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Some Aspects of Physiology of Estrous Cycle in Goats

Choong Saeng Park

College of Agriculture, Gyeongsang Natiomal University
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days (Phillips et al., 1943; Carrera and Butterworth,

Introduction 1969; Jarosz et al., 1971), but a certain proportion of

Reproductive efficiency in goats is determined by
many different process which result from interactions
among genetic and environmental factor. The processes
involved, singly or in concert, include length of breed-
ing season, ovulation rate, fertilization rate, placenta-
tion, embryo and fetal development and survival, and
viability and growth of the newborn. These processes
are controlled and regulated and levels determined by
climatic factors such as nutrition, disease, care and
handling, housing, age of the animals, and inter- and
intra-genotypic factors. The net effect of all of these
nfluences determine the level and efficiency of repro-
duction. Reproduction can be expressed as kidding rate,
kidding interval, weight of kids born or weaned, surviv-
ability of kids, and/or length of reproductive life.

Generally, goats are polyestrous during the normal
breeding season, but near the equator they cycle year
round. The normal estrous cycle in goats is 19 to 24
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estrous cycle lengths are short (Ott et al., 1981; Corteel
et al,, 1982; Simplicio et al., 1982; Gonzalez and Mad-
rid, 1982; Chemineau, 1982; Thangevelu and Mukher-
jee, 1982; Camp et al., 1982, 1983).

Recent findings on breeding season, estrous cycle,
puberty, postpartum interval to estrus, and control of
reproduction in goats are well reviewed by Riera (1982)
and Corteel et al. (1982).

This review will focus on the recent works on the
breeding season, estrous cycle, estrus synchronization,
postpartum interval to estrus and short estrous cycle

in Korean native goats.

Breeding Season

The length of the breeding season is dependent
primarily on the genotype of goats and interaction of
genotype and environment playing a major role. Dif-

ferent climatic factors, such as temperature and photo-



period and perhaps other climatic factors in the tropics
and subtropics result in extended periods of breeding
including continuous, year round sexual activity in
goats (Devendra, 1962; Amble et al., 1964; Hofmeyer
et al., 1965; Mishra and Biswas, 1966; Sahni and Roy,
1967; Singh and Singh, 1974; Khatter and Mishra, 1977;
Simplicio et al., 1982).

In temperate zones including our country, the goats
behaves as a seasonal breeder showing a clear anestrous
period due to the influence of changes in photoperiod
(Phillips et al., 1943; Gill and Dev., 1972; Corteel,

1977; Shelton, 1978). The photoperiod in seasonlity of
breeding in tropical goats is less important (Sands and
McDowell, 1978) than ecological factors like tempera-
ture, rainfall, vegetation and herbal growth (Rajkonwar
and Borgohain, 1978).

Song et al. (1984c) reported that the monthly per-
centage of goats showing more than one estrous be-
haviour to all the experimental goats available for breed-
ing was highest (94-100%) in October to Februray,
lowest (17-22%) in July to August, and not varied
greatly (58-76%) between the other months (Table 1).

Table 1. Monthly Patterns in the Percentage of Goats Showing more than One Estrous Behaviour per Month
in Korean Native Goats
1982 1983
Items
Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.  Sep. Oct. Nov.
No. of goats
observed 16 15 17 14 14 19 18 18 18 17 15 19
No. of goats
showing estrus 16 15 16 10 9 11 12 4 3 13 15 19

Percentage of
goats showing
estrus 100 100 94 71 64

58 67 22 17 76 1060 100

Lee et al. (1985) measured progesterone concentra-
tion in blood samples collected from the jugular vein
during seasonal anestrus in Korean native goats. Serum
progesterone concentration was ranged from 0.05 to
0.44ng/ml except for a short period in most of the sea-
sonal anestrous goats. These results indicate that Korean
native goats have a nonbreeding season of which dura-
tion may be varied, but relatively short, compared with

other breeds of goat in the temperate areas.

Estrous Cycle

The length of estrous cycle: The length of the es-
trous cycle is well documented and indicates an extreme
variation from cycles as short as 3 days to cycles as
long as 62 days (Shelton, 1961; Carrera and Butter-
worth, 1969; Devendra and Burns, 1970; Jarosz ct al.,
1971; Sands and MocDowell, 1979; Bhattacharyya et
al., 1981). The majority of the estrous cycles, however,

(Song et al., 1984 c)

are 19 to 21 days in length (Riera, 1982; Song et al.,
1984 a; Smith, 1986).

