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Artificial insemination protocols depend on efficient behavioral estrus detection and insemination time in Angora goat. Therefore,
we aim to determine the accuracy of an estrus scoring system in Angora goats with different PMSG doses during the breeding
season. Does (n: 260) were randomly divided into three groups: group-1 (n: 93), group-2 (n: 85) and group-3 (n: 82). All animals
received an intravaginal sponge on day 0 for 11 days, and on the day of sponge insertion 150 ug prostaglandin F2A was
administered. Pregnant mare’s serum gonadotropin was injected 300, 400 and 500 IU intramuscularly 24 h before sponge removal
to groups 1, 2 and 3, respectively. Estrus signs were detected with a teaser buck, 24 h after sponge removal according to a visual
scoring system. Artificial insemination was performed with 0.25 ml fresh diluted semen at 43 to 45 h after sponge removal.
Differences were observed within PMSG groups in terms of standing, tail wagging, courtship behavior, vaginal discharge and
vaginal hyperemia (P < 0.001). Nevertheless, the most accurate indicators of estrus that result in pregnancy were tail wagging and
courtship behavior followed by standing estrus (P < 0.05). According to the results obtained, 300 IU PMSG dose is sufficient, both
to inseminate at a fixed time (43 to 45 h after sponge removal) and to record the estrus behavior by teaser male 24 h after sponge
removal. Higher PMSG doses (400 to 500 IU) altered the timing of ovulation; specifically, 500 IU dose shortened the duration of
estrus behaviors. In conclusion, even though the different doses of PMSG displayed similar effects on estrus synchronization and

pregnancy rates, we concluded that tail wagging, courtship behavior and standing heat are the most reliable estrus signs for

artificial insemination in Angora goat.
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Implications

The first major practical contribution of this study is the
estrus scoring system, which may help the breeders to select
the right animals for artificial insemination (Al) campaign.
Although this strategy offers the opportunity to select the
future genetics for the enterprise, it also reduces main-
tenance cost, labor and support animal welfare.

Introduction

The natural reproductive and growth cycle in Angora goat
management is not sufficient for the current surfeit demand
of mohair production. Reproductive technologies such as
estrus synchronization or the induction of estrus are valuable
management tools to increase litter size, pregnancy, kidding
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rate and thereby to increase the production units in Angora
goats. Above all, for the successful Al campaign, when using
synchronized breeding, it is essential to have a high estrus
response (Zeleke et al., 2005).

Various studies have been performed regarding the hor-
monal manipulation of the reproductive cycle of Angora
goats, particularly estrus synchronization. Application of
intravaginal sponges containing progestagens followed by
timed Al is one of the most commonly preferred treatments for
estrus synchronization in small ruminants. However, there are
different estrus lengths and patterns reported in Angora goats
(Ginther and Kot, 1994; De Castro et al., 1999; Schwarz and
Wierzcho$, 2000; Rubianes and Menchaca, 2003).

Apart from the synchronization method, there are different
doses and timing of PMSG (100 to 1000 IU) administration
(Jainudeen et al., 2000, Nasr et al, 2002, Whitley and
Jackson, 2004). Sponges are usually inserted for 12 to
14 days and are used together with a different dose of PMSG,


mailto:tekin.koray@hotmail.com
https://doi.org/10.1017/S1751731118001908

at the time of sponge withdrawal or 48 h before the sponge
removal. Pregnant mare’s serum gonadotropin has both FSH
and LH-like properties. In order to obtain an efficient treat-
ment, the adequate level of gonadotropic hormones are
required to be present in circulation to trigger the pre-
ovulatory events (Abecia et al, 2012). Administration of
PMSG provides the increase of endogenous gonadotropins
with ‘exogenous’ FSH activity (Powell et al,, 1996), owing to
the FSH-like property of this hormone. During the breeding
season, it increases the ovulation rates resulting in increased
number of offspring. Hence, the use of PMSG hormone
requires a certain attention to avoid the excess number of
offspring and to prevent the formation of PMSG antibodies
as well. In sheep, doses are varying from 250 to 7501U
(Boland et al,, 1981), in various breed, age and season;
whereas in goat, doses up to 10001U are usually required
(Amoah and Gelaye, 1990). However, the effect of PMSG
may be influenced by many factors such as the timing and
the dose of administration (Timurkan and Yildiz, 2005),
environment or the season (Zeleke et al., 2005).

