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The aim of this study was to assess the effect of cooling on sperm motility before and after frozen-
thawed stallion semen. Fifteen ejaculates of three stallions were collected with artificial vagina. The 
progressive motility was determined under microscope immediately after collection, cooling (5°C for 0, 
2, 7 or 24 h) before frozen-thawed and cooling (5°C for 0, 2, 7 or 24 h) after the semen was frozen-
thawed. Sperm progressive motility (83.1, 78.7, 74.8 or 70.3%, respectively) was significantly different 
(P<0.05) at different hours of cooling before freezing. Similar pattern was found when semen was 
subjected to cooling, frozen-thawed and cooling time resulted in a progressive reduction in motility 
from 39.4 to 26.9%. The motility of semen subjected only to cooling for 24 h before freezing was optimal 
(70.0%) for artificial insemination. Moreover, semen subjected to cooling for 7 or 24 h before and after 
frozen-thawed could be used still with some considerations for artificial insemination. 
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INTRODUCTION 
 
The best semen quality is obtained when the semen is 
recently collected by artificial vagina. However, for 
different reasons semen must be preserved during 
different period of times (For example, advanced age or 
disability to breed by a stallion, to export and/or sell 
semen, to inseminate estrus synchronized mares that a 
single stallion may not inseminate or to research, etc). 
Preserved semen quality is certainly a factor that impacts 
the rates of pregnancies in artificial insemination. 

Although, a number of studies have been assayed to 
improve the motility and fertility of stallion semen after 

cooling and/or frozen-thawed, no satisfactory results 
have been obtained (Martin et al., 1979; Palacios and 
Zarco, 1996; Rugby et al., 2001; Kavak et al., 2002; 
Warnke et al., 2003; Sieme et al., 2006; Clulow et al., 
2008a, b; Deichsel et al., 2008). For the purpose of 
obtaining satisfactory results, assayed modifications in 
centrifugations and semen with or without a cushion fluid 
(Sieme et al., 2006), added substances after 
cryopreserved spermatozoa (Gradil and Ball, 2000) and 
removal of seminal plasma (Ramires et al., 2013a; b) had 
been studied; the incorporation of antioxidant or another
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substance to the diet of stallions (Brinsko et al., 2005; 
Deichsel et al., 2008). Graham and Mocé (2005) reported 
that the motility or another laboratory assay does not 
correlate well with semen fertility. Moreover efforts to 
keep thawed semen and employ it to freezing process 
have been made (McCue et al., 2004; Underwood et al., 
2009; Underwood et al., 2010a,b,c). In Laboratories 
where frozen semen is available, this semen is some-
times thawed before examining the mare’s ovaries. If 
follicles are not mature enough, it is required to cool the 
thawed semen in order to allow a greater development of 
the dominant follicle. In this case a deep artificial 
insemination (AI) is practiced using endoscopy. 

The importance of this study is that it can be applied in 
places of sample collection where there is equipment or 
technical limitation for freezing semen. Therefore, a good 
option is to transport cooled semen (5°C) and then freeze 
it in a site that has the required equipment. 
 
 
MATERIALS AND METHODS 
 
Animals and location 
 
This study was conducted at the Semen Processing Laboratory 
from the Veterinary Hospital “La Silla” and the Reproduction 
Department of the Veterinary Medicine Faculty of the Universidad 
Autónoma de Nuevo León.     

Three jumping stallions were selected based on acceptable 
(>60%) total motility of spermatozoa before treatment. French 
Saddle or stallion 1; Oldenburg or stallion 2 and Westfalian or 
stallion 3 with 11, 11 and 15 years old and weighing 600, 524 and 
598 kg, respectively. Horses were fed with a commercial diet with 
free access to water. 
 
 
Semen collection 
 
Five ejaculates from each of three stallions (n = 3, r = 5) were 
collected in September every 7 days by artificial vagina (Missouri, 
Har-Vet®), non spermicidal lubricant gel was used (H-R of Carter 
Products®) along with a plastic sump preheated to 37°C and a 
disposable paper filter (Har-Vet®). The artificial vagina was filled 
with water at a temperature of 52-54°C. A dummy was used for the 
collection, plus an ovariectomized mare previously treated with 10 
mg of estradiol cypionate IM every 7 days to induce estrous and 
stimulate the stallion to facilitate semen collection. Before each 
collection, the penis was washed with warm water (37°C). 
Ejaculated volume was measured with a graduated cylinder then a 
semen drop was placed in a photometer microcuvette holder 
(Sperma CUE, Minitube®) to measure sperm concentration 
(million/ml). 
 
 
Diluents preparation  
 
Diluents Kenney E-Z mixin (Animal Reproduction System) were 
prepared to determine sperm motility. After heat up at 37°C, portion 
A (water diluents) was mixed with portion B (glucose and nonfat 
milk solids). To avoid agglutination, semen and diluents were mixed 
in 1:1 proportion. Progressive motility was evaluated using ten 
microlitres of sperm suspension. This sample was placed on a 
warm glass slide and observed using phase contrast with an ocular 
of 10 and objective of 40 (400X). 

