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Abstract: The aim of the present study was to evaluate the effect of three 

different freezing curves on male goat’s sperm viability and acrosome integrity. 

Semen was collected on three adult male goats in February (Azores, Portugal, 

latitude 3839′N) using an artificial vagina and a female with induced heat. 

Three collection sessions were spaced of approximately 5 days. The study 

followed a factorial design of repeated measurements. After volume, sperm 

concentration and mass motility evaluation, live and dead spermatozoa (spz) 

were counted and acrosome integrity was evaluated by Flow Cytometry 

(FCM). In the meantime semen was frozen using three curves differing in the 

second cooling ramp rate (curve A = 25°C/min, curve B = 35°C/min and curve 

C = 45°C/min). After thawing, the percentage of live/dead sperm cells and the 

acrosome integrity were determined by FCM, using respectively Propidium 

Iodide (PI) and Pisum Sativum Agglutinin conjugated to Fluorescein 

Isothiocinate (FITC-PSA). By combining these two fluorochromes, the thawed 

semen was divided into: Live sperm with intact acrosome, unstained PI and 

unstained FITC-PSA (LL); live sperm with damaged acrosome, unstained PI 

and stained FITC-PSA (LR); dead sperm with intact acrosome, stained PI and 

unstained FITC-PSA (UL); dead sperm with damaged acrosome, stained PI and 

stained FITC-PSA (UR). Although different freezing curves did not 

significantly influence live sperm rate with intact (19.14±0.86% spz curve A, 

17.72±0.86% spz curve B and 18.18±0.86% spz curve C) or damaged 

(0.44±0.04 % spz curve A, 0.38±0.04% spz curve B and 0.49±0.04% spz curve 

C) acrosome, a significant (P<0.05) effect of animals was observed in the four 

parameters studied. Regarding the percentage of LL spermatozoa, buck 1 

presented values lower (P<0.05) by about 50% than bucks 2 and 3. Data also 

were affected significantly by the day of collection. These results strongly 

suggest that although goat sperm cells are not influenced by the pattern of 

cooling curves investigated, a considerable variability in the response of 

individual animals as well as the collection date may be expected. 

  

Keywords: Male Goat Semen, Freezing Curves, Freezing Rates, 
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Introduction 

The success of mammalian semen cryopreservation 

depends upon many factors (Purdy, 2006), including 

interactions among cryoprotectants, type of extender, 

cooling rate, thawing rate and packaging, as well as 

variation among individual animals (Cotter et al., 2005). 

Over the last decades various freezing procedures have 

been tested in different animal species, including goats 

(Küçük et al., 2014; Yodmingkwan et al., 2016;   

Salmon et al., 2017) aimed to minimize detrimental 

effects of cryopreservation on parameters like sperm 

motility, viability, morphology, plasma membrane or 

acrosome integrity. Thus, the freezing rate used is an 

important criterion throughout this process, since 

sperm dehydration is faster with slower freezing rates 

and forms more ice ridges with faster freezing rates 

(Kumar et al., 2003). In general, the spermatozoa of 

goat are much more sensitive to cryopreservation when 

compared to other domestic species. Additionally, the 
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cryopreservation of goat semen is very challenging 

since its plasma includes high concentration of the 

enzyme phospholipase which  hydrolyzes lecithin 

from milk and the egg yolk-most common 

components of cryopreservation diluents-into fatty 

acids and lysolecithins, thus affecting sperm viability 

(Leboeuf et al., 2000; Purdy, 2006). These particular 

characteristics of male goat semen requires an extended 

attention to maximize the post-thawing sperm viability.  

In this context, the main objective of the present 

study was to test the effect of three different cooling 

curves on the post-thawing integrity of male goat 

acrosome sperm cell without removing the seminal 

plasma during the cryopreservation process.  

Materials and Methods 

Semen Collection 

The collection of semen was carried out in the 

Agrarian Development Services of Terceira Island 

(SDAT), in 3 male goats (Saanen) with 2 years of age. 

The collections were performed during February in 3 

sessions 5 days apart. Semen collection was obtained 

with artificial vagina after the bucks were trained for 

about 3 weeks using an induced estrus female with 

intramuscular injection of 250 μg of estradiol benzoate 

diluted in 2.5 mL of mineral oil applied 48 h before the 

time set aside for collection. Twenty-four hours after the 

onset of estrus, estradiol benzoate was again injected at a 

dose of 100 μg. The collections were always carried out 

in the morning starting around 08:00 A.M. and in each 

collection day the male goats alternated randomly. The 

artificial vagina used contained water heated to 48-50C 

and the collection tubes were preheated to 33-36C. The 

transport of the semen to the laboratory was done in a 

thermal box with water at 33-36C. 

