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Abstract 
Our aim was to evaluate the quality of ejaculated and epididymal frozen-thawed 
pig sperm of endangered Vietnam native pig breeds. Ejaculated sperm was 
collected from live boars and epididymal sperm was collected from slaugh-
tered boars of the MuongTe, Kieng Sat and Co BinhThuan breeds and frozen 
in 0.25 ml straws using a protocol established earlier for modern pig breeds. 
We evaluated the sperm quality after thawing in terms of motility and rates of 
viable and abnormal spermatozoa. Our results revealed that the sperm motil-
ity and rates of viable and abnormal frozen-thawed sperm were >30%, >44%, 
and <14%, respectively. The origin of sperm had an effect on the production 
of pig embryos in vitro. In the Co BinhThuan breed, ejaculated sperm gener-
ated higher cleavage, blastocyst and hatching rates than did the epididymal 
sperm (60.11% vs 56.02%, 17.23% vs 14.31%, 3.78% vs 2.34%, respectively, P 
< 0.05). Although no difference in cleavage rate, blastocyst formation rate and 
the average number of cells/blastocysts, the hatching blastocyst rate was dif-
ferent between the breeds (P > 0.05). In the Co BinhThuan breed, the rate 
of pregnancy of ejaculated groups was similar to that of the epididymal 
group. In conclusion, the ejaculated and epididymal sperm of native Viet-
namese pigs were successfully frozen. We succeeded in creating embryos in 
vitro and pregnant pigs after artificial insemination from frozen-thawed se-
men in three native Vietnamese pig breeds for the first time. The use of the 
ejaculated sperm improved the production of native pig embryos in vitro effi-
ciency. 
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1. Introduction 

Vietnam has a high biodiversity with many different native livestock breeds, es-
pecially indigenous pig breeds [1]. Although native Vietnamese pigs are charac-
terized by small size and low productivity, they have valuable features as well as 
premium meat quality, good adaptability to harsh raising conditions or poor 
feeding, and good disease resistance. These characteristics make them suitable 
for breeding in remote, uninhabited areas. However, recently, the numbers of 
native Vietnamese pigs have been decreasing dramatically due to globally stan-
dardized economical pig production, this leads to the increasing use of modern 
breeds (i.e. Landrace, Large White and Duroc) or crossbreeds between them. 
Furthermore, recent epidemics of African swine fever perished a great number 
of Vietnamese native pigs [2], which were mainly raised in remote rural areas 
where disease control was difficult. The loss of these native Vietnamese pigs poses 
a serious threat to the reduction of porcine genetic diversity in Vietnam. There-
fore, in vitro conservation of native pig breeds using assisted reproductive tech-
niques such as cryopreservation of sperm is urgently needed since it enables the 
preservation of genetic materials safe from diseases. 

Sperm cryopreservation is also a useful tool for breeding programs since it 
enables the long-term storage of sperm from high-performing boars. Thus, it 
can be served as the future improvement of native Vietnamese breeds. For these 
reasons, sperm cryo-conservation is the necessary basis to establish the genome 
resource banks, that is, organized repositories of frozen biomaterial. 

Cryopreservation of porcine sperm obtained either as ejaculated semen or ep-
idiymal sperm by slow freezing in 0.25 or 0.5 ml plastic straws has been estab-
lished in modern breeds [3]. However, in pigs, artificial insemination with fro-
zen sperm is still challenging [4]. For the utilization of frozen boar sperm, the in 
vitro production of embryos by in vitro fertilization (IVF) of oocytes is an im-
portant technique since it can generate a large number of high-quality embryos 
that can be transferred to surrogate mothers to obtain piglets under controlled 
conditions [5]. Sperm freezing and in vitro production of porcine embryos have 
been successfully established in modern pig breeds such as Landrace, Large White 
or Duroc [6] but only recently adapted for the utilization of epididymal sperm in 
only one native Vietnamese breed, the Ban [6] [7] [8]. 