 
 
 
 
Cooling technique 
 
The ejaculate was divided into 4 aliquots with a concentration of 25 
to 50 million sperm cells/ml. Each aliquot portion was packed in 
sterile plastic bags and sealed with heat, which were cooled to a 
temperature of 5°C by an Equitainer II (Hamilton Research, Inc. ®). 
Aliquots were removed at 0, 2, 7 or 24 h. Hour 0 stayed for an 
instant during cooling. 
 
 
Freezing technique 
 
After the cooling process, each aliquot of semen was evaluated for 
progressive motility. Then, aliquots were centrifuged at 400 g for 15 
min. The supernatant was removed and the sperm cells were mixed 
with the cryopreservation medium (lactose-EDTA: Lactose solution, 
Glucose-EDTA, Yolk, Glycerol, Equex STM) prepared at the Semen 
Processing Laboratory. Straws (0.5 ml) were filled and sealed with 
metal pellets using a manual micropipettes sealer. A freezing cooler 
was used to freeze semen (Polyfoam Packers Corp®). Micro-
pipettes were exposed in liquid nitrogen vapor for 15 min, immersed 
and stored in liquid nitrogen at -196°C. For thawed, straws were 
randomly taken from thermos and submerged in water bath (Lind 
berg bluem®), for one minute at 37 °C. 
 
 
Re-cooling and progressive sperm motility 
 
After freezing, straws were randomly thawed in water at 37°C, for 
one minute. Progressive sperm motility was evaluated at magnifica-
tion 400X under a phase contrast microscope immediately after 
collection. The samples were maintained at 37°C and observed at 
0, 5, 10 or 15 min after re-cooling (5°C) for 0, 2, 7 or 24 h after 
frozen-thawed semen (re-cooling hours : post-freezing minutes 0:0, 
0:5, 0:10 and 0:15; 2:0, 2:5, 2:10 and 2:15 until 24 h). In all cases 
semen was diluted with Kenney extender to evaluate motility. 

Progressive sperm motility was evaluated after cooling (5°C) for 
0, 2, 7 or 24 h before freezing it and re-cooling (5°C) for 0, 2, 7 or 
24 h after frozen-thawed semen. 
 
 
Statistical analysis 
 
Progressive sperm motility was evaluated after cooling (5°C) for 0, 
2, 7 or 24 h before freezing it and re-cooling (5°C) for 0, 2, 7 or 24 h 
after frozen-thawed semen. Progressive sperm motility data were 
analyzed using the GENMOD procedure of SAS. The basic model 
included categorical variables defined above as dependent varia-
bles. The independent variable was treatment. The PDIFF option 
was used to detect differences between treatments. The PROC 
MIXED procedure of SAS was used to compare motility before and 
after frozen-thawed stallion semen. 
 
 
RESULTS 
 
Semen volume and mean concentration (n = 3, r = 5) for 
stallion 1, stallion 2 and stallion 3 were 17.2, 50.2 and 
77.0 ml and 427.8, 263.0 and 208.2 million/ml, respec-
tively. The progressive sperm motility at different cooling 
time (0, 2, 7 or 24 h) before freezing was different 
(P<0.05). These results showed a difference of 12.8% 
between hour 0 and 24 (Table 1). 

As for progressive sperm motility undergoing cooling, 
freezing-thawing  and  cooling, rates  were  lower but with 



 
 
 
 

Table 1. Progressive sperm motility (%) after different 
hours of cooling before freezing (P<0.05). 
 

Stallion n 
Cooling Time (h) 

0 2 7 24  

1 15 82.0 78.4 75.0 70.4 
2 15 85.4 81.4 78.4 76.0 
3 15 82.0 76.4 71.0 64.6 
Mean  83.1ª 78.7b 74.8b 70.3c 

 
 
 
a similar behavior than those who only were cooled 
before semen freezing. Mean percentages (n = 5, r = 3) 
were (re-cooling hours: post-freezing minutes): 39.4 (0:0) 
and 37.4 (0:15); 39.3 (2:0) and 35.8 (2:15); 37.1 (7:0) and 
33.2 (7:15); 33.7 (24:0) and 26.9 (24:15). Figure 1, shows 
the trends of progressive sperm motility at different hours 
of cooling before and after frozen-thawed. 
 
 
DISCUSSION 
 
This is the first study that stallion spermatozoa were 
cooled, frozen-thawed and again cooled. There are 
different reasons in which semen must be kept cool or 
frozen during different period of times. Preserved semen 
quality is certainly a factor that impacts the rates of 
pregnancies in artificial insemination (AI). In Laboratories 
where frozen semen is available, sometimes this semen 
is thawed before examining the mare’s ovaries. If follicles 
are not mature enough, it is required to cool the thawed 
semen in order to allow a greater development of the 
dominant follicle. In this case a deep AI is practiced using 
endoscopy or deep AI technique. 

