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1. Introduction
Turkey has rich domestic animal genetic resources and 
genetic diversity as it is located at the crossroads of Europe, 
Asia, and Africa (1). Native goat breeds are important 
genetic resources in livestock due to their socioeconomic 
value. There are numerous native goat breeds in Turkey, 
such as Angora (AG), Kilis (KL), Honamli (HO), Hair 
(HA), and Norduz (NO) goat breeds (2). While in 1961 
there were 24 million heads of goat in Turkey, this number 
has decreased to 5 million heads starting from the 1990s 
(3). Therefore, there is a certain need for developing 
strategies and methodologies that aim to conserve and 
support the sustainability of native goat breeds. In vivo 
embryo production and storage allow the conservation 
of endangered species from domestic and wild animals to 
maintain biodiversity (4,5). 

Superovulation is the most important step in the 
conservation of animal genetic resources via production 
of in vivo embryos. The most effective way of obtaining 
embryos from females is the induction of superovulation 
with various gonadotropins. In recent years, several 
follicle-stimulating hormones have been used to induce 
superovulation in livestock (6). In order to ensure the 

continuity of programs for multiple ovulation and embryo 
transfer (MOET) and conservation of genetic resources, a 
continuous supply of good quality embryos throughout the 
year is crucial. These programs in small ruminants (sheep 
and goats) are limited to the natural breeding season, since 
small ruminants have seasonal cyclic activity (7). The 
normal breeding season for goats is August to March, and 
especially October to December in temperate northern 
latitudes. During this season they are polyestrous animals. 
Similarly, the highest ovulation rate and embryo yields 
have been recorded during the natural breeding season 
while the lowest embryo yields were recorded during the 
anestrus season in goat breeds (8,9). 

A considerable amount of research on this topic has 
led to development of various superovulation protocols. 
Differences among the protocols have a significant 
effect on the embryo yield (10). For instance, the use of 
porcine follicle-stimulating hormone (pFSH) in repeated 
superovulation procedures in goats has been reported to 
decrease the number of ovulations, embryos recovered, and 
the number of transferable embryos (11,12). Furthermore, 
several other factors cause the reduction in superovulation 
response, such as the refractoriness of the ovaries and 
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the formation of gonadotropin antibodies following 
consecutive superovulation procedure (11,13,14). In 
addition to these factors, surgery leads to the formation of 
postoperative adhesions and trauma, which may cause a 
decrease in embryo recovery rates after repeated surgeries 
(10). Therefore, the number of times that surgical flushing 
can be performed on the same animal is limited (15–18). 
Despite the possible negative effects listed above, the 
superovulation and embryo recovery process with surgery 
is still the most optimal and suitable tool for the in vivo 
embryo production of endangered small ruminant breeds.  

The objective of this study was to assess the efficacy of 
the repeated administration of a superovulatory protocol 
and surgical procedure in in vivo embryo production 
and to determine the differences in the responses to 
superovulation treatment among Turkish native goat 
breeds. 

2. Materials and methods
2.1. Animals and superovulatory treatments
This study was conducted with 14 AG, 15 KL, 10 HO, 9 NO, 
and 10 HA does and with the same number of bucks. The 
does and bucks were housed in straw bedded semiopen 
folds. They were fed with concentrate daily together 
with alfalfa hay and barley straw; water was provided 
ad libitum. All goats were between 2 and 3 years of age 
and the mean body weights of AG, KL, HO, NO, and HA 
goats were 40.5 ± 1.4, 41.2 ± 2.5, 67.4 ± 3.1, 43.4 ± 2.8, and 
43.7 ± 4.3 kg, respectively. The does had not been used in 
any MOET program prior to this study. The experiments 
were conducted during the breeding season (September 
to December) in Central Anatolia (40°06′08.50″N, 
32°37′18.65″E) at 850 m above sea level. 

