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Abstract: The objectives of the study were to compare oocyte retrieval
methods (aspiration and slicing) from pig ovaries on oocyte quality and
quantity; compare in vitro maturation (IVM) media (North Carolina State
University-NCSU 37, Tissue Culture Medium-TCM 199 and porcine
follicular fluid-mpFF) on oocytes polar body extrusion; compare the effect
of electrical stimulation (ES) and frozen-thawed semen on cleavage rates and
compare the effect of culture media, cNCSU 37 and cpFF, on cleavage rates.
Follicular fluid collected from the retrieval methods was assessed for the
presence of oocytes and categorized as either Grades A, B, or C. Grades A
and B oocytes were randomly allocated per treatment groups, matured for
44h and checked for polar body extrusion. Matured oocytes were randomly
allocated to either ES or traditional in vitro fertilization (IVF) with frozenthawed semen. The ES and IVF took place in conjunction with in vitro
culture (IVC) media. Zygotes were checked for cleavage and recorded. The
treatment means were compared using the Fisher’s protected t-test least
significant difference. Slicing had significantly higher amounts of Grade A
(58.7%) and Grade B (50.8%) oocytes than the aspiration method. Oocytes
polar body extrusion were 25.3, 84.2 and 73.8% for NCSU 37, TCM 199 and
mpFF respectively. Zygotes cleavage was 48.1% for traditional IVF and
56.8% for ES; 66.6% for cNCSU 37 and 45.7% for cpFF. Slicing proved to
be better than the aspiration method for the total amount of Grades A and B
oocytes retrieved. The TCM 199 and mpFF media had a higher percentage of
oocytes with polar body extrusion than NCSU 37. Cleavage rate of zygotes
was higher when using ES and cNCSU 37.
Keywords: Porcine Ovaries, Follicular Fluid, Semen, IVF, IVC

Introduction
The use of assisted reproductive technologies (ARTs)
in the porcine industry will allow for an increase in
reproductive efficiency. As well as an increase in the
productivity of the industry for the supply of pork
products (Romar et al., 2016; 2019). While pork products
are highly consumed in other countries, in South Africa it
is not a popular source of protein (Davids et al., 2014).
The reason for the lack of popularity of pork could be
contributed to specific religious preferences of consumers
within South Africa, the high cost of meat due to high
production costs and importation of pork from other
countries (Robinson, 2018). Pork products have been
shown to be a valuable food source, but due to its lack of

popularity in South Africa it is not viewed as such.
Therefore, once it is recognised for its value, the demand
for pork products will begin to increase (Tait-Burkard et al.,
2018; Romar et al., 2019). This shows that there is an
opportunity to improve the efficiency of the pig production
industry in South Africa to decrease the importation of pork
and thereby become more self-sufficient. This will allow for
the average cost of pork to decrease and become more
affordable for the poorer communities in order to become a
more popular source of protein.
The application of ARTs during in vitro embryo
production (IVEP) can be defined as successful when
immature oocytes are recovered, matured and fertilized in
vitro to reach the blastocyst stage post culturing
(Nedambale et al., 2004; Lekola, 2015). The use of IVEP
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technologies are used in circumstances where multiple
ovulation and embryo transfers cannot be utilized; such as
when using prepubertal females, gestating or slaughtered
animals for reproduction purposes (Armstrong et al.,
1992; 1994; Hasler, 1994; Baldassarre et al., 1996).
The efficiency of using ARTs for porcine germplasm
has been shown to be lower than in other species,
especially cattle (Kikuchi et al., 2002; Schoevers et al.,
2003; Alvarez et al., 2009). This can be seen through the
success rate following in vitro fertilization (IVF), with
that in porcine being approximately 45% while in vitro
production in cattle has a 70% success rate (Romar et al.,
2016; 2019). While Gil et al. (2010) found a 30-50%
efficiency in porcine IVF, which was lower compared to
cattle, because polyspermic embryos develop to the
blastocyst stage at the same rate as healthy embryos.
Therefore, reproductive technologies that are currently used
for porcine germplasm have drawbacks due to the high rate
of polyspermy which leads to poor development rates and
low quality blastocysts (Nagai et al., 2006; Gil et al., 2010;
Pyoos et al., 2018). It has been shown that embryo
transfers from embryos that have been cultured in vitro
can result in low pregnancy rates and high embryo
mortality rates (Funahashi et al., 1997; Long et al., 1999).
The in vitro production of porcine embryos is less
effective than in vivo embryos (Kikuchi et al., 1999;
Yoon et al., 2000; Tatemoto et al., 2004). Although,
advancing the use of porcine reproductive technologies
will allow for better results and for further use of other
technologies. By improving the technologies used for in vitro
procedures the efficiency of production of porcine embryos
in South Africa can significantly improve. This would be
particularly important for the South African pork industry as
there is currently little information on how to use these
biotechnologies within the farming community in order to
close the pork consumption gap with other countries. The
aim of the study was to investigate the maturation,
fertilization and culturing media and techniques for porcine
embryos produced in vitro.

