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  INTRODUCTION 
 

A small proportion of primordial follicles, present in an 
ovary at birth, continually leave the resting pool and start to 
grow. However, only a tiny percentage of these oocytes 
grow to maturity and are released for fertilization. Most 
follicles undergo follicular atresia and die (Gardner et al. 
2004). Slaughter ovaries, the cheapest and most abundant 
source of primary mammalian oocytes, are used in physio-
logical and biotechnological research, reproductive tech-
nologies and in vitro embryo production (Wang et al. 
2007). 

Maximizing of recovered oocytes number is the goal of 
the oocyte recovery methods (Carolan et al. 1994; Now-
shari, 2005). The quality of cumulus oocyte complexes 
(COCs) that can be retrieved from a given number of ova-

ries is also important (Alm et al. 1997). Oocytes have been 
collected from slaughtered animals by dissection of ovarian 
follicles, aspiration of oocytes from follicles, ovary slicing 
and puncture of visible surface follicles (Farahavar et al. 
2010). Among these four methods, aspiration is widely 
used (Farahavar et al. 2010; Tetzner et al. 2011; Shabanka-
reh et al. 2011) because of COC quality (Hoque et al. 2011) 
and convenience. However ovary slicing is more successful 
than other techniques when number of COCs is taken into 
consideration (Das et al. 1996; Wang et al. 2007; Hoque et 
al. 2011).  

Additionally, in some countries, female domestic animals 
are rarely slaughtered in order to increase the animal popu-
lation. In such case the number of COCs which is initial 
and important step for further developmental process (in 
vitro maturation, fertilization and handling of blastocysts) is 

 

This study investigated the effect of different harvesting techniques on the recovery rate and quality of bo-
vine cumulus oocyte complexes (COCs) and their subsequent developmental competence including in vitro 
maturation, fertilization and blastocyst formation. The COCs were retrieved from slaughter ovaries using 
aspiration, slicing, or aspiration followed by slicing. The COCs were examined microscopically then 
classed as A (at least three layers of cumulus), B (two layers of cumulus), C (one layer of cumulus, or de-
graded cytoplasm) or D (abnormal). The retrieved COCs yields per ovary differed (P≤0.05) between aspira-
tion (2.31±0.21), slicing (6.65±1.65) and aspiration followed by slicing (3.72±1.43). Differences in quality 
of collected COCs were observed for categories A, B and C but not for category D. Oocyte diameter and in 
vitro developmental competence did not differ between the retrieving methods. In conclusion, aspiration 
can recover moderate numbers of oocytes ovary and about half of them can not be retrieved by this method. 
Therefore when oocyte number is important, aspiration should be avoided and ovaries should be sliced. 
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particularly important. Therefore, this study was conducted 
to compare the performance of slicing with aspiration 
method. 

 

  MATERIALS AND METHODS 
Ovaries of cows with unknown reproductive stage were 
collected from a slaughterhouse in the region of Ankara, 
Turkey. The ovaries were transported to a laboratory in 
0.9% saline at 30-35 °C. In the laboratory, ovaries were 
washed once in 0.9% saline and once in COC collection 
medium (TCM 199 with Earle′s salts supplemented by 1 
mM L-glutamine, 5 mM sodium bicarbonate, 20 mM 
Hepes, 4 mg/mL BSA and 50 µg/mL gentamycin). Then 
COCs were harvested by aspiration, slicing, or aspiration 
followed by slicing. Ovaries were randomly assigned to one 
of the three oocyte collection methods in each replicate. For 
the aspiration procedure, an 18 gauge needle was connected 
to a 10 ml syringe. All visible follicles were aspirated by 
fine pressure, irrespective of size, position and health status, 
then they were gently tipped into a 15 mL test tube pre-
warmed to 38 °C. For the slicing procedure, visible surface 
follicles were punctured with a sterile scalpel and fine cuts 
were made on the ovaries’ surface. COCs were recovered 
immediately by rinsing and tapping the ovaries to release 
oocytes into a 400 mL beaker containing collection medium 
at 38 °C. The procedure of aspiration followed by slicing 
was performed to retrieve COCs which had not been recov-
ered by aspiration alone. 

