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A B S T R A C T

This study evaluated the efficiency of two d-cloprostenol injections at different intervals on the
reproductive parameters of dairy goats. Trial 1 comprised 54 goats allocated to receive two
37.5 μg d-cloprostenol doses at intervals of seven (T7, n = 19), 10 (T10, n = 18), and 11.5 (T11.5,
n = 17) days. Trial 2 comprised 62 goats allocated to receive injections at T7 (n = 30) and T11.5

(n = 32). Ultrasonography was done and blood was collected just before d-cloprostenol
injections. After the second dose, goats were artificially inseminated (AI) with frozen-thawed
semen at 18–24 h (Trial 1) or at 10–24 h (adjusted according to the time of estrus onset in Trial 2)
after estrus detection. Estrus response rate did not differ (P > 0.05) among groups in Trials 1
(T7 = 94.7%; T10=88.9%; T11.5 = 88.2%) and 2 (T7 = 90.0%; T11.5 = 96.9). All females showed
progesterone concentrations> 1 ng/mL before both d-cloprostenol injections. The largest follicle
diameter present on ovaries was similar (P > 0.05) among treatments at the first and second
dose. The second largest follicle diameter was superior (P < 0.05) to T7 than to T10 and T11.5

goats at first dose only. This possibly resulted in lower interval to estrus (P < 0.05) in T7-treated
goats than other treated goats in both trials. The conception rate was similar among treatment
groups in Trials 1 (T7 = 55.6%; T10 = 18.8%; T11.5 = 26.7%) and 2 (T7 = 85.2%;
T11.5 = 93.6%). The three treatments efficiently synchronized estrus. T7 and T11.5 protocols
resulted in high estrus synchrony and conception rates when adjusting the AI time according to
interval of estrus.

1. Introduction

Estrus synchronization may be applied to facilitate reproductive management, enabling the farmer to organize the production
system (Vázquez et al., 2010). In some countries, there are restrictive issues on the use of progestins and gonadotropins due to
concerns for public health and animal welfare. Therefore, the search for feasible alternatives became essential. Artificial insemination
(AI) can lead to important genetic improvements for dairy goat production (Menchaca and Rubianes, 2004; Vázquez et al., 2010).
Thus, during the breeding season, when females are cyclic, the possibility of achieving estrus synchronization only by the use of
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prostaglandin F2 alfa analogues (PGF2α) becomes an attractive choice, specially when reproductive seasonality is not evident or
shorter than in higher latitudes. These drugs can potentially reduce costs and do not present complications as have been reported in
other protocols, such as the production of antibodies (Baril et al., 1996), the development of ovarian diseases, such as follicular cysts
(Santiago Moreno et al., 1999) or vaginitis (Penna et al., 2013).

Several studies in our group have recommended the use of two doses of d-cloprostenol (PGF2α) at 10-day intervals (Siqueira
et al., 2009; Fonseca et al., 2012; Esteves et al., 2013). However, this protocol does not always achieve the expected success due to the
possible occurrence of a short estrus cycle, a reasonably common phenomenon in goats (Camp et al., 1983; Chemineau et al., 2006;
Holtz et al., 2008). It is possible that reducing the interval between both PGF2α administrations to seven days would be one method
of overcoming this problem. Menchaca et al. (2004) have reported good results using two doses of PGF2α analog (delprostenate) at
seven-day intervals for estrus synchronization in sheep. Thus, the corpus luteum (CL) formed after the first administration of PGF2α is
responsive to luteolytic activity at the second dose, even if this CL has an impaired luteal function. It should be confirmed in goats.
Another alternative is to increase the interval time to 11.5 days. This time enables the development of a new follicular wave after the
first dose, as well as the luteolysis in the middle or at the start of the luteal phase in case of premature regression of the CL. In
addition, the protocol of 11.5 days would allow the second PGF2a to be administered at the end of afternoon, since the estrus onset is
possibly associated with night events (Fonseca et al., 2005).

