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Abstract: Effects of the surfactant Sodium Dodecyl Sulfate (SDS) on the 

motility and viability of boar semen after thawing were evaluated. For such 

purpose, semen of twelve adult boars was collected twice a week, the rich 

portion of this semen was separated and frozen with different concentrations 

of SDS (0; 2.5; 5; 10; 20 and 40 mm). For freezing the semen was subjected 

to a cooling curve in an Ice Cube Freezer with a programmed curve as 

follows: From 5 to -5C to -6C/min, from -5 to -80 to -40C/min in which 

semen was for 30 min. From -80 to -150 semen was cooled at a slope of   -

60C/min being then plunged in liquid nitrogen. After collecting, before and 

after freezing/thawing, semen was evaluated for pH, cell concentration, 

viability and motility, as well as the percentage of normal sperm cells and 

agglutination level. Results indicated that before freezing sperm quality 

obtained from the different boars was always alkaline and very similar 

among boars. On average, pH was 7.50±0.27 ranging from 7.05 to 7.79 

Viability, motility and agglutination level was respectively 62.7±9.9%: 

4.8%±0.3 and 9.3%±1.82. After thawing, the best sperm quality was 

obtained when the semen was frozen with an SDS concentration of 0.2% 

W/V, in which values of viability reached 30.1% (±3.7). Based on the 

results one can conclude that SDS can be used to preserve boar semen for 

long periods, retaining semen quality after thawing. 
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Introduction 

A large part of the boar’s population remains 

unqualified for semen freezing programs because of 

unsatisfactory post-thaw sperm quality and fertility rates. 

Therefore, the achievement of successful semen 

cryopreservation would represent a dramatic leap in swine 

production systems, as it would allow the widespread use 

of germplasm banks for storing semen doses from selected 

males, for preserving genetic diversity and for conserving 

rare breeds. Besides cryopreservation of spermatozoa has 

been a great resource for the trade-in genetic material and 

gene banks, cooling and freezing are traumatic events for 

spermatozoa, although the extent of these effects varies 

with the species. Freezing of boar spermatozoa started 

already by the 1960 s, based on previous experience in 

dairy cattle (Polge et al., 1949), yielding, however, much 

lower reproductive performances than in bovine. From 

then, the increasing use of cryopreserved boar semen has 

motivated the research and development of extenders, 

cryoprotectants and freezing protocols, intending the 

preservation of semen in optimal conditions after 

thawing, but unfortunately results still not satisfactory 

and a breakthrough in a commercial application has not 

yet occurred. Moreover, while several additives and 

changes in the cooling curve and thawing have been 

tested, the overall procedure is still the same as purposed 

by Eriksson and Rodríguez-Martínez twenty years ago 

(Eriksson and Rodriguez-Martinez, 2000). Although its 

use in some commercial production applications such as 

genetic transfer projects, frozen boar semen has not been 

used under production conditions as efficiently as liquid-

preserved semen, due to the high susceptibility of boar 

spermatozoa to damage during cryopreservation and a 

complicated process of deep freezing. Membranes are 

thought to be the main problem of chilling or freezing 

damage in cells (Morris and Clarke, 1981). The thermal 

stress placed on membranes during cooling has been 

hypothesized to result in transitions from the liquid 

crystalline to the gel phase, which has substantial 

deleterious consequences. As a result of this transition, 

the cell may leak its contents to the surrounding medium 
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(Crowe et al., 1988), possibly due to defects in the 

bilayer between the gel and liquid crystalline domains. 

In recent years, the development of freezing techniques 

for semen cryopreservation includes various strategies for 

improvement of the quality of frozen/thawed spermatozoa 

and to increase the number of spermatozoa available for 

fertilization. Therefore, a few studies evaluate the addition 

of surfactants as they act as synthetic detergents and, a 

wetting agent, which is integrated into the freezing 

medium improves the efficiency of lipid-based extenders, 

enhancing cryosurvival of boar spermatozoa after thawing 

(Vilagran Martí, 2016). This combination, surfactant and 

egg yolk, provides a better protection effect, as the 

detergent modifies egg yolk particles, enhancing their 

interaction with sperm plasma membrane (Holt, 2000; 

Rodriguez-Martinez and Wallgren, 2011).  

