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Abstract
This study aimed to analyse skimmed milk powder (SMP) and fructose in a new cooling curve to freeze boar semen. A 
total of 49 semen samples from seven boars were cryopreserved using the new curve with the addition of glucose and 
fructose to the refrigerating diluents Beltsville Thawing Solution (BTS + G; BTS + F) and skimmed milk powder (SMP 
+ G; SMP + F), totaling four experimental groups for analysis. At the end of the curve, aliquots of semen were packaged 
in 0.5 ml straws and kept in liquid nitrogen. During the cooling curve, SMP mean spermatic vigor and motility were 
greater than the BTS (p < 0.05) ones. After thawing, a decrease of spermatic force and motility in both extenders was 
observed, where the BTS presented spermatic vigor (2.1 ± 0.55) and motility (38 ± 21.8), presenting better results (p 
< 0.05). There was no statistical difference between sugars added to the BTS and SMP in spermatic force and motility 
(p > 0.05), although the use of fructose allowed an equalization of motility between the SMP and BTS (p > 0.05). 
The functionality of membrane was better preserved with the addition of fructose, in both extenders. The rate of 
sperm viability was significantly higher in extender containing glucose and SMP (71.8 ± 12.5). The percentage of intact 
acrosome was higher on the treatment containing glucose, independent of the extender (BTS + G: 81.8 ± 7.2, SMP + G: 
81.4 ± 14.2). To conclude, the results suggest that the BTS is still the best option to cryopreserve and fructose could be 
used in boar semen cryopreservation in a new cooling curve.
Keywords: Cryopreservation. Cooling curve. Sperm. Alternative extender.

Resumo
Este trabalho analisou o emprego do leite em pó desnatado (LPD) e frutose em uma nova curva de resfriamento para 
de sêmen suíno. Um total de 49 amostras de sêmen de sete varrões foi criopreservado, utilizando a nova curva de 
resfriamento com glicose e frutose adicionadas aos diluentes Beltsville Thawing Solution (BTS + D; BTS + F) e leite 
em pó desnatado (LPD + D; LPD + F), totalizando quatro grupos experimentais para análises. Ao final da curva, as 
alíquotas de sêmen foram envasadas em palhetas de 0,5 mL e mantidas em nitrogênio líquido. Durante a curva de 
resfriamento, as médias de vigor e de motilidade espermática do LPD foram maiores do que as do BTS (p < 0.05). 
Após descongelação, observou-se queda do vigor e motilidade em ambos diluentes, com o BTS apresentando melhores 
resultados de vigor (2,1 ± 0,55) e de motilidade (38 ± 21,8) (p < 0,05). Entretanto, o uso da frutose permitiu equiparação 
dos valores da motilidade entre LPD e BTS (p > 0,05). A funcionalidade da membrana foi melhor preservada com adição 
da frutose, em ambos os diluentes. Os dados de vitalidade espermática foram significativamente maiores no diluente 
contendo glicose e LPD (71,8 ± 12,5). A porcentagem de acrossomas intactos foi maior no tratamento que continha 
glicose, independentemente do diluente utilizado (BTS + G: 81,8 ± 7,2, SMP + G: 81,4 ± 14,2). Os resultados obtidos 
indicaram que o BTS ainda é a melhor opção de criopreservação e que a frutose pode ser utilizada para criopreservação 
de sêmen de varrão na nova curva de resfriamento.
Palavras-chave: Criopreservação. Curva de resfriamento. Espermatozoide. Diluente alternativo.
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Introduction 
The use of frozen semen is still limited in boars. 

Currently, sperm cryopreservation represents an important 
biotechnological tool to preserve the genetic potential of 
breeding, allowing its use for long periods (BORTOLOZZO 
et al., 2005).

The success of semen cryopreservation depends on the 
maintenance of sperm integrity and functionality, which 
is linked to cellular metabolism decreasing and the use of 
solvents that can promote good in vitro cell survival. The 
extenders are important, because they provide a favorable 
environment for sperm, and its composition is one of the 
factors that affect the quality of these cells after thawing 
(DERIVAUX, 1982). The sugars and lipoproteins from milk 
and egg yolk are essential for semen preservation because 
they act as external cryoprotectants against the formation 
of ice crystals inside the cells (AMANN; PICKETT, 1987) 
by progressively increasing the concentration of solutes 
in the extracellular environment. Various techniques 
have been tested with different types and concentrations 
of cryoprotectants and extenders, exposure temperature 
thereof, cooling curves, stabilizing the cytoskeleton, 
thawing protocols and removal of cryoprotectants 
(BORTOLOZZO et al., 2005).