ovaries were placed in a thermos flask and covered with
0.9% NaCl saline solution at 39°C and transported from the
abattoir to the laboratory within one hour after slaughter.
Using the aspiration technique, an 18-gauge needle was
attached to a 10 mL syringe and inserted into the ovary
surface to remove the oocytes from medium sized follicles
(3-6 mm diameter). The follicular fluid collected inside the
syringe was placed into a 50 mL tube containing 5 mL of
modified Dulbecco Phosphate Buffered Saline (mDPBS).
During the slicing technique the ovaries were placed in a
petri dish containing 5 mL of mDPBS. A handheld pin was
used to hold the ovary in place while a size 22 surgical blade
cut through the entire ovary multiple times. The remaining
fluid inside the petri dish was poured into a 50 mL tube. The
supernatant was then gently removed using a Pasteur pipette
without disturbing the pellet.

Washing and Grading of Oocytes
Six dishes (Falcon 1008) were prepared with three dishes
containing 3 mL of mDPBS each and the remaining three
dishes containing 3 mL of TCM 199 supplemented with 10%
of foetal bovine serum (FBS). The dishes were placed in the
incubator at 38.5°C prior to oocyte washing. The oocytes
were then washed three times with mDPBS and thereafter
washed a further three times with TCM 199 supplemented
with 10% of FBS with the aid of a handheld pipette. The
oocytes were graded under the stereo microscope and
classified into Grades of A, B, or C (Hamano and
Kuwayama, 1993; Khandoker et al., 2001; Kumar et al.,
2016). Only Grade A and B oocytes were selected for use in
IVM and Grade C oocytes were discarded.

In vitro Maturation of Oocytes and Polar Body
Evaluation
A total of 500 µL of each of the IVM media (NCSU 37,
TCM 199 and mpFF) was placed in a four well dish and
covered with 250 µL of mineral oil, to prevent evaporation.
The grade A and B oocytes were then placed in the
prewarmed IVM media and incubated at 38.5°C with 5%
CO2 for 44 h. The oocytes were removed from the IVM
media at the end of the IVM period of 44 h (Yamauchi et al.,
1996; Agung et al., 2013). Matured oocytes were then placed
in an eppendorf tube with 200 µL of prewarmed TCM 199
and then vortexed (Zeringue et al., 2005). Following this
process, the denuded oocytes were then transferred to a mini
petri dish containing 3 mL of TCM 199. The oocytes polar
body extrusion was evaluated with the aid of Oosight
Imaging System connected to an inverted research
microscope and recorded per treatment.

Materials and Methods
Chemicals, Reagents and Animal Ethics
The chemicals used in the study were obtained from
Sigma-Aldrich prior to the commencement of the study.
In brief, the in vitro maturation (IVM), IVF and in vitro
culture (IVC) media were prepared and used within two
weeks. Ethical clearance was obtained from Agricultural
Research council- animal production (ARC-AP),
germplasm,
conservation,
reproduction
and
biotechnologies (GCRB) laboratories (APAEC 2019/24)
as well as from the University of Pretoria ethical
committee (ARC-AP, NAS215/2020).