In Vietnam, indigenous pig breeds such as the Co BinhThuan, MuongTe and 
Kieng Sat are endangered animals that need to be preserved according to Decree 
13/2020/ND-CP of the Vietnamese Government [9]. Therefore, freezing of epi-
diymal sperm and ejaculated semen plays an important role in the preservation 
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of these breeds and in establishing animal gene banks to preserve them. There-
fore, the aim of the present study was to establish the protocols for freezing eja-
culated and epidiymal sperm in these pig breeds and assess their feasibility of 
producing embryos by IVF and subsequent embryo culture. First, we applied the 
protocol originally established for modern breeds and evaluated sperm quality 
parameters such as motility and rates of viable and abnormal spermatozoa. Then, 
we compared the feasibility of frozen/thawed semen and epidiymal sperm for 
embryo production and the pregnancy rate after artificial insemination of Co 
BinhThuan breed. Finally, we compared the efficacy of frozen-/thawed semen in 
three native Vietnamese breeds (Co BinhThuan, MuongTe and Kieng Sat breeds) 
for in vitro embryo production by IVF. 

2. Materials and Methods 
2.1. Collection Spermatozoa by Ejaculation Method 

Ejaculated semen was collected from Kieng Sat, MươngTe, Co BinhThuan boars 
(7 - 10 months old) according to SATREPS/Vietnam protocol (2020) [10]. When 
the boar is mounted on the dummy, sow the spiral end of the penis with hands 
(gloved or bare, must be cleaned, dried and warmed up). To allow the boar to 
thrust through a clenched hand several times before applying a pressure, a hand 
pressure was applied to the spiral part of the penis to imitate the estrous sow’s 
cervix, stimulation ejaculation. When the penis is locked in the hand and the 
boar feels relaxed, a four-phase ejaculation follows in a few seconds, taking 5 to 
10 minutes to completion. The first phase, called the pre-sperm fraction, con-
tains clear seminal fluid, some gel, and dead sperm cells and is heavily contami-
nated with bacteria. It should not be collected. The next phase is the rich fraction 
sperm, easily recognized by its creamy-white color, although only 30 - 40 ml in 
volume contains a high density of spermatozoa. The third fraction, which is grayish 
with a lower density of spermatozoa, accounts for 50 - 70 ml of the collection. 
The fourth phase or post-sperm fraction provides a large semen volume pecu-
liar. Up to the volume of 100 - 200 ml clear seminal plasma that is free of sper-
matozoa and gel is secreted from the accessory glands. 

Because spermatozoa are very sensitive to rapid temperature changes, require 
a warm and dry collecting flask to safeguard semen fertility. In order to collect 
semen from boars, we used glass tubes (Sterile, dark colored, 300 - 500 ml) and 
semen filter paper. After ejaculation, semen were divided into the tubes and kept 
at 32˚C in a thermos bottle and transferred to the lab, immediately. 

2.2. Collection Spermatozoa by Epididymis Method 

The collection spermatozoa from epididymis method were described by Kikuchi 
et al. (1998) [11]. Testes with attached epididymis were obtained from MươngTe, 
Kieng Sat and Co BinhThuan boars. Immediately, after removal from the scro-
tums, the testes were placed into plastic bags with sterile isotonic saline solution 
at room temperature and transferred to the laboratory within 1 h. In the labora-
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tory, the epididymides were dissected and separated from the testis. Each cauda 
epididymis was dissected free, rinsed with 0.9% saline and placed into a 100 mm 
Petri dish. Caudae epididymides were held with forceps, and multiple incisions 
were made in the tubuli with a bistoury. Then, the spermatozoa were extruded 
from the caudaepididymidis by air pressure from a syringe and collected using 
30 ml collecting solution. Sperm were diluted with a medium during storage at 
15˚C for 2 - 3 hours. 

2.3. Freezing Sperm and Semen 

Collected semen and epidiymal sperm was frozen using the method described in 
the method of Kikuchi et al. (1998) [11]. 

Before freezing, collected sperm were placed on prewarmed glass sildes at 
37˚C, and observed under a stereo microscopy for subjective evaluation of mo-
tility and morphological and evaluated the motility and morphology under a 
stereo microscope. Semen from boars which have more than 80% of total motil-
ity and 80% of normal spermatozoa were used. A sperm having an oval shaped 
head, an intact midpiece and an uncoiled single tail will be considered as a nor-
mal and healthy sperm. Sperms with normal morphology are able to swim well 
and in a straight line. Then, sperm concentration in samples was determined 
with a Neubauer chamber, with a dilution of 10 µl of semen to 990 µl of water. 
Thereafter the collected semen or epidiymal sperm was diluted to a ratio of 1:1 
with collection medium prewarmed at 32˚C. Collection medium including 330 mM 
D-Glucose, 12.8 mM Sodium citrate, EDTA 9.9 mM, 14.3 mM Na-Bicarbonate, 
Penicillin (1000 unit/ml), Streptomycin (1 mg/ml). 

