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ABSTRACT

This study aimed to determine the optimal concentration of Bovine Serum Albumin in increasing the amount
of blastocyst. Oocytes were obtained from female mice Balb/C strains. Oocyte cells were collected and
divided into 3 groups: T1 (MEM + BSA 3%), T2 (MEM + BSA 5%), and T3 (MEM + BSA 7%). Semen is
collected from fertile male mice, then motile spermatozoa were put into a medium containing eggs. Media
contained spermatozoa and eggs were stored in a 5% CO2 incubator. Observations were made under an
inverted microscope at 100x magnification. Embryos that developed to the blastocyst stage show with a
clear cytoplasm, clear plasma membrane, no granularity, and clear pellucide zone.Based on statistical data
analysis, there was a significant difference between the highest and lowest concentrations of p<0.05, with
significant differences in the treatment group T1 (54.00a ± 8.94) and the treatment group T3 (32.00b ± 10.95).
It can be concluded that the optimal concentration of Bovine Serum Albumin in supporting embryonic
development is a concentration of 3%. The addition of Bovine Serum Albumin to the culture media was
able to support the development of mouse embryos to the blastocyst stage.
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Introduction

In vitro fertilization is fertilization of an oocyte cell
and spermatozoa which is carried outside the
mother’s body. There are often occur obstacles in
embryonic development. Barriers to embryonic de-
velopment inin vitro culture are depended by the
physiological conditions of the culture medium
(Mirsageri, 2013). In in vitro culture, mice embryos
need a medium that is able to support the develop-
ment of mice embryos from zygotes to blastocyst
(Khoirinaya, 2011). According to Jaswandi et al.

(2001), that the success of embryo production is in-
fluenced by several factors including the quality of
gametes (oocyte and sperm), culture medium, and
culture system.

Culture medium containing nutrients was made
nearly same to the composition of nutrients, electro-
lytes, and macromolecules that exist in the female
reproductive tract (Widjiati et al., 2012). The culture
medium used for in vitro embryo production is of-
ten added to various components that can support
embryonic development (Bavister et al., 1995). The
scientists added supplements to make the culture
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medium more optimum. One protein that is often
added to embryo culture medium is serum protein.
Serum protein that is often used is Fetal Bovine Se-
rum (FBS) or Bovine Serum Albumin (BSA) (Gor-
don, 2003).

Bovine Serum Albumin is a source of serum pro-
tein that contains lots of amino acids. The use of
amino acids in culture medium can increase embry-
onic development (Lee et al., 2004). Bovine Serum
Albumin works by increasing the maturity of oo-
cytes and also binds molecules including ions, free
radicals, and steroids. This can prevent oxidation
reactions, stabilize pH and osmolarity pressure
(Lonergan et al., 1999). In in vitro culture medium
BSA captures toxic substances and inorganic ions
and mediates CO2 transport (Evecen et al., 2004).

Research conducted by Pratiwi (2016) shows that
the medium supplemented with BSA is better in
supporting the development of sheep oocytes to be
fertilized than groups without BSA. Research con-
ducted by Asad et al. (2017) gave the result that BSA
2 mg/ml added as a supplement for the maturation
of sheep oocytes and culture medium was able to
increase the development of oocyte levels to the
next stage. In stage 2 cell embryo culture, the addi-
tion of BSA which acts as a source of protein in the
culture medium gives optimal results at the amount
of 1 mg/ml with M 16 medium and 3 mg/ml with
whitten’s medium (Evecen et al., 2004).

Based on the description above, it is necessary to
do further research on the effect of various concen-
trations of Bovine Serum Albumin on the amount of
mice blastocysts in in vitro culture.

Materials and Methods

Ethical approval: The use of animal models has
passed ethical clearence from Animal Care and Use
Committee(ACUC) Universitas Airlangga with reg-
istration number: 717-KE.

Materials and tools

This research was conducted at the In Vitro Fertiliza-
tion Laboratory, Faculty of Veterinary Medicine,
Universitas Airlangga, Surabaya. The sample of this
study was egg and spermatozoa of mice. The study
was divided into 3 treatment groups 1 (T1), namely:
Culture medium MEM added Bovine Serum Albu-
min 3%, treatment group 2 (T2): MEM culture me-
dium added Bovine Serum Albumin 5%, treatment
group 3 (T3): Medium MEM culture added 7% Bo-

vine Serum Albumin.
The research materials used for this research

were female strain Balb/C, Phosphate Buffer Saline
(PBS), sterile aquadest, 0.9% physiological NaCl,
Bovine Serum Albumin (BSA) (Sigma-Aldirch). 70%
alcohol, Minimum Engle Medium or MEM (Sigma-
Aldirch), mineral oil (Sigma®), Pregnant Mare Se-
rum Gonadotropin (PMSG) (Intervet) and Human
Chorionic Gonadotropin (HCG) (Chorulon®).