In vitro Fertilization of Oocytes and Sperm Motility
Evaluation

Collection of Ovaries and Oocyte Retrieval

Frozen semen straws used for IVF were removed from
a liquid nitrogen tank using forceps. The frozen straw was
held in the air for 10 sec, then plunged into a warm (37°C)

The ovarian tissue was obtained from prepubescent gilts
of unknown breeds from the local abattoir. The collected

264

Kayla M. Honneysett et al. / American Journal of Animal and Veterinary Sciences 2021, 16 (4): 263.271
DOI: 10.3844/ajavsp.2021.263.271

water container for 1 min. The straw was then patted dry
using paper towels before one side of the semen straw was
cut and poured into 8 mL of prewarmed IVF media. The
IVF-semen solution was centrifuged at 2000 rpm at 36°C.
The supernatant was removed with a Pasteur pipette and
replaced with another 8 mL of IVF media. The solution was
then centrifuged once again and the supernatant removed.
The sperm pellet was then diluted with IVF media.
Prior to IVF taking place, the computer assisted
sperm analysis system, Sperm Class Analyzer ® (SCA®),
was used to determine sperm motility and velocity traits.
A total of 5 µL of the frozen-thawed semen sample was
placed on a warmed microscope slide and cover slip. The
microscope slide was placed on a warming plate
adjusted at 37°C prior to the placement of semen sample
and cover slip. The microscope slide was then placed
onto the SCA® system and two to three fields were
captured for assessment. The capturing took place at 10x
magnification in order to track each individual sperm
and the SCA® software was used to record the images.
The fields captured were then examined for possible
debris to be removed manually.
The matured oocytes were washed five times in
previously prepared dishes (Falcon 3801) containing 100
µL drops of the IVF media covered with 3 mL of mineral
oil. The oocytes were allocated into a dish previously
prepared with seven 50 µL drops of the IVF media covered
with 3 mL of mineral oil. A total of 50 µL of the
semen/sperm was added to each 50 µL drop (final volume of
100 µL) containing oocytes. The IVF dish was then placed
in an incubator for 24 h at 5% CO2 at 38.5°C.

chamber with 90% CO2 at 38.5°C for 48 h. Two days post
IVC, the embryos were removed from the incubator and
checked under the microscope for cleavage. The embryos
were visually judged and grouped, according to cleavage cell
number, into 1 cell, 2-4 cell, 8+ cell and lysed. The cleavage
percentage was then recorded.

Statistical Analysis
Data collected was analysed using an analysis of
variance (ANOVA). The treatment means were compared
using the Fisher’s protected t-test least significant
differences (LSD) and a Shapiro-Wilk’s test was used to
test for deviations from normality (Shapiro and Wilk,
1965). The least significant differences were evaluated
at a P<0.05; where a 5% significance level was used for
the comparison of treatment means. The data was
analysed using the statistical software SAS version 9.4
(SAS, 1999).

Results and Discussion
The results of this study show that there were significant
differences between the oocyte removal techniques. Of the
682.4 oocytes collected over the entirety of the initial study,
only 28.4% of those were collected using the aspiration
method (Table 1). The majority of oocytes collected were
obtained through the slicing method, with 71.6% of the 682.4
oocytes collected using this method. It can then be deduced
that the slicing method provides the highest amount of
oocytes during collection when compared to aspiration.
Marques et al. (2015) found similar results, showing that the
slicing method produced a higher amount of oocytes than the
aspiration method.
In this study, high quality oocytes were the grouping of
both Grade A and B oocytes (Fig. 1), while the rest of the
oocytes were Grade C. Using the aspiration method 193.8
oocytes were collected over the course of the study, of these
oocytes collected, only 50.8% were placed into the high
quality classification. Whereas with the slicing method, of
the 488.6 oocytes collected, only 58.7% of those were of high
quality. These findings were not in accordance with Lekola
(2015) who found no significant differences between the
quality of bovine oocytes when using the aspiration or slicing
method. Marques et al. (2015) found that the aspiration
method was the method of choice for later reproductive
technologies (p = 0.0395). While they found the slicing
method to produce a higher quantity of oocytes, their later
study showed that there were no differences between oocyte
recovery methods until day 7 post IVF. Furthermore,
maturation rates between the two methods had no significant
difference, nor did the cleavage rates at day 3 post IVF
(Marques et al., 2015).
Further study may be undertaken using different oocyte
removal techniques from pig ovaries. Other methods such as

Electrical Stimulation of Oocytes
Matured oocytes were washed five times in previously
prepared 100 µL drops of electrical stimulation (ES)
media covered with 3 mL of mineral oil. The matured
oocytes were then placed in the ES media for 1 min prior to
and 3 min post stimulation. The oocytes were placed between
the 0.5 mm gap in a BTX Model 450 dish. The dish was then
connected to the BTX ECM 2001 Electro Cell Manipulator
and given 4 V/mm AC for 10 sec and thereafter 2 pulses of
60 V/mm DC for 60 µ sec, with two repeats.