Several factors may affect sperm quality after thawing, 
besides the extender, also the cooling curve is a key point 
for the maintenance of sperm functionality, which seeks to 
minimize the development of heat shock, the formation of 
ice crystals. There are no cryopreservation techniques for 
overall survival after the procedure. The most commonly 
used spermatic cooling curve generally exhibits freezing 
rates ranging from 15 to 60 °C/minute, with the highest 
rates of sperm survival (WATSON, 2000). In general, the 
main components of semen extenders are: sugars, proteins 
or lipoproteins, buffers, cryoprotectants and additives 
(BWANGA et al., 1991b). The Beltsville Thawing Solution 
(BTS) is the more widely used extender for this procedure, 
but alternative extenders are being tested to achieve better 
post-thawing results. Skimmed milk powder is practical 

and effective to protect sperm during the storage period; 
also, the cryoprotectant effect against heat shock (JULIANI; 
HENRY, 2008). Several studies have been carried out in 
the search for an ideal spermatozoid cryoprotectant 
(WILMUT; POLGE, 1977; SCHEID, 1980; BWANGA et al., 
1991a). Despite the greater sensitivity of swine spermatozoa 
to glycerol (FISER, 1991) and with its damaging action to 
the plasma membrane (BWANGA et al., 1992), no other 
cryoprotectant have been found that could efficiently 
replace this one (BORTOLOZZO et al., 2005).

The use of frozen boar semen is still restricted to research 
improvement and to disseminate genetic material; thus, 
there is a need for new studies to provide the best sperm cell 
cryopreservation conditions (SARAIVA et al., 2005). Thus, 
given the importance of semen conservation for an indefinite 
period, for the pig industry it is necessary to develop new 
techniques which allow the use of cryopreserved semen 
without falling fertility results after thawing (TONIOLLI 
et al., 1998). This study is aimed at evaluating the extender 
skimmed milk powder (SMP) and sugar fructose in a new 
cooling curve for freezing boar semen.

Material and Methods 
The study meets the criteria requested by Ethics 

Commission on Animal Use of the Stare University of 
Ceará, and the research project (process 12236467-8) was 
approved by the Committee on August 31st, 2012.

For the experiment, animals aged between 12 and 
30 months in routine of semen collection system in 
Laboratory of Swine Breeding and Technology of Semen 
were used. A total of 49 semen samples from seven boars 
were collected. Before each collection of total ejaculate, 
the foreskin was externally cleaned with soap and water. 
Then, preputial exhaustion was treated by manual pressure 
on the caudal-cranial direction. Finally, the area was dried 
with paper towels. The gelatinous fraction, retained by 
the gauze, was disposed of and the ejaculate, initially, 
identified and evaluated for volume (ml), concentration 
(x106 sperm / ml), total of sperm (x109 spz). A total of  
15 μL of semen was placed between a slide and coverslip 
and taken under an optical microscope (200x) for assessing 
the spermatic vigor (0 to 5) and motility (0 to 100%). These 
tests were used for the evaluation of the ejaculate of each 
boar individually. Also, to evaluate sperm quality control 
during the period of the experiment, the ejaculate is tapped 
to produce the following minimum values: vigour ≥ 3.5 
and ≥ 85% motility.
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The temperature was controlled throughout the 
experimental protocol, (35–37 °C), avoiding problems of 
heat shock upon contact with semen. A total of 2.5 x 109 
spz of each ejaculate was separated and then incubated for 
15 minutes at 30 °C. Afterward, it was diluted in Beltsville 
Thawing Solution (BTS) or skimmed milk powder (SMP) at 
a ratio of 3 vol. of extender: 1 vol. of semen, maintaining the 
same temperature for 30 minutes. The diluted semen was 
then moved to centrifuge tubes (50 ml) and kept in a water 
bath at 25 °C for 30 minutes. After this period, the tubes 
were transferred to the dark for 2 hours at 17 °C. Samples 
were then centrifuged at 800 xg/15 minutes to 5 °C into the 
refrigerated centrifuge, discarding the supernatant. Then, 
the sperm pellet (pellet – 0.5 ml) was resuspended in 2.25 
ml of extender egg yolk Glucose /Fructose (5 °C) at an initial 
concentration of 909.1 x 106 cells / ml (cooling extender) 
and kept at 5 °C for 60 minutes (slow cooling). At the end of 
incubation time at 5 °C, plus 2.25 ml of the freezing extender 
(egg yolk glucose / fructose 6% of glycerol) was slowly 
added to the centrifuge tube, with a final concentration of 
500 x106 cells / ml for subsequent packaging and freezing. 
Semen was then packaged in identified straws (0.5 ml) that 
were sealed with polyvinyl alcohol powder (PVC).