As mentioned above, these variables have an effect on
various behavioral signs as well, which can be utilized for
estrus determination in goats, for instance; courtship beha-
vior, vaginal discharge, vulvar edema, urination, mounting
behavior and tail wagging. The link between the manifesta-
tion of these diverse behavioral estrus signs and planned Al
is not yet settled. In any case, it is realized that the link
between the time of ovulation and behavioral estrus signs is
much more variable than what was expected before.
Recently, the impact of various insemination protocols with
respect to estrus-associated attributes on pregnancy rate has
been examined in cows (Roelofs et al, 2005); however,
ovulation time was not evaluated in this study. To decide the
best time for insemination with respect to ovulation, indi-
cators of ovulation time are required.

The main reasons of alteration of insemination timing in
terms of ovulation include the use of different estrus detec-
tion methods and their efficiency, the precise time of ovula-
tion and the timing of insemination. However, estrus
behavioral scoring was not taken into consideration to
determine the right time of insemination in Angora goat up
to now. This study aims to evaluate the effect of different
PMSG doses on estrus behavioral score, the accurate timing
of estrus behavior detection, the success of timed Al and
pregnancy rate in Angora goat. In addition, the effect of
PMSG dose on does’ ability to show estrus signs adequately
and the relationship between these signs and timed Al suc-
cess were evaluated by the pregnancy rate.

Material and methods

Treatment schedule

The experiment was conducted at Ayas province, Ankara,
Turkey. Animals were kept under the traditional Angora goat
(extensive) grazing system. Three treatment groups were
housed at Ayas, in Ankara 39°57'22.9” N longitude and
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32°23'46.8” E latitude and at an altitude of 910 m above
sea level. In total, 260 Angora does which were healthy, at
least primiparous, of 2 to 4 years of age and an average
40 kg in weight were used in this study. Goats were allocated
randomly into three groups. All animals were injected with
150 ug prostaglandin F2A (d-cloprostenol Gestavet; Hipra,
Ankara, Turkey) and received an intravaginal sponge (30 mg
fluorogestone acetate (FGA), Chronogest®, white sponges;
Hipra) for 11 days. Different doses of PMSG (freeze-dried
equine serum gonadotropin Oviser; Hipra) were injected
(3001U — group 1; 400U — group 2 and 500 IU — group 3)
intramuscularly 24 h before sponge removal (Stelletta et al.,
2017).

Semen assessment

Semen was collected via artificial vagina from four Angora
bucks with proven fertility (2 to 4 years of age) on the day of
Al and diluted with TRIS base extenders (Tris 3.63 g, citric
acid 1.82 g, glucose 0.5 g and double distilled water
100 ml, pH 6.8). Motility and concentration (Thoma Slide,
Neubauer, Germany) were evaluated with a phase contrast
light microscope before insemination. Semen was diluted to
a final concentration of 800 x 10® spermatozoa/ml and loa-
ded into 0.25 ml straws.

Estrus behavior scoring

Twenty-four hours after the sponge removal, females were
exposed to a teaser buck to detect estrus; behavioral and
physiological changes were recorded according to the fol-
lowing criteria.

Behavioral signs

Tail wagging: with the presence of a teaser buck, the wag-
ging movement of the does’ tails were observed and scored
as: 0 =no movement; 1 =rapid wagging.

Standing: immobilization of the does when teaser buck
mounted was observed and assessed as: 0 = does reject the
mount attempt of the teaser buck; 1 = standing (doe stands
firmly when buck attempts to mount).

Courtship behavior: according to does’ interaction with
teaser buck, courting behavior of the does’ were scored as:
0=no behavior (when the does avoid interaction);
1 =strong attention.