In vitro Culture of Embryos
The IVC of embryos was done immediately following
ES and 24 h post IVF. The zygotes from the ES and IVF
treatments were divided into two groups and allocated to the
IVC media, cNCSU 37 and cpFF. The zygotes were washed
3 times in TCM 199 and thereafter washed 5 times in
previously prepared 100 µL drops, covered with 3 mL of
mineral oil, of either cNCSU 37 or cpFF media. The washed
zygotes were then placed in 50 µL of the corresponding
prepared IVC media covered with 3 mL of mineral oil. The
dishes were then immediately put into a modulator incubator
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cutting method could be used, although may be labour
intensive with requirements for certain equipment
(Hamano and Kuwayama, 1993). The puncture method
is another method that may be explored although it
appears to have a similar process to the aspiration
method (Shirasawa et al., 2013).
Three different IVM media were used to determine the
effect on porcine oocyte maturation rates. With those media
being NCSU 37, TCM 199 and follicular fluid supplemented
with follicle stimulating hormone (FSH) and luteinizing
hormone (LH). The use of porcine follicular fluid was
selected with the addition of FSH and LH to try mimic in
vivo conditions. Porcine follicular fluid inclusion in IVM
media has become more popular through the past years
(Yoshida et al., 1993; Kikuchi and Kawai, 2000). This was
then used to determine how much of an effect natural
hormones have on the maturation of oocytes when compared
to chemical based media. Gil et al. (2010) found that the most
common media used for porcine IVM was NCSU 37, NCSU
23 and TCM 199; while Pyoos et al. (2018) showed that
NCSU 37 performed better than NCSU 23 when used in an
IVM system. The TCM 199 was selected as it was observed
as being used in many previous studies. The NCSU media
was included in the study but NCSU 23 was omitted in
favour of NCSU 37 due to the results shown by Pyoos et al.
(2018). The NSCU media contain either taurine, hypotaurine
or sorbitol for use in IVM and IVC (Petters and Wells, 1993;
Kikuchi and Kawai, 2000).
Maturation of the oocyte was determined by two visual
traits seen under the microscope. The first being the
expansion of the cumulus oocyte complex (COC) which can
be classified into full expansion, partial expansion or partly
naked (Alvarez et al., 2009). The oocytes that were fully
expanded were selected for IVF and ES. The second
indicator of maturation used in this study was the presence of
a polar body extrusion. The polar body extrusion from an
oocyte indicates maturation of the cell following the
completion of meiosis I (Pyoos et al., 2018). The
oocytes were completely denuded and observed under
a microscope for the presence of a polar body extrusion
(Fig. 2) (Alvarez et al., 2009).
This study found that there were no significant
differences among the three treatments selected for IVM
(Table 2). The percentage of polar body extrusion for NCSU
37 was 25.3% of oocytes and was numerically lower when
compared to TCM 199 and mpFF. TCM 199 and mpFF had
a polar body extrusion of 84.2 and 73.8% of oocytes
observed, respectively.

