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ABSTRACT

The Banteng (Bos javanicus d'Alton 1823) is an endemic species in Indonesia that is threatened with extinction
and whose population continues to decline in the wild. The aim of this study is to determine the timing of
artificial insemination (Al) in the Banteng based on follicle size and uterine enlargement. For this study, two
female Banteng were used in Taman Safari Indonesia, Cisarua, Bogor. Habituation was performed to facilitate
data collection. Optimal timing for Al is determined by examining the reproductive organs using Ultrasonography
(USG) to detect changes in the uterus and ovaries and monitor clinical signs of estrus. Follicle size and uterine
examination was performed on days -1, 0, and +1 for 3 estrus cycles. Insemination was performed 2-3 times
during estrus until ovulation occurred. The results showed that the average follicle size of both Banteng was 1.09
+ 0.02 cm on day -1, 1.31 £ 0.02 cm on day 0, and 1.33 + 0.03 cm on day +1. Artificial insemination was
performed with a double dose of frozen semen when the Banteng were still rideable, and the follicle size ranged
from 1.23-1.38 cm. Pregnancy was examined by ultrasound on day 21 after mating; both Banteng females were
pregnant after AL It can be concluded that Al technique can be used in captive Banteng breeding program by

studying the development of follicles and uterine enlargement.
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INTRODUCTION

The Banteng (Bos javanicus d'Alton 1823) is one of
Indonesia's endangered native wildlife species, listed on
the International Union for Conservation of Nature
(IUCN) Red List. Breeding is needed to increase the
Banteng population in situ and ex situ. The Banteng
population can be increased ex situ through artificial
insemination (Al), which is widely used in cattle. Ac-
cording to Waberski (2018), Al is a technology in live-
stock production that is essential for maintaining genet-
ic diversity. Artificial insemination is also non-invasive,
cost-effective, fundamental to other assisted reproduc-
tive technologies, and a promising biotechnology for
domesticated and non-domesticated animals (Palmer et
al., 2012; Waberski, 2018).

Banteng, as wild animals, are certainly different
than cattle in general. The success of artificial insemi-
nation in Banteng requires various data on female re-
productive physiology, such as oestrus cycle length,
duration of oestrus, and ovulation, to achieve optimal
mating timing. Banteng oestrus has been little studied,
mostly through simple behavioural observations
(Setiadi et al.,, 2020). Behaviour is one of the success
factors in wildlife breeding programs, especially with
natural mating. Banteng mating behaviour is almost the
same as in cattle, e.g., mounting of each other (Setiadi
et al., 2020). A female in heat is receptive to males and
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is in normal physiological oestrus followed by ovulation
(Palmer et al., 2012); therefore, it can be used as a strat-
egy to bring males and females together to ensure the
reproductive process (Silva et al., 2017). Observation of
behaviour during oestrus is not sufficient for breeding
with frozen semen. Studying follicle size and uterine
enlargement during oestrus is important to determine
the timing of ovulation. The aim of this study is there-
fore to determine the timing of artificial insemination in
Banteng based on follicle size and uterine enlargement.

MATERIALS AND METHODS

The procedure for this research was approved by the
IPB Animal Ethics Committee with certificate number
002/KEH/SKE/2020. This research was conducted from
December 2019 to November 2020 in Taman Safari
Indonesia (TSI) Cisarua, Bogor West Jawa, Indonesia
(site coordinates: S 6°42'53.1136" and E 106°57'
3.24746).

Research Material

Two female Javanese banteng (Bos javanicus, d'Alton
1823) were used for this study at Taman Safari Indone-
sia (TSI) Cisarua Bogor. The banteng originated from
Baluran, East Java, and were bred at Taman Safari Indo-
nesia 2 (TSI 2) Prigen, Pasuruan, East Java. The two
female Banteng named Andini and Uchi aged 13
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and 9 years respectively, from different lines, had sired
offspring. Both bantengs are in clinically healthy condi-
tion and kept together in one area with separate enclo-
sures. The banteng was housed in 4 x 5 m cages at night
and released into the exhibit area in the morning until
late afternoon. The animals were fed grass ad libitum in
the exhibition area and up to 15-20 kg per head in the
cage, while they received up to 2 kg of concentrate per
head daily. Deworming is done every 6 months, drugs
other than deworming are administered only under cer-
tain conditions.