Song et al. (1984 a) using records of 143 estrous
cycles from Korean native goats categorized them into
short ( < 11 days), normal (18-24 days) and long ( >
25 days) cycles.The frequency of each category was
31, 50 and 19% and 5.9 % 0.2, 21.0 * 0.1 and
48.7 1 8.3 days of duration, respectively, with an over
all mean of 20.5 £ 1.3 days (Table 2).

The duration of estrous period: The estrous period
also appears to be variable in length. However, the most
common length of estrous period reported was 36
hours with a variation from 22 hours (Van Rensburg,
1964) to 60 hours (Ajelo, 1950) and many other with
intermediate lengths (Phillips et al., 1943; Mishra and
Biswas, 1966; Sahni and Roy, 1967; Prasad and Bhat-
tacharyya, 1979; Bliss, 1980). The occurrence of estrus
for as long as 10 days has been reported by Jarosz
et al. (1971). In Korean native goats, Song et al. {1984a)
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Table 2. The Length of Estrous Cycle following Natural and Induced Estrus in Korean Native Goats

No. and Estrous cycle

length
Estrous cycle of estrous Short Normal Long Total
followed by cycle (<11days) (18-24days) (> 25days) Total
Natural No. of cycle 33 51 24 108
estrus Length (days) 6.1 £0.2 21.0+0.2 42.2+3.2 21.2+1.4
Induced No. of cycle 12 20 3 35
estrus Length (days) 6.2%0.1 21.0%0.3 55.3 £ 14.7 185 25

No. of cycle 45 71 27 143

Total Length (days) 59£0.2 21.0%0.1 43.71+3.3 21.5 1.3

reported that the duration of estrus in natural or in-
duced estrus was 32.9 * 1.2 hours and 33.3 £ 1.7 hours,
with an overall mean of 33.0 £ 1.0 hours. The repeat-
ability for the duration of estrous period was very law
as r = 0.049.

Progesterone and estradiol-173 concentration during
the estrous cycle: The control of reproductive cycle
in sexually mature and adult female is an interplay of
estrogen and progesterone hormones liberated from the
ovary under the influence of pituitary gonadotropins.
The major release of LH and FSH occurs at estrus.
This surge release of gonadotropins is triggered by a
positive feedback effect of estradiol from the preovula-
tory follicle during the immediate postestrous period,
when ovarian steroid ocncentrations in blood are rela-
tively low, FSH increases in the absence of any increase
in LH, This rise in FSH may be due to removal of the
negative feedback effect of inhibin when its source is
destroyed by ovulation. The increase in FSH may play
a role in recruitment of pre-antral follicles. At appro-
Ximately 3 to 4 day postestrus, a large follicle appears
on the ovary. Estrogen from this follicle, plus prog-
esterone from the newly formed corpus luteum feed-
back negatively on LH. During the luteal phase of the
estrous cycle, gonadotropin secretion is under the nega-
tive feedback influence of estradiol and progesterone.
Following luteal regression, a slight but significant in-
crease in LH occurs, which may be important in in-
ducing follicular maturation and the proestrous rise
in estradiol. Studies on hormonal control of the estrous

cycle in the goat essentially concern plasma progeste-
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(Song et al., 1984 a)

rone variations (Heap and Linzell, 1966; Thorburn and
Schneider, 1972; Jones and Knifton, 1972; Wentzel
et al.,, 1979; Kakusya, 1980; Thibier et al., 1981).
Weight of the corpus luteum in goat increases during the
first postestrous week and reaches mature size by day
13 of estrous cycle, after which the luteal cells slowly
degenerated (Harrison, 1948). The mean plasma con-
centration of progesterone was extremely low on the
day of estrus with below 1.0 ng/ml (Jones and Knifton,
1972; Thorburn and Scneider, 1972; Chemineau et al.,
1982; Bono et al., 1983), gradually increased from day
3 to 9 (Jones and Knifton, 1972; Camp et al.,, 1982),
and reached to a maximal level of 4 to 8.9ng/ml by
day 10 to 12 of the estrous cycle (Jones and Knifton,
1972; Thorburn and Scneider, 1972; Chemineau et al.,
1982; Bono et al.,, 1983). Before the estrus, mean
concentration of estradiol-178 did not fluctuated much
during the estrous cycle from day 2 to 17 with 9.4pg/ml
(Chmineau et al., 1982) and 16.96 to 22.98pg/ml
(Jain et al, 1982) in plasma or 20.2 to 25.7pg/ml
in serum (Camp et al,, 1982). However, the maximal
concentrations of estradiol-178 with 32.3 pg/ml (Che-
mineau et al., 1982) and 34.98 pg/ml (Jain et al., 1982)
in plasma or 25.7 pg/ml in serum serum (Camp et al.,
1982) were observed at preovulatory period.