Urination: observation of the urination reflex when does
interact with teaser buck, was graded as: 0 =no observed
urination; 1 = urination.

Physiological signs

Vaginal discharge: at the time of estrus detection if no dis-
charge was evident, a sterile cotton swab was inserted into
the vagina to a depth of 2 to 4 cm and then was rolled gently
within the vulva before being removed. According to the
color, consistency and quantity of the discharge, three levels
of scoring were used: 0=dry (no discharge); 1=slight;
2 =flowing.
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Vulvar hyperemia: vulva lips were compared with a simple
color chart of three grades: 0= dirty white (anemic); 1=
pink (peri-hyperemic) and 2 = red (hyperemic).

Vulvar edema: gloved thumb and forefinger (fovea digi-
talis) were used to feel the texture of the vulva lips and then
subjectively scored as: 0=no edema; 1 =slightly swollen;
2 =swollen.

Artificial insemination

The does were restrained at the breeding stand and insemi-
nated intracervically with diluted fresh semen including
800 x 10° spermatozoa/ml. Semen was deposited at either
the first cervical ring, or if the catheter was freely moved
further, deposition was done to further regions of cervix up
to corpus uteri. Inseminations were performed 43 to 45h
after sponge removal independent from the estrus signs,
using an insemination catheter and a speculum.

Pregnancy diagnosis

Pregnancy rates were determined by trans-rectal ultra-
sonography (US) using a real-time B-Mode ultrasound with a
linear-array 10 MHz trans-rectal probe (Tringa Linear VET,
Esaote SpA, Genoa, Italy) on day 35 following Al. The US
monitoring was done by placing the probe into rectum with
an external trans-rectal probe attachment. Amniotic vesicle
in the US image was accepted as the indication of pregnancy.
Animals which were positive for pregnancy were stated
in the tables as 1, whereas non-pregnant animals were
stated as 0.

Statistical analysis

Onset and duration of estrus were analyzed using y? test. In
2 x 2 contingency tables, Fisher's exact test was used when
any cells had an expected count <5; in other cases, Pearson

2 . .

x~ test was used. In all analysis, P<0.05 was considered
statistically significant. All statistical analyses were per-
formed using SPSS for Windows 14.1.

Results

The onset of estrus after sponge removal was observed in
95.4% (248/260) of the synchronized does. According to the
results obtained, the most accurate indicators of estrus,
resulting in pregnancy, were tail wagging and courtship
behavior followed by the standing signs (Table 1). Standing,
tail wagging, courtship behavior, vaginal discharge and
vaginal hyperemia were different (P < 0.001) between PMSG
groups (Table 2). Independently from the PMSG groups,
regarding the pregnancy rates, estrus signs were not sig-
nificantly different. However, standing and vulvar edema
showed higher significance than other estrus signs (Table 3).
In this study, we obtained 78.5% pregnancy rate (204/260)
regardless of the different dosage of PMSG groups. The
lowest pregnancy rate was observed in group 400IU
(P<0.05) (Table 4).
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Table 1 The relationship between the pregnancy rate and estrus signs
in Angora goat

Estrus signs Pregnancy rate (%) Accuracy rate (%)

Behavioral signs

Standing 713 20.75
Tail wagging 78.6 22.97
Urination 86.6 7.85
Courtship behavior 785 22.74
Physiological signs
Vaginal discharge 80.9 1.73
Vulvar edema 75.1 12.30
Vulvar hyperemia 79.4 5.62
Discussion

In this study, we administered three different PMSG doses,
following 11-day progestagen treatment. The overall preg-
nancy rate was 78.5% (Table 3) with the synchronization
protocol we performed. Comparing with the other studies on
different species, breed and using different PMSG doses,
Zeleke et al. (2005), Ozer and Dogruer (2011) and Romano
(2004) found similar pregnancy rates of 72.3%, 72.7% and
63.6%, respectively; however, Motlomelo et al. (2002)
obtained 53%. According to Zeleke et al. (2005), the use of
different intravaginal progestagens medroxyprogesterone
acetate (MAP) or FGA, the injection of different doses of
PMSG, days and the administration of PMSG in different
seasons do not differ significantly; however, they insist on
subcutaneous injection as their favored route compared with
intramuscular.