Evaluation of Semen 

Immediately after arriving the laboratory, the semen 

was placed in a water bath at 36C and then evaluated 

for volume, concentration and mass motility. The 

volume was quantified by micropipetting and mass 

motility, assessed by placing a drop of 5 μL of pure 

semen on a slide preheated at 36C in the microscopic, 

heated stage and observed under an optical microscope 

at a magnification of 100 x in several microscopic fields, 

This mass sperm motility was scored subjectively from 0 

(no motion) to 5 (numerous rapid waves) on a scale with 

steps equal to 1 according to the original method 

described by (Evans and Maxwell, 1987). Only ejaculates 

with more than 70% motility (score 4 and 5) were 

evaluated and cryopreserved. Sperm concentration was 

determined by counting through the Neubauer chamber, 

diluting 10 μL of pure semen in 990 μL of distilled 

water, at a magnification of 400 x. 

Dilution of Fresh Semen 

The semen samples were diluted to give a final 

concentration of 400×106 spz/ml. The diluent used was 

based on egg yolk and prepared only in a fraction. To 

achieved this, the following compounds were added: 375 

mM Tris, 124 mM citric acid, 41.6 mM glucose, 9% (v/v) 

egg yolk and 5% (v/v) glycerol by adjusting the pH to 6.8 

(Atessahin et al., 2008). After the dilution to fill the straws, 

the spermatozoa were counted alive/dead, as well as the 

evaluation of the acrosome integrity, staining the semen 

with Propidium Iodide (PI) and Pisum Sativum Agglutinin 

conjugated to Fluorescein Isothiocinate (FITC-PSA). 

Freezing of Semen 

After dilution and filling of the straws, they were cooled 

in a styrofoam box in the refrigerator at 4C for 2 h and 30 

min. The freezing of semen was carried out with an 

automatic freezer (IceCube 14S; SyLab, Austria), placing 

the straws in a horizontal support, where it was frozen 

according to 3 curves, each with three cooling ramps.  Two 

cooling ramps, i.e., between -4 and -5C (decreasing 

temperature of 4C/min) and between -110 and -140C 

(decreasing temperature of 35 ºC/min) were common to the 

three curves.  The third cooling ramp, i.e., between -5 and -

110C, differed among curves in its decreasing rate of 

temperature (25, 35 and 45C/min respectively for curves 1, 

2 and 3) which really marked the difference among curves. 

Post-Thaw Evaluation 

The thawing of semen in straws followed the 

methodology proposed by Evans and Maxwell (1987), 

i.e., the placement of straws in a water bath at 37C for 

2-3 min and analysed by 15 min. The post-thawing 

semen evaluation was performed by flow cytometry with 

Propidium Iodide (PI) and Pisum Sativum Agglutinin 

conjugated to Fluorescein Isothiocinate (FITC-PSA), as 

described by Franco et al. (2013), determining the living 

and dead spermatozoa with intact or damaged acrosome. 

A suspension was prepared with 20 μL of thawed semen 

(400×106 spz/ml) and 160 μL of PBS, from which 5 μL 

(50106 spz/ml) was withdrawn and 495 μL of a solution 

was added to the cytometer. The latter solution was 

prepared with 4 mL of PBS and two fluorescent labels, 

these being the PI and SYBR-14, with 10 and 4 μL 

respectively, incubated in the dark for 15 min and then 

read on the cytometer. To determine the percentage of 

live spermatozoa and with the intact acrosome, the 

cytometer was used again. First, the straws were thawed 

(one per sample) in a water bath at 37C for 30 sec. 

Three well-identified tubes were then placed in the oven 

at 37C for each dose of thawed semen. One of these 

tubes was used to place the thawed semen sample, 

another to dilute and the last to be taken to the cytometer 

for evaluation. Dilution was done in an Eppendorf tube 
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with 10 μL of thawed semen in 990 μL PBS. Then 295 

μl of this solution was withdrawn and 6 μL of PI (0.5 

mg/ml) and 20 μL of FITC-PSA were added, then 

incubated in the oven at 37C for 10 min. Finally, 600 

μL of PBS was placed and evaluated on the cytometer. 