Fig. 2: An oocyte with a polar body (40x)

This is in contrast to the findings of Pyoos et al. (2018) who
found that NCSU 37 had significantly higher rates (81.9 to
85.9%), of oocytes with polar body formation, when
compared to the alternative media used in their study. It can
be made comparable that the NCSU 37 media used by
Pyoos et al. (2018) was supplemented with
gonadotropins while the other media that performed
lesser, approximately 72%, was supplemented with FSH and
LH. Similarly, FSH and LH may have had an increased
effect on cumulus cell expansion when paired with
follicular fluid in this study.
Nevertheless, the potential of IVM media has
increased since the early 2000s and this has allowed
researchers to collect immature oocytes to place them in
the specialized media. This improvement in IVM has
allowed for the immature oocytes to have a 20 to 30%
chance of progressing to the blastocyst stage (Gil et al.,
2010; Appeltant et al., 2016). Therefore, the selection of
IVM media will have a domino effect on the ability to
progress to the blastocyst stage and thereafter, live births.
It has also been shown that the maturation of oocytes
from prepubertal gilts has a lower rate of blastocyst
formation when placed in follicular fluid obtained from the
same ovaries or other prepubescent gilts (Pawlak et al.,
2018). The follicular fluid acquired throughout the study was
from different ovaries received on different days, this is due
to the low yield of follicular fluid from a singular ovary. This
could lead to a variation between the batches of media and
discrepancies in the results found (Gadea et al., 2020).
The comparison of ES on oocytes was carried out to be
compared to the effect of frozen-thawed semen on
fertilization rates following IVF. Polyspermy has always
been a major issue for porcine in vitro production (Gil et
al., 2010; Pyoos et al., 2018; De Macedo et al., 2019).
This was thought to be due to an issue during the
maturation phase of in vitro production (IVP) that affects
the cortical granule distribution of oocytes (Cran &
Cheng, 1986; Nagai, 1994). The rate of polyspermic
penetration has been shown to be over 40% in the
current porcine IVF systems (Romar et al., 2019;

Fig. 1: Oocytes of grades A, B, and C from left to right (20x)
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Gadea et al., 2020). However, in vivo incidences of
polyspermy has been shown to exist when there is an
increase in sperm numbers through artificial
insemination (Hunter, 1973; Nagai, 1994).
Physiologically the normal development of an embryo
occurs following fertilization. This comprises of meiotic
resumption, cortical granule exocytosis, second polar
body extrusion, pronuclear formation and the progression
of the cell (Clift and Schuh, 2013; De Macedo et al.,
2019). The process of ES on matured oocytes mimics this
physiological progression without the need of sperm.
Following IVF and IVC the zygotes were checked for
cleavage, which indicated success, as well as single cells and
lysed cells. Single cell zygotes indicated that no growth was
observed; this could be due to failure of activation, either
through fertilization or ES, or could be due to issues with
either of the gametes that prevented further development.
Lysed cells were clear indicators of failure due to the death
of the cells. Cell death could be caused by similar issues that
inhibit growth, but it can only be speculated upon.
This study showed significant differences on
cleavage rate of zygotes following fertilization with
frozen-thawed sperm and ES. It was found that the
cleavage rate of zygotes fertilized with frozen-thawed
sperm was 48.1% (Table 3), while the ES method
showed to have a cleavage rate of 56.8%. One of the
issues could be that the sperm may be of lesser quality
and may not have the ability to successfully fertilize the
oocyte. The results found by Lekola (2015) showed a
23% cleavage rate to the 2-3 cell stage when using
frozen-thawed sperm. Further, it has been shown
recently that fertilization with frozen-thawed sperm
can have an 80% farrowing rate in vivo (Didion et al.,
2013; Estrada et al., 2014; Gadea et al., 2020).
The aforementioned issues of sperm quality may be
summarized by sperm numbers, morphology and motility.
Using the SCA® system, the sperm used in this study had
a total motility of 49.45%, with a rapid progression of
20.33%. This shows that the motility of sperm used in this
study is close to favourable when compared to results of 6090% found (Quintero-Moreno et al., 2004). Another issue
with fertilization with sperm is polyspermy, this is a wellknown issue within porcine reproductive technologies
(Agung et al., 2013; Romar et al., 2016). Although,
polyspermic zygotes may advance to the blastocyst stage at
the same rate as monospermic zygotes and so are difficult to
identify (Han et al., 1999a-b; Gil et al., 2010). Zygotes can
be checked for two polar bodies presence 12 h post
fertilization which is indicative of monospermic
fertilization (Appeltant et al., 2016). It can also be made
known that the proportion of successful monospermic
zygotes would be 45% or less (Romar et al., 2016;
Gadea et al., 2020). These findings deduced that the results