Our current hypothesis is that the occurrence of short estrus cycles in goats may adversely affect estrus synchronization after two
doses of PGF2α at 10-day intervals. Therefore, this study was carried out to compare different intervals (7, 10, or 11.5 days) of two
cloprostenol administration on estrus synchronization and fertility after AI in dairy goats raised under tropical conditions during the
breeding season.

2. Material and methods

2.1. Ethics and experimental conditions

This study was approved by the Animal Care Committee of Fluminense Federal University (protocol number 116/11), and it was
conducted under the principles of Brazilian Society of Laboratory Animal Science. The experiment was carried out from March to
May, during the breeding season in Coronel Pacheco (21°35′S and 43°15′W), Minas Gerais, Brazil. All goats were kept in an intensive
system and fed with corn silage, chopped Pennisetum purpureum, and Cynodon spp. hay. A balanced concentrate supplement was given
according to their demand (National Research Council, 2007), as well as mineralized salt (Caprinofós® Tortuga, São Paulo, Brazil),
and drinking water was available ad libitum.

2.2. Experimental animals and treatments

Two trials were conducted. Trial 1 tested three different intervals of cloprostenol administration. Protocols resulting in good
estrus response and synchrony and expected good pregnancy in Trial 1 were test in Trial 2, adjusting the timing of AI according to the
interval to estrus onset of goats.

2.2.1. Trial 1
A total of 54 (31 nulliparous and 23 pluriparous) cyclic Saanen goats averaging 49.8 ± 16.3 kg of body weight (BW) and

3.0 ± 0.4 of body condition score (BCS, 1–5 range; Detweiler et al., 2008) were used and equally allocated into three treatments
according to their category (nulliparous or pluriparous), BW and BCS. For estrus synchronization, two doses of 37.5 μg d-cloprostenol
(Prolise®, Tecnopec LTDA, São Paulo, Brazil) were given through the laterovulvar route at intervals of 7 days (T7; n = 19), 10 days
(T10; n = 18), or 11.5 days (T11.5; n = 17). Because of main parameters are related to the second cloprostenol dose, the study was
designed so that the second d-cloprostenol injection was performed on the same day for all goats. T7 and T10 goats received d-
cloprostenol administrations at 06:00–07:00 a.m., while T11.5 goats received the first and second dose of d-cloprostenol at
06:00–07:00 am and 05:00–06:00 pm, respectively.

2.2.2. Trial 2
A total of 62 cyclic pluriparous goats (40 Alpine and 22 Saanen) with 3.2 ± 0.3 of BCS were equally assigned according to BCS

and breed to two treatments. For estrus synchronization, two doses of 37.5 μg d-cloprostenol were given through the laterovulvar
route at intervals of 7 days (T7; n = 30) and 11.5 days (T11.5; n = 32). As performed in Trial 1, the second d-cloprostenol injection
was administered in morning (T7) and in the afternoon (T11.5) of the same day for all goats.

2.3. Blood sample collection and assays

Blood samples were collected from each animal of Trial 1, just before each d-cloprostenol injection, by jugular venipuncture into
heparinized tubes. Plasma was immediately separated by centrifugation at 1500g for 15 min and stored at −20 °C for hormonal
assay. The measurement of plasma progesterone concentration was performed by solid-phase radioimmunoassay kits (Beckman
Coulter; Immunotech, Marseille, France) at the Hormonal Dosage Laboratory, Animal Reproduction Unit, Fluminense Federal
University. The assay sensitivity and intra-assay coefficients of variation were 0.05 ng/mL and 12%. In addition, all data were within
the maximum and minimum points of the curve.
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2.4. Ovarian ultrasonography

Transrectal ovarian ultrasonography was performed (by the same operator) just before each d-cloprostenol injection in all goats of
Trial 1. The examinations were conducted with a B-mode transrectal ultrasonographic scanner (KX2000G Vet®, Kaixin, Xuzhou,
China) with a 7.5 MHz transducer fitted to a plastic rod that allowed the transrectal manipulation of the probe. Does were maintained
in a standing position, fecal pellets were removed manually, and 10–20 mL of carboxymethylcellulose gel was placed into the rectum
with a syringe. Ovaries were located and follicles ≥2 mm were measured and recorded.

