006, p. 215–225.

ROTHSCHILD, L. – BARNES, H. 1954. Constituents 
of bull seminal plasma. Journal of Experimental 
Biology, vol. 31, 1954, p. 561–572.

SALAMON, S. – MAXWELL, W. M. C. 1995. Frozen 
storage of ram semen: II. Causes of low fertility after 
cervical insemination and methods of improvement. 
Animal Reproductive Science, vol. 38, 1995, p. 31–36.

SALAMON, S. – MAXWELL, W. M. C. 2000. Storage 
of ram semen. Animal Reproductive Science, vol. 62, 
2000, p. 77–111.

SINHA, M. 2008. Taurine protects the antioxidant 
 defense system in the erythrocytes of cadmium treated 

mice. BMB reports, vol. 41, 2008, p. 657–663.
UNAL, N. – AKCAPINAR, H. – ATASOY, F. – 

AYTAC, M. 2006. Some reproductive and growth 
traits of crosbreed genotypes produced by crossing 
local sheep breeds of Kivircik x White Karaman and 
Chios x White Karaman in steppe conditions. Archiv 
Tierzucht (Dumerstorf), vol. 49, 2006, p. 55–63.

WATSON, P. F. 2000. The causes of reduced fertility 
with cryopreserved semen. Animal Reproduction 
Science, vol. 40-41, 2000, p. 481–492.

YANG, J. – WU, G. – FENG, Y. – LV, Q. – LIN, S. – HU, 
J. 2010. Effects of taurine on male reproduction in 
rats of different ages. Journal of Biomedical Sciences, 
vol. 17, 2010, p. 9. 

Original paper                                                                                                                                                            Slovak J. Anim. Sci., 48, 2015 (2): 49–56