Statistical Analysis 

The experiment followed a factorial repeated 
measures design model (3 freezing curves 3 bucks 3 
days of semen collection). According to this model, the 
effects of freezing curve, buck and semen collection day 
upon the post-thawing semen parameters were tested by 
repeated measures factorial ANOVA considering the 
freezing curve and buck as between subjects factors and 
the semen collection day as the within-subject variable. 
The means of fresh semen parameters evaluated 
macroscopically (volume, concentration and motility) 
were compared by one-way ANOVA. When ANOVA 
detected significant differences within the variables 
studied, a multiple-comparison test (Fisher’s post hoc 
Protected Least-Squares Differences-PLSD) was 
followed to identify these differences. All percentages 
were previously transformed according to the formula P' 
= arcosen √P where P represents the original value. 
However, for clarity, data in tables and throughout the 
text are the originals. All tests were performed using the 
IBM®, Armonk, NY, USA SPSS software v. 24. 

Results 

Data concerning macroscopy sperm evaluation are 

reported in Table 1. The global spermatic concentration of 

the fresh semen was 3.36±1.3109 spz/ml and the volume 

of fresh semen was 0.79±0.14mL. For any of these 

parameters no significant differences were observed 

between male goats. Regarding mass motility, the mean 

active sperm ratio was 79.02±5.40% (ranging from points 

4 to 5 according to Evans and Maxwell, 1987) and the 

sperm viability assessed by flow cytometry was 

(42.36±5.66% of live epz).  Again, no significant 

difference was observed between the different male goats.  
It was observed that, after thawing, 18.78±0.9% 

spermatozoa were classified as alive, of which 97.7% 
had intact acrosome (LL) and only 2.3% had damaged 
acrosome (LR) (Table 2). 

The different freezing curves used did not present 
significant differences concerning live spz with either 
intact or damaged acrosome (Table 2). 

Significant differences were observed among 
different male goats (P<0.001) and days of collection (P 
<0.002) relative to live spermatozoa with intact 
acrosome after thawing (Table 3). In relation to the live 
spz but with the damaged acrosome, differences (P = 
0.016) were observed between male goats 1 and 2 
(0.55±0.04 and 0.31±0.04%, respectively).  

 
Table 1: Mean ± standard error of the parameters evaluated in fresh sperm from different male goats. The observed differences were 

not statistically significant (P>0.05) 

Male goat Volume (ml) Concentration (109spz/ml)  Mass motility* 

1 0.72±0,28 5.08±1,38 73.3±6,67 
2 0.75±0,08 2.05±0,34 86.25±2,25 
3 0.89±0,07 2.98±0,90 77.5±2,50 
Mean 0.79±0.14 3.36109±1.3 79.02±5.40 

*Mean active sperm ratio 
 
Table 2: Mean ± standard error of percentages of live spz with intact acrosome (% spz LL); alive with damaged acrosome (% spz 

LR); dead with intact acrosome (% spz UL) and dead with damaged acrosome (% spz UR) as influenced by the different 

freezing curves. The observed differences were not statistically significant (P>0.05) 

Curves % spz LL % spz LR % spz UL % spz UR 

A 19.14±0.86 0.44±0.04 11.64±0.63 68.78±1.39 
B 17.72±0.86 0.38±0.04 11.36±0.63 70.54±1.39 
C 18.18±0.86 0.49±0.04 10.37±0.63 70.96±1.39 

 
Table 3: Mean ± standard error of percentages of live spz with intact acrosome (% spz LL); alive with damaged acrosome (% spz 

LR); dead with intact acrosome (% spz UL) and dead with damaged acrosome (% spz UR) by animal and collection day 

 % spz LL % spz LR % spz UL % spz UR 

Animal 
1 10.97±0,86a 0.55±0,04a 5.64±0,63a 82.84±1,39a 
2 23.10±0,86b 0.31±0,04b 13.57±0,63b 63.01±1,39b 
3 20.96±0,86c 0.45±0,04ab 14.16±0,63b 64.43±1,39b 
Mean 18.34±3.74 0.43±0.07 11.12±2.75 70.09±6.39 
Collection day  
1 25.33±0,66a 0.33±0,03a 11.02±0,87ab 63.31±1,13a 
2 18.40±0,66b 0.40±0,03ab 9.12±0,43a 72.09±0,64b 
3 11.31±0,91c 0.59±0,08b 13.23±0,82b 74.87±1,39b 
Mean 18.35±4.05 0.44±0.08 11.12±1.19 70.09±3.48 

Within the same column, means sharing the same letter are not significantly different (p<0.05) 
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After thawing, the male goat factor had an influence 

on the percentage of dead spermatozoa (P<0.001). 

Regarding the day of collection factor, it was observed 

that there were only significant differences (P<0.05) 

between days 2 (9.12%±0.43) and 3 (13.23%±0.82) in the 

percentage of dead spz with intact acrosome (Table 3).  