After dilution with the collection medium, the semen was placed at 15˚C for 2 
hours and then centrifuged at 3000 r/minute for 10 minutes at 15˚C. Then the 
supernatant was removed, and the pellet was stepwise resuspended in NSF-I ex-
tender to approximately 15 - 25 ml depending on the size of the sperm pellet. 
After dilution with NSF-I, the sperm was placed at 5˚C for an additional 2 hours. 
Thereafter, all steps were performed at 5˚C. Motility was verified again, and the 
sperm was diluted to 1:1 with NSF-II extender to a final volume of 30 - 50 ml. 
Then sperm was loaded to 0.25 ml plastic straws (Minutube) within 10 minutes 
which were immediately layered in the vapor above liquid nitrogen and kept 
there for 10 minutes. Then the frozen straws were moved under liquid nitrogen 
and stored there until use. For the final testing of motility, a frozen sperm straws 
from each lot was thawed by directly moving it with tweezers in a water bath at 
37˚C for 20 seconds. Subsequently, the straw was wiped dry, opened with scis-
sors and its content was placed on a microscope slide heated to 37˚C and eva-
luated for the parameters previously described for the semen immediately after 
collections. 

2.4. Oocytes Collection and in Vitro Maturation 

In brief, we obtained pig ovaries from 6 - 8 months old crossbred gilts (Landrace 
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× Large White) at a local slaughterhouse and transferred to the laboratory within 
5 h in saline at 35˚C - 37˚C. The ovaries were washed 3 times in Dulbecco’s 
Phosphate Buffer Saline (DPBS; Sigma-Aldrich Corp., St. Louis, MO, USA) 
supplemented with 0.1 mg/ml streptomycin sulfate (Sigma-Aldrich) and 100 
units/ml penicillin G potassium (Sigma-Aldrich) at 37˚C and processed as fol-
lows. Cumulus-oocyte complexes (COCs) were collected by aspiration (at least 
1 mm in diameter) into a collection medium consisting of Medium 199 (with 
Hank’s salts; Sigma-Aldrich) supplemented with 5% fetal bovine serum (FBS, 
Gibco; Invitrogen Corp., Carlsbad, CA, USA), 20 mM HEPES (Dojindo Labora-
tories, Kumamoto, Japan), and antibiotics 100 units/ml penicillin G potassium 
(Sigma-Aldrich) and 0.1 mg/ml streptomycin sulfate (Sigma-Aldrich)] in 60 mm 
petri dishes (Falcon 351007, Thomas Scientific, NJ, USA). COCs were collected 
under a stereo microscope. Oocytes with no apparent signs of lysis, having 
evenly granulated cytoplasm and at least 3 intact layers of cumulus cells were 
used. 
Oocytes were cultured in a maturaion (porcine oocyte medium, POM) [12]. The 
POM was supplemented with, 10 ng/ml epidermal growth factor (EGF, Sig-
ma-Aldrich), 10 IU/ml eCG (Serotropin; ASKA Pharmaceutical Co., Ltd., 
Tokyo, Japan), and 10 IU/ml hCG (500 units; Puberogen, Novartis Animal 
Health, Tokyo, Japan) throughout the entire IVM to the report of Van Khanh et 
al. (2021) [13]. The IVM medium was supplemented with 1 m Mdibutyrylc AMP 
(dbcAMP; Sigma) for the first 22 h of IVM to synchronise oocyte maturation. 
IVM culture was performed in 4-well dishes (NuncMultiDishes, Thomas Scien-
tific) in 500-µl droplets of IVM medium covered by paraffin oil (Paraffin Liquid; 
NacalaiTesque) for 22 h in a condition of 5% CO2, 5% O2, and 90% N2 at 39˚C. The 
COCs were subsequently cultured in the maturation medium without dbcAMP for 
an additional 22 - 24 h under the same atmosphere. Thirty to 50 COCs were 
cultured in each well. 