2.5. Estrus detection and artificial insemination (AI)

In both trials, 12 h after each d-cloprostenol injection, estrus was monitored using fertile bucks twice a day (06:00–08:00 am and
4:00–6:00 pm). Females were considered to be in estrus when they allowed to be mounted by teaser bucks. The end of estrus was
consideredwhen does no longer accepted to be mounted.

After the second dose, does displaying signs of estrus were AI as earlier described (Fonseca et al., 2011), using commercial frozen/
thawed semen. Briefly, does were maintained at standing position, a Collin speculum was inserted into vagina, cervix was located and
immobilized by means of Allis forceps and semen applicator was introduced through the cervix to access uterine body. Uterine
insemination was considered to be performed when total loss of resistance was reached. The maximal time elapsed from cervical
immobilization and semen deposition was 1 min. In Trial 1, the procedure was applied from 18 h (goats starting estrus late in the
afternoon) to 24 h (goats starting estrus early in the morning) after estrus detection.

In Trial 2, AI was adjusted according to the interval to estrus onset of females. AI was performed after 24 h and 18 h for T7 goats
such as Trail 1. For T11.5 goats, AI was performed 24 h, 18 h and 10 h for goats with interval to estrus 36 h, 48 h and 60 h after the
second cloprostenol administration, respectively.

2.6. Conception rate

Approximately 60 days after AI, the conception rate was diagnosed by a B-mode transrectal ultrasonographic scanner (KX2000G
Vet®, Kaixin, Xuzhou, China) with a multifrequential (4.5–7.5 MHz) transducer adapted with a plastic rigid tube for use in small
ruminants. At that time, viable gestation and hydrometra were well differentiated.

2.7. Statistical analysis

For statistical analysis, SAEG® 9.0 software (UFV, Minas Gerais, Brazil) was used. Descriptive statistics for the reproductive and
hormonal data were calculated. The Lilliefors test was used to verify the data normality. Parametric data were analyzed using a mixed
model procedure for repeated measures, and the Tukey’s test was used to compare the means. Nonparametric data were assessed by
the Fisher’s exact test. Pearson correlations were performed among variables (Ribeiro Júnior, 2001). The significance level adopted
for all analyses was 5%.

3. Results

3.1. Trial 1

All goats showed plasma progesterone concentrations> 1 ng/mL immediately before the administration of the first and second
dose of d-cloprostenol. Reproductive parameters are listed in Table 1. A negative correlation (r = −0.40; P < 0.01) was found
between the interval to estrus onset and the duration of estrus.

Estrus related to the first d-cloprostenol administration was grouped regardless of the treatment, and the data related to the

Table 1
Reproductive parameters of cyclic Saanen goats after estrus synchronization with two injections of 30 μg d-cloprostenol at 7, 10, and 11.5 days apart (Mean ± SD).

Parameter T7days T10days T11.5days

Cloprostenol Dose

First Second First Second First Second

Plasma progesterone concentration (ng/mL) 12.5 ± 10.3 12.2 ± 6.4 11.9 ± 8.1 13.8 ± 3.0 8.7 ± 9.5 14.8 ± 5.2
Diameter of largest follicle (mm) 6.0 ± 0.7 5.0 ± 1.8 4.9 ± 1.0 5.6 ± 1.7 5.0 ± 0.7 5.4 ± 2.0
Diameter of second largest follicle (mm) 5.7 ± 0.6a 4.7 ± 1.4 4.6 ± 0.9b 4.7 ± 1.0 4.8 ± 0.6b 5.2 ± 1.4
Estrus response (%) 73.7.0 (14/19) 94.7 (18/19) 77.8 (14/18) 88.9 (16/18) 58.8 (10/17) 88.2 (15/17)
Interval to estrus (h) 53.8 ± 15.4 43.8 ± 10.7b 54.3 ± 9.3 50.6 ± 13.7a 45.5 ± 27.6 47.3 ± 5.8ab