Song et al. (1984 b) studied the serum levels of pro-
gesterone and estradiol-178 of 3 Korean native goats
which showed an 20 days of estrous cycle, The mean
progesterone levels were lower than 0.02 ng/ml on the
first day of estrus (Day 0) and gradually increased to
0.14 to 4.46 ng/ml on Day 2 to 6 of the cycle. The pro-



gesterone reached to highest level of 8.98 ng/ml on Day
14 and then decreased to 0.26 ng/ml on Day 18 and
lower than 0.02 ng/ml on the following estrus. The
mean levels of estradiol-178 were ranged from 23.79
pg/ml to 28.40 pg/mi between 6 hours before and 12
hours after the onset of estrus, and were lower than
10 pg/ml in the other stages of estrous cycle with
exceptions of higher level in some goats at the various

stages of the cycle (Fig. 1).
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Fig. 1. Serum Progesterone and Estradiol-178 Concen-
trations during the Normal Estrous Cycle of 20
days in Korean Native goats (n=3}.

Estrus Synchronization

Programs for synchronization of estrus and ovula-
tion in the goats have been based on the use of progesto-
gens (Corteel, 1975). However, transport and survival
of spermatozoa have been found to be deleteriously
affected in the reproductive tract of the progestogen-
treated ewe (Hawk et al,, 1972). For this reason, a
second method for synchronization of estrus and ovula-
tion was used. This method involved induction of lute-
olysis by administration of prostaglandin F2a (PGF2a)
which was recognized potential for control of ovulation
in domestic livestock (Inskeep, 1973); In the goats,
PGF2a was luteolytic after intraluteal (Shutt et al.,
1976) and intramuscular administration (Bretzlaff et
al., 1983; Bretzlaff and Ott, 1983). A major disadvant-
age in the use of PGF2a is that it is successful only
when given between Days 4 to 16 of the estrous cycle
(Bosu et al.,, 1978) in goats. This problem has been
circumvented by 2 injections of PGF2a 11 days apart
(Ogunbiyi et al., 1980; Ott et al., 1980 a,b).
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Dosages of PGF2a: Dosages of PGF2a 15mg (Bosu
et al,, 1978), 8mg (Ott et al., 1980 b), or 8mg divided
into 2 injections given 4 hours apart (Ott et al., 1980 a)
have been used effectively for induction of estrus in
the goats when administered between Days 4 and 16
of the estrous cycle. In a recent studies, varying do-
sages of PGF2a have been injected in cycling goats
during the luteal phase to determine the minimum dose
effective for induction of estrus. Bretzlaff et al. (1981,
1983) reported as little as 1.25 mg or 1.75 mg was
effective for the induction of estrus in the dairy goats.
In Korean native goats, 1mg (Songan Park, 1984) or
3mg (Park et al., 1986) or PGF2a was successful for
estrus synchronization. Prostaglandin analogues have
also been used in the goats, with 125ug cloprostenol
(Perera et al., 1978) and 16ug ICI 79939 (Hearnshaw
et al., 1974) reported as luteolytic in this species.

Stages of estrous cycle for PGF2a treatment: Bret-
zlaff et al. (1981, 1983) was successfully induced
estrus with intra-muscular injection of PGF2a between
Day 7 and 10 of estrous cycle with 43 £5.5 to 47 £3.1
hours after PGF2« injection. Park et al. (1986) showed
that a single intramuscular injection of PGF2a on Day
5 to 12 of estrous cycle induced estrus, but this treat-
ment on Day 3 to 4 was not effective. More effective
synchronization of estrus was resulted from proges-
terone priming for 6 to 7 days followed by PGF2«
injection 24 hours prior to the last progesterone treat-
ment, compared with a single intramuscular injection
of PGF2« alone, Time from PGF2a to estrus induction
was significantly earlier in PGF2a treatment during
Day 5 to 6 than during Day 7 to 12 of cycle (38.2
1.5 vs 54.7 * 2.0 hours). PGF2a treatment with prog-
esterone priming delayed (96.5 % 1.7 hours) signifi-
antly the estrus induction compared with the PGF2a
injection only during mid-luteal phase of the estrous
cycle. The percentages of estrus synchronization after
PGF2a injection, Ogunbiyi et al. (1980) and Ott et al.
(1980b) observed estrus synchronization in the goats
employing the double injection regimen of 7.5mg and
8mg of PGF2a at each injection, resulted in 84% and
94% after the second injection of PGF2a. Song and
Park (1984) reported single intramuscular injection of
1mg or 3mg PGF2a was induced estrus in 83 to 100%
within 5 days after PGF2a injection, and Park et al.
(1986) resulted in 96% of 31 goats after PGF2a without
progesterone and 100% of 23 goats after PGF2a with