Research methods

a. Banteng Habituation

Three months before the examination, the two Ban-
teng’s were habituated. This habituation served to train
the Banteng to go into the service box and to behave
calmly during the examination. The habituation is per-
formed gradually. In the first phase, the animals were let
into the cage, where they remained for 5-10 minutes
while they were given additional food, and then released
into the exhibition area. This phase is done every day for
a month. In the second phase, the animals are touched
on the outside of the reproductive organs for 5-10
minutes, fed and then released. In the third phase, the
animals are palpated rectally for 1-2 minutes and then
released again while they continue to be fed. In the third
phase of the habituation process, the rectal palpation is
done with increased time intensity. Habituation is com-
plete when the banteng has been quiet in the cage and
can be palpated for 15 minutes, as the assessment of
follicular development takes 10-15 minutes.

b. Assessment of uterine changes and follicular devel-
opment in oestrus banteng

Evaluation of changes in the uterus and development of
follicle size was performed after the appearance of the
first oestrus symptoms (D-1) before the appearance of
mounting behaviour (D0). The first observed oestrus
symptom was the appearance of interest by the target
female in riding another female, but the ridden female
avoided. The change in symptoms after oestrus (D+1) is
indicated by the behaviour of mutual attraction, but no
female is inactive during mounting. The study of follicle
size and uterine changes was performed over three oes-
trous cycles. Follicles were measured by ultrasound
(USG Exago®ECM Noveko International Inc.) using a
linear transducer with a frequency of 5 MHz. Ovarian

follicle diameter was measured using USG callipers
(Keskin et al., 2016). The size of the uterus is deter-
mined by measuring the length and width of the uterus
image appearing on the monitor. The measurements of
follicular size and uterine enlargement were performed
at D-1, DO and D+1.

c. Artificial Insemination and Pregnancy diagnosis

Determination of the optimal time of mating (sperm
deposition) occurs when the size of the dominant folli-
cleis 1.2 - 1.4 cm (Hansen, 2020) and is also associated
with changes in the uterus. Insemination is no longer
performed when the dominant follicle has ovulated
(identified as corpus rubrum). Artificial insemination
was performed with frozen Banteng semen from TSI.
The insemination dose per straw was 25x10° sperm,
with post-thaw motility (PTM) of 30% (7.5x106 motile
sperm).

Insemination was performed three times during
oestrus until ovulation occurred. Insemination equip-
ment was used as for Al in cattle. Pregnancy diagnosis
was made 20 days after insemination with transrectal
ultrasound to determine the presence of the embryo in
the amniotic sac and re-examination with ultrasound
and rectal palpation on day 60 to ensure continuation of
pregnancy.

Statistical analysis

Statistical analysis of the obtained follicle size data was
performed using SPSS (version 21.0). Analyses were
delivered in terms of the mean and standard error of the
mean (SEM) for normally distributed variables.

RESULTS

It takes three months to acclimatise the Banteng until it
is easy to handle and feels safe, calm and comfortable
in a cage (Figure 1).

Changes in the uterus and follicle development during
oestrus in Banteng

The uterus of banteng one day before oestrus (H-1),
during oestrus (HO), and on the day after oestrus (H+1)
looked different according to the results of ultrasonog-
raphy (Figure 2). Differences were noted in the increase
in uterine size and accumulation of mucus in the uterus
(Miciakova et al., 2018).

Figure 1. The habituation process of banteng in a service crate before enters (a), banteng inside the
service crate (b), keeper giving supplementary feed (cl1, c2).
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Figure 2. Uterine and ovarian changes by ultrasound on day-1 (al) uterus (a2) follicles, on day 0 (bl) uterus (b2)
follicles and day +1 (cl) uterus (c2) ovulation follicles. Images were taken using a 5 MHz frequency probe.

Figure 3. Changes in follicle size at D-1(a), DO (b) and D+1 (c)

The uterus begins to tighten at D-1, its tension increases
during massage. The accumulation of mucus in the uter-
us is still low. In addition, the condition of the uterus at
DO increases the tension and the accumulation of mucus
in the uterus. Follicle size increases from D-1 to DO.
From DO to D+1, follicle size increases slightly, but no
differences were found from D-0 to D+1. The maxi-
mum follicle size of Banteng in this study was 1.33 cm.