Estrus duration (h) 24.5 ± 9.8 27.0 ± 12.1 29.2 ± 16.0 22.3 ± 10.4 33.5 ± 19.4 23.7 ± 11.8

a,bMeans with different superscripts within rows differed (Tukey; P < 0.05). Means without superscripts did not differ (P > 0.05).
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distribution of onset of estrus after both injections are shown in Fig. 1. At 12 h after the first and second doses of d-cloprostenol, one
goat from T11.5 and one from T7, respectively, have demonstrated estrus. At estrus detection performed after the first d-cloprostenol
dose in females from T11.5 and T10 goats, two goats from T7 showed estrus spontaneously. This fact occurred at 65 and 41 h before the
d-cloprostenol administration for T7 goats, approximately three and two days, respectively, before first d-cloprostenol administration
to T7 goats. Plasma progesterone concentrations obtained for these animals (at the moment of the first dose of cloprostenol) were
2.53 ng/mL and 1.34 ng/mL, respectively.

The highest concentration of estrus onset was in the period of 48–60 h, either after the first d-cloprostenol (68.8%) or second (T7:
83.3%; T10: 75.0%) d-cloprostenol injection. A total of 93.3% of goats treated by T11.5 protocol were in estrus in the same day,
accounting for 26.7% at 36 h and 66.7% at 48 h after the administration of the second dose of d-cloprostenol.

Considering the second dose of d-cloprostenol, the moment of estrus onset is shown in Fig. 2. In goats from T7 protocol, 83.3% of
goats were detected in estrus in the morning compared to 1.7% detected in the afternoon (P < 0.05). No differences were found in
T10 and T11.5 females regarding the period of time (day and night).

When considering the number of nights after which estrus was detected, the majority of goats required two nights to start estrus
(P < 0.05) (Fig. 3).

The conception rates were similar (P > 0.05) for T7- (55.6% – 10/18) than T10- (18.8% – 3/16) and T11.5- (26.7% – 4/15) treated
goats.

3.2. Trial 2

The results of Trial 2 are shown in Table 2. Reproductive parameters were similar (P > 0.05) between breeds. There was no
significant interaction between breeds and treatments (P > 0.05). The goats from T11.5 started estrus (49.2 ± 8.9) later and
(P < 0.05) were inseminated earlier in relation to the estrus onset than T7 (43.1 ± 6.0) goats. From goats displaying estrus, 59.3 %

Fig. 1. Percentage (%) of goats according to interval to estrus onset after hormonal synchronization with two doses of 30 μg d-cloprostenol (PGF2α) at intervals of 7,
10, and 11.5 days after the first (T7 + T10 + T11.5) and second (T7, T10 or T11.5) injection.a,b,c Different superscripts indicate difference by Fisher’s exact test along the
hours after PGF2α administration in the same group (P < 0.05).A,B Different superscripts indicate the difference by Fisher’s exact test at 48 h after PGF2α
administration among groups (P < 0.05).

Fig. 2. Percentage (%) of estrus onset in cyclic Saanen goats after the second dose of 30 μg d-cloprostenol at intervals of 7, 10, and 11.5 days apart. Night means that
estrus was first detected in the morning (estrus onset during the night) and day means that estrus was first detected at the end of the afternoon (estrus onset during the
day).a,b Different letters, in the same group or total, indicate the difference by Fisher’s exact test (P < 0.05).
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(16/27) of T7 and 54.8 % (17/31) started estrus during the night. Only T11.5 goats started estrus at 60 h after the second cloprostenol
administration. These goats were AI at the end of the afternoon of the same day (> 10 h after estrus onset) that they started estrus.