The cooling extender consisted of 5.67 g of sugar 
(glucose or fructose), 20% egg yolk, and added to 100 
ml of distilled water. The extender had the same freezing 
composition plus 6% glycerol. The final concentration of 
glycerol for freezing was 3%.

For freezing procedure, the straws were placed in a freezing 
ramp of 5 cm above the liquid nitrogen for 30 minutes at a 
temperature between -60 to -70 °C, then immersed in liquid 
nitrogen (-196 °C). The samples were stored in liquid nitrogen 
for a time between 48 and 96 hours before thawing.

The contents of each straw were thawed in a water 
bath at a temperature of 39 °C for 50 seconds, then added 
to the resuspension extenders (SMP or BTS) at the same 
temperature. For in vitro testing, resuspension of unfrozen 
sample was taken to achieve the concentration of an 
insemination dose (0.5 ml of semen + 2 ml of extender). 
Once thawed and resuspended, each sample was placed into 
test tubes in a water bath at 39 °C for analysis, observing 
the final concentration of 100 x106 spz / ml.

The milk powder was purchased commercially and 
prepared as follows: 10 g skimmed milk powder + 0.194 g 
glucose + 0.336 g pencivet, diluted in 100 mL (1 liter of 
extender: 100 g of milk, 1.94 g of glucose and 3.36 g of 
pencivet).

Preparation: milk powder (Molico, Nestlé) were mixed 
into the total volume of distilled water; glucose was added, 
then heated for 10 minutes in a water bath at 60 °C and 
cooled under cold running water. Finally, the antibiotic 
was added.

Beltsville Thawing Solution (BTS, Minitub) an extender 
widely used for dilution of boar semen, purchased in local 
shops, was used as a control treatment.

The extenders were tested during the cooling curve 
added by a different sugar and were withdrawn together 
with the seminal plasma after centrifugation at 5 °C, and 
after thawing at sample resuspension.

Two different sugars were added to the cooling/freezing 
extenders in the same way as previously mentioned, and 
with the same proportion (5.67 g), tested. Then, a pH 
and osmolarity control was evaluated, maintaining the 
characteristics of standard extender: (a) T1 = Glucose 
(GLU – control); (b) T2 = fructose (FRU). There were four 
total experimental treatments: BTS G (Beltsville Thawing 
Solution with Glucose); BTS F (Beltsville Thawing Solution 
with Fructose); SMP G (skimmed milk powder with 
glucose) and SMP F (skimmed milk powder with fructose).

A total of six exams of the spermatic vigor (grades 
between 0–5) (TONIOLLI, 1996) and sperm motility (% – 
total of motile cells) were made at different points during 
the cooling curve (Figure 1). By targeting analysis, semen 
samples of 15 μL were taken, placed between a slide and 
coverslip, heated to 39 °C for 10 minutes and evaluated 
by optical microscopy at a magnification of 200x. These 
analyses were performed in six moments:

• at 30 °C immediately after dilution 3:1 with BTS and 
SMP (Exam. 1);

• at 30 °C after the incubation period (Exam. 2);
• at 25 °C after the incubation period (Exam. 3);
• at 17 °C after incubation and before centrifugation 

(Exam. 4);
• at 5 °C after centrifugation and cooling extender 

addition (Exam. 5);
• at 5 °C after incubation and freezing extender 

addition (Exam. 6).