Artificial Insemination in Banteng

Artificial insemination is performed on day 0 until ovu-
lation, when the female is receptive to others and the
follicle has reached a size of 1.23 - 1.38 c¢cm, and when
the uterus has reached its maximum tension and mucus
fluid is still accumulating (Figure 3).

DISCUSSION

It takes 3 to 6 months to acclimate the banteng until they
are calm in the cage and can be rectally palpated
(Setiadi et al., 2018a). Habituation occurs more rapidly
after a series of stimulus repetitions and spontaneous
recovery (Blumstein, 2016). Feeding during habituation
is effective for many animals (Abramson and Kieson
2016; Bell and Peeke, 2012). According to Claxton
(2011), training also reduced the occurrence of group
aggression during feeding time, which was considered
to indicate stress reduction. According to Hosey (2013),
a bond between humans and animals is considered

established when the animal and human have interacted
to some degree and can predict each other's behaviour.

According to Ahmadi et al. (2019), the uterus
thickens and mucus accumulates during oestrus. Chang-
es in uterine thickness, the presence of oedema, and the
accumulation of intrauterine and intravaginal fluid dur-
ing oestrus can be detected by ultrasound (Sugiura et
al., 2018). In addition, Perry et al. (2020) note that the
composition and differentiation status of the endometri-
um change during the oestrous cycle. Ovarian status can
be assessed by rectal palpation (Long et al., 2021), but
this technique is imprecise. Baez et al. (2015) note that
several ultrasound features of the ovaries and uterus,
such as CL diameter and its echo texture, follicle diam-
eter, and uterine shape and echo texture, can be used to
assess the oestrous cycle in cattle. Mihandoost et al.
(2018) state that fluid accumulation in the uterine lumen
can be visualized. Uterine tension at D+1 has decreased
and oestrus mucus is lower.

The mean uterine length and width of the Andini
and Uchi Banteng from this study were 2.08 = 0.32 cm
and 1.46 + 0.24 cm, respectively. On day 1, it was 2.08
+ (.32 cm and 1.46 + 0.24 cm and increased to 4.49 +
0.50 cm and 1.61 + 0.11 cm, respectively on day 0. On
day +1, uterine size decreased again by 1.88 £+ 0.42 and
1.06 £+ 0.22 cm, respectively (Table 1). The increase in
endometrial thickness occurs approximately 3-4 days
before ovulation and decreases 1-3 days after ovulation
(Jimenez-Krassel et al., 2009).
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Table 1. Changes in uterine size of Andini and Uchi Banteng on D-1, DO and D+1 for three oestrus cycles

Banteng/cycles D-1 DO D+1

Andini Length Width Length Width Length Width
1* Oestrous cycles 1.69 1.36 5.19 1.54 1.54 1.04
2" Qestrous cycles 2.02 1.27 4.29 1.62 1.21 0.85
3" Qestrous cycles 1.79 1.24 4.57 1.54 2.06 0.98
Uchi

1™ Oestrous cycles 2.11 1.8 4.16 1.55 2.1 1.28
2" Qestrous cycles 2.58 1.38 4.89 1.83 2.03 0.82
3" Qestrous cycles 2.26 1.72 3.81 1.59 2.35 1.37
Mean+ SD 2.08+0.32 1.46+£0.24  4.49+0.50 1.61+0.11 1.88+0.42  1.06+0.22

Table 2. Follicular growth of Banteng during oestrous in three oestrous cycles (Mean+SE)

Banteng Oestrous Day Follicle size Day Follicle size Day Follicle size

cycle (cm) (cm) (cm)
Andini 1 -1 1.07 0 1.23 +1 1.26

2 -1 1.15 0 1.36 +1 1.36

3 -1 1.09 0 1.31 +1 1.31
Uchi 1 -1 1.09 0 1.25 +1 1.25

2 -1 1.13 0 1.38 +1 1.38

3 -1 1.03 0 1.3 +1 1.4
Mean 1.09+0.02a 1.31+0.02b 1.33+£0.03b

Different letters following numbers in the same row indicate differences (p<0.05

As shown in Table 1, the uterus of both Andini and Uchi
Banteng was enlarged during oestrus and had a length of
4.44 cm to 4.54 cm and a width of 1.51 cm to 1.72 cm.
The enlargement of the uterus is closely related to the
condition of oedema, thickening of the uterus, and accu-
mulation of mucus in the uterus. The uterus is larger in
DO than in D-1 or D+1 (Ahmadi ef al., 2019). The uter-
us is thicker in oestrus than in dioestrus. Uterine thick-
ness increases during normal luteolytic and reaches its
maximum thickness before ovulation (Sugiura et al.,
2018).