2.5. In Vitro Fertilization (IVF) and in Vitro Embryo Culture (IVC) 

In vitro fertilization and in vitro embryo culture were performed according to 
the method of Kikuchi et al. (2002) [14]. The medium used for IVF was Pig-FM 
(Suzuki et al., 2002) [15] containing 90 mmol/L NaCl, 12 mmol/L KCl, 25 
mmol/L NaHCO3, 0.5 mmol/L NaH2PO4, 0.5 mmol/L MgSO4, 10 mmol/L so-
dium lactate, 10 mmol/L HEPES, 8 mmol/L CaCl2, 2 mmol/L sodium pyruvate, 5 
mmol/L caffeine and 5 mg/ml BSA (fraction V; Sigma). Before IVF, the outer 
layers of cumulus cells were removed from COCs after a short treatment with 
0.1% hyaluroniadase (w/v). Then, the oocytes were washed three times in IVF 
medium and transferred to 90 µl IVF drops (10 - 20 oocytes/IVF drop) covered 
by mineral oil (Sigma). Frozen-thawed spermatozoa was placed in 7 ml of sperm 
washing medium (M199-Sigma, pH adjusted to 7.8) and centrifuged for 2 min at 
2000 rpm. Then the pellet was re-suspended with 50 µl sperm washing medium 
and the motility of sperm was assessed subjectively under a stereo microscope. 
Only sperm samples with at least 30% motility were used for IVF. Then, 100 µl 
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of the sperm suspension was transferred to a 30 mm Petri dish, covered by min-
eral oil and incubated at 37˚C for 15 min (Kikuchi et al., 1998). Thereafter, the 
sperm was stepwise diluted with IVF medium in a 4-well plate to achieve a con-
centration of 1 × 106/ml. Then, 10 µl of the sperm dilution was introduced into 
90 µl IVF droplets containing oocytes to achieve the final concentration of 1 × 
106/ml. The IVF drops were the incubated at 38.5˚C under 5% CO2, 5% O2 in 
humidified air for 6 hours. At 6 h after IVF, the spermatozoa and cumulus cells 
were removed from the surface of the zonapellucida by gentle pipetting with a 
fine glass pipette. After that, presumptove zygotes were cultured in 500 µl drops 
of PZM3 medium in 4-well dishes at 38.5˚C, 5% CO2 in humidified air. 

2.6. The Insemination Process 

The insemination process was performed according to the method of Worwod 
(2007) [16]. The sows should be as acim and relaxed as possible before, during 
and after the insemination process. Clean the vulva of the sow or gilt by a damp 
cloth or paper towel. The semen is pulled into the sow by the rod. The reds are 
desgned to “lock” into the cervix of the sow with counterlockwise threads on the 
tip or rods with a rounded foam tip. Before gently inserting the rod into the vul-
va lubricate the tip with semen or a little lubricating jelly, and angle the rod tip 
upward. The rod with counterlockwise inserted the cervix. The rod with a 
rounded foam tip is inserted like threaded rod, but don’t need to be rotated, 
gently push until the foam tip catch in the foilds of the cervix. When the sow 
“accepts” the semen, insert bottle removed the tip into the end of the rod and 
gentle pressure, then the semen will begin to flow into the sow. Remove the bot-
tle from the rod when it is becoming empty and add some air into the bottle, 
then reattach it and gently force the last of the semen from the rod and rotate the 
rod clockwise and withdraw it. Check the sow for standing heat 12 hours and 24 
hours after last insemination, the best is the sow stops standing within 12 hours 
of insemination, the sow still standing maybe we inseminated too soon. The sows 
were checked for pregnancy by trans-abdominal ultrasound examination 28 days 
after inseminated. Pregnant sows were confirmed pregnant on Day 60. 

2.7. Experimental Design 
2.7.1. Experiment 1: Evaluation of Basic Sperm Quality Parameters  

before and after Freezing Epididymal and Ejaculated Sperm 
In this experiment, we investigated the effects of sperm freezing on sperm by 
comparing basic sperm quality parameters before after freezing of ejaculated se-
men and epidiymal sperm in 3 native Vietnamese breeds. In each of the MuongTe, 
Kieng Sat and Co BinhThuan breeds a total of 10 boars were used. The boars 
were 10 months-3 years old, healthy, without malformations, and with a body 
weight normal for the breed average. In each breed, 5 boars were used to collect 
ejaculated semen and another 5 boars were sacrificed for the collection of epidi-
dymal sperm. Then collected sperm was frozen as described above. In each boar, 
sperm quality parameters including average volume, sperm concentration, per-
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centages of motile, viable and morphological normal sperm were evaluated be-
fore and after freezing as described above. 

