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Effects of oocyte collection techniques and maturation
media on in vitro maturation and subsequent embryo
development in Boer goat
Z.G. Wang, Z.R. Xu, S.D. Yu
College of Animal Science, Key Laboratory for Molecular Animal Nutrition, Zhejiang University,
Hang Zhou, China
ABSTRACT: The oocytes (experiment 1) were harvested by one of the four collection techniques (slicing, puncture, aspiration I and aspiration II) and the total number and the number of each grade of oocytes were counted,
respectively. The good-quality oocytes (good and fair grade) were cultured for maturation. In experiment 2, the
oocytes were matured in TCM-199 supplemented with 10 ng/ml of epidermal growth factor (EGF) or 10% FCS,
either alone or with 1 IU/ml FSH, or the oocytes were matured in TCM-199 supplemented with 1 IU/ml FSH. After
maturation, the oocytes in the two experiments were fertilized, respectively. Slicing (6.3) and puncture (5.8) of the
ovaries yielded a higher (P < 0.05) number of oocytes per ovary compared to aspiration I (2.9) and aspiration II
(3.1). Oocytes matured in the TCM-199 medium supplemented with EGF or FCS with FSH had a significantly
higher proportion of blastocysts than the other treatments (P < 0.05). In conclusion, slicing and puncture are
alternative techniques of oocyte recovery in Boer goat. The TCM-199 medium supplemented with EGF or FCS
in the presence of FSH is suitable for in vitro maturation of oocytes.
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In vitro embryo production (IVP) technology
has been successfully applied in a number of animal species with transferred embryos resulting
in live offspring. The application of IVP can be
expected to bring about a significant increase in
the population of superior genetic merit animals.
The production of transgenic goats that produce
milk containing proteins of pharmacological value
is of special interest. Despite the efforts of several
research teams over a number of years, blastocyst
development from in vitro matured and fertilized
caprine oocytes remains inefficient because less
than a third of the embryos resulting from in
vitro maturation (IVM) and in vitro fertilization
(IVF) will develop to the morula stage (Martino
et al., 1995; Rho et al., 2001; Teotia et al., 2001).
Furthermore, there have been no reports on the
birth of Boer kid by IVP procedure.

The availability of a sufficient number of oocytes
is the pre-requisite for IVP procedure. Ovaries from
slaughtered animals are the cheapest and the most
abundant source of primary oocytes for large-scale
production of embryos by IVP procedure (Agrawal
et al., 1995). However, the number of slaughtered
Boer goats is lower than the number of other animals such as pigs and cattle because of their high
price. The development of an efficient technique of
oocyte harvesting from finite ovaries is thus very
significant for this species.
IVM is also one of the essential steps in the IVP
process of Boer goat. Caprine oocytes have also
been studied for different aspects of maturation
(Mogas et al., 1997). In most studies, the basic medium was supplemented with hormones and different concentrations of serum. The maturation
medium and the selection of protein supplements
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and hormones for IVM play an important role in
subsequent IVF and in vitro development (Pawshe
et al., 1996). The reduced development of in vitroderived zygotes in goats suggests that the conditions
of IVM do not support cytoplasmic maturation. So
it is very important that the improvement of the
in vitro maturation system for oocytes be aimed at
defining in vitro conditions more similar to the in
vivo environment.
The objective of this study on Boer goats was:
(1) to compare the effects of four oocyte collection techniques on recovery efficiency, maturation
rate and subsequent embryonic development; (2)
to compare the effects of three different maturation media on in vitro maturation and subsequent
embryonic development.

MATERIAL AND METHODS
Reagents
All chemicals and media were purchased from
Sigma Chemical Co. (St. Louis, MO, USA) unless
otherwise indicated.