Examination of the ovaries of both banteng on
days -1 and +1 for three oestrous cycles showed signifi-
cant growth in follicle size as shown in (Table 2). The
size of the follicle in this study is almost equal to the
size previously determined by Setiadi et al. (2018b) as
1.2-1.4 cm. According to Pfeifer et al. (2012), there are
differences in follicle size between beef and dairy cows.
Follicle size in cattle is 1.3-1.5 cm, while in dairy cows
it is 1.4-1.5 cm (Monroy et al., 2018). Another report in
Aceh cattle, an Indonesian local breed, showed 1.23-
1.26 cm (Armansyah et al., 2017). In general, the diam-
eter of the dominant follicle during the oestrus cycle in
cattle ranges from 1.0 to 2.0 cm (Lemma, 2013).

The results of follicle size examination were con-
sistent with clinical signs; in DO, clear mucus was seen
(Figure 4) and follicles were quiescent when mounted
by others (Figure 5). No true clinical signs were ob-
served in D-1 and D+1.

According to Orihuela (2000) and Palmer et al.
(2012), standing still when mounted is the most reliable
oestrus sign and the best indicator that the female is
ready to mate. This fact is also the main indicator of
oestrus in Bali cattle (Kune ef al., 2019). The intensity
of oestrus is the most important factor for the accuracy
of oestrus detection and differences between animals
(Siregar et al., 2015). In addition, Keskin et al. (2016)
mentioned that the oestrus intensity is high when the
animal is sitting still. In addition, the method of heat

detection at rest was cited as the only criterion for the
cow's heat (Palmer ef al., 2012).

All banteng were pregnant after three artificial
inseminations. Artificial insemination was repeated
because the frozen semen had low sperm motility. Af-
ter thawing, motility is below 30% even in a straw with
25x10° sperm. To ensure fertilization, double the dose
is administered. In addition, the timing of ovulation is
unknown. In this study, artificial insemination was
performed when the diameter of the follicles was 1.3
cm. In Swiss Brown Swiss, German Simmental and
Holstein cattle, artificial insemination was also per-
formed when the follicle diameter was 1.20 - 2.25 cm
(Luttgenau et al.,, 2015). In another study in Hereford
and Charolais cattle, insemination was performed when
the follicle size was 1.3 - 1.5 cm (Pfeifer et al., 2012).
In addition, in Swedish FH and Red cattle (Keskin et
al., 2016), insemination is performed when the mean of
follicle size is 1.45 cm and 1.75 cm.

Pregnancy examination by rectal palpation on
the 60th day after Al to confirm the ultrasound result on
day 18"™ and ensure that the banteng is pregnant. Szenci
(2021) also reported confirmation of ultrasound results
by rectal palpation 2 to 3 months after Al. This method
was used because of the frequency of premature embryo
death. In addition, accurate early pregnancy screening
can be performed with ultrasound at day 20 to day 30
(Adams and Singh 2011; Abdullah et al. 2014), Scully
et al. 2014; Bekele et al. 2016). We can even examine
heart rate on day 21 post-mating (Balhara et al. 2013).

This study is the first report on the success of Al
of banteng with frozen semen. The three inseminations
in this study are impractical and time consuming. If the
exact time of ovulation is known and good quality fro-
zen semen is used, insemination can be performed only
once in the future, and it is expected that the same preg-
nancy rate as this artificial insemination will be
achieved.
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Figure 4. Ultrasound view of the follicle and uterus at D-0 (al, a2) and D+1 (b1, b2,) follicle size 1.23 cm (al) and accu-
mulation of mucus in the uterus (a2), size 1.38 cm follicle (b1) and reduced of mucus accumulation in the uterus (b2).

Figure 5. Oestrous behaviour of female Banteng in the exhibition area

CONCLUSION

The time of insemination in banteng is when the female
is still being ridden and the follicles reach a size of 1.23-
1.38 cm, the uterus reaches maximum tension and es-
truses mucus accumulates. The use of ultrasound to de-
termine ovarian status and diagnose pregnancy can in-
crease the success of artificial insemination programs in
banteng. Artificial insemination techniques can be used
for captive (ex situ) banteng breeding programs.
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