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The study aimed to predict the onset of estrus and insemination timing based on automated recorded
behaviors in Buffaloes. A total of 100 estrus events episodes of 60 buffaloes having 2" to 5% parity were
studied either automated monitoring system or visual observation. The rate of true estruses detection
was higher when estruses were detected by an automated monitoring system than visual observation

(30 vs 17, respectively; P<0.05). However, false estruses prediction was lowered by an automated manuscript.
monitoring system than visual observation (11 vs 19, respectively; P<0.05). Therefore, efficiency (60%)
and accuracy (73.1%) of estruses detection by NEDAP were higher than visual observation. The feeding Key words

Estrus detection, NEDAP neck and
leg tag variables, Buffaloes, Visual
observation

bouts were decreased from day -3 to 0 day (9.56+0.3 vs 6.23+0.3 bouts/d, respectively; P<0.001), and
reduction in rumination time was about 3.8 h/d from day -1 to 0 day. The lying bouts (P<0.001) and time
(P<0.0001) was first decreased from day -3 to estrus onset then increased. The reduction in lying time
was approximately 5.0 h which shows that buffaloes were restless. The standing bouts and time were
at the highest level (26.10+1.2 bouts/day, P<0.01 and 11.140.7 h/d, P<0.001) at day O (estrus onset),
which indicated that due to restlessness, buffaloes walking activity increased at estrus. There was a
negative correlation between lying and standing variables on the day of estrus, therefore the longest-
standing episode was approximately 5 h which was significantly higher in comparison to pre and post
estrus days. Estrus is correctly detected by NEDAP than visual observation, which improve the success
rate of insemination in Buftalos:

INTRODUCTION The growing demand for milk can only be fulfilled, when
there is high milk production and improved reproduction
of dairy animals. Modern technologies (artificial

B uffalo (Bubalus bubalis) is the highest milk-producing
insemination, embryo transfer, etc.) are needed to improve

animal after cattle (Magsi et al., 2018). Buffalo milk

contributes 50% of total milk in the world. In Pakistan,
buffaloes are one of the major dairy animals, which produced
about a 36.18 million tons of milk (Shahbaz et al., 2020).
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the reproduction of dairy animals. Artificial insemination
is a modern technique by which high-genetic sire semen
is used in the insemination to produce high genetic
potential offspring (Borchers et al., 2017). The conception
of animals depends on the correct timing of insemination
and also various other factors i.e., female health, semen
quality, insemination technique, etc. (Dobson et al., 2008).
If animals are inseminated too early from ovulation, the
chance of fertilization decreases due to sperm aging. On
the other hand, if animals are inseminated too late the
embryo formation chance is minimum due to the aging
of the egg (Dolecheck et al., 2015). Therefore, the correct
estrus detection in animals is necessary to predict the
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timing of ovulation and insemination.

Estrus is a sexual phase of the estrous cycle in domestic
animals (cattle and buffaloes), at that time animals allow
males for mating or are ready for insemination. During
estrus, many behavioral and physiological changes take
place in dairy animals, i.e., mounting, tail rising, mucus
discharge (Fricke et al., 2014; Senger, 1994). These
changes are detected visually in dairy farms and declaration
of estrus, and timing of insemination in animals. Many
factors affect the efficiency of estrus detection through
visual observation. One is the inability of farm staff is
that not fully aware of the signs of estrus (Schweinzer et
al., 2019), and the second is improper timing for visual
observation of estrus detection (Burnett ef al., 2018). The
achieving of high efficiency of estrus detection through
visual observation required experience and diligent
attention of farm employees. However, experienced
labors availability is a very difficult and costly job in
developed countries (Saint-Dizier et al., 2018). Therefore,
automated monitoring systems have been developed to
monitor behavioral changes during estrus. The pedometer
is attached to a leg that detects the changes in walking
activity during the estrous cycle and the increased number
of steps declared that this animal is in estrus (Kamphuis
et al., 2012). The neck collar has been used to detect the
change in feeding and rumination activity during estrus
days (Silper et al., 2015). The accelerometers were used
by (Aungier et al., 2015) to detect the change. in lying,
standing, and rumination behavior during estrus in cattle.
However, these systems are used in dairy cattle and no
single study was performed on buffalos.