The COCs were classed morphologically as describe oth-
er where (Tripp et al. 2000). Category A had normal cyto-
plasm surrounded by at least three layers of compact cumu-
lus; Category B had normal cytoplasm surrounded by two 
layers of compact cumulus; Category C had normal cyto-
plasm surrounded by one layer of compact cumulus, or they 
had degraded cytoplasm; Category D had abnormal cyto-
plasm and / or they were surrounded by less than one com-
plete layer of cumulus cells or an expanded cumulus. Cate-
gories A, B and C were designated as normal while cate-
gory D was designated as abnormal. After imaging using a 
Leica DM IL (Leica, Wetzlar, Germany) microscope 
equipped with a camera, oocyte diameter was measured 
using LAS V4.1 software. Normal COCs were washed 
three times with maturation medium (TCM-199 supple-
mented with 0.4 mM sodium pyruvate, 1 mM L-glutamine, 
100 µM cysteamine, 10% (v/v) fetal bovine serum (FBS), 
40 iu PMSG (Chrono-GEST/PMSG), 2 µg/mL estradiol 
and 50 µg/mL gentamycin). They were cultured in groups 
of 20 in 100 µL maturation medium under mineral oil at 
38.5 °C in a humidified atmosphere of 5% CO2, 5% O2 and 
90% N2. The prevalence of cumulus expansion (indicating 
oocyte maturation) was observed after culturing for 24 h. 

20 COC/microdrop were co-cultured with 1 × 106 sper-
matozoa/mL (selected by the swim-up method) in 200 µl 
fertilization medium (Fert-SOF supplemented with 100 
IU/mL penicillin, 100 µg/mL streptomycin, 2 mM caffeine 
and 10 µg/mL heparin) for 18 h in a humidified atmosphere 
as described for maturation. Then presumptive zygotes 
were removed from the fertilization medium, mechanically 
denoted, washed three times in culture medium (SOF-BE1) 
and incubated as before until eight days post insemination. 
Half of the culture medium was refreshed every 48 h and 
10% FBS was added 72 h post insemination. The cleavage 
state was evaluated three days post insemination. The 
morula and blastocyst rate was recorded eight days post 
insemination. 

Number of collected COCs, oocyte diameter, proportion 
of normal and abnormal COC, % prevalence of maturation, 
cleavage, morula and blastocyst formation from each treat-
ment were used for statistical analysis. After testing of 
normality and arc-sine transformation of proportional data, 
analysis of variance (ANOVA) was performed in R to as-
sess significant differences. The Duncan Range Test was 
performed by the Agricolae package program (Seefeld and 
Linder, 2007; de Mendiburu, 2014) to compare means 
(P<0.05). 
 

  RESULTS AND DISCUSSION 
Table 1 shows that number of recovered COCs per ovary 
differed (P≤0.05) between the retrieval methods. It was low 
after aspiration (2.31±0.21), high after slicing (6.65±1.65) 
and moderate after aspiration followed by slicing 
(3.72±1.43). Table 1 also shows that oocyte diameter did 
not differ between the retrieval methods. 
 

 Table 1 Effect of COC retrieval methods on number of COC per ovary, 
number of retrieved COC and oocyte diameter  

 
Number of 

ovaries 
COC per 

ovary 
Oocyte diame-

ter (µm) 
Treatment  

 
 
 

 
 
 
 

However, COC quality differed (P<0.05) between the re-
trieval methods (Figure 1). The number of category A COC 
was lower in aspiration (66.39±0.6) than from slicing 
(72.6±1.45) or aspiration followed by slicing. The number 
of category B COC was higher in aspiration (14.61±0.9) 
than from slicing (7.47±1.55) or aspiration followed by 
slicing (5.44±1.64). The number of category C COC was 
lower in aspiration (3.36±1.36) than slicing (5.51±1.58) or 

Slicing 150 6.65±1.65a 98.91±1.46a 

Aspiration 150 2.31±0.21b 98.91±1.46a 

Aspiration fol-
lowed by slicing 

150 3.72±1.43b 100.64±1.35a 

The means within the same column with at least one common letter, do not have 
significant difference (P>0.05). 
COC: cumulus oocyte complex. 

 744-741, )3(5) 5201(Animal Science Applied  ofIranian Journal   742 

Arc
hive

 of
 S

ID

www.SID.ir



Bohlooli et al. 
  

 

aspiration followed by slicing (9.31±0.80). The number of 
category D COC did not differ (P>0.05) between the re-
trieving methods. 

In terms of developmental competence, the prevalence of 
maturation, cleavage, morula and blastocyst formation did 
not differ (P>0.05) between collection methods (Table 2). 