Tensioactive agents or surfactants are specific 

chemicals characterized by their structural bipolarity: 

One hydrophobic group and another hydrophilic group. 

They are classified as anionic, cationic or, non-ionic 

surfactants and have various uses in healthcare, such as 

excipients to dissolve hydrophobic drugs in aqueous 

solutions or to compound injectable emulsions. Their 

interest in chemical decontamination is closely related to 

their ability to dissolve both hydrophilic and 

hydrophobic drugs and then to be wiped on tissues. 

Sodium Dodecyl Sulfate (SDS) is a surfactant that in the 

diluent has proved beneficial for the cryopreservation of 

sperm from several domestic and wildlife species (Holt, 

2000). Addition of SDS to the freezing medium 

protected boar sperm cells against freezing damage and 

led to vastly improved post-thaw sperm quality. 

Although fertility is not highly related to fertility 

outcomes such as farrowing rate and litter size, the use of 

poor-quality semen is related to reduced fertility. 

 Therefore, the aim of the present study was to 

evaluate the viability of boar semen, after thawing, using 

the anionic surfactant SDS in the freezing medium. 

Materials and Methods 

Once in the lab, semen samples were processed, 
essentially using the straw-freezing procedure described 
by Westendorf and collaborators (Westendorf et al., 
1975) with minor modifications. Briefly, semen was 
placed at 15C for 2 h and then centrifuged at 800 g for 
10 min also at 15C. After that, most of the supernatant 

was discarded leaving 3.5 mL of the supernatant in each 
flask to resuspend semen pellets to evaluate its 
concentration in a Neubauer chamber as afore-described. 
Then, 6500 µL aliquots of the resuspended semen were 
placed in each of 6 falcon tubes and 1 mL of all the 
chemicals and media were purchased from Sigma 

Chemicals Co. (St Louis, MO) and disposable plastic 
wares were from Nunc (Roskilde, Denmark) unless 
otherwise mentioned. 

Pigs used in the present experiment belonged to the 

Artificial Insemination Centre of the Autonomous 

Government of the Azores-Portugal, which were handled 

following international ethical rules. All animals were 

provided ad libitum access to water and fed with 

commercial diets, according to the nutritional requirements 

for adult boars. Boar´s ejaculates were collected twice a 

week, using the glove-hand method through a layer of 

gauze into a thermos bottle to remove gel particle, 

maintained at 37C. From each boar and without any 

interference in the semen collection routine, barely 10 mL 

spermatozoa-rich fraction was used for freezing, while the 

rest of the ejaculated spermatozoa was used for routine 

production of liquid semen doses, thus combining 

production and banking. Immediately after collection, a 

macroscopic assessment was performed, evaluating the 

volume, appearance, color, pH and agglutination level. 

Then, a drop of semen was observed by contrast-phase 

microscopy at low magnification (×10) to assess the 

massal motility graded from 0 to 5 (0 = no movement, 

5 = Massal motility with vortex). Sperm concentration 

was evaluated in a Neubauer chamber, using a dilution 

of 10 µL of semen to 990 µL of water. The sperm vitality 

was assessed by counting after the one-step eosin-nigrosin 

(Fluka Chemie GmbH, Sigma-Aldrich, Switzerland), 

staining technique, to determine the percentage of live 

(eosin-negative) spermatozoa according to (Barth and 

Oko, 1989) and assessment of cellular elements other than 

spermatozoa. Sperm morphology was also performed, 

according to (Rusu et al., 2009) and spermatozoon was 

considered normal when its head, tail and all borderline 

forms were considered standard. Only semen classified 

with massal motility and viability higher than 4 and 60%, 

respectively, were used in the experiment.  