In this study, progressive sperm motility was different at 
different cooling times before freezing (from 83.0 until 
70.0% for 0 and 24 h, respectively). Brinsko et al. (2000), 
mentioned that stallion sperm quality is acceptable (for 
transport and use) after 24 h of cooling at 4-5°C or for up 
to 40 h after collection (Aurich, 2008). Moreover the 
results obtained herein were similar to those observed by 
Sieme et al. (2004), but 17.0% better than Sieme et al. 
(2006) who obtained 53.1% of progressive spermatozoa 
motility when the semen was stored at 5°C for 24 h and 
30-40% better when stallion spermatozoa was cooled 
during 24 or 48 h (Dawson et al., 2000). There are a 
number of studies to improve the motility and fertility of 
stallion semen after cooling and/or frozen-thawed, how-
ever, no satisfactory results have been obtained (Martin 
et al., 1979; Palacios and Zarco, 1996; Rugby et al., 
2001; Warnke et al., 2003; Sieme et al., 2006; Deichsel 
et al., 2008; Elhordoy et al., 2008).  

To date, there are not studies regarding the use of 
cooled, frozen-thawed-cooled spermatozoa in domestic 
animals. However, there is a study in sheep where it was 
used for first time; the frozen-thawed, sex sorted and 
refrozen-thawed semen procedure with successful births 
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of lambs (Graaf et al., 2007). In addition, there are 
studies where the double frozen-thawed sperm proce-
dure in stallion was used (McCue et al., 2004) and bull for 
artificial insemination (Saragusty et al., 2009; Underwood 
et al., 2009; 2010a; 2010b) or in vitro fertilization and pro-
duction of embryos (Underwood et al., 2010c). Besides, 
birth of calves has been done after using the IVF and ET 
procedure with frozen-thawed, sex-sorted and refrozen-
thawed sperm (Puglisi et al., 2006). 

McCue et al. (2004) found that the motility of stallion 
spermatozoa with refreezing (double freezing) was about 
45.7 ± 10.4%, which was similar to that observed in our 
study.  Besides, the same or lower results were found by 
Underwood et al. (2009) and Saragusty et al. (2009) who 
determined the in vitro progressive motility of frozen-
thawed dairy bull sperm with or without sex-sorting and 
refreezing and thawing (0, 2 and 4 h post-thaw at 37°C; 
around 30.0, 10.0 and 1.0%, respectively). Moreover, 
when sperm of bull was frozen-thawed, sex-sorted and 
incubated at 15°C during 30 h the motility was around 
70.0 until 12.0% (Underwood et al., 2009). 

In the present study semen was made to undergo 
cooling, frozen-thawed and cooling procedure, the result 
revealed that by increasing the cooling time after being 
frozen-thawed reduced progressively the motility from 
39.4 until 26.9%. These results were better than those 
reported by Warnke et al. (2003), who found after free-
zing and thawing stallion semen that the mean motile 
sperm was between 11.3 and 15.6% or 43.3 to 11.0%, 
when stallion spermatozoa was cold storage during 24-48 
h (Dawson et al., 2000; Clulow et al., 2008b; Deichsel et 
al., 2008). Kavak et al. (2002) found 43.4% of sperma-
tozoa motility when the semen was frozen-thawed. It is 
important to mention the large variations in semen quality 
from stallions and efficiency to withstand the process of 
freezing and thawing (Graham, 1996). However, if motility 
or another laboratory assay do not correlate well with 
semen fertility (Graham and Mocé, 2005), successful 
pregnancy rates using semen with 30.0% motility have 
been obtained (Volkmann and Van Zyl, 1987).  
  This study can be applied in places of semen collection 
where there is equipment or technical limitation for 
freezing semen. Therefore, a good option is to transport 
cooled semen (5 °C) and then freeze the semen in a site 
that has the required equipment. 
 
 

Conclusion 
 

In conclusion, this study shows that stallion semen sub-
jected only to cooling for 24 h before freezing-thawing is 
optimal for artificial insemination. Moreover, cooled 
semen before freezing-thawing and subsequent cooling 
or re-cooling for 7 or 24 h could be considered for AI with 
some limitations for example by knowing the time of 
ovulation and deep semen deposition in the uterine horn 
by deep insemination technique or endoscopy. These 
results indicate a good option for laboratories with limited
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Figure 1. Sperm motility (%) in stallions (n = 3; r = 5) in function of time of cooling after frozen-thawed. Semen cooled for 0 
h after thawed (A), Semen cooled for 2 h after thawed (B), Semen cooled for 7 h after thawed (C), Semen cooled for 24 h 
after thawed (D). 

 
 
 
equipment or technical limitation for freezing semen. 
Therefore, a good option is to transport the cooled semen 
(5°C) and then freeze it in a laboratory with the required 
equipment to freeze stallion semen. 
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