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ABSTRACT
The aim of the present study was to determine the effect of estrus synchronization programmes on
parturition time and some reproductive characteristics of Saanen goats. Estrus of Saanen goats was
synchronized as follows: by use of intravaginal sponges containing 30 mg flugestone acetate for 11
days following IM injection of 500 IU PMSG (group PP; n = 80) or only intravaginal sponges (group P; n
= 80) and natural estrus (control; C, n = 50). Forty-eight hours after removing intravaginal sponges, all
goats were introduced to Saanen bucks. Kidding rate and litter size of goats in the PP group were
higher than those of goats in the C and P groups (P < .05). Neonatal mortality rate of kids from goats in
the PP group was found higher than those of goats in the C and P groups (P < .05). The length of
kidding period in goats of group C was longer than goats in the P and PP groups (P < .05). Births
showed a unimodal distribution, with maximum parturition at midday and minimum parturition at
midnight in all goats. The parturition that occurred during daytime hours in goats of P and PP groups
was more than goats in the C group (P < .05). The results of this study may suggest that estrus
synchronization shortened the length of the kidding period, concentrated parturition time during
daylight hours and increased reproductive performance in Saanen goats.
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1. Introduction

Synchronization of estrus is a useful tool for improving and
maintaining the production of milk and meat, as well as redu-
cing the labour force or cost, shortening the breeding season,
throughout the year in goat farms (Nur et al. 2013, Andrabi
et al. 2015). Additionally, estrus synchronization in goats is prac-
tical for optimizing the function of reproduction (Ahmad et al.
2014). Therefore, estrus synchronization is extensively applied
in the reproductive management of goats.

Intravaginal sponge containing progesterone applications in
small ruminants include goat are used worldwide for synchroni-
zation and/or the induction of estrus (Kridli et al. 2002). Fluges-
tone acetate is a synthetic analogue of progesterone and used
for estrus synchronization of goats throughout the breeding
and non-breeding periods. Additionally, intramuscular injection
of a pregnant mare’s serum gonadotropin (PMSG) at withdrawal
of progestagen sponge is used for multi-ovulation (Nasr et al.
2002, Whitley & Jackson, 2004). However, multi-ovulation
causes multiple gestations and may increase the mortality
rate of kids due to low birth weight or insufficient milk pro-
duction by the mother for the consumption of each kid in
equal amounts or insufficient maternal care.

Previous studies reported that parturition generally occurs at
midday times in goats (Romano & Piaggio 1999) and periodic
checking of the flock throughout the 24 h of the day is essential
if kid mortality is to be kept at a minimum during the kidding
season. Therefore, determination of possible effects of estrus
synchronization on parturition time will be useful for

minimum kid mortality and optimal use of labour force
during kidding season in goat farms. Additionally, determining
of intensive hours of birth during kidding season may decrease
total cost in goat farms due to decrease in kid mortality rate and
increase in the efficiency of labour force use.

There have been numerous studies investigating the effects
of estrus synchronization on reproductive performance such as
estrus behaviour, ovulation rate, fertility, gestation rate and
kidding rate. However, to our knowledge, no studies determin-
ing the effect of estrus synchronization on parturition and
kidding characteristics and mortality rates of both goats and
kids have been reported. The objective of the present study
was therefore to determine the effect of estrus synchronization
programmes on the length of kidding period, parturition time,
mortality rate of both kids and goat, and some reproductive
characteristics of Saanen goats, in the breeding season.

2. Materials and methods

The experimental procedures were approved by the Local
Animal Care and Ethics Committee of Ondokuz Mayis Univer-
sity, Samsun, Turkey, ensuring compliance with EC Directive
86/609/EEC for animal experiments. The study was conducted
within the normal seasonal breeding cycle of goats in Turkey
(September to March). Experimental animals (Saanen goats),
ranging from 2 to 3 years of age, were obtained from a
private farm in Samsun, Turkey (41°43′N, 35°82′E and 171 m
above the sea level). Time of estrus of Saanen goats was
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synchronized as follows: intravaginal sponges (30 mg fluges-
tone acetate) for 11 days followed by an IM injection of 500
IU PMSG (group PP; n = 80) or intravaginal sponges (group P
n = 80) and natural estrus (group control; n = 50, C). At the
beginning of the study all goats had similar body weights
(47.8 ± 0.7 kg) and body condition scores (2.90 ± 0.20). Forty-
eight hours after removing the sponges, all goats including
goats in group C were introduced to Saanen bucks (approxi-
mately 1 buck for every 20 goats).

During kidding time, goats were monitored at an hourly
interval throughout the day. Time of birth was recorded,
which was defined as the time when the kid or kids had fully
emerged from the vagina. The kidding time was also divided
into eight stages; Stage 1; 00:00–03:00, Stage 2; 03:01–06:00,
Stage 3; 06:01–09:00, Stage 4; 09:01–12:00, Stage 5; 12:01–
15:00, Stage 6; 15:01–18:00, Stage 7; 18:01–21:00, Stage 8;
21:01–00:00.