A seventh examination (Exam. 7) was taken after 
thawing / resuspension of semen extenders BTS and SMP, 
evaluating the following characteristics: spermatic vigor and 
sperm motility, sperm viability (% of live cells), acrosome 
integrity and membrane functionality (osmotic resistance).
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Spermatic vigor represents the strength of sperm 
movement. It can be classified with a grade 0–5 (TONIOLLI, 
1996), where 0 represents the absence of forward movement 
with lateral weak displacement tail and inexpressive, and 
5 represents a movement the vigorous and speedy sperm, 
following the predetermined characteristics by table 
spermatic analysis. Total motility is estimated by the total 
percentage of cells moving in different fields examined  
(0–100%). For both analyses, a seminal drop of the sample 
15 μL was used between the slide and coverslip and 
evaluated under an optical microscope at 200x.

Based on the morphological analyses (acrosomal 
defects) (BORTOLOZZO et al., 2005) and sperm viability 
(% of live sperm), semen smears were examined counting 
200 cells per stained smear (bromofenol blue) in optical 
microscopy with immersion lens (1000x = 0.4 g; distilled 
water = 10 ml), a vital staining that can separate living 
from dead cells (MEDEIROS et al., 2006). The solution 
osmolality was measured and adjusted as necessary with 
distilled water (300 and 310 mOsm-Ol/kg H2O). To prepare 
the smear, a drop of semen was mixed with a drop of dye 
(15 µL each), both at 39 °C; then, it was homogenized. 
After 30 seconds, a drop (30 µL) of this smear preparation 
mixture was pulled out and dried at room temperature  
(25 °C) before analysis. According to the acrosome and 
viability morphology, the sperm were classified into four 
categories: (i) Live with intact acrosome; (ii) Living with 
damaged acrosome; (iii) Dead with intact acrosome; (iv) 
Dead with damaged acrosome (BORTOLOZZO et al., 2005).

The technique of osmotic resistance test consists of 
adding 1 ml of diluted semen in 15 ml of distilled water 
and kept for 15 minutes in a water bath at 37 °C (solution 
A). After the incubation period, 0.5 ml of 1% formalin 
saline (solution B) was added in 1 ml of solution A. 
From this new solution (C), an aliquot part of 15 μL was 
withdrawn and placed on a slide, covered with a coverslip, 
and then examined under an optical microscope with a 40x 
magnification, with 200 sperm cells counted (GRAHAM; 
MOCÉ, 2005). A cell with straight tail is indicative of 
membrane rupture, the intact membrane has rolled or 
folded tail.

The experimental design used was randomized blocks. 
To analyse the normality of the data, the Shapiro Wilk test 
was conducted, which showed non-normal distribution. 
Then, the data (extenders x sugars) were subjected to 
the Mann Whitney test and Student’s t tests. Means and 
standard deviations of each group were obtained for 
statistical analysis. The analysis of differences between 
means was performed using BioStat 5.0 software. An 
index of statistical significance of 95% (p < 0.05) was 
also used.

Results and Discussion 
The fraction of fresh semen (raw semen) of 48 ejaculates 

analysed had a normal appearance, milky white color, 
average volume of 265.4 ml and mean concentration of 
320.6 x106 sperm/mL (by MINITUB spectrophotometer). 
Such characteristics are within the normal range for swine 

Figure 1 – Analysis points during the new cooling curve
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(CORRÊA et al., 2001; SMITAL, 2009). The fresh semen 
showed a mean of 89.0 ± 4.2 (motility) and 4.0 ± 0.1 (vigor).

At every temperature point of the cooling curve, 
a decrease of natural vigor and motility were observed 
compared with fresh semen. This is due to the decreasing of 
nutrients present in the extender caused by the sperm and 
increasing consumption of toxic products of metabolism 
resulting in the middle cell (CORRÊA et al., 2001).

In the first four points of curve analysis (pre-dilution, 
30 °C, 25 °C and 17 °C), a total of three hours and fifteen 
minutes passed after the analysis. Also, a significant 
difference was observed between the BTS and the SMP 
extender, in which the SMP mean spermatic vigor was 
greater than the BTS. According to Memon and Ott (1981), 
the presence of lipoproteins and milk lecithin promotes 
sperm cell protection against thermal shock, when it 
is added to semen before cooling. Also, Meireles et al. 
(1998) showed that at 4 °C, skimmed milk is an excellent 
conservative medium for sperm cells, which protects 
these cells efficiently against cryoinjuries. The averages 
of the same extenders and different sugars were the same 
because the fructose and glucose had not yet been added 
to the extenders. There was no significant difference in 
average force between extenders and sugars, after adding 
the cooling and freezing extenders (Table 1).