Consistent use of PMSG during the whole female life or
within the same year usually results in active immunization
against PMSG (measured by the percentage of plasma PMSG
binding), which decreases the efficacy of ovarian stimulation
during the non-breeding season (Baril et al., 1992).

When other articles are considered, there is no study that
evaluates the effect of PMSG dose on recording the estrus
behavior signs and timed Al with fertility results. Our results
indicate that 300 IU PMSG dose is sufficient to inseminate at
a fixed time (43 to 45 h after sponge removal) and to record
the estrus behavior using a teaser male, 24 h after sponge
removal. When 4001U PMSG is administered to the does,
estrus signs can be visible 24h before the insemination.
However, the lowest pregnancy results obtained with 400 [U
PMSG dose indicate that ovulation might have occurred later
than our planned insemination period. The half-life of PMSG
is40to 125 h, yetitis 2 to 3 h for FSH. Due to this difference,
we think that surplus FSH that was formed with a higher
dose of PMSG might have blocked the LH peak and delayed
ovulation, thus fixed time insemination was implemented
earlier than required. With 500 IlU PMSG dose, the total rate
of estrus detection decreased between these periods,
although the timing for insemination which was 43 to 45h
after the sponge removal was accurate according to the
pregnancy results obtained. This might be caused in view of
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Table 2 The relationship between the three PSMG doses in terms of estrus signs in Angora goat

Protocols
Estrus behavior Scoring 1 (3001U) 2 (4001V) 3 (5001V) Total P
Standing 0 6 (6.5%)° 7 (8.2%)? 26 (31.7%)° 39 (15.0%) <0.001"
1 87 (93.5%)? 78 (91.8%)° 56 (68.3%)° 221 (85.0%)
Tail wagging 0 2 (2.2%)? 0 (0.0%)? 4 (17.1%)P 6 (6.2%) <0.001"
1 91 (97.8%)? 85 (100.0%)* 68 (82.9%)° 244 (93.8%)
Urination 0 90 (96.8%) 79 (92.9%) 76 (92.7%) 245 (94.2%) 0.390
1 3 (3.2%) 6 (7.1%) 6 (7.3%) 5 (5.8%)
Courtship behavior 0 2 (2.2%)? 1(1.2%)? 5 (18.3%)° 8 (6.9%) <0.001"
1 91 (97.8%)? 84 (98.8%)? 67 (81.7%)° 242 (93.1%)
Vaginal discharge 0 74 (79.6%)° 46 (54.1%)° 31 (37.8%)° 151 (58.1%) <0.001"
1 10 (10.8%)® 21 (24.7%)° 36 (43.9%)° 67 (25.8%)
2 9 (9.7%)? 18 (21.2%)° 5 (18.3%)® 42 (16.2%)
Vulvar edema 0 2 (12.9%) 5 (5.9%) 2 (14.6%) 29 (11.2%) 0.427'
1 32 (34.4%) 34 (40.0%) 28 (34.1%) 94 (36.2%)
2 49 (52.7%) 46 (54.1%) 42 (51.2%) 137 (52.7%)
Vulvar hyperemia 1 35 (37.6%)? 34 (40.0%)? 26 (31.7%)? 95 (36.5%) <0.001"
2 54 (58.1%)° 46 (54.1%)*° 31 (37.8%)" 131 (50.4%)
3 4 (4.3%)* 5 (5.9%)° 25 (30.5%)° 34 (13.1%)
abpjfferent superscripts within the same column demonstrate significant differences (P< 0.001).
'Pearson y? test.
Table 3 The relationship between the pregnancy results and the estrus signs in Angora goat
Pregnancy
Estrus behavior Scoring 0 1 Total P
Standing 0 6 (10.7%) 33 (16.2%) 39 (15.0%) 0.311"
1 50 (89.3%) 171 (83.8%) 221 (85.0%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)
Tail wagging 0 4 (7.1%) 2 (5.9%) 6 (6.2%) 0.7552
1 52 (92.9%) 192 (94.1%) 244 (93.8%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)
Urination 0 54 (96.4%) 191 (93.6%) 245 (94.2%) 0.536°
1 2 (3.6%) 3 (6.4%) 5 (5.8%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)
Courtship behavior 0 4 (7.1%) 4 (6.9%) 8 (6.9%) 1.000?
1 52 (92.9%) 190 (93.1%) 242 (93.1%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)
Vaginal discharge 0 32 (57.1%) 119 (58.3%) 151 (58.1%) 0.826
1 6 (28.6%) 51 (25.0%) 67 (25.8%)
2 8 (14.3%) 34 (16.7%) 42 (16.2%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)
Vulvar edema 0 2 (3.6%) 27 (13.2%) 29 (11.2%) 0.103"
1 20 (35.7%) 74 (36.3%) 94 (36.2%)
2 34 (60.7%) 103 (50.5%) 137 (52.7%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)
Vulvar hyperemia 1 21 (37.5%) 74 (36.3%) 95 (36.5%) 0.981"
2 28 (50.0%) 103 (50.5%) 131 (50.4%)
3 7 (12.5%) 27 (13.2%) 34 (13.1%)
Total 56 (100.0%) 204 (100.0%) 260 (100.0%)