2.7.2. Experiment 2: Influence of Sperm Origin (Epididymal or  
Ejaculated) on the Production of Pig Embryos in Vitro Using  
Frozen-Thawed Sperm 

IVF was performed with either epidiymal or ejaculated frozen thawed sperma-
tozoa Co BinhThuan pig as described earlier. The cleavage, blastocyst and hatch-
ing rates were compared among groups. Six biological replications were per-
formed. 

2.7.3. Experiment 3: Influence of Sperm Origin (Epididymal or  
Ejaculated) on the Artificial Insemination Using  
Frozen-Thawed Sperm 

AI was performed with either epididymal or ejaculated frozen thawed sperma-
tozoa Co BinhThuan pig as described earlier. The pregnant rate was compared 
among groups. This experiment using 10 Co BinhThuan sows. 

2.7.4. Experiment 4: Influence of Breed on the Production of Pig  
Embryos in Vitro 

Based on the results of experiment 2, IVF was performed using ejaculated frozen 
thawed spermatozoa collected from in MuongTe, Kieng Sat and Co BinhThuan 
pigs as described above. Cleavage, blastocyst and hatching rates were compared 
among groups. Six biological replications were performed. 

2.8. Statistical Analysis 

All data were expressed as mean ± SEM values and the significant difference was 
checked by the ANOVA. P < 0.05 was defined as the significance level. 

3. Results 
3.1. Quality Parameters of Pig Semen Collected from Epididymis 

and Ejaculate before and after Freezing (Experiment 1) 

The quality of epididymis and ejaculated semen were assessed based on the av-
erage of the collected semen volume, sperm motility, sperm concentration, via-
ble sperm and abnormal sperm (Table 1). The average volume of epididymal 
sperm was lower than that of ejaculation (from 2.98 to 3.98 ml vs from 71.32 ml 
to 79.24 ml, respectively). The quality of epididymal and ejaculated sperm of 
MuongTe, Kieng Sat, and Co BinhThuan pigs after freezing and thawing were 
based on percentages of motile sperm, viable sperm and abnormal sperm (Table 
2). In this study, there was no significant difference in the sperm motility, viable 
sperm and abnormal sperm rates between the epididymis and ejaculation group 
(Table 2, P > 0.05). 

3.2. Influence of Sperm Orginin (Epididymal or Ejaculated) on the 
Production of Pig Embryos in Vitro Using Frozen-Thawed 
Sperm (Experiment 2) 

We compared the feasibility of embryo fertilized with frozen-thawed epididymal  
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Table 1. Sperm characteristics of MuongTe, Kieng Sat and Co BinhThuan pig breeds after collection by epididymis or ejaculation 
method. 

Sperm 
characteristics 

Muong Te Kieng Sat Co BinhThuan 

Epididymis Ejaculate Epididymis Ejaculate Epididymis Ejaculate 

Semen volume (ml) 3.91 ± 1.02 79.24 ± 1.56 2.98 ± 1.12 71.32 ± 1.34 3.98 ± 2.19 75.48 ± 2.08 

Sperm motility (%) 77.96 ± 2.16 78.94  ± 2.06 79.01 ± 2,15 77.98 ± 1.76 78.42 ± 1.32 79.06 ± 2.42 
Sperm concentration 

(million/ml) 
9610.64 ± 102.32 287.02 ± 3.84 9635.11 ± 143.12 281.15 ± 3.21 9721 ± 98.56 290.32 ± 2.56 

Viable sperm (%) 85.07 ± 1.97 83.26 ± 2.67 82.37 ± 2,08 80.98 ± 1.96 83.65 ± 2.21 82.96 ± 2.12 

Abnormal sperm (%) 10.08 ± 2.08 10.78 ± 2.68 10.98 ± 2,33 9.02 ± 2.34 9.12 ± 1.78 9.65 ± 1.94 

Five replicates were performed. Data are presented as means ± SEM. 

 
Table 2. Characteristics of epididymal and ejaculated sperm in MuongTe, Kieng Sat and Co BinhThuan pig breeds after freezing 
and thawing. 