The analyses of sperm motility were like the analysis 
of spermatic vigor. However, beyond the first four points 
of curve analysis, the fifth point (post-cooling extender), 
a statistical difference was found between the extenders, 
where again the SMP obtained a higher average compared 
to the BTS (61.0 ± 18.2 and 74.0 ± 15.5, respectively).

Batellier et al. (1998) reported that the SMP has 
components with beneficial action for gamete. Also, other 
authors have reported the use of skimmed milk during 
storage as a substance of practical use and an effective sperm 
protection even better at preserving sperm motility than other 
extenders, by liquid form, and the post-thawing (KULAKSIZ 
et al., 2012). Unlike the other curve points at “post-extender 
freezing”, BTS and SMP extenders presented similar results. 
Furthermore, there was no significant difference between 
fructose and glucose in any of the two analysis points (Table 2).

Both motility and spermatic vigor was observed. Also, 
a better performance in the analysis compared to the BTS 
was down and less pronounced with the SMP during 
freezing, extending sperm viability. However, from the 
exam 5, after nearly four hours of protocol, the equalization 
of the two extenders was performed, implying that longer 

periods in the performance of the SMP falls, failing to 
maintain the same performance.

In the analysis of sperm parameters after thawing, 
regarding sperm vigor, the statistical difference (p < 0.05) 
between the two extenders (BTS and SMP), was shown but 
the average BTS was over the SMP after thawing. These 
results agree with Kasimanickam et al. (2011), where 
the SMP was not able to preserve ram semen for a long 
period due to the deterioration process. No significant 
difference was observed between sugars (fructose and 
glucose), but the highest values were found in extenders 
containing fructose (BTS L: 2 ± 0.7; BTS F: 2.1 ± 0.5;  
SMP G: 1.6 ± 0.9; SMP F: 1.8 ± 0.7).

Similar to what happened with the spermatic force, the 
highest percentage of motile cells was observed in BTS, 
which was significantly higher than the SMP, justifying the 
fact that the BTS as the most widely used extender in artificial 
insemination programs. However, it is recommended that 
an inseminated dose with BTS be processed within 72 
hours of storage at 15–18 °C (ALEXOPOULOS et al., 1996; 
HUO et al., 2002). Although, the beneficial action of the 
SMP during cooling curve has already been reported in 
different studies (MEIRELES et al., 1998), these results are 
not applicable during the cryopreservation observed in 
this study. The SMP did not show the best preservation of 
the organoleptic characteristics of the extender, resulting 
in the deterioration of its components. This fact may occur 
during a longer storage period, when this extender should 
not be used for boar semen (KASIMANICKAM et al., 
2011).

There was no statistical difference between the sugars; 
however, BTS with fructose had the highest average motility 
(38.0 ± 21.1) compared to the other treatments. The use 
of fructose allowed an equalization of values of sperm 
motility between SMP and BTS. Although the significant 
difference between these extenders was observed, there was 
no statistical difference between BTS containing glucose 
and SMP when fructose was added (35.0 ± 23.6 and 28.0 
± 23.1, respectively) (Table 3).

This result can be explained by the fact that sugar 
maintains the osmotic pressure of the extender, avoiding 
cell dehydration. Also, it decreases the formation of ice 
crystals within spermatozoa (PURDY, 2006), interacts with 
phospholipid membranes, providing membrane stabilization 
(AISEN et al., 2002; HINCHA et al., 2006), reorganizing it, 
and from this, increasing the survivability of spermatozoa 
subjected to cryopreservation (BUCAK et al., 2007).
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It has been suggested that the fertility decline is 
associated with molecular changes in the plasma membrane 
of the sperm and production of reactive oxygen types, 
which lead to instability of the membrane head after 
thawing (BREININGER et al., 2005).

Regarding the functionality of the cell membrane, 
the best results were seen in the treatments containing 
fructose, regardless of the extender, differing glucose (BTS 
G = 30.9; BTS = 36.9, SMP G = 30.7; SMP F = 36.8). There 
was no statistical difference (p > 0.05) between the BTS 
and the SMP (Table 4).

Sugars, as fructose are macromolecules that have their 
cryoprotective action because they could not penetrate the 
cells. The obtained results confirmed that sugars can preserve 
the structural and functional integrity of the cell membrane, 
giving greater stability to the cell at low temperatures, due 
to interaction with proteins and glycoproteins membranes.