1Pearson 2 test.
ZFisher's exact test.
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Table 4 The relationship between the PMSG doses and pregnancy rates in Angora goat

Protocols
1(3001U) 2 (400 1U) 3 (500 IU) Total P
Pregnancy
0 17 (18.3%)a'ID 27 (31 .8%)|D 12 (14.6%)? 56 (21.5%) 0.017"
1 76 (81.7%)*° 58 (68.2%)° 70 (85.4%)? 204 (78.5%)
Total 93 (100.0%) 85 (100.0%) 82 (100.0%) 260 (100.0%)

abpjfferent superscripts within the same column demonstrate significant differences (P< 0.05).

'Pearson y? test.

the fact that surplus amount of FSH moves the visible estrus
signs to an earlier time, while delaying the LH peak due to
excess amount of FSH, and thus the proper time for insemi-
nation may still be caught with our fixed time.

Even though there was an exception in estrus response,
differences were observed among the PMSG groups accord-
ing to pregnancy rates (Table 4). The reason for that might be
due to either individual differences between animals or their
previous synchronization history. The estrus response per-
centages were different from the responses declared in var-
ious literature (Ak et al., 1998; Muna et al., 1998; Romano,
2004; Lehloenya et al., 2005; Zeleke et al., 2005; Kulaksiz
et al., 2013). The highest estrus responses (100%) have been
reported by Romano (2004) and Ak et al. (1998). Romano
(2004) synchronized Nubian does with controlled internal
drug release, FGA and MAP (13 days intravaginal progesta-
gen without PMSG), and goats were intracervically insemi-
nated with fresh or cooled semen at 12 and 24 h after onset
of estrus. In the current study, estrus response obtained was
different from these researchers’ findings. The differences in
our results could be because of the timing of sponge
administration and PMSG doses or due to breed variations,
the effect of geographical conditions on estrus response or
the treatments that an individual animal had previously
received. According to Baril et al. (1993), the low pregnancy
rate observed in some herds after estrus synchronization can
be related to the high proportion of goats with a late
occurrence of estrus.

Table 1 presents the relationship between pregnancy rates
and estrus signs. Differences were observed between the
PMSG groups in terms of standing, tail wagging, courtship
behavior, vaginal discharge and vaginal hyperemia
(P<0.001). However, the differences in urination and vulvar
edema were not different between the PMSG groups
(P> 0.05) (Table 2). Most reliable estrus signs resulting with
pregnancy were tail wagging and courtship behavior fol-
lowed by the standing signs. Greyling and Van Niekerk
(1990) found out that the time of PMSG administration had
no effect on estrus response; however, PMSG-treated ani-
mals exhibited shorter estrus intervals compared with intra-
muscular (P<0.01) and subcutaneous (P<0.05) routes.
This might be related to the preovulatory LH effects of PMSG,
and likewise, our results had no effect on overall estrus
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response. The percentage of tail wagging accuracy was high-
est (22.97%) among the estrus scoring system. However, the
highest pregnancy rate was obtained with urination behavior,
which had the lowest estrus accuracy percentage. So far, there
have been no reports regarding the correlation between estrus
behavioral scores and pregnancy rates in goats.