Estruses were detected by bucks, which were fitted 
with aprons. The superovulatory treatment was performed 
in each breed 5 days after the onset of estrus. The estrus 
cycles were synchronized with controlled integral drug 
release dispensers containing 0.3 g of progesterone (CIDR; 
Eazi-Breed; Pharmacia & Upjohn, Australia) for 11 days. 
Starting on day 9 of CIDR treatment (48 h prior to CIDR 
removal) and for 3 consecutive days groups of does were 
treated with intramuscular pFSH (Folltropin, 10 mL, 200 mg 
NIH-FSH-P1, Bioniche Animal Health, Ireland) in 6 doses 
of 2.5, 2.5, 1.5, 1.5, 1, and 1 mL twice a day (0600 and 1800 
hours) for induction of superovulation. At the time of first 
pFSH injection in all groups, D-cloprostenol (Dalmazin, 
Fatro, Turkey) was administrated intramuscularly at a 
dose of 150 µg to induce luteolysis. The bucks were used 
to detect estrus in all does starting from 24 h after CIDR 
removal. All does in estrus were naturally mated twice a 
day over 3 days. Superovulatory treatment procedure was 
repeated 3 times once a year between 2009 and 2011.

2.2. Assessment of superovulatory responses and 
embryos
Ovarian examination and embryo recovery were 
performed by laparotomy on day 6 after the first mating. 
All does were fasted for 24 h before surgery. Animals 
were sedated with 0.1–1 mg/kg atropine subcutaneously 
(Atrol-F, Sanovel, Turkey) and 0.5 mg/kg of diazepam 
intravenously (Diazem, Deva, Turkey) and anesthetized 
intravenously with 2 mg/kg ketamine HCl (Alfamine, 
EgeVet, Turkey). The ventral abdominal area, to the anterior 
of the udder, was shaved and cleaned. A midlateral incision 
was performed after local anesthesia by infiltration of 2% 
lidocaine HCl (Adokain, Sanovel, Turkey) in the incision 
area. The number of corpora lutea (CL) was recorded. 
Each uterine horn was flushed with a flushing medium 
(20 mL of mD-PBS + 3 mg/mL bovine serum albumin) 
using a catheter (1.3 × 130 mm) inserted near the utero-
tubal junction. The embryos were recovered into a 90-mm 
petri dish using a 2-way Foley catheter (No. 10, Rüsch, 
USA) inserted in the base of the uterine horns. To avoid 
intraabdominal adhesions, 1 L of 2.5% heparin solution 
was used during flushing. Embryos were morphologically 
evaluated under a stereomicroscope (Leica, M205 C) and 
were classified according to the criteria recommended by 
the International Embryo Transfer Society (IETS) (19). 
The embryos were classified as unfertilized ova (UFO), 
degenerate blastocysts (DBl), and transferable/freezable 
embryos [compact morulae (CM), early blastocysts 
(EBl), blastocysts (Bl), expanded blastocysts (ExBl)]. The 
total number of recovered embryos (TREs), degenerated 
embryos, and transferable embryos (TEs) per doe 
surgically flushed was recorded. Fertilization rate (FR) and 
recovery rate (RR) were calculated.  
2.3. Statistical analysis
The data obtained from groups were analyzed by the 
Kolmogorov–Smirnov Z statistic test for assessing 
normality. Data from groups that were not normally 
distributed were the FR and RR. The CL, UFO, DBl, CM, 
EBl, Bl, ExBl, and TE values were normally distributed. The 
Friedman test was performed for nonnormally distributed 
values and the chi-square test was performed for normally 
distributed values. Differences were considered significant 
at P < 0.05. All data were analyzed using SPSS 15.0.

3. Results
Superovulatory responses and embryo yield values by 
repeated surgical embryo flushing operations are presented 
in Tables 1–5 for each breed. Percentage of does in estrus 
and time interval from CIDR removal to estrus onset did 
not vary among the does. All does responded to estrus 
synchronization and, on average, estrus was demonstrated 
24.0 ± 6.1 h following CIDR removal.
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Table 1. The effect of repeated superovulation treatment and surgical embryo recovery 
procedure on the ovarian activity and embryo yields of Angora goat (AG).

AG group
 Op.1 Op.2 Op.3

(mean ± SD) (mean ± SD) (mean ± SD)
No. of CL 8.21 ± 5.2a 8.85 ± 5.30a 8.00 ±6.96a

No. of UFO 0.00a 0.21 ± 0.8a 1.42 ± 2.87b

No. of DBl 0.14 ± 0.53a 0.00a 0.35 ± 0.84a

No. of CM 0.00a 0.00a 0.85 ±1.46b

No. of EBl 3.92 ± 4.76a 4.92 ± 4.37a 0.64± 1.33b

No. of Bl 0.00a 0.71 ± 1.85a 0.50 ± 0.75a

No. of ExBl 0.00a 0.21 ± 0.8a 1.42 ± 2.87b

No. of TEs 3.92±4.76a 5.85±5.18a 3.42±4.92a

Median
(min–max)

Median
(min–max)

Median
(min–max)

FR 50.00a

(0–100)
100a

(0–100)
24.49b

(0–100)
RR 35.38a

(0–100)
82.57a

(0–100)
72.50a

(0–100)

Op.: Surgical embryo flushing operation, TE: transferable embryo, FR: fertilization rate, 
RR: recovery rate, UFO: unfertilized ova, DBl: degenerate blastocyst, CM: compact 
morulae, EBl: early blastocyst, Bl: blastocyst, ExBl: expanded blastocyst, SD: standard 
deviation; within the groups different superscripts in the same row indicate significant 
differences (P < 0.05).