Birth types (quadruplets, triplets, twins and single) of kids
were recorded immediately after kidding. Gestation rate;
(goats kidding/goats mated) × 100, kidding rate; (kids born/
goats mated) × 100 and litter size; (kids born/goats kidding)
were calculated for goats in all groups. Following kidding, all
kids were kept with their dams in the fold for two weeks and
mortality rate of both goats and kids were determined within
two weeks after kidding.

To analyse the data, Chi-square, Mann-Whitney U-test and
one-way ANOVA were performed according to the structure
of the data by use of R software.

3. Results

The length of the kidding period of Saanen goats in estrus
synchronization programmes is shown in Figure 1. The
kidding period of goats in the C group was longer than those
of goats in the C and P groups (P < .05). The kidding period of
goats in C, P and PP were 58 days, 29 days and 24 days,
respectively.

Distribution of parturition in estrus synchronization pro-
grammes of Saanen goats throughout the day is shown in
Figure 2. Similar patterns existed throughout the day with
maximum parturition frequency occurring in the midday
hours and with minimum parturition frequency occurring in

the midnight hours in all goats. However, when the parturition
occurred during daytime hours in goats, the results of the P and
PP groups were found higher than those of goats in the C group
(93.8%, 90.9% and 73.7%, respectively; P < .05); the parturition
that occurred during nighttime hours in goats in the P and PP
groups was lower than that of goats in the C group (6.3%,
9.1% and 26.3%, respectively; P < .05). Moreover, the percen-
tages of parturitions that occurred between 9:01 am and 15
pm in goats in the P and PP groups were 66.7% and 72.75%,
respectively (P < .05).

Gestation, kidding, litter size, multiple and single birth rates
and goat and kid mortality rates of Saanen goats in estrus syn-
chronization programmes are presented in Table 1. Gestation
rates were similar between goats in the C, P and PP groups,
but kidding rates, multiple birth rates and litter size of goats
in the PP group were higher than those of goats in the C and
P groups (P < .05). Moreover, goats in the PP group have
higher rates of quadruplets and triplets birth than those of
goats in the C and P groups.

The mortality rate of goats in all groups was similar, but the
mortality rate of kids from goats in the PP group was higher
than those of goats in the C and P groups (P < .05). Additionally,

Figure 1. The length of kidding period of Saanen goats in estrus synchronization
programmes. C = control (natural estrus), P = progesterone impregnated sponge,
PP = progesterone impregnated sponge + PMSG. a,bP < .05.

Figure 2. Distribution of parturition in estrus synchronization programmes of
Saanen goats throughout the day. C = control (natural estrus), P = progesterone
impregnated sponges, PP = progesterone impregnated sponges + PMSG. a,bP < .05.

Table 1. Gestation, kidding, litter size, multiple and single birth rates and goat and
kid mortality rates of Saanen goats in estrus synchronization programmes.

Traits

Treatments

C P PP

Gestation rates (%) 38/50 (76.0) 66/80 (82.5) 64/80 (80.0)
Kidding rates (%) 60/50 (120.0)b 102/80 (127.5)b 130/80 (165.5)a

Litter size 60/38 (1.58)b 102/66 (1.55)b 130/64 (2.03)a

Multiple birth rates 18/38 (0.47)b 32/66 (0.49)b 46/64 (0.72)a

Quadruplets birth rates 0/38 (0.00)b 0/66 (0.00)b 4/64 (0.06)a

Triplets birth rates 4/38 (0.11)b 10/66 (0.15)b 16/64 (0.25)a

Twins birth rates 14/38 (0.37) 22/66 (0.33) 26/64 (0.41)
Single birth rates 20/38 (0.53)a 28/66 (0.42)a 14/64 (0.22)b

Goats mortality rates
Multiple birth 1/18 (0.05) 1/32 (0.03) 2/46 (0.04)
Single birth 0/20 (0.00) 0/28 (0.00) 0/14 (0.00)
Total 1/38 (0.03) 1/60 (0.02) 2/60 (0.03)
Kids mortality rates
Multiple birth 4/40 (0.10)b 6/74 (0.08)b 22/116(0.19)a

Single birth 0/20 (0.00) 0/28 (0.00) 0/14 (0.00)
Total 4/60 (0.07)b 6/102 (0.06)b 22/130 (0.17)a

a, bMeans in rows with different letters are significantly different at P < .05.
C = control (natural estrus), P = progesterone impregnated sponges, PP = pro-
gesterone impregnated sponges + PMSG.
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there was no death in both goats that gave birth to a single kid
and kids that were born as a single kid in a litter in all groups.

4. Discussion

The intravaginal progesterone sponge has been the most
common choice of treatment for estrus synchronization of
small ruminants in the world (Freitas et al. 1997). These
sponges usually contain about 30–40 mg of synthetic pro-
gesterone and are left in place for 9–12 days (Wildeus 2000).
The most common synthetic progesterone used in sponges is
flugestone acetate (Whitley & Jackson 2004). In order to
improve the success, sponges are widely used with PMSG for
tighter synchronization and/or to induce a superovulatory
response (Wildeus 2000, Whitley & Jackson 2004). In the
present study, we applied intravaginal sponges containing 30
mg of flugestone acetate for 11 days for estrus synchronization
of goats or following intramuscular injection of 500 IU PMSG.