Buffaloes exhibit a somewhat poor frequency of
reproduction due to low fertility and silent estrus (Gupta et
al., 2015). Therefore, the'automated monitoring system for
estrus detection is very necessary to improve reproductive
performance. Therefore, we design the study to measure
the changes in behaviors at pre-estrus, estrus, and post-
estrus days through the NEDAP system in buffalos. The
objectives of the study were (a) to determine the changes
in feeding, rumination, lying, and standing behaviors in
buffaloes, (b) to predict the onset of estrus through these
automated monitoring behavioral changes, and (c) to
suggest the timing of insemination in buffaloes.

MATERIALS AND METHODS

This study was conducted at the Dairy Animals
Training and Research Center, B Block, Ravi Campus,
UVAS, Pattoki located in Punjab, Pakistan. The ambient
temperature of Pattoki-Pakistan was 35-45°C in summer,
while 20-25°C in winter, with 55% humidity at the
start of summer, and 70%, during the rainy season.

The experiment was carried out on sixty (n=60) dairy
buffaloes (Nili Ravi) having 2™ to 5" parity, which were
subdivided into two groups. All experimental animals
were scanned through an ultrasound (Scanner 200, Pie
Medical, Maastricht, Netherlands) to evaluate the health
status of the reproductive tract. The animals with a healthy
reproductive tract, no sign of abnormalities, and corpus
luteum (CL) on the ovary were included in the experiment.
All experimental animals were fed a mixture of green
fodder, grass silage, mineral supplements and concentrates
twice daily, and freshwater was provided ad libitum. The
buffaloes were milked twice daily. Each animal of the herd
had an average of 2700-3200 kg of milk on 305-days of
the lactation period. All experimental procedures were
approved under the guideline of the Ethical Committee of
the University of Veterinary and Animal Sciences, Lahore-
Pakistan.

Fig. 1. Experimental design to assess the NEDAP leg and
neck logger tag variables for the estrus detection in dairy
buffaloes. At day -35 transrectal ultrasonography (US)
was done to determine the presence of CL on ovaries and
verification of cyclicity at the start of experiment. First
PGF, injection was administered at the day -34 and then
11 days apart 2" PGF,_injection at the day of -23 was
administered and after PGF,_ injection US was performed
at 12-h intervals until ovulation was detected. The NEDAP
leg and neck tag was attached at the day of -5 relation to
day of estrus (day 0). From the day -3 to estrus onset (day
0) daily US was performed until ovulation and new CL was
detected on ovaries. Insemination was done on the basis of
AM: AM or PM: PM rule. Conception was determined at
the day of +45 through ultrasonography.

The study design to assess the NEDAP leg and neck
logger tag variables are illustrated in Figure 1. Transrectal
ultrasonography was performed on the day of-35 (before
the first injection of PGF, ) to confirm the presence of CL
on ovaries (buffaloes cyclicity). After confirmation of CL
on ovaries, animals were included in the study. On the day
of -34 first PGF, injection intramuscular was administered
in all animals and 11 days apart, the second PGF,  injection
was administered. Regression of a CL and ovulation
of the preovulatory follicle were determined through
ultrasonography at 12-h intervals to verify the response
of estrus synchronization protocol. The presence of new
CL and concentration of progesterone (>1.0 ng/ml) at the
day of -20 to -17 was the reference standard for ovulation
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in comparison to automated estrus detection. Then all
animals were divided into two groups, in each group
n=30 dairy buffaloes were allocated. In one group, the
estruses were detected through an automated monitoring
system (NEDAP), and in the other group, the estruses
were detected through visual observation. The data were
reduced to 3 days before (day -3) and 3 days after (day +3)
of estrus. A total of 100 estrous cycles were analyzed led
to conception in each group. When the estrus was detected
either by visual observation or by the NEDAP monitoring
system (Parallelweg 2 7141 DC Groenlo the Netherlands),
it was set as the day of estrus (day 0). Insemination was
done at 24-h after the onset of estrus (AM: AM rule).