Table 2. The effect of repeated superovulation treatment and surgical embryo recovery 
procedure on the ovarian activity and embryo yields of Kilis goat (KL).

KL group
 Op.1 Op.2 Op.3

(mean ± SD) (mean ± SD) (mean ± SD)
No. of CL 6.06 ± 4.11a 9.80 ± 6.99a 11.53 ± 9.022a

No. of UFO 0.00a 1.33 ± 3.86b 3.06 ± 5.24c

No. of DBl 0.00a 0.20 ± 0.56a 0.73 ± 2.15a

No. of CM 0.00a 0.60 ± 1.29b 0.00a

No. of EBl 1.66 ± 2.43a 0.60 ± 1.80b 0.13 ± 0.51b

No. of Bl 1.06 ± 1.93a 0.66 ± 1.29a 0.80 ± 1.85a

No. of ExBl 0.20 ± 0.41a 0.33 ± 1.29a 4.20 ± 5.0b

No. of TEs 2.93 ± 3.61a 2.20 ± 4.17a 5.26 ± 5.83a

Median
(min–max)

Median
(min–max)

Median
(min–max)

FR 100a

(0–100)
25.00a

(0–100)
37.50a

(0–100)
RR 37.50a

(0–100)
21.73a

(0–100)
70.00a

(0–100)

Op.: Surgical embryo flushing operation, TE: transferable embryo, FR: fertilization rate, 
RR: recovery rate, UFO: unfertilized ova, DBl: degenerate blastocyst, CM: compact 
morulae, EBl: early blastocyst, Bl: blastocyst, ExBl: expanded blastocyst, SD: standard 
deviation; within the groups different superscripts in the same row indicate significant 
differences (P < 0.05).
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Table 3. The effect of repeated superovulation treatment and surgical embryo recovery 
procedure on the ovarian activity and embryo yields of Norduz goat (NO).

NO group
 Op.1 Op.2 Op.3

(mean ± SD) (mean ± SD) (mean ± SD)
No. of CL 9.88 ± 7.16a 11.88 ± 2.93a 6.00 ± 4.74a

No. of UFO 0.66 ± 1.65a 3.11 ± 5.66a 2.00 ± 3.90a

No. of DBl 1.11 ± 1.69a 0.88 ± 1.61a 0.77 ± 1.64a

No. of CM 0.00a 0.00a 0.22 ± 0.66a

No. of EBl 1.55 ± 2.12a 0.00b 0.22 ± 0.66b

No. of Bl 1.55 ± 3.00a 0.66 ± 1.11a 0.11 ± 0.33a

No. of ExBl 2.44 ± 4.95a 1.77 ± 1.98a 0.11 ± 0.33b

No. of TEs 5.55 ± 6.44a 2.44 ± 2.50a 0.66 ± 1.65b

Median
(min–max)

Median
(min–max)

Median
(min–max)

FR 33.33a

(0–100)
33.33a

(0–85.71)
0.00b

(0–100)
RR 77.77a

(0–100)
53.84a

(0–100)
71.42a

(0–100)

Op.: Surgical embryo flushing operation, TE: transferable embryo, FR: fertilization rate, 
RR: recovery rate, UFO: unfertilized ova, DBl: degenerate blastocyst, CM: compact 
morulae, EBl: early blastocyst, Bl: blastocyst, ExBl: expanded blastocyst, SD: standard 
deviation; within the groups different superscripts in the same row indicate significant 
differences (P <0.05).

Table 4. The effect of repeated superovulation treatment and surgical embryo recovery 
procedure on the ovarian activity and embryo yields of Honamli goat (HO).