Gaczarzewicz et al. (2016), evaluation of 

agglutination indicated what percent of the sperm cells in 

the field of view under low magnification are stuck to 

each other. This evaluation was performed at the same 

time as motility/morphology evaluation, using the 

categories as described in Table 1. Ejaculates with a score 

3 were also considered an elimination factor as this can 

indicate some problems in the fertility of the ejaculate. 

After the evaluation afore-described, if the semen 

showed quality to be frozen, it was versed in flasks, 

placed in isolated containers at 37C and transported to 

the lab being processed about 10 min after collection. 

 
Table 1: System used to score of boar semen ejaculate 

agglutination (Gaczarzewicz et al., 2016) 

 Percentage of agglutinated 

Score cells within a field of view 

0 None 

1 Mild (<10%) 

2 Moderate (10-25%) 

3 Severe (>25%) 
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Once in the lab, semen samples were processed, 
essentially using the straw-freezing procedure described 
by Westendorf and collaborators 11 with minor 
modifications. Briefly, semen was placed at 15C for 2 h 
and then centrifuged at 800 g for 10 min also at 15C. 
After that, most of the supernatant was discarded leaving 
3.5 mL of the supernatant in each flask to resuspend 
semen pellets to evaluate its concentration in a Neubauer 
chamber as afore-described. Then, 6500 µL aliquots of 
the resuspended semen were placed in each of 6 falcon 
tubes and 1 mL of MRA extender, supplemented with 3% 
glycerol, 10% of egg yolk and different concentrations of 
SDS (0.000; 0.025; 0.050; 0.10; 0.20 and 0.40% w/v) was 
respectively added to each tube and sperm viability was 
evaluated. Then straws were filled, incubated for 2 h at 
5C and frozen in a programmable freezer (Ice-Cube14S; 
SY-LAB,149 Neupurkersdorf, Austria) with the starting 
temperature of 5C, with a programmed curve, as 
follow: From 5 to -5C at -6C/min, from -5 to -80C at   
-40C/min in which semen was for 30 min. From -80 to    
-150C semen was cooled at a slope of -60C/min being 
then plunged in liquid nitrogen. 

Thawing was carried out seven days after freezing, 

always in the same way, by immersing the straws in a 

circulating water bath at 37C for 30 sec (Silva et al., 2015), 

versed in Eppendorf tubes and evaluated for the same 

parameters as afore-described. 

Results 

Results indicated that, after collecting, sperm 
obtained from the different boars were always alkaline 
and values very similar among boars. On average, pH 
was 7.50±0.27 ranging from 7.05 to 7.79. Viability, 
motility and agglutination level were respectively 
62.7±9.9%; 4.8%±0.3 and 9.3%±1.82. In the 4 h 
refrigeration process in which semen was diluted with 
the different extenders, no loss of viability, motility, or 
agglutination was observed, showing that, even for the 
highest concentrations of SDS used, no chemical toxicity 
occurred (Table 2). After thawing, it has been observed 
that SDS statistically increased (P<0.05) sperm viability 
(Fig. 1) as well as sperm motility (Fig. 2). 

For semen viability, up to the concentration of 0.05 

SDS (%W/V), no statistical differences were observed 

among treatments. After that viability increased to 

21.6%±0.75 and 30.1%±2.15 for the SDS concentrations 

of 0.1 and 0.2, respectively. At the highest concentration 

of SDS used, a decrease in sperm viability was observed, 

dropping to values identical to the control (16.6%±1.0). 
 
Table 2: Results of boar sperm viability as evaluated by the eosin/nigrosin test and motility graded from 0 to 5 (0 = no 

movement, 5 = Massal motility with vortex) after collecting and before freezing. Data represent Mean ± SEM of twelve 

boars, each one collected 3 times 

 After collecting  Before freezing 
 ---------------------------------------------------- ------------------------------------------------------ 
Treatment Viability Motility Viability Motility 