The tools used in this study include a test animal
cage along with a cage lid, drinking bottles, scissors,
tweezers, petridish disposable, disposable syringe,
5% CO2 incubator, refrigerator, laminar air flow,
infuse hose, inverted microscope, pasteur pipette,
Bunsen burner, and tissue.

Superovulation Technique

Superovulation technique is performed by injection
of 0.1 cc PMSG (Pregnant Mare Serum Gonadotro-
pin) containing 5 IU intraperitonially. Forty-eight
hours later the 0.1 cc injection of HCG (Chorionic
Gonadotropin Hormone) containing 5 IU
intraperitonially. After injection of HCG (Chorionic
Gonadotropin Hormone), female mice are mated
with a monomating male vasectomy. The next day
or seventeen hours later a vaginal plug is examined,
if a positive vaginal plug is considered to have oc-
curred copulation (Widjiati et al., 2012).

Egg Collection and Modification of Culture
Medium

Female mice are sacrificed for egg collection by de-
capitation, then dissected and fallopian tubes were
taken. The fallopian tubes are washed using PBS
(Phosphate Buffer Saline), then transferred to
petridish. Fallopian tubes are observed under an
inverted microscope by tearing a fertilization sac, so
that an oocyte is obtained. The egg is washed three
times using MEM medium. The egg is then trans-
ferred to the MEM medium which has been added
with Bovine Serum Albumin. The Bovine Serum
Albumin added to the T1 group was 3%, the T2
group was 5%, and the T3 group was 7%, then incu-
bated in a 5% CO2 incubator at 37 oC while waiting
for preparation of spermatozoa which will be used
for in vitro fertilization.

Decapitation of male mice for sperm collection.
Cauda epididymis was taken and washed on mini-
mum eagle medium (MEM). Washed epididymis
were then cut to release spermatozoa. The sperma-
tozoa are then mixed into each of the existing ovum
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cells for in vitro fertilization and incubated in a 5%
CO2 incubator at 37 °C.

In vitro Culture and Observation of Embryonic
Development

After 7 hours the fertilized egg was washed to re-
move the remaining granulosa cells in the medium
and transferred to a new culture medium for in
vitro culture, each medium was given an additional
BSA concentration of 3% in the T1 group, 5% T2
group and 7% in the T3 group. Embryo observa-
tions were carried out every day using an inverted
microscope with a magnification of 40 times. The
observed variable is the number of embryos that
live or develop until the blastocyst stage.

Results and Discussion

In vitro culture technology is an attempt to resemble
environmental conditions in vivo in producing em-
bryos (Mirsageri, 2013). The application of biotech-
nology requires oocytes in large quantities, then the
obtained oocytes are matured in vitro for the benefit
of in vitro fertilization. Successful in vitro fertiliza-
tion requires adequate readiness of the egg and
sperm biologically and culture conditions that sup-
port the metabolic effectiveness of male and female
gametes (Syaiful, 2011). The good quality of em-
bryos is influenced by several factors such as the
culture technique used, oocyte quality, culture me-
dium, CO2 levels, incubation temperature, and ster-
ile environment need to be considered (Sunarno,
2006).

Culture medium in the development of mice
embryos is often added to various components
thatcan support embryonic development. The addi-
tion of Bovine Serum Albumin which is a source of
protein can increase egg cell growth. Another func-
tion of Bovine Serum Albumin (BSA) is to maintain
the pH in culture medium (Francis, 2010). Bovine

Serum Albumin (BSA) also increases oocyte matu-
ration, fertilization, and blastocyst formation. Bo-
vine Serum Albumin (BSA) contains a protein with
a molecular weight of 66.5 kDa which contributes to
oocyte maturation (Asad et al., 2017). Research con-
ducted by Asad et al. (2017) gave the result that BSA
2 mg/ml added as a supplement for the maturation
of sheep oocytes and culture medium was able to
increase the development of oocyte levels to the
next stage. Bovine Serum Albumin functions is to
bind ions, free radicals, and steroids (Pratiwi, 2016).
Adequate capacity of serum albumin is able to inac-
tivate toxic metabolism from free radical oxygen
production and unite other components such as ste-
roids, vitamins, and fatty acids (Luvoni, 2004).

Embryos were cultured in a 5% CO2 incubator
using the Medium Eagle Minimum (MEM) medium
with the addition of Bovine Serum Albumin (BSA)
to the culture medium with concentrations of 3%,
5%, and 7% respectively. The development of the
embryo is observed under an inverted microscope
at 100x magnification. Observations were made un-
til the developing embryo reached the blastocyst
stage.

Based on the data obtained, the results of the cal-
culation of the percentage of embryos until blasto-
cyst is showed in Table 1. The results of this study

Fig. 1. Medium for washing (Center for Animal Re-
sources and Development, 2016).

Fig. 2. Medium preparation (Center for Animal Re-
sources and Development, 2016).