The rate of sperm vitality (Table 5) were significantly 
higher in extender containing glucose and SMP with 
mean 71.8 ± 12.5, even when compared with SMP with 
fructose, proving that this extender is the best adapted to 
the needs of survival of pig sperm after cryopreservation. 
Also, Bergeron et al. (2007) reported that in the same 
way as the egg yolk, milk casein bonds decreases plasma 
proteins to sperm, reducing the loss of lipids of cell 
membrane and increasing sperm protection during the 
cryopreservation process. After the cryopreservation, 
a natural decrease on the percentage of live cells was 
observed. This result can be explained by medium 
changes in its pH and osmolarity values, because over 
time, there was a substrate the energy consumption, 
production of metabolites and changes in the ions 
balance, also resulting in cell membrane disruption 
(WATSON, 1995).

Table 2 – Boar sperm motility at different times and temperatures during the cooling 
curve, using different extenders and sugars

Points Cooling Curve
Treatments 

BTS G BTS F SMP G SMP F

Exam. 1 82.6 ± 10.8a 82.6 ± 10.8a 87.4 ± 7.0b 87,4 ± 7.0b

Exam. 2 77.5 ± 13.1a 77.5 ± 13.2a 85.0 ± 8.2b 85.0 ± 8.2b

Exam. 3 76.0 ± 11.7a 76.0 ± 11.8a 84.0 ± 8.8b 84.0 ± 8.8b

Exam. 4 61.0 ± 18.2a 61.0 ± 18.2a 74.0 ± 15.5b 74.0 ± 15.6b

Exam. 5 69.0 ± 11.9a 72.0 ± 8.6a 74.0 ± 9.6b 74.0 ± 9.1b

Exam. 6 62.0 ± 19.2a 67.0 ± 11.9a 62.0 ± 18.1a 65.0 ± 15.9a

A and b are different letters in the same row significant differences (p < 0.05). Exam. 1: at 30 °C after diluting 
3:1 with BTS and SMP; Exam. 2: at 30 °C after the incubation period; Exam. 3: at 25 ° C after the incubation 
period; Exam. 4: at 17 °C after incubation and before centrifugation; Exam. 5: at 5 °C after centrifugation 
and cooling extender addition; Exam. 6: at 5 °C after incubation and freezing extender addition. BTS G: 
Beltsville Thawing Solution + Glucose; BTS F: Beltsville Thawing Solution + Fructose; SMP G: Skimmed 
Milk Powder + Glucose; SMP F: Skimmed Milk Powder + Fructose

Table 1 – Boar sperm vigor at different times and temperatures, during the cooling 
curve, using different extenders and sugars

Points Cooling Curve
Treatments

BTS G BTS F SMP G SMP F

Exam. 1 3.2 ± 0.6a 3.2 ± 0.6a 3.7 ± 0.5b 3.7 ± 0.5b

Exam. 2 3.2 ± 0.6a 3.2 ± 0.6a 3.5 ± 0.5b 3.5 ± 0.5b

Exam. 3 2.9 ± 0.6a 2.9 ± 0.6a 3.6 ± 0.5b 3.6 ± 0.5b

Exam. 4 2.3 ± 0.7a 2.3 ± 0.7a 2.9 ± 0.8b 2.9 ± 0.8b

Exam. 5 3.3 ± 0.7a 3.3 ± 0.6a 3.6 ± 0.5a 3.3 ± 0.5a

Exam. 6 3.3 ± 0.5a 3.3 ± 0.7a 3.1 ± 0.6a 2.8 ± 0.8a

A and b are different letters in the same row significant differences (p < 0.05). Exam. 1: at 30 °C after diluting 
3:1 with BTS and SMP; Exam. 2: at 30 °C after the incubation period; Exam. 3: at 25 °C after the incubation 
period; Exam. 4: at 17 °C after incubation and before centrifugation; Exam. 5: at 5 °C after centrifugation 
and cooling extender addition; Exam. 6: at 5 °C after incubation and freezing extender addition. BTS G: 
Beltsville Thawing Solution + Glucose; BTS F: Beltsville Thawing Solution + Fructose; SMP G: Skimmed 
Milk Powder + Glucose; SMP F: Skimmed Milk Powder + Fructose
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Table 3 –  Spermatic vigor and percentage of motility cells of 
swine sperm, using different extenders and sugars 
after thawing and resuspending of samples