4. Discussion

All protocols studied had a satisfactory estrus response after the second d-cloprostenol administration and can be considered in
timed AI (TAI) due to a greater concentration of animals in estrus between 48 to 60 h after estrus onset. Considering the time
preconized to AI in relation to the estrus onset (18–24 h) in the present study, these protocols confirm that technicians can perform AI
during two to three turns per goat station (afternoon/morning/afternoon). This reduced time is relevant when planning a strategy of
AI schemes in conditions similar to those in which this study was done. In addition, goats that showed estrus earlier or later can be
subjected to natural mounting. Thus, the overall pregnancy rate per group of exposed females can be expected to be superior as a
result of AI and natural mounting in the same cycle or group of females synchronized.

Precocious estrus onset observed in goats in the present study (12 h after d-cloprostenol injection) can be associated with a
possible pro-estrus phase of the estrus cycle at the time of d-cloprostenol administration. It was not evoked by exogenous PGF2α, but
they were resultant of a natural estrus in course. Specially in the second cloprostenol administration, this fate can be associated with
short estrus cycles. This type of estrus can be more deleterious to a T10 protocol, as shown earlier (Fonseca et al., 2012), because
animals can show estrus before the second PGF2α administration and those goats can have younger CL irresponsive to the effects of
exogenous PGF2α administration. In both cases, these goats will not be naturally mated or AI after the second PGF2α administration,
decreasing the estrus response in the T10 protocol. On the other hand, these goats can show estrus during the expected time after the
second PGF2α administration in the T7 protocol or can have enough time for the CL to be responsive to exogenous PGF2α
administered in the T11.5 protocol. It confirms the hypothesis that the most used protocol of estrus synchronization in goats (10 days
apart interval) is the less indicated.

Estrus response after the second dose of d-cloprostenol was similar among treatments, but the dispersion among them was
different. For instance, the interval to estrus was lower in the T7-treated goats than goats that received other treatments in both trials.

Fig. 3. Number of nights required to estrus onset in cyclic Saanen goats after the second dose of 30 μg d-cloprostenol in intervals of 7, 10 and 11.5 days apart.a,b

Numbers with different letters in the same group or total differed (Fisher’s exact test; P < 0.05).

Table 2
Reproductive parameters of cyclic dairy goats after estrus synchronization with two injections of d-cloprostenol at 7 and 11.5 days apart (Mean ± SD) and artificially
inseminated (AI) according to the time of estrus onset of females.*

Parameter Interval of cloprostenol administration

7 days 11.5 days Total

Number of animals (n) 30 32 62
Estrus response (%)
At 36 h after second cloprostenol dose 40.7 (11/27) 22.6 (7/31) 31.0 (18/58)
At 48 h after second cloprostenol dose 59.3 (16/27) 45.2 (14/31) 51.7 (30/58)
At 60 h after second cloprostenol dose 0.0 (0/27) 32.2 (10/31) 17.2 (10/58)
Total 90.0 (27/30) 96.9 (31/32) 93.5 (58/62)

Interval to estrus (h) 43.1 ± 6.0a 49.2 ± 8.9b 46.3 ± 8.2
Interval from estrus onset to AI (h) 25.0 ± 2.0a 16.6 ± 6.2b 20.5 ± 6.3
Hydrometra (%) 7.4 (2/27) 3.2 (1/31) 5.2 (3/58)
Conception rate (%) 85.2 (23/27) 93.6 (29/31) 89.6 (52/58)

a,bMeans with different superscripts within rows differed (Tukey, P < 0.01); () Number of animals. Means without superscripts did not differ (P > 0.05).
* AI was performed after 10 h, 18 h and 24 h for goats showing estrous onset at 60 h, 48 h and 24 h after the d-cloprostenol second dose, respectively.
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Although the follicular diameter of goats was similar, it is possible that the largest follicles from T7 goats at the second d-cloprostenol
dose were in a growth phase (first follicular wave after first cloprostenol dose). As negative influence of progesterone on their growth
was erased by d-cloprostenol administration these follicles could complete their development. The growth follicular rate in goats is
near to of 1 mm/day (Menchaca et al., 2007). It means that for T7 goats, follicles could reach the ovulatory diameter (Esteves et al.,
2013) and adequate estradiol production in three to four days after second d-cloprostenol injection. Goats from T10 and T11.5 were
more likely in a regression phase in which smaller follicles could originate ovulatory follicles, indicating more time needed to reach
ovulatory diameter and estrus onset. A similar phenomenon was described in estrus synchronized sheep (Menchaca and Rubianes,
2004).