Fig. 3. Fertilization sac contained mice ovum. Descrip-
tion: 1=fertilization sac, 2=Ovum.
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prove that the addition of BSA to in vitro culture
medium is able to support the development of em-
bryos reaching the blastocyst stage. The mean per-
centage of blastocysts in the treatment group
supplemented with BSA with concentrations of 3%,
5%, and 7% respectively were 54.00 ± 8.944, 40.40 ±
7.335, and 32.00 ± 10.954. Groups T1 and T2 werenot
significantly different (p>0.05). T1 and T3 groups
were significantly different (p<0.05). T2 and T3
groups were not significantly different (p>0.05).
Thus, it can be concluded that the highest mean per-
centage of blastocysts was in the T1 group with the
addition of a 3% BSA.

dium will affect the structure of proteins (enzymes
and transport systems) contained in cell mem-
branes. Changes in the pH of the medium will affect
the structure of the protein, which causes the pro-
tein to not be able to bind the compound that will be
transported into the cell, causing the metabolism of
cell growth to stop. A 3% BSA concentration is con-
sidered as the optimum dose to meet the needs of
embryos in in vitro culture.

Table 1. Average and standart deviation of blastocyst
number each group of treatment

Group Blastocyst number
(Mean ± SD)

T1 54.00 a ± 8.944
T2 40.40 ab ± 7.335
T3 32.00 b ± 10.954

Note: Different superscripts in the same column show
significant differences (p<0.05).
T1 = Medium MEM + Bovine Serum Albumin (BSA) 3%
T2 = Medium MEM + Bovine Serum Albumin (BSA) 5%
T3 = Medium MEM + Bovine Serum Albumin (BSA) 7%

Fig. 4. Graphic of the effect of various concentration of
bovine serum albumin toward the number of blas-
tocyst

Embryos that live up to the blastocyst stage can
be identified based on their morphology, namely
the presence of clear cytoplasm, clear plasma mem-
brane, absence of granular-granular embryos, cyto-
plasm and pellucide zone are clearly visible. Dead
blastocysts can be observed based on their morphol-
ogy, namely the presence of granular embryos, the
pellucide zone and the cytoplasm, which is not
clearly visible, the size of the blastocysts decreased.

The results showed that, fertilized eggs were able
to develop until the blastocyst stage with the addi-
tion of a 3% BSA concentration of 54%, a 5% BSA
concentration of 40% and a 7% BSA concentration of
32%. It can be concluded that the addition of BSA
can increase the percentage of oocyte life develop-
ing until the blastosis stage and the optimum results
are obtained at a concentration of 3% BSA. The
resultobtained equivalent to the study of Evecen
(2004) which said that high concentrations of BSA in
in vitro culture media can interfere with embryo
development by affecting the pH of the medium.

High BSA concentration will affect the pH of the
medium. In cell growth changes in pH in the me-

Uncertainty results from the addition of serum
because serum contains not only protein, in addi-
tion to protein components (albumin), some hor-
mones such as gonadotropins, steroids, and growth
factors or cytokines. This is the reason why it is dif-
ficult to determine specific compounds that have a
positive effect on embryo culture. Maybe the levels
of the hormones or proteins contained in the serum
of cows used are too high so they are toxic to the
embryo itself. Another possibility that can occur is
mixing of the factors contained in bovine serum so
that the results get less than the maximum, so that
one factor can be inhibiting for other factors
(Fibrianto et al., 2011). In this study the culture me-
dium used was not replaced with a new culture
medium or the nutrients given to the culture me-
dium were the same as the beginning of administra-
tion. This is what causes the embryo is lack nutrition
at the blastocyst stage. The greater the embryo, the
higher the nutritional requirements needed. Addi-
tion of Bovine Serum Albumin concentration levels
at various stages of embryonic development is
needed further research.

Bovine Serum Albumin (BSA) is a serum albu-
min protein derived from cows. Molecular weight
of Bovine Serum Albumin (BSA) 66.463 Da (= 66.5
kDa). Bovine Serum Albumin (BSA) is a single
polypeptide chain consisting of about 583 amino
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acid residues and does not contain carbohydrates.
Albumin is the main protein found in serum with a
percentage of around 50% - 60%. Albumin has a
broad cell surface and able to binds molecules such
as water, salt, free fatty acids, vitamins and hor-
mones. Albumin acts as a nutrients transportation
between molecules (Blake et al., 2002). According to
Francis (2010), albumin functions is to maintain pH,
a carrier molecule by binding to ligands (fats, metal
ions, amino acids), and as an antioxidant. In addi-
tion, the albumin molecule is able to interact with
cells and promote cell growth.

(Wrenzycki et al., 2001).

Conclusion

Based on this study it can be concluded that, there
are differences in the addition of various concentra-
tions of Bovine Serum Albumin (BSA) to the
amount of mice blastocyst in in vitro culture and the
optimum amount of Bovine Serum Albumin (BSA)
which appropriate in supporting the development
of mice blasosis in in vitro culture is 3%. The addi-
tion of Bovine Serum Albumin (BSA) to the culture
media was able to support the development of mice
embryos to the blastocyst stage.
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