Control 62.71±4.02 4.8±0.13 62.0±2.21 4.54±0.46 
0.025% w/v 62.71±4.02 4.8±0.13 61.01±3.04 4.65±0.49 
0.050% w/v 62.71±4.02 4.8±0.13 61.40±2.05 4.65±0.52 
0.10% w/v 62.71±4.02 4.8±0.13 62.30±4.09 4.62±0.62 
0.20% w/v 62.71±4.02 4.8±0.13 60.08±5.02 4.62±0.58 
0.40% w/v 62.71±4.02 4.8±0.13 61.97±3.70 4.70±0.58 

 

 
 
Fig. 1: Boar semen viability, thawed one week after freezing, as evaluated by the eosin/nigrosin test. Data represent Mean ± SD of 

twelve boars, each one collected 3 times 
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Fig. 2: Boar semen motility (0-5) thawed one week after freezing. Data represent Mean ± SD of twelve boars, each one collected 3 times 

 

As far as semen motility is concerned, the values 

followed the same trend observed for sperm viability. 

For the control and the lowest concentrations of SDS, 

there were no significant differences, after which a 

maximum motility value was reached for the 3 highest 

concentrations, being these values statistically different 

from the control (P<0.05). 

Discussion 

Cryopreservation of boar semen is not common, as the 

damage caused to the cells is extensive. The experiments 

reported here aimed to consider whether SDS would 

affect boar sperm viability and motility after 

freezing/thawing. Sperm of 12 adult boars were 

collected, three times each, equilibrated for 2 h and 

incubated for 2 h with egg yolk and different 

concentrations of SDS from 0 to 0.4% W/V and then 

frozen in a programmable freezer. Results indicated that 

SDS improved motility and viability of sperm at 

concentrations of 0.1 and 0.2 where the viability/motility 

was statistically superior to the control. As known, egg 

yolk and SDS are non-permeable cryoprotectants used in 

freezing extender providing a protective effect to 

spermatozoa and improving post thawed sperm quality 

(Pursel et al., 1978). Besides egg yolk is a common 

ingredient of mammalian semen extender to protect sperm 

against initial cold shock, (Buhr and Pettitt, 1995) 

suggested that SDS enhances the cryoprotective properties 

of the egg yolk to protect the sperm membrane from 

cryoinjuries, because the addition of SDS in the extender 

could mix and increase molecules dispersion from the 

yolk. This could result in an optimum contact between 

phospholipid of yolk and plasma membrane of 

spermatozoa, increasing the semen quality. 

The first attempt in which SDS was added as a 

surfactant to improve semen viability after freezing, was 

developed by Paquin and collaborators (Paquin et al., 

1984), working on Human semen. In their research, it 

has been proved that beyond a neutral-glucosidase 

isoenzyme, which originates in the epididymis, seminal 

plasma contains an acid isoenzyme contributed by the 

prostate (Cooper et al., 1990) which can be selectively 

inhibited by the SDS. The specific role of α‐glucosidase 

in sperm function is still unknown. However, it has been 

suggested that it could modify sperm surface 

glycoproteins during epididymal transit, including a 

glycoprotein that is possibly involved in sperm‐egg 

binding (Ali et al., 1994). The enzyme has been 

localized in the cytoplasm of the efferent duct epithelium 

and the brush border of the human epididymis in its 

entire length (Yeung et al., 1990). Moreover, as known, 

lipids from whole sperm and sperm plasma membrane 

may partially affect the cryogenic survival of sperm 

(De Leeuw et al., 1991). Differences in fatty acid 

composition have been associated with tolerance to cold-

shock and cryopreservation. Specifically, a higher ratio 

of unsaturated/saturated membrane fatty acids and lower 

levels of cholesterol within bull and ram sperm 

membranes as compared with sperm membranes from 

humans and dogs have been suggested as an explanation 

for the differences in cold shock and cryopreservation 

tolerance observed between these species (White, 1993). 