NEDAP leg and head collar tags were attached on a
hind limb and left side of the neck, respectively in buffalos
for the whole study period to observe behavioral variables.
The leg tags recorded lying behaviors and standing
behaviors on a per-minute basis at -3 to +3 days of estrus.
While neck tag recorded feeding behaviors and rumination
behaviors on daily basis during the study period. The
onset of estrus was confirmed as a true estrus by ovarian
ultrasonography.

Visually estrus was observed 4 times daily (6:00
AM, 12:00 PM, 6:00 PM, and 12:00 AM) for 30 min.
Estrus was declared on visual observation behaviors
(behavioral score as shown in Table ) i.e., mounting with
other animals, mucus discharge, minor swelling of vulva,
increased walking activity, and sniffing (Roelofs ef al.,
2005). After detection of estrus insemination -was done
on AM: AM or PM: PM rule. Conception was determined
through ultrasonography at day 45.of insemination.

Table I. Scoring scale for visual observed estrus signs
relative to insemination.

Visual observed estrus signs Points
Swelling of valve 3
Increased walking 8
Sniffing 15
Mounting with other animals 25
Mucus discharge 45

Insemination was done 24 h after mucus discharge

The experimental data of the automated monitoring
system was summarized on daily basis at -3, -2, -1, 0,
+1, +2, and +3 days of estrus. The statistical analysis
of feeding, rumination, lying, and standing behaviors
was performed through SAS version 9.3. The normality
of data was assessed by the Kolmogorov Smirnov and
Shapiro-Wilk tests. A general linear model (GLM) with
repeated measures was used to assess the effect of days

of estrus with automated monitoring behaviors (feeding
behaviors: feeding bouts, average bouts and feeding time;
rumination behaviors: rumination bouts, average bouts
and rumination time; lying behaviors: lying bouts, average
bouts and time: standing activity: standing bouts, average
bouts and time). The Spearman correlation was performed
to evaluate the relationship between the start and end of
standing and lying variables within hours of day -3 and
at the day of estrus onset (day 0). Student paired t-test
was used to compare the duration of the longest standing
and lying bout on the day of -3 and 0. A mixed model
procedure was used to compare the effect of parity on the
automated monitor behaviors at days -3 and 0 of estrus.
Binary logistic regression was to compare the conception
rate, true and false estruses of automated estrus detection,
and visual observation.

RESULTS

The results showed that the NEDAP monitoring
systemdetected 30/50 true estruses which were significantly
higher (P<0.05) than visual observation (17/50). However,
false estrus events detection was significantly higher
(P<0.05) in visual observation than NEDAP® system (19
vs 11). Therefore, the estruses detection efficiency and
accuracy by NEDAP® monitoring system achieve 60%
and 73.1%, which was significantly higher (P<0.05) than
visual observation efficiency and accuracy (34 and 47.2%,
respectively). The first Al conception rate and overall
conception rate were 43% (13/30 1 Al conceptions)
and 35% (18/50 overall conceptions) by the automated
monitoring system, which was significantly higher
(P<0.01) than visual observation, as shown in Table II.

Table I1. Comparative statistical results of reproductive
performance and estrus detection with NEDAP
monitoring system or visual observation in buffaloes.