progesterone pretreatment.
Progesterone profile after estrus synchronization

with PGF2a: Ott et al. (1980) observed progesterone
concentration after PGF2a declined from pretreatment
of 5.2 £ 0.31ng/ml to 36 hours post-treatment concen-
trations below the lower limits of the sensitivity of the
assay (0.125ng/ml). Park et al. (1986) reported serum
progesterone concentration was decreased to a nadir
at 24 to 48 hours after PGF2a treatment on Day 5
to 8, but increased to 2.69 £0.56 at 48 hours after
PGF2a injection on Day 3 to 4 of estrous cycle (Fig.
2).
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Fig.2. Serum Progresterone Concentration after a
Single 1.m. Injection of 3mg PGF2a on Day 3
6 and Day 8 of Estrous Cycle in Goats (n=3).

Postpartum Interval to Estrus and
Postpartum Estrous Cycle

The interval between parturition and the first post-
partum estrus and service period are also important
traits which contribute to reproductive efficiency in
goats. The earlier postpartum that does return to estrus
the earlier conception can occur, the shorter the kidding
interval and the more efficient the reproductive effi-
ciency. This interval varies among breeds, lactation,
nutritional regime, etc. (Riera, 1982). The mean values
postpartum interval to estrus varied from 4 to 6 days
after kidding (Prasad, 1979) and from 41 to 210 days
or more (Sahni and Roy, 1967). Prasad (1979) reported
that the duration of postpartum. estrus in Barbari does
varied from 1 day (70%) to 4 days (1.43%).

Song et al. (1984c) observed that the mean return
interval to estrus after kidding of PGF2a-induced abor-
tion in Korean native goats was 12,2 £ 1.2 days, 27.2
7.2 days and 38.0 * 3.2 days in the group of induced
abortion, parturition without and with suckling, respec-
tively. There were significant differences in return
period to estrus between induced abortion and parturi-
tion with or without suckling (Table 3). This delayed
postpartum interval to estrus by suckling stimulus was
reported in cattle (Carruthers et al., 1980; Hinshelwood
et al., 1982; Montgomery, 1982; Cunn etal., 1985),

Table 3. Return to Estrus following Normal Partirition and Induced Abortion in Korean Native Goats

Normal parturition

Total Induced
Ttems Suckled suckled or mean abortion

No. of goats
examined 5 10 5
Return to 1st
estrust (days) 33.0+3.224 27.2 +7.22AB 30.1 3.8 12.2 +1.2PB
Duration of 1st
estrus (hours) 14.4 £5.6 28.8 £4.8 21.6 £4.2 24.0 £10.6
Length of 1st
estrous cycle 6.410.1 14.7 £ 3.7 11.2+24 4.9 £0.4
(days)

*+ Means * S.EM. with different small (P <0.05) and capital (P <0.01) letters are significantly different.
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pig {Grinwich and McKay, 1985), sheep (Kann and Mar-
tinet, 1975) and goats (Song et al., 1984 c; Park et al.,
1986).

Carruthers et al. (1980) and Peters ct al. (1981)
hypothesized that suckling prolongs the interval of
postpartum anestrous and anovulation by reducing fre-
quency and perhaps amplitude of LHRH secretion. As
a consequence of reduced LH-RH secretion, LURH
“self-primiming” is reduced, which decreases the releas-
able pool of LH in the pituitary and frequency and
magnitude of episodic LH release. The end result of the
suckling-induced reduction in episodic LH secretion is
a delay in ovarian follicular maturation and prolonga-

tion of the interval of postpartum anovulation.