Sperm characteristics 
Muong Te Kieng Sat Co BinhThuan 

Epididymis Ejaculate Epididymis Ejaculate Epididymis Ejaculate 

Sperm motility (%) 33.76 ± 2.58 32.42 ± 1.87 31.65 ± 2.76 34.88 ± 2.89 32.87 ± 2.36 35.81 ± 1.34 

Viable sperm (%) 44.96 ± 2.01 45.24 ± 1.14 45.48 ± 1.69 45.98 ± 2.09 44.86 ± 2.45 45.25 ± 1.93 

Abnormal sperm (%) 13.34 ± 1.54 11.74 ± 2.31 12.99 ± 1.62 11.45 ± 2.65 12.08 ± 2.37 11.96 ± 2.08 

Five replicates were performed. Data are presented as means ± SEM. 

 
and ejaculated sperm in the Co BinhThuan breed. Based on the percentages of 
oocytes cleavage, blastocyst formation, blastocyst hatching and the cell number 
of blastocysts as described above. The results are summarized in Table 3. The 
rates of oocytes cleaved, blastocyst formation, and hatching blastocyst of ejacu-
lated groups were significantly higher than that of the epididymal groups (60.11% 
vs 56.02%, 17.23%vs 14.31%, 3.78%vs 2.34%, respectively, P < 0.05). However, 
there was no significant difference in the average cell number of blastocysts 
among the groups (50.18 vs 50.02, respectively, P > 0.05). 

3.3. Influence of Sperm Prigin (Epididymal or Ejaculated) on the 
Artificial Insemination Using Frozen-Thwaed Sperm 

We compared fertility of frozen-thawed epididymal and ejaculated sperm in the 
Co BinhThuan breed based on the pregnancy rate at Day 60 after aritifical inse-
mination. The results are summarized in Table 4. The rate of pregnancy of eja-
culated group was similar to that of the epididymal group (60% vs 60%). 

3.4. Influence of Breed on the Production of Pig Embryos in Vitro 
(Experiment 3) 

In this experiment, we used the frozen-thawed sperm that collected by ejacula-
tion method of MuongTe, Kieng Sat and Co BinhThuan pigs to do IVF. The re-
sults are showed in Table 5. 
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Table 3. Effect of sperm origin on the in vitro production of pig embryos in the Co Bin-
hThuan breed. 

 Epididymis Ejaculate 

Cleavage (%, mean ± SEM) 
1042/1864 

(56.02 ± 1.96)a 
1129/1889 

(60.11 ± 3.65)b 

Blastocyst formation (%, mean ± SEM) 
265/1864 

(14.31 ± 2.11)a 

321/1889 
(17.23 ± 2.66)b 

Hatching blastocyst (%, mean ± SEM) 
42/1864 

(2.34 ± 1.68)a 
71/1889 

(3.78b ± 2.42)b 

Average number of cells/blastocyst 50.02 ± 2.89 50.18 ± 2.97 

Six replicates were performed. Percentage values are presented as mean ± SEM. Different 
superscripts (a, b) denote a significant difference in the same row (P < 0.05). 

 
Table 4. Effect of sperm origin on the artificial insemination in the Co BinhThuan breed. 

 Epididymis Ejaculate 

The number of sows 5 5 

Pregnant (%) 3/5 (60%) 3/5 (60%) 

 
Table 5. Effect of breed of ejaculated frozen-thawed sperm on the production pig em-
bryos in vitro. 

 Muong Te Kieng Sat Co BinhThuan 

Cleavage (%, mean ± SEM) 
1074/1825 

58.96 ± 2.23 
1169/1915 

61.38 ± 3.82 
1129/1889 

60.11 ± 3.65 

Blastocyst formation  
(%, mean ± SEM) 

328/1825 
18.02 ± 2.67 

365/1915 
19.14 ± 1.97 

321/1889 
17.23 ± 2.66 

Hatching blastocyst 
46/1825 

2.59a ± 1.24 
57/1915 

3.01ab ± 1.68 
71/1889 

3.78b ± 2.42 

Average number of  
cells/blastocyst 

50.36 ± 2.98 51.02 ± 3.42 50.18 ± 2.97 

Six replicates were performed. Percentage values are presented as mean ± SEM. Different 
superscripts (a, b) denote a significant difference in the same row (P < 0.05). 