Parameters Methods of estrus detection
NEDAP Visual
monitoring system observation

Total estrus events 50 50

True estrus events detected  30° 17°

False estrus events detected 11* 19°

Efficiency (%) 60? 340

Accuracy (%) 73.1° 47.2°

First Al conception rate (%) 43° 28.1°

Overall conception rate (%) 35° 25.4°

Rumination and feeding behaviors in buffalos were
changed during estrus days (Fig. 2A and B). The feeding
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Fig. 2. Mean+SE of the automated monitoring system
behaviors for Days -3 to +3 relative to estrus (Day 0).
(A) mean for feeding behaviors relative estrus; (B) mean
for rumination behaviors relative to estrus; (C) mean for
lying behaviors relative estrus and (D) mean for standing
behaviors relative to estrus, *° different superscripts letters
show significance (P<0.01) between days.

bouts were decreased (P<0.001) from 9.56+0.3 bouts/d at

day -3 of estrus to 6.23+0.3 bouts/d on the day of estrus
(day 0) and after estrus the feeding bouts had increased.
The results showed that feeding time was similarly
decreased (P<0.0001) from 4.5+0.3 h/d on day -3 to
2.3+0.6 h/d on the day of estrus, which showed feeding
behaviors were changed during estrus days. The results
revealed that rumination bouts and time were in decreasing
(P<0.001) pattern from -3 days of estrus to 0 days of estrus
and then an increasing pattern till +3 days of estrus. These
results showed that feeding and rumination behaviors were
changed during estrus and may be ideal parameters for
estrus detection in buffaloes.
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Fig. 3. Comparison of standing (full black bar) and lying
(empty bar) bouts at 3 days before estrus (Day-3) and day
of estrus (Day-0) in buffaloes.

The daily standing and lying behaviors were shown in
Figure 3. Overall lying time was decreased from day -3 to
day 0 and therefore standing time was increased on the day
of estrus. There was a negative correlation (-0.91; P<0.001)
between lying and standing behavior at estrus duration.
The longest-standing episode was present between 8:00
AM to 1:00 PM on the day of estrus. Consequently, the
longest-standing bout on the day of estrus (day 0) was
about 300 min which was significantly higher (P<0.0001)
than the longest-standing bout of day -3 (160 min).

The lying bouts were significantly lowered on the
day of estrus (day 0) as compared to pre and post estrus
days (5.69+0.8 vs 12.13+£0.5 and 9.96+0.7, respectively;
P<0.001) and increased from day 0 to day +3, as shown
in Figure 2C. The mean lying time was in decreasing
pattern from 9.0+£0.9 h/d at day -3 to its lowest value at
the day of estrus onset (4.0+0.6 h/d, P<0.0001) and then
increased to 8.0+0.6 at the day of +3 of estrus, as shown
in Figure 2C. The mean lying time was reduced by about
5.0 h from day -3 to 0 day (day of estrus), which shows
that lying time was a useful parameter for estrus detection
in buffaloes. The standing bouts were lowered at day -3 of
estrus (19.13+1.1) and then increased to their highest value
on the day of estrus (26.10+1.2), as shown in Figure 2D.
The standing time was significantly higher at estrus (day 0)
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Table III. Interaction between parity and automated monitoring technology parameters at -3 days before estrus and
the day of estrus (0 days).

Days Parity Automated monitoring technology parameters
Rumination behaviors Feeding behaviors Lying behaviors Standing behaviors
RB ARB RT (h) FB AFB FT () LB ALB LT (h) STB ASTB  STT (h)
30 2 23.840.7 24.1£1.0 8.840.6 10.3+1.2 24.8+1.1 3.7+1.0 9.4+0.3 51.2+1.6 7.9+1.3 20.0+0.7 27.3+1.3 8.5+1.2
3 23.4+0.8 22.8+0.6 8.6+0.5 8.7£0.9 24.5+1.1 3.4+0.5 9.1£0.2 52.1+1.8 7.8+1.1 19.8+0.6 25.8+0.9 8.8+1.7
4t 22.9+0.7 24.0£0.9 9.1+1.1 8.9+0.7 24.8+1.0 3.5+0.9 10.1+0.4 50.7+2.1 8.1+1.1 19.3+0.8 26.3+1.2 7.9+1.3
5t 24.0+0.6 23.4+0.8 9.2+0.8 8.6+0.8 24.0+1.1 3.6+0.8 9.8+0.4 48.9+2.1 7.8+1.0 21.5+0.8 25.2+1.2 8.1+1.4
0 2nd 15.3+0.9 23.3+£1.5 5513 6.2+03 23.1£1.1 2.2+0.5 5.6£0.2 44.9+3.0 3.8£1.4 26.6+2.4 25.844.4 11.6+1.6
3rd 16.0+0.5 23.8£0.9 5.6+1.1 6.5+0.4 23.5+1.3 2.5+0.3 6.0£0.5 44.5+1.9 3.9£1.6 26.1+£3.2 254439 11.4+1.7
4t 15.8£0.9 24.1£1.1 6.0+£1.3 6.0+£0.7 22.9+0.7 2.3£0.4 59+0.4 43.9+2.0 4.1+0.7 25.9£2.7 26.4+2.4 12.1£1.8
5M 16.3+0.8 23.5£0.7 5.8+0.9 5.840.8 23.7£1.6 2.6+0.5 5.3+0.9 44.7+1.4 43x1.4 26.3+£3.2 25.2+54 12.3£1.9