This study demonstrated that more COC can be collected 
by slicing than by aspiration. This finding agrees with those 
of Mantovani et al. (1999) and Das and Santra (2008) in 
cattle, Wani et al. (2000) in sheep, Alm et al. (1997) in 
equines, El-Harairy et al. (2007) and Nowshari et al. (2005) 
in camels. However, it does not agree with findings of 
Pawshe et al. (1994) who found aspiration to be more suc-
cessful than puncturing and slicing ovaries from goats. In 
agreement with Carolan et al. (1994), the present study 
found no difference in oocyte diameter between the three 
retrieval methods.  

It also found no difference in maturation, fertilization and 
embryo development between the three retrieval methods, 
agreeing with previous studies (Carolan et al. 1994; Alm et 
al. 2008; Pawshe et al. 1994).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

On the other hand, the present study’s findings differed 
from those of Takagi et al. (1992), who found better devel-
opmental competence of COC recovered by aspiration 
(%21) than in those from minced ovaries (%14). This dif-
ference might be due to the aspiration method used here, in 
which COC were collected from all visible follicles regard-
less of follicle size.  

Harvesting fewer COC by aspiration alone, than when 
aspiration was followed by slicing, revealed that aspiration 
alone lost nearly 40% of COC. In an earlier study, the effi-
ciency of aspiration was 37-43% and 67-56% of COC were 
lost (Alm et al. 1997).  

Ovary slicing releases oocytes from follicles both on the 
ovary surface and in the ovarian cortex. This factor might 
have led to our high oocyte yield after slicing.  

Additionally, some oocytes might be lost during follicle 
aspiration, which could be avoided by slicing (Wani et al. 
2000). Our poor rate of oocyte retrieval after aspiration 
might have been affected not only by this method’s restric-
tion to superficial follicles but also by the rate of aspiration 
pressure. Additionally, the local and crossbreed cattle used 
in this study might have fewer superficial follicles relative 
to the number of follicles in the ovarian cortex. Low COC 
numbers per ovary were reported in previous studies, for 
unknown reasons (Mantovani et al. 1999; Carolan et al. 
1994) or attributed to the age of slaughtered animals 
(Hasler, 1998), or to cattle breed (Pontes et al. 2010). 

 

  CONCLUSION 

It can be concluded that ovary slicing was more efficient 
than aspiration, which led to excessive COC losses. There-
fore slicing will be useful when the aim is to salvage oo-
cytes from cows of high genetic potential, or to achieve 
high numbers of COCs. These aims might be important due 
to factors such as restrictions on the slaughter of female 
cattle or on the time of ovary harvesting. 
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 Table 2 Effect of COC retrieval methods on percentage of matura-
tion, cleavage and produced embryos  

  REFERENCES 
Matured 
oocyte 

Treatment Cleavage Embryo 
Alm H., Torner H., Kanitz W. and Roschlau K. (2008). Influence 

of oocyte recovery method, in vitro fertilization method and 
serum source on embryonic development of in vitro matured 
bovine oocytes. Arch. Tierz. 51, 224-234. 

Slicing 69.53±3.74 31.87±2.95 17.77±0.61 

Aspiration 71.26±2.05 38.50±3.45 21.63±2.37 

Aspiration followed 
by slicing 

72.98±5.37 31.87±7.87 20.46±1.98 Alm H., Torner H., Kanitz W., Becker F. and Hinrichs K. (1997). 
Comparison of different methods for recovery of horse oo-
cytes. Eq. Vet. J. Suppl. 25, 47-50. 

The means within the same column with at least one common letter, do not 
have significant difference (P>0.05). 

Carolan C., Monaghan P., Gallagher M. and Gordon I. (1994). 
Effect of recovery method on yield of bovine oocytes per 
ovary and their developmental competence after maturation, 
fertilization and culture in vitro. Theriogenology. 41, 1061-
1068. 

Das G.K., Jain G.C., Solanki V.S. and Tripathi V.N. (1996). Effi-
cacy of various collection methods for oocyte retrival in buf-
falo. Theriogenology. 46, 1403-1411. 

744-741, )3(5) 5201(Animal Science Applied  ofIranian Journal   743 

Arc
hive

 of
 S

ID

www.SID.ir



Effect of Harvesting Techniques on Bovine Cumulus Oocyte Complexes 
  
  

Pontes J.H.F., Silva K.C.F., Basso A.C., Rigo A.G., Ferreira C.R., 
Santos G.M.G., Sanches B.V., Porcionato J.P.F., Vieira 
P.H.S., Faifer F.S., Sterza F.A.M., Schenk J.L. and Seneda 
M.M. (2010). Large-scale in vitro embryo production and 
pregnancy rates from Bos taurus, Bos indicus, and Indicus-
taurus dairy cows using sexed sperm. Theriogenology. 74, 
1349-1355. 