 
There was no significant difference in cleavage rate, blastocyst formation rate 

and the average cell number of blastocysts among the groups (Table 5, P > 0.05). 
However, the hatching blastocyst rate was significantly different between the 
groups. The percentage of hatching blastocysts of Co BinhThuan group was 
higher than MuongTe group (3.78% versus 2.59%, P < 0.05, respectively) but no 
difference between Co BinhThuan and Kieng Sat groups (respectively, 3.78% vs 
3.01%, P > 0.05) or MuongTe and Kieng Sat groups (respectively, 2.59% vs 3.01%, 
P > 0.05). 

4. Discussion 

Because the semen obtained by ejaculation contains sperm and also a large amount 
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of non-sperm, while semen from the epididymis is mostly sperm. In addition, 
the semen collected from the epididymis contains a small amount of non-sperm, 
therefore, the sperm concentration of the epididymis group was higher than that 
of the ejaculated group. The sperm concentration of the epididymis group in this 
study was higher than that reported by Nguyen et al. (2015) [6]. According to 
Nguyen et al. (2015) [6], the sperm concentration collected from the epididymis 
of Ban pig was only 1240 million sperm/ml. 

Sperm motility and viable sperm are important parameters affecting the qual-
ity and ability of sperm to fertilize. In our study, the sperm motility and viable 
sperm of the ejaculated group and epididymis groups in MuongTe, Kieng Sat, 
and Co BinhThuan pigs were >77% and >80%, respectively (Table 1). The 
sperm motility of MuongTe, Kieng Sat, and Co BinhThuan pigs was higher than 
that reported by Nguyen et al. (2015) [6]. According to Nguyen et al. (2015) [6], 
the sperm motility of Ban pigs was 70.5%. The difference between the study re-
sults may be due to semen extraction technique, breed differences, quality and 
origin of boars. 

The rate of viable sperm after freezing and thawing in our study was higher 
than that reported in Ban pigs by Nguyen et al. (2015) [6]. According to Nguyen 
et al. (2015) [6], the percentage of viable sperm frozen-thawed Ban pig was 
31.9%. The difference between the study results may be due to the quality of the 
sperm before freezing. The rate of motility of sperm before freezing in our study 
was higher than that reported in Ban pigs by Nguyen et al. (2015) [6] (>77% vs 
70.5%, respectively). 

In our study, sperm motility, viable sperm and abnormal sperm after thawing 
were lower than that of before freezing (Table 1). Our research results are also 
consistent with the report of Watson (2000) [17], Waterhouse et al. (2006) [18] 
and Pamungkas et al. (2012) [19]. According to Watson (2000) [17] and Water-
house et al. (2006) [18], cryopreservation reduces sperm viability after thawing 
(less than 50% of the spermatozoa survive) and their fertilizing is affected. 
Freeze/thaw processes of boar semen cause damage to the membrane, mito-
chondria, motility, and viability of sperm [17]. Pamungkas et al. (2012) [19] 
showed that after thawing, the percentage of viable spermatozoa decreased and 
morphologically abnormal spermatozoa increased. Sudden temperature changes 
during cryopreservation cause protein and lipid substitution, affecting the per-
meability and functionality of the plasma membrane and acrosomal [20]. When 
temperatures are lower than 5˚C, lateral movement of membrance phospholi-
pids is usually restricted. Temperature changes lead to membrane lipids being 
restructured, and integral proteins in the plasma membrane becoming irreversi-
bly clustered, and that can cause a loss of functionality, destabilization of the 
membrane and a loss of its selective permeability [21] [22]. 

During cryopreservation, boar spermatozoa contains high content of polyun-
saturated fatty acids and a low level of cholesterol in the plasma membrane, 
making them susceptible to peroxidation damage [23] [24]. In addition, free radi-
cals produced by sperm are highly reactive groups of molecules, so they are very 
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susceptible to reacting with other molecules, oxidizing them, leading to a de-
crease in sperm motility, increased damage to sperm DNA, and decreased effi-
ciency in sperm fusion in oocytes [25]. These modifications lead to a decrease in 
the fertilization rate and subsequent embryo development. 