The variable was statistically non-significant (P>0.05) therefore no superscripts on values. 2™, second parity; 3", third parity; 4", fourth parity and 5%,
fifth parity; Rumination behaviors (RB, rumination bouts; ARB, average rumination bouts and RT, rumination time in hours); Feeding behaviors (FB,
feeding bouts; AFB, average feeding bouts and FT, feeding time in hours); Lying behaviors (LB; lying bouts; ALB, average lying bouts and LT, lying time
in hours); Standing behaviors (STB, standing bouts; ASTB, average standing bouts and STT, standing time in hours); h indicate hours, -3 indicate three

days before estrus detection and 0 indicated day of estrus in buffalo.

as compared to day -3 and day +3 (11.1+0.7 vs 6.5+0.6 and
8.6+0.7 h/d, respectively; P<0.001), as shown in Figure
2D. There was about a 4.6 h increase from day -3 to day 0
during the study period in buffaloes, that behaviors show.
animal want to meet with buff or inseminated.

The interaction between parity and behavioral
parameter during different days of estrus was shown in
Table III. The result showed that there was no significant
difference (P>0.05) between parity (2%, 3%, 4% and 5") in
rumination, feeding, lying, and standing behaviors either
at pre-estrus (day -3) or on the day of estrus (day 0)

DISCUSSION

The detection of estrus through different automated
monitoring systems in dairy animals is helpful for
improving conception rate through insemination (Devi et
al., 2019). The results of the current study supported the
previous reports that behavioral changes were observed
during the estrous cycle in dairy animals (Firk ez al., 2003;
Silper et al., 2017). Restlessness is the main and first
behavioral change in dairy animals at the time of estrus
onset and is mainly used for the detection of estrus events
(Michaelis et al., 2014).

The results of the current study showed that the true
estruses detection, was were significantly higher in the
NEDAP monitoring system, and false estruses detection
was lowered than visual observation in dairy buffaloes.
Our results were in agreement with previous reports that
true estrus events detection was significantly higher in

dairy cows by monitoring device and decreases the chance
of false estus (Rutten et al., 2013; Mayo et al., 2019). In
the current study the estruses detection efficiency was 50%
and accuracy was 65.2% by NEDAP monitoring system
which was significantly higher than visual observation in
buffaloes. The efficiency (76.9%) and accuracy (99.4%) of
estruses detection by AAM® collars were also significantly
higher in Holstein cows (Kamphuis et al., 2012; Michaelis
et al., 2014). The difference between results might be
due to differences in the method of visual observation,
frequency, and duration of observation. The conception
rate of our study was higher in the automated monitoring
system, which is in agreement with other studies that
conception rate was higher in the automated system
than visual observation estrus detection (Reith and Hoy,
2018). These findings prove the efficiency of the systems.
Buffaloes are silent estrus and mostly at night (Devi et al.,
2019), therefore monitoring device is necessary to improve
their reproduction.