received for embryo cleavage for the fertilization method
may contain numbers of polyspermic embryos, but it would
be difficult to differentiate between them and healthy
embryos. It can then be suggested that further studies using
IVF and ES comparatively are needed to understand more
about the issues of polyspermy in the porcine reproductive
technology industry.
Two in vitro culture media (cNCSU 37 and cpFF) were
selected to evaluate the effect on embryo cleavage rates. The
cpFF was used to determine how much an effect a fluid
present in early stages in vivo would have on late stage
embryo growth. In this situation, the chemically specialized
medium would contain the necessary constituents for IVC
when compared to a natural medium, such as pFF which
would not be present for in vivo embryo growth.
In this study, significant differences were found
between cleavage rate of porcine embryos with the use of
the IVC media, cNCSU 37 and cpFF. When using cNCSU
37 for IVC, the cleavage rate was 66.6% (Table 3). In
contrast, the results showed that the cleavage rate for
embryos when using cpFF was 45.7%. The IVC of
porcine oocytes is usually difficult as the rate of
blastocyst formation remains at 30-40% (Gil et al.,
2017; Cambra et al., 2020).
It was noted that the majority of embryo cleavage that
did occur was to the two-cell stage (Fig. 3), with few
reaching the three cell stage and several lysed cells being
present. The majority of the replicates where cpFF was
used for IVC resulted in a dark appearance which is
indicative of cell death. Therefore, it follows that the
presence of porcine follicular fluid, even with
modifications, had a negative effect on embryo growth if
there is continuous exposure. Although, it was found by
Duarte et al. (2020) that the ability to reach metaphase II
following fertilization was increased with the combination of
NCSU 37 with pFF (Yoshioka et al., 2008).

Fig. 3: An embryo advanced to the 2 cell stage (40x)
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Table 1: The means and standard error/deviations of the comparison of oocyte removal techniques
Oocyte classification (grade)
-----------------------------------------------------------------------------------Method
Number of ovaries
A
B
C
Aspiration
20
19.6±6.4b
78.8±22.6b
95.4±41.9b
Slicing
20
45.6±15a
241.2±102.5a
201.8±86.7a
abMeans with different superscript letters in the same column differed (P≤0.05)

Total
193.8±53.9b
488.6±159.2a

Table 2: The means and standard error/deviations of the comparison of maturation mediums on oocytes polar body extrusion
Media
Number of oocytes
Oocytes observed
Polar body status
NCSU 37
159
26.5±18.2
6.7±9.7
TCM 199
159
26.5±18.2
22.3±29.03
mpFF
158
26.3±18.3
19.4±19.8
Means do not differ in the same column (P>0.05)
NCSU- North Carolina State University
TCM- Tissue Culture Medium
mpFF- Porcine follicular fluid modified for in vitro maturation
Table 3: The means and standard error/deviations of the comparison of electrical stimulation on oocytes and frozen-thawed semen on
fertilization rates following IVF and the comparison of cell cleavage rates following IVC in two different culture mediums
Method No. oocytes (IVF) IVC medium No. oocytes (IVC) Lys
1 cell
2-4 cell
Total cleaved
ES
234
cNCSU37
120
19.3±15.3c
38.9±25.1
41.8±19.7ab
80.7±15.3a
ab
bc
cpFF
106
47.6±37.9
27.1±21.7
25.4±24.3
52.4±37.8bc
FT
243
cNCSU37
112
26.2±21.9bc
27.3±12.4
46.5±18.2a
73.8±21.9ab
a
c
cpFF
103
56.9±38.9
31.2±29.6
11.8±11.9
43.1±38.9c
abcMeans with different superscript letters in the same column differed (P≤0.05)
ES- Electrical stimulation
FT- Frozen-thawed
IVF- In vitro fertilization
IVC- In vitro culture

Conclusion

Authors Contributions

It was concluded that the slicing method was
significantly better than the aspiration method. The
slicing method procured both the highest quantity of
oocytes as well as the highest quality oocytes. There
were no significant differences found among the three
maturation media (NCSU 37, TCM 199 and mpFF) on
oocytes maturation rate in vitro. The ES method had a
higher rate of zygote cleavage than IVF. The cpFF
medium had lower rates of cleavage when compared to
cNCSU 37.
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