Oocyte collection and classification
Goat ovaries were obtained from a slaughterhouse
and transported to the laboratory within 2 hours
in 0.9% saline solution. Oocytes were harvested by
one of the following techniques. (1) Slicing: ovaries
were placed in a graded plastic Petri dish containing
a saline solution and were chopped into small pieces
with a surgical blade. The cumulus-oocyte complexes (COCs) were selected from the saline solution.
(2) Puncture: follicles visible on the surface ranging
from 2.0 to 6.0 mm in diameter were punctured with
an 18-g needle. The COCs were selected from the
follicular fluid. (3) Aspiration I: the follicular fluid
from surface follicles (2.0 to 6.0 mm) was aspirated
through a sterile 18-g needle attached to a 5 ml syringe containing a sterile saline solution. Aspirated
contents were expelled into a fresh Petri dish containing the saline solution and COCs were selected
from it. (4) Aspiration II: oocytes were aspirated
by applying a constant pressure (60 mm Hg) with a
vacuum pump (Cook Australia, Brisbane, Australia).
The aspiration needle was connected through PVC
tubing into a sterile 50 ml plastic tube. The COCs
were selected from the aspirated follicular fluid. The
22

Czech J. Anim. Sci., 52, 2007 (1): 21–25
COCs recovered by four techniques were then classified under an inverted microscope. The COCs were
graded as good, fair and poor according to the character of cumulus cells (Pawshe et al., 1994); oocytes
with many complete layers of cumulus cells and
uniform cytoplasm were graded as good, oocytes
with thin or incomplete layers of cumulus cells and
uniform cytoplasm as fair, and oocytes with few or
no cumulus cells as poor. The number of good, fair
and poor COCs was recorded for each ovary.

In vitro maturation and evaluation
of meiotic maturation
The COCs were washed three times with a maturation medium. In experiment 1, the maturation
medium was TCM-199 supplemented with 10%
FCS (GIBCO, Grand Island, NY, USA) and 1 IU/ml
FSH. In experiment 2, COCs collected through the
puncture of follicles with an 18-g needle were matured in TCM-199 supplemented with 10 ng/ml of
epidermal growth factor (EGF) or 10% FCS, either
alone or with 1 IU/ml FSH, or they were matured
in TCM-199 supplemented with 1 IU/ml FSH. The
oocytes were cultured for 24 h in 5% CO 2 in humid
air at 38.5°C.
To evaluate the nuclear stage after maturation,
a sample of oocytes after IVM was denuded of cumulus cells and fixed on a slide with 3:1 acetic acid:
ethanol, stained with 1% lacmoid. Metaphase-II
(MII) was regarded as the nuclear maturation of
oocyte.

In vitro fertilization and embryo culture
In vitro fertilization and embryo culture were
performed as described as methods by Samaké et
al. (2000). In short, the matured COCs were washed
twice in warm Hepes-buffered Tyrode’s albumin
lactate pyruvate solution (TALP, Bavister et al.,
1983) and once in a fertilization medium (bicarbonate-buffered modified TALP, Parrish et al., 1986)
and then placed in 50 µl droplets (10–12 COCs
per droplet) of fertilization medium containing
10 μg/ml of heparin. Frozen semen was thawed and
prepared by a swim-up procedure (Parrish et al.,
1986). Sperm cells were added to the fertilization
drops at a concentration of 1 × 106/ml. Incubation
was carried out at 38.5°C in 5% CO 2 in air with
saturated humidity for 15–18 h.
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At the end of the fertilization period, zygotes
were transferred to B2 medium containing 10% FBS
and were cultured under paraffin oil and humidified 5% CO2 in air at 38.5°C and half of the culture
volume was replenished with fresh medium every
24 h. Zygotes were assessed for cleavage 48 hours
after the beginning of culture and in 192 hours for
determination of the number of embryos reaching
the blastocyst stage.

Statistical analysis
All experiments were replicated three times. Data
were analyzed by analysis of variance (ANOVA) of
the SAS software (1989). Comparisons were considered significantly different if P < 0.05.