The result of the current study showed that feeding
and rumination behaviors were changed during estrus
days, such that feeding bouts and time were decreased
from pre-estrus to estrus. These findings suggested that
animals were restless and had changes in their body
physiology 1i.e., hormonal profile (Saint-Dizier and
Chastant-Maillard, 2018). The previous reports showed
similar results as our finding that during estrus the chewing
of feed staff was disturbed during estrus days in dairy
animals (Andriamandroso et al., 2017). In recent studies,
the feeding bouts and time were decreased in Holstein
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cattle by the automated monitoring system (Borchers et
al., 2017). The finding of the current study showed that
reduction in rumination time was about 3.8 h/d from -1 to 0
day. Our results supported the finding of previous scientists
that rumination time was significantly affected on the day
of estrus onset and found a 247 min decrease in rumination
(Silper et al., 2017). The possible explanation for decrease
in rumination around estrus is due to decreased feed intake
and lowered feeding time (Bikker et al., 2014). During
estrus, the estradiol level was high, which increased
moment behavior in animals that are negatively correlated
with feeding and rumination behaviors (Borchers et al.,
2017).

The lying behaviors were changed during estrus days
in this study such that the reduction in lying time was
about 5.0 h from -3 days to 0 days of estrus. This is in
agreement with (Silper et al., 2017) that reported, lying
bouts and time decrease from -7 day to day of estrus. Other
scientists (Jonsson et al., 2011) reported that lying time
decreased as the day of estrus approached due to increased
walking activity and restlessness. An explanation of this
decrease in lying might be due to restlessness and increased
walking activity. The lying activity on the day of estrus is
a useful parameter for the detection of estrus and the time
of insemination in cattle and buffaloes (Devi et al., 2019).

The standing bouts and lying bouts duration and their
association with walking activity are important parameters
for automated estrus detection in dairy animals (Silper
et al., 2015). The result of the current study showed that
standing time was lowered on pre-estrus days and then
increased to its highest value (11:1+£0.7 h/d) on the day
of estrus. The standing time high on estrus day indicated
that the buffaloes were restless{(Borchers ef al., 2017) and
become standing heat forinsemination. Our result supports
the finding of previous reports that standing behaviors
increased on the day of estrus in dairy cattle (Kamphuis
et al., 2012). The increased standing time on day O due
to longest-standing bout duration, which was started at
8 AM and ends at 1 PM. This increased duration of the
single bout at the day of estrus (day 0) was approximately
5 h, which was about 43% of the standing time on the day
of estrus. A similar finding was reported by two scientists
that the longest-standing bout was approximately 4h (39%
of the total standing time) (Silper et al., 2015) and the
two longest-standing bouts were about 8 h (55% of the
standing time) (Rutten et al., 2013). The walking activity
of buffaloes was high during estrus, which is in agreement
with the previous finding that peak walking activity was
noticed at the onset of estrus in dairy cows (Gupta et al.,
2015).

In the current study, the automated monitoring
behaviors were independent of parity, both on the pre-

estrus day (day -3) and at the onset of estrus. Our result
is in contrast with previous reports that in heifers standing
time had higher than multiparous cattle due to high walking
activity in heifers (Friggens and Labouriau, 2010). The
difference in the result may be due to species differences
or climatic conditions of the study area.

CONCLUSION

This is the first study in which an automated
monitoring system was used for the detection of the onset
of estrus in buffaloes. This study found that high variation
in rumination and feeding behaviors on the days of estrus,
such that rumination and feeding behaviors (bouts and
time) decreased from pre-estrus to the onset of estrus
indicating that buffaloes' were restless. The negative
relationship between lying and standing behaviors shows
that buffaloes in estrus, on the other hand, the walking
activity increased for seeking of mating bull. The finding
of the longest-standing bout on the day of estrus and
shorter lying bouts provided important insights into how
standing and lying bouts could be used to improve estrus
detection in buffaloes and also used for the timing of Al
The automated monitoring variables had independent of
parity at pre-estrus and estrus days in buffaloes.
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