Discussion 

The global spermatic concentration of the fresh 

semen obtained in this study is in agreement with the 

results of de Oliveira et al. (2009). However, the volume 

of fresh semen was slightly higher, possibly due to the 

fact that the fresh semen collections was made with a 

longer time interval, which allowed the bucks to 

reestablish seminal production. Mass motility, is in 

agreement with the results obtained by Salmon et al. 

(2017). However, the sperm viability assessed by flow 

cytometry was lower than that published by others, 

(Salmon et al., 2017; de Oliveira et al., 2009; Oliveira et al., 

2011; Garner and Johnson, 1995).  

After thawing, the semen was evaluated in order to 

observe the influence of the freezing curves on the 

spermatozoa relative to the live/dead and the 

acrosome integrity (intact or damaged). The values 

obtained are in agreement with the results observed by 

Salmon et al. (2017) in the group in which the 

influence of seminal plasma in the freezing process 

without another additive in the cryoprotective medium 

was studied. 

The different freezing curves used in the present 

study did not affect significantly the percentage of live 

spz with either intact or damaged acrosome. Barbas et al. 

(2005), also used two freezing curves with different 

temperatures in the second ramp in sheep semen 

collected throughout the year and observed significantly 

higher rates (P<0.001) of normal spz in the summer and 

autumn in one of the curves. Bag et al. (2002) performed 

a similar study with sheep, using a freezing rate of 

25C/min in the freezing of the semen, but with different 

initial temperatures. In the present study, the cooling 

temperature was the same in the three curves and the 

only difference was the freezing rate, namely 25, 35 and 

45C/min.  Üstüner et al. (2015) developed a similar 

work in which male goat semen was frozen according to 

four different freezing rates between +5 and -150°C, 

having a lowering temperature between 10 and 24C/min 

which showed a significant detrimental effect on sperm 

post-thawing motility and acrosome integrity, although 

not affecting the integrity of sperm DNA. However, this 

experiment allowed the authors to discover that 

procedures related to dilution, equilibration time and 

thawing had negative effects on acrosome motility and 

integrity of spz. These effects were also observed in the 

studies of Barbas and Mascarenhas (2009) and    

Dorado et al. (2009) who showed that sperm from small 

ruminants, such as male goats, do not have high 

adaptability to temperature changes, which may 

contribute to the sensitivity of spermatozoa. Frankel et al. 

(2013) observed significantly better results for faster 

freezing rates (40C/min Vs 10C, 20C and 30C/min). 

Male goats and days of semen collection influenced 

the proportion of live spermatozoa with intact acrosome 

after thawing. According to Üstüner et al. (2015), the 

success of cryopreservation depends not only on the 

freezing rates used, but also on factors such as species 

and breed. Since animals of different species and 

individually, have different sperm membrane 

composition, different rates of freezing, 

cholesterol/phospholipids and saturation levels of the 

carbohydrate chain, may affect the way spermatozoa 

react to cooling and, subsequently, confer different 

sensitivities to cryopreservation (Medeiros et al., 2002).   

The male goat and day of collection factors also 

affected the percentage of dead spermatozoa. According 

to Oettlé (1986), most spermatic lesions in the acrosome 

occur during the dilution, cooling or as a result of the 

equilibrium period to which the semen is subjected. In 

this way, it is important to optimize the initial processing 

of the semen, allowing the great majority of spermatozoa 

to reach the process of freezing-thawing without changes 

in the acrosome and, therefore, with greater chances of 

surviving unharmed in the freezing process. 

Conclusion 

The main objective of this study was to evaluate the 

effect of three different freezing curves on the 

percentage of live sperm, with or without acrosome 

damage, of male goat semen. The results were very 

similar for the 3 curves and the differences, of about 2 

to 3%, were not statistically significant. Although the 

number of replicates (9) appeared reasonable at the 

beginning of the experiment, a relatively high 

variability (coefficient of variation of around 14%) 

occurred mainly due to the significant effect of the 

animal and the day of semen collection which could 

have masked the results. In this view, the detection of 

a significant influence of both the animal and the day 

of collection of the semen can be an alert for the need 

to redouble the attention to give to these two factors. 

The results of the present study seem to suggest the 

absence of a substantial effect of the pattern of 

freezing curves tested on the post-thaw percentage of 

live sperm of male goat semen. 

Considering that the distinction of the freezing curves 

tested only focused on the second cooling ramp and in a 

low accentuated manner (temperature difference of 10C), 
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it is suggested for further research to test curves with wider 

cooling differences and/or applied to different ramps. 
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