Treatments
After Thawing

Force Motility

BTS G 2.0 ± 0,7a 35.0 ± 23.6ac

BTS F 2.1 ± 0,5a 38.0 ± 21.1a

SMP G 1.6 ± 0,9b 22.0 ± 20.1b

SMP F 1.8 ± 0,7b 28.0 ± 23.1bc

A, b and c are different letters in the same column significant differences (p < 
0.05). BTS G: Beltsville Thawing Solution + Glucose; BTS F: Beltsville Thawing 
Solution + Fructose; SMP G: Skimmed Milk Powder + Glucose; SMP F: Skimmed 
Milk Powder + Fructose

Table 4 –  Boar semen osmotic resistance, using different 
extenders and sugars after thawing and resuspending 
of samples

Treatments Hiposmotic
(300 and 310 mOsmOl/kg H2O)

BTS G 30.9 ± 8.2a

BTS F 36.9 ± 4.8b

SMP G 30.7 ± 6.7a

SMP F 36.8 ± 6.6b

A, b and c are different letters in the same column significant differences (p < 0.05). 
BTS G: Beltsville Thawing Solution + Glucose; BTS F: Beltsville Thawing 
Solution + Fructose; SMP G: Skimmed Milk Powder + Glucose; SMP F: Skimmed 
Milk Powder + Fructose

Table 5 –  Percentage of live swine sperm (viability), using 
different extenders and sugars after thawing and 
resuspending of samples

Treatments Vitality

BTS G 47.1 ± 17.1a

BTS F 44.8 ± 7.2b

SMP G 71.8 ± 12.5c

SMP F 41.0 ± 7.2d

A, b, c and d are different letters in the same column significant differences 
(p < 0.05) BTS G: Beltsville Thawing Solution + Glucose; BTS F: Beltsville 
Thawing Solution + Fructose; SMP G: Skimmed Milk Powder + Glucose; SMP 
F: Skimmed Milk Powder + Fructose

Unlike the egg yolk, the protective effect of milk on 
the sperm cells involves proteins rather than lipids. When 
comparing the sugars in BTS, a significant difference was 
observed between glucose and fructose, which showed 
higher mean glucose compared to fructose (47.1 and 44.8, 
respectively). In addition, when compared to fructose 
added to BTS and SMP, there was no statistical difference 
between the means of living cells between the two 
extenders. Araújo et al. (2013) demonstrated that the SMP 

was a great extender for boar semen at lower temperature 
(10 °C), giving greater protection to sperm cells through 
higher rates of vitality.

The percentage of intact acrosome was higher on the 
extender containing glucose, independent of the extender 
(BTS or SMP), which did not differ when glucose or 
fructose was added. When comparing the different sugars 
in all treatments, there was a significant difference when 
compared in the same extender (Table 6).

Table 6 –  Percentage of swine sperm with acrosome integrity, 
using different extenders and sugars after thawing 
and resuspending of samples

Treatments Acrosome

BTS G 81.8 ± 7.2a 

BTS F 59.5 ± 7.9b

SMP G 81.4 ± 14.2a

SMP F 58.5 ± 7.2b

A and b are different letters in the same column significant differences (p < 0.05). 
BTS G: Beltsville Thawing Solution + Glucose; BTS F: Beltsville Thawing Solution 
+ Fructose; SMP G: Skimmed Milk Powder + Glucose; SMP F: Skimmed Milk 
Powder + Fructose

Weiss et al. (2000) compared the addition of fructose 
and glucose in extender for freezing canine semen and 
found a higher percentage of intact acrosomes, 65%, in 
an extender containing glucose. These data demonstrated 
a good rate of acrosome integrity with glucose addition 
as over 80% of cells were with functional acrosomes after 
cryopreservation. In sperm cells, more so than motility, 
the acrosome integrity is important for the events of 
fertilization, especially for the fusion of sperm cells to the 
oocyte (ROTA et al., 1997). In addition, other treatments 
have also shown good results with intact acrosome rates 
greater than 50%.

Conclusion 
The results obtained demonstrated that in a new 

cooling freezing curve, BTS is still the best choice for 
the freezing process of boar semen. Both fructose and 
glucose presented the same effective spermatic force and 
motility after thawing, but the best acrosomal integrity 
was obtained with glucose. Fructose was the best sugar 
for the maintenance of functional membrane integrity.
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