RESULTS
Experiment 1: effects of collection
techniques on oocyte recovery, in vitro
maturation and subsequent embryo
development
As shown in Table 1, slicing (6.3) and puncture
(5.8) of the ovaries yielded a higher (P < 0.05)

number of oocytes per ovary compared to aspiration I (2.9) and aspiration II (3.1). Furthermore, the
number of good grade oocytes per ovary collected
by the slicing (3.9) and puncture (3.2) method was
significantly higher than that collected by aspiration I (1.4) and aspiration II (1.8) (P < 0.05).
There was a statistically lower (P < 0.05) proportion of M II stage after in vitro maturation of the
oocytes harvested by slicing methods, compared to
the other three collection techniques (Table 2). No
significant difference was observed between puncture, aspiration I and aspiration II in the percentage
of M II oocytes. As shown in Table 2, the cleavage
rate and the proportion of blastocysts were not
significantly different between the four groups.

Experiment 2: effects of different
maturation media on in vitro maturation of
oocytes and early embryo development
As shown in Table 3, no significant differences in
the M II rate and cleavage rate were found between
the treatments. But oocytes matured in TCM-199
medium supplemented with EGF plus FSH or
TCM-199 medium supplemented with FCS plus
FSH had a significantly higher proportion of blastocysts than the other three treatments (P < 0.05).

Table 1. Effects of collection techniques on the quantity and quality of recovered oocytes per ovary in Boer goats
Methods
of collection

No. of ovaries

No. of recovered oocytes per ovary
total

good (%)

fair (%)

poor (%)

Slicing

31

6.3a

3.9a (61.9)

1.3a (20.6)

1.1a (17.5)

Puncture

35

5.8a

3.2a (55.2)

1.5a (25.8)

1.1a (19.0)

Aspiration I

29

2.9b

1.4b (48.3)

0.5b (17.2)

1.0a (34.5)

32

b

Aspiration II
a,b

3.1

b

1.8 (58.1)

b

0.7 (22.6)

0.6b (19.3)

numbers in the same column with different letters (a,b) differ significantly at P < 0.05

Table 2. Effects of collection techniques on in vitro maturation of oocytes and embryonic development in Boer
goats
Methods
of collection

No. of IVM oocytes

No. of MII oocytes
(%)

No. of fertilised
oocytes

No. of cleavage
(%)

No. of blastocysts
(%)*

79

48 (60.8)a

48

29 (60.4)

4 (13.8)

Puncture

75

63 (84.0)

b

63

37 (58.7)

5 (13.5)

Aspiration I

30

24 (80.0)b

24

15 (62.5)

2 (13.3)

Aspiration II

43

34 (79.1)b

34

20 (58.8)

3 (15.0)

Slicing

*Blastocyst percentage calculated from cleaved embryos
a,b
numbers in the same column with different letters (a,b) differ significantly at P < 0.05
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Table 3. Effects of different maturation media on in vitro maturation of oocytes and embryonic development in
Boer goats
IVM media

No. of IVM No. of MII oocytes
oocytes
(%)

No. of fertilised
oocytes

No. of cleavage
(%)

No. of blastocysts
(%)*

TCM-199 + FSH

67

54 (80.6)

48

27 (56.3)

3 (11.1)a

TCM-199 + EGF

59

47 (79.7)

45

26 (57.8)

3 (11.5)a

TCM-199 + EGF + FSH

61

50 (81.9)

50

31 (62.0)

6 (19.4)b

TCM-199 + FCS

54

43 (79.6)

43

25 (58.1)

3 (12.0)a

TCM-199 + FCS + FSH

60

49 (81.7)

49

31 (63.3)

7 (22.6)b

*Blastocyst percentage calculated from cleaved embryos
a,b
numbers in the same column with different letters (a,b) differ significantly at P < 0.05