Minoia and Taranto (1975) reported high fertility following
synchronization using synthetic progesterone in goats. On the
contrary, Greyling and Van der Nest (2000) have identified ges-
tation rates to be lower in estrus synchronized goats than non-
synchronized (natural cycle) goats. Moreover, the application
methods and/or amount of hormones used for synchronization
of estrus can lead to impairment in the fertility of goats (Greyl-
ing & Van der Nest 2000). The results in the present study indi-
cate that application of intravaginal sponges containing
flugestone acetate and following PMSG increased kidding
rates, multiple birth rates and litter size of goats. Additionally,
as we expect, estrus synchronization of goats shortened the
length of the kidding period (approximately 32 days). This situ-
ation may be explained by the shortening of the onset time of
estrus by synchronization. These findings were in agreement
with Chao et al. (2008), who reported that flugestone acetate
treatment shortens the time to onset of estrus and shortens
the breeding season in Korean native goats.

Increasing goat productivity by increasing kidding frequency
and litter size has high importance for goat production. On the
other hand, increasing litter size in goats offers the best oppor-
tunity to increase the efficiency of kid meat production. It is
known that IM injection of PMSG following progesterone treat-
ment enhances and improves ovarian activity and ovulation,
resulting in high conception rate and litter size (Wildeus
2000). Therefore, PMSG administration makes it possible to
increase the litter size. Hence, in this study to increase fertility
rate and induce follicular growth, PMSG was administered.
However, PMSG application may cause variations in ovulation
response because of the genetic differences between breeds
(Quintero-Elisea et al. 2011). For example, Zarkawi et al. (1999)
reported that 200 IU PMSG application at sponge withdrawal
showed 1.95% litter size in Damaskus goats while Ahmed
et al. (1998) reported that 300 IU application at sponge withdra-
wal showed 1.60% litter size in Nubian goats. In the present
study, although IM injection of PMSG after progesterone treat-
ment was more (500 IU) than in the above studies, the litter size
only increased by about 30% in Saanen goats. This difference
may be explained by genetic differences between goat breeds.

There are two types of parturition timing patterns in animals.
The first is uniformly distributed throughout the day and the

second is concentrated during specific periods of the day, such
as during daytime hours or nighttime hours (Romano & Piaggio
1999). Goats, like most animals, tend to give birth anytime from
late evening to early morning, but occasionally in the middle of
the day. Also, parturition is most likely to occur during the day
at a time when goats are generally inactive (Houpt, 2010). Lickliter
(1985) reported that parturition in Toggenburg goat breed gener-
ally occurs during daytime. Similarly, Bosc et al. (1988) and
Romano and Piaggio (1999) showed that Alpine and Nubian
goat breeds mostly give birth at midday. The diurnal distribution
pattern of kidding established in our study is similar to previous
studies (Lickliter 1985, Bosc et al. 1988, Romano & Piaggio
1999). In the present study, there seems to be a remarkable
relationship between daylight and kidding. It is show a clear regu-
lation of the parturition mechanism, powerfully influenced by the
day cycle. The distribution of the parturition time of all goats was
concentrated during daytime hours, from 9 am to 18 pm, in this
study. However, parturition occurred predominantly during
daytime hours in goats in the P and PP groups. These results
may suggest that intensive use of labour force during the
kidding season occurs during daytime hours in goat farms. Thus
the efficiency of labour force use may increase in goat farms.

Neonatal loss rates of kids until weaning is one of the crucial
elements in the economic process of goat breeding systems
(Snyman 2010). Al-Najjar et al. (2010) reported that the mortality
rate of kids from birth to weaning ranges from 32% to 40% in
different goat breeds. Numerous researches have stated that
kid birth weight, litter size, sex and birth season affect the
pre-weaning survival of kids (Awemu et al. 1999, Lehloenya
et al. 2005, Al-Najjar et al. 2010, Snyman 2010). Also, environ-
mental factors such as temperature, disease and malnutrition
are mostly considered to contribute to kid mortality (Awemu
et al. 1999). In the present study, PMSG treatment increased
multiple births and litter size of goats and also caused increase
in neonatal loss of kids. Unfortunately kid birth weight and
maternal interest were not investigated in the present study,
but high multiple birth rates and litter size of goats might
have reduced maternal interest and kid birth weight. Hence,
high neonatal loss of kids in PP goats may be caused by
PMSG-induced multiple births.

In conclusion, the results of the present study confirmed that
synchronization of estrus shortened the length of the kidding
period, concentrated time of birth during daylight hours and
increased reproductive performance in Saanen goats. Also,
the results suggested that estrus synchronization may reduce
labour cost throughout the year due to the shortening of the
length of the kidding period in goat flock. Because,
concentration of kidding at certain times of the day may
increases both works satisfaction and the efficiency of labour
use of farmers in goat farms. The results of this study also
suggest that the use of PMSG in synchronization programmes
may cause high mortality rate of kids due to more multiple
births if newborn multiple birth kid maintenance conditions
do not improve in goat farms.
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