HO group
 Op.1 Op.2 Op.3

(mean ± SD) (mean ± SD) (mean ± SD)
No. of CL 9.88 ± 5.97a 15.30 ± 10.37a 13.40 ± 11.46a

No. of UFO 0.00a 4.9 ± 5.19b 4.5 ± 7.8b

No. of DBl 0.00a 0.4 ± 0.8a 0.3 ± 0.6a

No. of CM 0.00a 0.00a 0.00a

No. of EBl 4.2 ± 3.55a 1.6 ± 2.67a 0.3 ± 0.94b

No. of Bl 2.6 ± 3.43a 2.2 ± 3.04a 0.5 ± 0.84a

No. of ExBl 0.00a 1.3 ± 1.7b 3.6 ± 4.52b

No. of TEs 6.9 ± 4.84a 5.1 ± 4.95a 4.5 ± 5.29a

Median
(min–max)

Median
(min–max)

Median
(min–max)

FR 100a 
(0–100)

42.48b 
(0–100)

56.25b 
(0–100)

RR 70.71a 
(0–100)

65.61a 
(0–100)

60.71a 
(0–100)

Op.: Surgical embryo flushing operation, TE: transferable embryo, FR: fertilization rate, 
RR: recovery rate, UFO: unfertilized ova, DBl: degenerate blastocyst, CM: compact 
morulae, EBl: early blastocyst, Bl: blastocyst, ExBl: expanded blastocyst, SD: standard 
deviation; within the groups different superscripts in the same row indicate significant 
differences (P < 0.05).
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In HA goats, the number of CL decreased significantly 
(P < 0.05) during the third superovulation treatment (12.7 
± 6.2, 14.0 ± 9.06, and 6.8 ± 5.59, respectively, for cycles 
1, 2, and 3), while no effects of the cycle were observed in 
the remainder of the breeds. The number of TEs showed 
no differences among 3 cycles in AG (3.92 ± 4.76, 5.85 ± 
5.18, 3.42 ± 4.92, respectively), in KL (2.93 ± 3.61, 2.20 
± 4.17, 5.26 ± 5.83, respectively), in HO (6.96 ± 4.84, 5.1 
± 4.95, 4.5 ± 5.29, respectively), and in HA (5.7 ± 5.45, 
6.6 ± 6.13, 4.7 ± 5.55, respectively) does (P > 0.05). On 
the other hand, the number of TEs was found significantly 
decreased in the third cycle in NO does (5.55 ± 6.44, 2.44 
± 2.50, 0.66 ± 1.65, respectively) (P < 0.05). The number 
of ExBl increased considerably during the third cycle in 
AG (0, 0.21 ± 0.8, and 1.42 ± 2.87, respectively, for cycles 
1, 2, and 3), KL (0.2 ± 0.41, 0.33 ± 1.29, and 4.2 ± 5.0), and 
HO (0, 1.3 ± 1.7, and 3.6 ± 4.52) does, while a significant 
decrease was observed in NO does (2.44 ± 4.95, 1.77 ± 
1.98, and 0.11 ± 0.33; P < 0.05). The mean numbers of 
UFO were found significantly increased in AG (0, 0.21 ± 
0.8, and 1.42 ± 2.87, respectively, for cycles 1, 2, and 3), KL 
(0, 1.33 ± 3.86, and 3.06 ± 5.24), and HO (0, 4.9 ± 5.19, and 
4.5 ± 7.8) goats (P < 0.05). As a result, fertilization rates 
(%) showed a decrease in AG (50, 100, 24.49, respectively, 

for cycles 1, 2, and 3) and HO (100, 42.48, 56.25) goats 
(P < 0.05). On the other hand, recovery rates showed no 
differences among the different breeds.

4. Discussion
The time interval from CIDR removal to the onset of 
estrus was not affected by repeated superovulatory 
treatment in all groups and cycles. The time response from 
CIDR removal (24.0 ± 6.1) was shorter in comparison with 
previous studies, which found intervals of 32.0 ± 3.5 and 
27.6 ± 3.5, respectively (20,21). The shorter time interval 
from CIDR removal to the onset of estrus may be due to 
an age factor and good nutritional and housing conditions. 
The percentage of estrus response (100%) obtained in this 
study indicates that Turkish native goats seem to respond 
well to induced estrus following hormonal stimulation.  

Repeated superovulation treatment had a significant 
effect on the number of CL. Especially following the 
fourth treatment and after superovulation treatment, the 
numbers of CL have been found to be reduced (11,22). 
This study’s findings contradict these previous data as the 
number of CL recorded was not affected by the repeated 
superovulation treatment. In all goats except HA, repeated 
induction of superovulation and surgery did not have an 

Table 5. The effect of repeated superovulation treatment and surgical embryo recovery 
procedure on the ovarian activity and embryo yields of Hair goat (HA).