No consistency between researchers for in vitro fertilization rates with fro-
zen-thawed epididymal semen or ejaculated semen. This study suggested that 
sperm affected the production of pig embryos in vitro efficiency, boar semen re-
covered from epididymides is less tolerant to freezing/thawing process than eja-
culated spermatozoa. Sperm from ejaculate had production pig embryos in vitro 
better than sperm from the epididymis. Our result differs from those of Cunha 
et al. (2019) [26] and Rath and Niemann (1997) [27], but is similar to those of 
Matás et al. (2010) [28] and Rodriguez-Villamilet et al. (2016) [29]. According to 
Cunha et al. (2019) [26], there were no differences in the oocytes cleavaged, blas-
tocyst formation rates between the epididymis and the ejaculate group. Mean-
while, Rath and Niemann (1997) [27] showed fertilization rates of epididymal se-
men higher than with ejaculated semen. Although Pamungkas et al. (2012) [19] 
indicated there were no significant differences in the normal fertilization rate 
between epididymal and ejaculated spermatozoa, the normal fertilization rate of 
the ejaculated group was higher than epididymal group (48.78% vs 42.98%, re-
spectively). Even Pamungkas et al. (2012) [19] showed that the polyspermic fer-
tilization rate of the epididymal group was higher than ejaculated group (18.42% 
vs 17.89%, respectively). Otherwise, Matás et al. (2010) [28] showed that epidi-
dymal spermatozoa have a lower response to capacitation treatments than their 
ejaculated counterparts. In conclusion, in Matás et al. (2010) [28], epididymal 
and ejaculated spermatozoa respond differently to in vitro capacitation treatments. 
Similarly, Rodrigues-Villamil et al. (2016) [29] showed a lower embryo rate in 
the epididymal group than those obtained in the ejaculate group. 

Although Harkema et al. (2004) [30] and Okazaki et al. (2012) [31] suggested 
that the rate of epididymal spermatozoa reaches the oviduct in vivo lower than 
that of ejaculated spermatozoa and they show lower fertility, in Table 4 of this 
study, it was found that pregnancy rate of ejaculated group was similar to that of 
epididymal group (60% vs 60%). 

After removing the testicle, the sperm is kept in the tail of the testicle, and the 
sperm is exposed to a fluid at the time of ejaculation [26]. These fluids contain 
several substances that are an important influence on sperm viability and motil-
ity in the female reproductive tract, such as ions, lipids, energy substrates, or-
ganic compounds and proteins [32]. These substances are known to be impor-
tant for the fertilization process. In addition, the sperm recovered by ejaculation 
have had contact with seminal plasma and seminal plasma contained factors are 
known to confer resistance to cold injuries during cryopreservation of boar 
spermatozoa [33]. The proteins in seminal plasma play an important role in 
membrane stability, heparin-binding, sperm capacitation and the formation 
of sperm-oocyte interaction [32]. Meanwhile, sperm recovered from the epidi-
dymis will not be exposed to protein in seminal plasma, such as sperm recovered 
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by ejaculation. This lack of exposure to components contained in seminal plas-
ma can affect sperm capacitation and fertilizing potential of sperm recovered from 
the epididymis [26]. Moreover, the sperm of boars from the epididymal are very 
sensitive to the female genital tract in vivo and more vulnerable to uterine bar-
riers [34]. 

In this study, although the production of pig embryos of sperm recovered from 
the epididymis of Co BinhThuan pig was lower than that of sperm recovered by 
ejaculated cryopreservation of spermatozoa obtained from the epididymis and 
using them for artificial insemination or IVF embryo production is essential. 
Cryopreservation of spermatozoa recovered from the epididymis remains an ef-
fective method to preserve the genetic material of rare males who have died due 
to objective or subjective factors. 

In Table 5 of our study, although there was no difference in cleavage rate, 
blastocyst formation rate and the average number of cells/blastocysts, the hatch-
ing blastocyst rate was different between the breeds (P > 0.05). According to 
Namula et al. (2021) [35], the differences between the breed influence the fertili-
ty of frozen-thawed boar. Namula et al. (2021) [35] observed that there were dif-
ferences in fertility of frozen-thawed boar spermatozoa among breeds, fertilization 
rate of spermatozoa from the micro- and mini-pig boar was lower than Large 
White boar. Waterhouse et al. (2006) [18] showed that there are differences in the 
composition of fatty acids in the sperm cell membrance among breeds that in-
fluence the fertility of frozen-thawed semen. 

In conclusion, the ejaculated and epididymal sperm of native Vietnamese pigs 
were successfully frozen. We succeeded in creating embryos in vitro and preg-
nant pigs after artificial insemination from frozen-thawed semen in three native 
Vietnamese pig breeds for the first time. The use of the ejaculated sperm improved 
the production of native pig embryos in vitro efficiency. 
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