Considering that estrus onset is possibly associated with night events as previously proposed (Fonseca et al., 2005), the protocol of
11.5 days was developed to allow the second PGF2α to be administered at the end of afternoon. This protocol implied two (48 h) to
three (60 h) nights before starting estrus. This “night event” in association with ovarian follicular status at the moment of
cloprostenol administration could explain in part the concentration of estrus associated with this protocol in this period (36–60 h
after the second cloprostenol administration) in T11.5 goats.

In the trials, estrus was initially detected in the T7 and T10 goats in the morning (83.3 and 62.5%, respectively), suggesting that
most of the females entered estrus at night. This affirmation is corroborated by previous studies in goats. After monitoring the
expression of estrus, Fonseca et al. (2005) reported that 84.8% of estrus was first identified in the morning (6 am). Fonseca et al.
(2008) also noted that 73.8% of the goats were first observed in estrus in the morning and suggested that in goats, the estrus is
predominantly a nightly phenomenon. Likewise, Esteves et al. (2013) observed a 91% occurrence of night estrus and a 9% occurrence
of day estrus. On the other hand, the 11.5-day protocol evoked estrus predominantly during the day (66.7% first detected at the end
of the afternoon) in first trial and in the night (54.8%) in second trial. The reasons for this occurrence need to be confirmed, but can
also be associated with the two nights warranted before the first estrus onset.

In the current study, at 60 h after the second d-cloprostenol dose, the estrus behavior was detected in 93.9% of Trial 1 goats.
Menchaca et al. (2004) obtained 78.8% of ewes in estrus between 25 and 48 h after the second dose of PGF2α with a 7-day interval in
ewes. It is noteworthy that in the present study estrus behavior was first identified in the same shift (morning or afternoon) in which
the second dose of d-cloprostenol was administered for T7 and T10 goats in both trials, and in T11.5 goats in Trial 1 but not in Trial 2.
This fact may suggest that the time of the second administration of cloprostenol (morning or afternoon) could influence the
occurrence of estrus onset.

All females presented progesterone concentrations> 1.0 ng/mL, either at the first or the second dose of d-cloprostenol. However,
despite the found values of progesterone, some females did not show estrus after synchronization protocols. Values above 1 ng/mL
from day 1 to day 5 have been reported in goats presenting four (4.1 ± 0.7 ng/mL) and three (2.2 ± 1.1 ng/mL) follicular waves
(Menchaca and Rubianes, 2002). However, until the third day of formation, the CL is refractory to the action of prostaglandins
(Rubianes et al., 2003). Thus, it can be speculated that, although the progesterone values were found, goats that did not show estrus
were possibly at the beginning of the luteal phase. Supporting this argument, at estrus detection performed after the first dose of
cloprostenol in females from T11.5 and T10 groups, two goats from the T7 treatment group showed estrus spontaneously. Possibly, this
estrus was elicited by the female–female effect (Rodríguez-Martínez et al., 2013) in function of the contact with goats in estrus from
the T10 and T 11.5 groups. This fact occurred at 41 and 65 h before cloprostenol administration for T7 goats. Thus, approximately three
and two days after estrus detection, progesterone concentrations obtained for these animals (at the moment of first dose of d-
cloprostenol) were 2.53 ng/mL and 1.34 ng/mL, respectively. Despite being above 1.0 ng/mL (active CL), these females did not
return to estrus within the subsequent days after the first cloprostenol application. As discussed earlier, this fact reinforces the
hypothesis that younger active CL is not responsive to exogenous PGF2α.