DISCUSSION
Several techniques were used for the collection of oocytes from the ovaries in goats (Mogas
et al., 1992; Pawshe et al., 1994) and sheep (Wani
et al., 1999). Based on the present results the recovery of oocytes using the slicing and puncture
methods yielded more oocytes per ovary and more
good-quality oocytes per ovary than the two aspiration methods (P < 0.05). In accordance with the
results of the present study on Boer goat, Wani
et al. (1999) indicated that slicing (9.5 ± 0.4) and
puncture (9.5 ± 0.4) yielded significantly (P < 0.05)
more oocytes per ovary than follicle aspiration
(6.8 ± 0.3) in sheep. The higher number of good quality oocytes which had been recovered per ovary by
slicing (5.2 ± 0.2) and puncture (5.2 ± 0.2) compared
to aspiration (4.4 ± 0.2) was also in accordance with
the results reported here. In contrast to the results
of the present study, however, the number of oocytes
per ovary for slicing (4.0) and aspiration (3.7) did
not differ significantly in ewe lambs (Shirazi et al.,
2005). A high number (93) of oocytes per ovary was
harvested in sheep (Mogas et al., 1992), using the
slicing technique. The lower number of oocytes obtained by slicing in this study may be due to different
slicing techniques. The slicing technique consisting in chopping the ovary into small pieces with a
surgical blade was used in this study, while other
researchers used blades to incise the follicles on the
ovarian surface. A number of oocytes was therefore
retained in the ovary without recovery or they were
disintegrated due to injury during chopping.
After a representative sample of good-quality
oocytes (good and fair) recovered by each method
was put through the IVM/IVF/IVC procedure,
there was a significantly lower (P < 0.05) rate of
oocytes reaching the M II stage when using slic24

ing techniques, compared to the other techniques.
This lower maturation rate may be due to more
preantral oocytes collected by slicing techniques
than by other techniques, it is known that preantral
oocytes have a low maturation rate compared with
antral oocytes (Izquierdo et al., 2002). No study
of the effect of oocyte collection methods on the
capacity of subsequent embryonic development has
been reported. In this study it was observed for the
first time that the good-quality oocytes recovered
by four different collection methods had the similar
cleavage rate and blastocyst yield of the embryos after in vitro fertilization of the M II stage oocytes.
In experiment 2, there was no significant difference in maturation rate between different media,
but a significantly higher proportion of blastocysts (P < 0.05) was found in oocytes matured in
TCM-199 supplemented with EGF in the presence
of FSH than in oocytes matured in the absence
of FSH. Similarly, oocytes matured in TCM-199
supplemented with FCS in the presence of FSH
had a significantly higher proportion of blastocysts than oocytes matured in the absence of FSH.
Furthermore, the cleavage rate (56.3%) and the proportion of blastocysts (11.1%) were not significantly
different between oocytes matured with FSH alone
and oocytes matured with EGF or FCS alone. These
findings proved that FSH with FCS or EGF in maturation media had the cooperative effect on early
embryonic development of Boer goat.
In accordance with the present results of oocytes
reaching the blastocysts, Mogas et al. (1997) obtained
8.3% of blastocysts by co-culturing embryos with
granulosa cells; and Koeman et al. (2000) obtained
8% of blastocysts by culturing in G1.2 and G2.2 media while Crozet et al. (1995) obtained up to 26%
of blastocysts with oocytes from adult goats that in
accordance with blastocyst development of oocytes
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matured in TCM medium with EGF plus FSH or
TCM medium with FCS plus FSH. Oocytes matured
in TCM-199 medium supplemented with FCS or EGF
in the presence of FSH had a significantly higher
number of blastocysts (P < 0.05), which may indicate
that oocytes matured in these media had a higher
rate of cytoplasmic maturation, a variety of changes
in the intracellular organization and physiology of
oocytes that allow normal embryo development after
fertilization (Eppig. 1996). Normal embryonic development presumes complete nuclear and cytoplasmic
maturation of in vitro matured oocytes. So nuclear
maturation of oocytes along with cytoplasmic maturation is important for the completion of meiotic
division for the success of fertilization.
In conclusion, the present results indicate that in
Boer goats: (1) slicing and puncture of the ovaries are
alternative techniques for oocyte recovery and (2)
TCM-199 media supplemented with EGF or FCS in
the presence of FSH are suitable for in vitro maturation
and subsequent embryonic development of oocytes.
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