In conclusion, this study suggests that different doses of
PMSG (300, 400 and 500 IU) injections following an 11-day
treatment with intravaginal sponges can be used to syn-
chronize estrus efficiently in Angora goats during the
breeding season. Better results can be obtained in terms of
both estrus detection accuracy and pregnancy rates when
300U PMSG are administered. Higher PMSG doses (400 to
5001U) delayed ovulation; and in addition, 5001U dose
shortened the estrus behavior duration. Even though differ-
ent doses of PMSG displayed similar effects on estrus syn-
chronization and pregnancy rates, we concluded that tail
wagging, courtship behavior and standing heat are the most
reliable estrus signs for Al in Angora goat.

The obtained results indicate that estrus-scoring system
may be a potential tool for estrus detection; however, further
studies are needed regarding the estrus-scoring systems and
the development of video-monitoring system throughout the
entire estrus period of reproductive cycles for extensive goat
production systems.

Acknowledgments

This study was financed under the project supported by the
Scientific and Technological Research Council of Turkey
(TUBITAK) (Project No: 2140034).

Declaration of interest

The authors declared that there is no conflict of interest
regarding to publication of this article. The terms of this
arrangement have been reviewed and approved by Ankara
University Animal testing ethical committee in accordance with
its policy on objectivity in research.

Ethics statement

This study was approved by the Ankara University Animal
testing ethical committee and all experiments were conducted
according to ethical principles and laws.



Software and data repository resources
None of the data were deposited in an official repository.

References

Abecia JA, Forcada F and Gonzalez-Bulnes A 2012. Hormonal control of repro-
duction in small ruminants. Animal Reproduction Science 130, 173-179.

Ak K, Ozturkler Y, Kasikci G, Horoz H, Kilicarslan R and lleri K 1998. Investigation
of different oestrus synchronization techniques and serum progesterone, LH
levels in Angora goats. Journal of the Faculty of Veterinary Medicine, Istanbul
University 24, 367-377.

Amoah EA and Gelaye S 1990. Superovulation, synchronization and breeding
of does. Small Ruminant Research 3, 63-72.

Baril G, Leboeuf B and Saumande J 1993. Synchronization of estrus in goats: the
relationship between time of occurrence of estrus and fertility following artificial
insemination. Theriogenology 40, 621-628.

Baril G, Remy B, Vallet JC and Beckers JF 1992. Effect of repeated use of
progestagen-PMSG treatment for estrus control in dairy goats out of
breeding season. Reproduction in Domestic Animals 27, 161-168.

Boland MP, Crosby TF and Gordon | 1981. Effect of mating management and
PMSG dose on lambing outcome in ewes bred in late anoestrus. The Journal of
Agricultural Science 97, 445-447.

De Castro T, Rubianes E, Menchaca A and Rivero A 1999. Ovarian dynamics,
serum estradiol and progesterone concentrations during the interovulatory
interval in goats. Theriogenology 52, 399-411.

Ginther 0J and Kot K 1994. Follicular dynamics during the ovulatory season
in goats. Theriogenology 42, 987-1001.

Greyling JPC and Van Niekerk CH 1990. Effect of pregnant mare serum
gonadotrophin (PMSG) and route of administration after progestagen treat-
ment on oestrus and LH secretion in the Boer goat. Small Ruminant Research
3, 511-516.

Jainudeen MR, Wahid H and Hafez ESE 2000. Ovulation induction, embryo
production and transfer. In Reproduction in farm animals (ed. B, Hafez,
ESE and Hafez ), pp. 405-430. Lippincott Williams & Wilkins, Baltimore,
NY, USA.