Another fact that should be taken into consideration in relation to goats in luteal phase but not entering estrus after cloprostenol
administration is the possible occurrence of a silent heat or even the sexual inexperience of some goats. It has been demonstrated that
nulliparous females present high levels of stress that may influence estrus behavior (Gelez et al., 2004). Although it has not been
studied, it is possible that stressed or subordinated goats externalize estrus behavior later than less-stressed or dominant ones. On the
other hand, previous study showed a negative correlation between the interval to estrus after sponge removal and the respective
estrus duration (Fonseca et al., 2008), as shown in the present study. This is supported by the fact that the interval to ovulation was
reported as being less variable and also negatively correlated with the duration of estrus (Fonseca et al., 2012) in estrus synchronized
goats, a possible indication that goats displaying earlier or later estrus onset after exogenous stimuli were in similar ovarian follicular
statuses.

In Trial 1, the conception rate of T7 (55.6%; 10/18), T10 (25.0%; 4/16) and T11.5 (33.3%; 5/15) goats did not differ. Siqueira et al.
(2009) using refrigerated semen stored for 12 h at 5 °C reported 55.7% after a single AI performed 12 h after the estrous onset in
Toggenburg goats. Likewise, Esteves et al. (2013) observed a pregnancy rate of 55% (6/11) in the group treated with human
chorionic gonadotropin (hCG) with AI performed 16 h after estrus onset.

It is known that conception rates are related to time of AI. In Trial 1, there was a negative correlation between the interval to
estrus and the duration of estrus. This confirms results of previous studies in estrus induced goats (Fonseca et al., 2005, 2008). A
negative correlation (r = −0.57) between the interval to estrus and the interval to ovulation was reported in estrus synchronized
goats with similar T10 protocol (Fonseca et al., 2012). Thus, considering that AI was performed on average at 24 after estrus onset, T7

goats were inseminated before the end of estrus and possibly before the ovulation that occurs near the end of estrus (Fonseca et al.,
2012). On average, the other T10 and T11.5 goats were inseminated after estrus and ovulation had ended. AI performed after ovulation
was associated with an increased percentage of fair embryos, both in cattle (Saacke et al., 2000) and goats (Vallet and Baril, 1990),
and lower pregnancy rates in goats (Motlomelo et al., 2002; Fonseca et al., 2012).
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Based on the results of Trial 1, T7 and T11.5 were tested again in Trial 2 with adjustments according to the interval from the onset
of estrus to AI also considering interval to estrus from second d-cloprostenol administration. Again, the interval to estrus was shorter
in T7 than in T11.5 goats (P < 0.01), confirming the results from Trial 1. However, as discussed above, AI was adjusted to be
performed earlier in goats displaying estrus later. Overall, the efficiency of both T7 and T11.5 protocols to assure greater synchronized
estrus and the adjustment in AI time in relation to the interval to estrus culminated in elevated conception rates.

Finally, hydrometra was diagnosed in three of the inseminated goats. In these goats in particular, pregnancy checking was done in
August (local non-breeding season). Because these goats did not show estrus from AI to pregnancy diagnosis, it was possible that
embryo/fetal loss could have occurred at a time in which natural luteolysis could not be evoked. The persistence of these CL assured
progesterone permanent status that culminated in hydrometra as previously proposed (Brice et al., 2003). Precocious detection of
pregnancy (up to 30 days) was possible and efficient. However, considering the possibility of goats lost their fetuses and also come
into pseudo-pregnant status, 60 days checking appears to be more indicated.

5. Conclusions

In conclusion, under the current experimental conditions, dairy goats had estrus efficiently synchronized after the use of two
doses of d-cloprostenol with intervals of administration of 7, 10, and 11.5 days. The intervals of 7 and 11.5 days promoted a high
estrus onset synchrony of goats after the second d-cloprostenol dose. By adjusting the strategy of AI time according to the interval to
estrus, more than 90% of goats can be inseminated at 24 h intervals, resulting in conception rates near to 90%. Considering these two
main results, it is suggested that 7- and 11.5-day intervals of d-cloprostenol administration can be considered as a highly efficient
method (high synchronization, estrus response and conception rate), with a lower relative cost (no use of progestagen or
gonadotropins), little animal handling (interventions and hormonal administration), and protocols to support AI program during
the breeding season in dairy goats.
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