HA group
 Op.1 Op.2 Op.3

(mean ± SD) (mean ± SD) (mean ± SD)
No. of CL 12.70 ± 6.20a 14.0 ± 9.06a 6.8 ± 5.59b

No. of UFO 2.1 ± 3.51a 3.5 ± 4.76a 0.4 ± 0.96a

No. of DBl 0.6 ± 1.34a 0.3 ± 0.94a 0.7 ± 1.05a

No. of CM 0.4 ± 1.26a 0.00a 0.00a

No. of EBl 0.00a 0.1 ± 0.31a 0.7 ± 0.94a

No. of Bl 2.5 ± 4.0a 3.3 ± 3.52a 1.2 ± 2.14a

No. of ExBl 2.8 ± 3.22a 2.9 ± 2.64a 2.6 ± 4.35a

No of TEs 5.7 ± 5.45a 6.6 ± 6.13a 4.7 ± 5.55a

Median
(min–max)

Median
(min–max)

Median
(min–max)

FR 51.01a 
(0–100)

70.83a 
(0–100)

50.00a 
(0–100)

RR 73.21a 
(0–100)

86.11a 
(26.09–100)

79.46a

(0–100)

Op.: Surgical embryo flushing operation, TE: transferable embryo, FR: fertilization rate, 
RR: recovery rate, UFO: unfertilized ova, DBl: degenerate blastocyst, CM: compact 
morulae, EBl: early blastocyst, Bl: blastocyst, ExBl: expanded blastocyst, SD: standard 
deviation; within the groups different superscripts in the same row indicate significant 
differences (P < 0.05).
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effect on the number of CL recorded. This result may have 
occurred as a result of the 1-year rest period among the 
treatments, which allowed enough time for the uterus and 
ovaries to regenerate. The mean CL numbers of AG, KL, 
NO, HO, and HA goats were recorded as 8.21 ± 5.2, 6.06 ± 
4.11, 9.88 ± 7.16, 9.88 ± 5.97, and 12.7 ± 6.20, respectively, 
in the first cycle. These values were lower compared to 
the mean CL numbers in Nubian (23) and Angora (24) 
goats (28.7 ± 2.3 and 15.00, respectively) and were higher 
compared to mean CL numbers in Jamunapari goats (25). 

The increased number of UFO is associated with the 
repeated treatment of FSH since the formation of FSH 
antibodies, which might affect the process of oocyte 
development, could occur after repeated superovulatory 
treatments (15,26). 

The numbers of TEs showed no significant difference 
in AG, KL, HO, and HA groups among the cycles. In the 
other hand, the number of TEs was found significantly 
decreased in the third cycle in NO goats. The use of 
intraabdominal heparinized washing solutions is thought 
to have a positive effect on RR and TEs. In the NO group, the 
formation of postoperative adhesions may have decreased 
the number of TEs recovered, especially adhesions in the 
uterine lumen (27,28). 

The FR and RR following repeated superovulation 
treatment may be falling in goats (24). Likewise, in the 
present study, in groups AG, NO, and HO, FR decreased in 
the third cycle. On the contrary, in groups KL and HA, FR 
did not change among the cycles. The lower fertilization 
rates in the third cycle may be attributed to a reduced 

activity of the exogenous gonadotrophin applied, due to it 
being neutralized by antibodies generated from previous 
gonadotrophin treatments (13,29). 

The reduction of RR can also be ascribed to the 
formation of postoperative adhesions following repeated 
surgical collection of the embryos. This factor has also been 
shown to reduce RR (30). In this study, the RR showed no 
significant difference due to the use of intraabdominal 
heparinized washing solutions, which are thought to have 
a positive effect on the RR.

In conclusion, the use of intravaginal CIDR 
in combination with pFSH is suitable for estrous 
synchronization and superovulatory in vivo embryo 
production in indigenous goats during the breeding 
season. In addition, the results of this study suggest that 
use of heparin-based intraabdominal washing solutions 
be strongly recommended to prevent adhesions and 
trauma, consequently increasing the efficiency of MOET 
programs in goats and especially helping in programs 
for conservation of genetic resources. Furthermore, rest 
periods among treatments could help in achieving more 
productive results in repeated superovulatory treatments.
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