Short Estrous Cycle

In goats, short estrous cycles of less than 12 days,
and often of only 5 to 7 days, are quite common
(Smith, 1986). These abnormal short estrous cycles
have been observed in seasonally breeding goats during
the initiationof the breeding season (Gonzalez and
Madrid, 1982; Camp et al.,, 1982 1983), after intro-
duction of a buck to a group of late seasonally anes-
trous goats (Shelton, 1960; Ott, 1981; Chemineau,
1982), following the post-partum interval (Riera, 1982;

Song et al., 1984 c; Park et al., 1986), after PGF20-
induced abortion (Bretzlaff et al., 1982; Song et al.,
1984 c; Park et al., 1986), or estrus (Song and Park,
1984; Park et al., 1986) and following superovulation
with PMSG (Armstrong et al.,, 1983 a,b; Park et al.,
1986) or FSH (Park et al., 1986).

Park et al. (1986) measured the serum progesterone
concentration during the short estrous cycle of 6 or
7 days in Korean native goats. The mean concentration
of serum progesterone was found to be basal level at
estrous phase, but considerably high level up to 1.15
ng/ml at Day 4 to 5 of the cycle. Studies with laparo-
scopy (Chemineau, 1982; Camp et al., 1983) or proge-
sterox\{é"\assay (Park et al., 1986) indicate that these
short estrous cycles were related to premature regres-
sion of luteal function.

Park et al. (1986) administered 4 times daily in-
tramuscular injectionof 25ug GnRH between Day 3 to
5 of the first postpartum estrous cycle in Korean native
goats. The incidence of short estrous cycles were signi-
ficantly reduced to 38.5%, compared with 80.0% in
GnRH-untreated control groups of goats (Table 4).
The magnitude and duration of the GnRH-induced LH
surge also appeared to be associated with enhanced
corpus luteum function and lifespan (Troxel and Kesler,
1984).

Table 4. Effect of GnRH Treatment for Day 3 to 6 of the First Estrous Cycle following Parturition or Abor-

tion on the Length of the Subsequent Estrous Cycie

First estrous

Second estrous

cycle Duration cycle
No. of of second
goats Length % short estrus Length % short
Treatment examined (days) cycle (hrs.) (days) cycle
Control
Parturition 11.1+2.48 66.7 46.7 £ 2.42 28.3 £ 6.92 42,92
Abortion 5.3 +0.58 100.08 38.0+65°  121+372 60.0%
A* A* a* a¥ a*
Total or mean 15 8.8+2.8 80.0 43.2%3.1 18.6 4.5 50.0
GnRH
Parturition 8 17.8 +3.5% 50.0% 41.83£8.72 17.4 +3.12 25.0%
Abortion 5 20.0 +4.0° 20.08 36.0+54%  18.4%6.1°% 40.0%
*
Total or mean 13 18.6 +2.88* 38.58"  30.2+562" 17.8%2.92 30.8°"

1) Means * S.EM. and percentages with different small (P < 0.05) or capital (P <0.01) letters wit in group,
and different star-marked small (P << 0.05) or capital (P <0.01) letters between groups in column are signi-

ficantly different.

(Park et al., 1986)



Summary

Recent findings on some aspects of physiology of
estrous cycle and control of reproduction in goats are
reviewed with a focus on the research works on estrous
cycle in Korean native goats. Goats in the temperate
zones show a clear breeding season but a relatively
short or weak anestrous period in late spring and sum-
mer was found in Korean native breed. During seasonal
anestrus it was found that the goats had no functional
corpus lutea by assessing the progesterone profile of
their peripheral sera.

Korean native goats also exhibited a similar length of
estrous cycle and duration of stadning estrus, and the
change in serum level of progesterone and estradiol-178
during the cycle to other breeds of goat. The duration
of estrus in goats was fould very low in repeatability.
A single dose of 1 to 3mg prostaglanin F1« induced
luteolysis successfully but the time of estrus exhibition
after PGF2a was significantly different by the stage of
cycle for PGFia treatment, and PGFaa at 3-4 days
of the cycle was not effective for luteolysis in goats.
Progesterone priming for 6 to 7 days followed by
PGF:a at 1 day before progesterone withrwal was
found a satifactory method for estrus synchronization
in goats. The postpartum period to estrus was shorter
in the goats of induced abrotion than normal parturi-
tion. Most of the goats of induced abortion than normal
parturition. Most of the goats after first postpartum es-
trus or superovulation treatment had a short estrous
cycle of 5 to 7 days because of the premature luteal
regression and the short cycle was in part prevented
by GnRH treatment for Days 8 to 5 of the cycle follo-
wing the estrus.
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