Das S.K. and Santra A. (2008). Comparative the efficiency of 
different oocyte recovery methods from cattle ovaries. Indian 
J. Anim. Sci. 78, 277-278. 

de Mendiburu F. (2014). Agricolae: Statistical Procedures for 
Agricultural Research. Lima, Peru: National Engineering Uni-
versity. 

EL-Harairy M.A., Shamiah S.M., Abdel-Khalek A.E. and Khalil 
W.A. (2007). Effect of pregnancy status and harvesting tech-
nique on ecovery rate and categories of Dromedary camel oo-
cytes. Egypt J. Basic Appl. Physiol. 2, 255-268. 

Seefeld K. and Linder E. (2007). Statistics Using R with Biologi-
cal Examples. Durham: University of New Hampshire. 

Shabankareh H.K., Sarsaifi K. and Mehrannia T. (2011). In vitro 
maturation of ovine oocytes using different maturation media: 
effect of human menopausal serum. J. Assist. Reprod. Genet. 
28, 531-537. 

Farahavar A., Shahne A., Kohram H. and Vahedi V. (2010). Ef-
fect of melatonin on in vitro maturation of bovine oocytes. Af-
rican J. Biotechnol. 9, 2579-2583. 

Takagi Y., Mori K., Takahashi T., Sugawara S. and Masaki J. 
(1992). Differences in development of bovine oocytes recov-
ered by aspiration or by mincing. J. Anim. Sci. 70, 1923-1927. 

Gardner D.K., Michelle L. and Andrew J.W. (2004). A laboratory 
Guide to The Mammalian Embriyo. New York: Oxford Uni-
versity press. 

Hasler J.F. (1998). The current status of oocyte recovery, in vitro 
embriyo production and embriyo transfer in domestic animals, 
with an emphasis on the bovine. J. Anim. Sci. 76, 52-74. 

Tetzner T.A.D., Saraiva N.Z.S., Perecin F., Niciura S.C.M., 
Ferreira C.R., Oliveira C.S. and Garcia J.M. (2011). The ef-
fects of ovalbumin as a protein source during the in vitro pro-
duction of bovine embryos. R. Brasilian Zootech. 40, 2135-
2141. 

Hoque S.A.M., Kabiraj S.K., Khandoker M.A.M.Y., Mondal A. 
and Tareq K.M.A. (2011). Effect of collection techniques on 
cumulus oocyte complexes (COCs) recovery, in vitro matura-
tion and fertilization of goat oocytes. African J. Biotechnol. 
10, 9177-9181. 

Tripp M.W., Ju J.C., Hoagland T.A., Riesen J.W., Yang X. and 
Zinn S.A. (2000). Influence of somatotropin and nutrition on 
bovine oocyte retrieval and in vitro development. Therio-
genology. 53, 1581-1590. Mantovani R., Rota A., Penzo N. and Bittante G. (1999). Com-

parison among oocytes recovery methods for bovine embryo 
production in vitro. Pp. 235-235 in Proc. 13th A.S.P.A. Cong., 
Piacenza. 

Wang Z.G., Xu Z.R. and Yu S.D. (2007). Effects of oocyte collec-
tion techniques and maturation media on in vitro maturation 
and subsequent embryo development in Boer goat. Czech J. 
Anim. Sci. 52, 21-25. Nowshari M.A. (2005). The effect of harvesting technique on 

efficiency of oocyte collection and different maturation media 
on the nuclear maturation of oocytes in camels (Camelus dro-
medarius). Theriogenology. 63, 2471-2481. 

Wani N.A., Wani G.M., Khan M.Z. and Salahudin S. (2000). Ef-
fect of oocyte harvesting techniques on in vitro maturation and 
in vitro fertilization in sheep. Small Rumin. Res. 36, 63-67. 

Pawshe C.H., Totey S.M. and Jain S.K. (1994). A comparison of 
three methods of recovery of goat oocytes for in vitro matura-
tion and feritilization. Theriogenology. 42, 117-125. 

 

 

 744-741, )3(5) 5201(Animal Science Applied  ofIranian Journal   744 

Arc
hive

 of
 S

ID

www.SID.ir