However, these species-to-species differences in 

membrane lipid composition can neither explain the 

major differences in post-thaw survival and fertility 

between species such as bull and boar, nor the variation 

between semen quality and the ability to freeze between 

breeds as well as between individual boars and even the 

season. In our experiment, however, no great differences 
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have been observed among boars, although 

approximately 40 to 50% of boar spermatozoa do not 

survive cryopreservation. Some research indicated that the 

loss of viability after thawing can be the fact that boar 

spermatozoa are very susceptible to peroxidative damage 

because of the high content of polyunsaturated fatty acids 

(Esmaeili et al., 2015) and low level of cholesterol in the 

plasma membrane (Cerolini et al., 2000). 

During slow freezing, boar spermatozoa are also 

sensitive to cellular injury and mechanical stress caused by 

ice formation around the cells (Rodriguez-Martinez and 

Wallgren, 2011; Di Santo et al., 2011). It results in 

membrane reorganizations that can disrupt membrane 

integrity, structure and function, contributing to cell death 

after thawing. On the other hand, the variability of semen to 

sustain sperm cryopreservation could be related to 

differences in the seminal plasma composition (Roca et al., 

2006). As in our experiment, only a small fraction of 

semen was left after centrifugation, which may justify 

the similarity obtained between the different boars used 

in the study. Moreover, considering that the boars were 

all the same breed, kept under identical management 

conditions and collected in the same season, these facts 

contribute to the semen certainly maintaining the same 

physical and chemical characteristics. 

Identical experiments as presented in our study have 

been developed for horse semen by El-Badry and 

collaborators assuming that the addition of appropriate 

concentration of SDS is fundamental for equine semen 

cryopreservation. SDS, egg yolk and glycerol at 

concentrations of 0.03, 15 and 5%, respectively, reduced 

the cryodamage of stallion sperm (El-Badry et al., 2014). 

The precise mechanisms by which SDS improves sperm 

cryosurvival remain unknown. However, it has been 

demonstrated that SDS is only beneficial in the presence 

of egg yolk, suggesting that it functions by altering the 

tertiary structure of the egg yolk lipoproteins (Pursel et al., 

1978). SDS improves the post-thaw survival of 

spermatozoa by acting as a surfactant to stabilize cell 

membranes, particularly acrosomal membranes and to 

protect spermatozoa against the toxic effects of glycerol 

during the freeze-thaw process (Martin et al., 1979; 

Arriola and Foote, 1987).  
Our results pointed out that, there was no significant 

effect on sperm viability after thawing when SDS 
concentration was employed at the highest 
concentrations (0.1; 0.2 and 0.4% W/V) as results 
obtained for the three highest concentrations were very 
similar. As no variation on the egg yolk or glycerol 
concentration was analogous in all experiments, one 
can hypothesize that SDS employed concentrations 
could enhance the solubility of most of the egg yolk 
particles, making them more accessible to the 
spermatozoa, thereby improved the boar spermatozoa’s 
ability to freeze. Moreover, glycerol egg yolk extender 
containing SDS allows most or all of the egg yolk 

lipids to be solubilized, thereby improving the 
protective effects of the extender by reducing the 
number of unbound SDS molecules that may directly 
solubilize the sperm membrane lipids which could result 
in various detrimental effects.  

To support our hypothesis, it is important to mention 

that several investigators have found that the incorporation 

of SDS in sperm diluents containing egg yolk protected 

spermatozoa of many species against freezing-induced 

damage. SDS can also act by solubilizing and increasing 

the dispersion of egg yolk globules within the diluent, 

enhancing the contact between protective egg yolk 

materials and sperm cell membrane (Tsutsui et al., 2000). 

In the present study, we were unable to determine the 

source of the beneficial effects, however, we may 

speculate that when SDS is used in high concentrations 

in the extender, the free SDS molecules increase and 

may bind directly to the sperm membrane, increasing the 

viability/vitality of the semen after thawing. 

Conclusion 

Boar sperm quality after thawing improves 

significantly when SDS is incorporated into a glycerol-

egg yolk extender in a concentration between 0.1 to 

0.2% W/V and the best results of viability are obtained 

for the SDS concentration of 0.2% W/V. Additionally, it 

is possible to store this extender by freezing it, without 

decreasing its cryoprotective effect. 
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