Kulaksiz R, Ucar O and Daskin A 2013. Effects of oestrus synchronization by
double FGA-sponge or split administrations upon the reproductive traits in
angora goats during the breeding season. Ataturk University Journal of Veter-
inary Sciences 8, 1-8.

Estrus behavior in Angora goat

Lehloenya KC, Greyling JPC and Schwalbach LMJ 2005. Reproductive perfor-
mance of South African indigenous goats following oestrous
synchronization and Al. Small Ruminant Research 57, 115-120.

Motlomelo KC, Greyling JPC and Schwalbach LMJ 2002. Synchronisation of
oestrus in goats: the use of different progestagen treatments. Small Ruminant
Research 45, 45-49.

Muna MM, Ahmed SE, Makawi AS and Jubara AS 1998. Synchronization of
oestrus in Nubian goats. Small Ruminant Research 30, 113-120.

Nasr RE, Haddad SG and Al-Karablieh EK 2002. Economic assessments of hor-
monal and nutritional treatments for improvement of Awassi sheep production
in Jordan. Asian Australasian Journal of Animal Sciences 15, 1110-1114.

0Ozer MO and Dogruer G 2011. The effects of long and short-term applications of
progestagen containing vaginal sponges and subcutaneous implants on fertility
during breeding season in Damascus goats. Journal of the Faculty of Veterinary
Medicine, Kafkas University 17, 47-52.

Powell MR, Kaps M, Lamberson WR and Keisler DH 1996. Use of melengestrol
acetate-based treatments to induce and synchronize estrus in seasonally
anestrous ewes. Journal of Animal Science 74, 2292-2302.

Roelofs JB, Van Eerdenburg FJ, Soede NM and Kemp B 2005. Various behavioral
signs of estrous and their relationship with time of ovulation in dairy cattle.
Theriogenology 63, 1366-1377.

Romano JE 2004. Synchronization of estrus using CIDR, FGA or MAP intrava-
ginal pessaries during the breeding season in Nubian goats. Small Ruminant
Research 55, 15-19.

Rubianes E and Menchaca A 2003. The pattern and manipulation of ovarian
follicular growth in goats. Animal Reproduction Science 78, 271-287.

Schwarz T and Wierzcho$ E 2000. Growth of the ovary follicles in the oestrus
cycle in goats. Medycyna Weterynaryjna 56, 194-197.

Stelletta C, Tekin K, Tirpan MB, Alemdar H, Cil B, Stelletta FO, Olgac KT, Inanc
ME and Daskin A. 2017. Vulvar thermal pattern following synchronization of
estrus is linked to fertility after timed artificial insemination in goat. Ther-
iogenology 103, 137-142.

Timurkan H and Yildiz H 2005. Synchronization of oestrus in Hamdani ewes: the
use of different PMSG doses. Bulletin of the Veterinary Institute in Pulawy 49,
311-314.

Whitley NC and Jackson DJ 2004. An update on estrus synchronization in goats:
a minor species. Journal of Animal Science 82, 270-276.

Zeleke M, Greyling JPC, Schwallbach LMJ, Muller T and Erasmus JA 2005. Effect
of progestagen and PMSG on oestrous synchronization and fertility in Dorper
ewes during the transition period. Small Ruminant Research 56, 47-53.

569



	The effects of different PMSG doses on estrus behavior and�pregnancy rate in Angora�goats
	Implications
	Introduction
	Material and methods
	Treatment schedule
	Semen assessment
	Estrus behavior scoring
	Behavioral signs
	Physiological signs
	Artificial insemination
	Pregnancy diagnosis
	Statistical analysis

	Results
	Discussion
	Table 1The relationship between the pregnancy rate and estrus signs in Angora�goat
	Table 2The relationship between the three PSMG doses in terms of estrus signs in Angora�goat
	Table 3The relationship between the pregnancy results and the estrus signs in Angora�goat
	Acknowledgments
	ACKNOWLEDGEMENTS
	Table 4The relationship between the PMSG doses and pregnancy rates in Angora�goat
	References


