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Abstract
This study was designed to investigate the sensitivity and specificity of three methods for detecting the onset of cyclicity in post-
partumMurrah buffaloes. The methods investigated were visual signs, transrectal ultrasonography, and serum progesterone (P4)
assay. For this study, 102 post-partumMurrah buffalo cows were grouped for monitoring their ovarian activity. The first group of
buffaloes was between 26 and 35 days post-partum. Thereafter, the buffalo cows that calved were grouped after every 10 days
for the study sample. Thus, the study animals were adjudged between 26 and 35, 36–45, 46–55, 56–65, 66–75, 76–85, and
86–95 days post-partum with an average of 30, 40, 50, 60, 70, 80, and 90 days post-partum, respectively. Visual estrus signs
were monitored twice daily, and simultaneously, ultrasound examination was carried out at 10 days interval for accessing the
presence of corpus luteum (CL). Serum P4 was estimated in the animals which were adjudged cyclic by ultrasound examination,
and the assay was repeated after 10 days. The buffalo cows in estrus were inseminated artificially, and pregnancy status was
assessed after 30 days post-insemination. In this study, the sensitivity and specificity of visual observation were low (39.37 and
70.73%, respectively) when compared to P4 assay (98.80 and 96.47%) and ultrasound examination (single, 97.59 and 97.59%;
double, 100 and 100%), respectively. Furthermore, the sensitivity and specificity of single and double ultrasound examination
and P4 assay were comparable. In conclusion, this study reports that single and double ultrasound examination and P4 assay are
more efficient than visual observation in detecting the onset of ovarian cyclicity in post-partum Murrah buffaloes.
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Introduction

Estrus detection is a pre-requisite for efficient reproductive
management in farm animals, and any failure in estrus detec-
tion affects the lifetime productivity and profitability of live-
stock (Rao et al. 2013). Conception rate is correlated to the
proper estrus detection and timing of insemination (Verma
et al. 2014). This is all more true among buffaloes as they
exhibit silent heat, especially during the summers (Das and
Khan 2010). Silent heat is difficult to detect, and besides,

when buffaloes do exhibit signs of estrus in summer, it is
likely to be in the cooler part of the day, i.e., early morning
hours (Singh et al. 2000). The optimum lifetime productivity
of buffaloes is achievable only if the inter-calving period is
around 12–15 months. This is attainable only when the days
open is optimum (60–90 days) (Perera 2011). The onset of
ovarian cyclicity is correlated with the post-partum fertility
which depends upon several non-genetic (estrus detection
method, management, nutrition, and season) and genetic fac-
tors (breed, lactation yield, stage of lactation, and suckling)
(Roy et al. 2003).

The findings of studies by Kumaresan et al. (2001) and
Verma et al. (2014) indicated that in a well-managed buffalo
herd, the accuracy of visual estrus detection is quite low
(50%), and only 20% of buffaloes detected in estrus are in-
seminated at the appropriate period. Though buffaloes exhibit
estrus signs similar to those of cattle, the presence of smaller
ovaries and deeply embedded corpus luteum (CL) when
compared to zebu and taurine cattle make the monitoring of
ovarian cyclicity in buffaloes difficult using the conventional
per-rectal examination (Terzano 2012; Baithalu et al. 2013).
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In order to overcome the difficulties in detecting ovarian
activity in buffaloes, one method is the assessment of proges-
terone (P4) levels either in milk or blood (Kamboj and Prakash
1993). Progesterone concentration during the luteal phase and
pregnancy usually ranges from 1 to 4 ng/ml (Roy and Prakash
2009). However, the estimation of the P4 level is not routinely
used for monitoring the ovarian activity due to the time-
consuming analytical techniques and lack of specialized
equipment (Balhara et al. 2013). In addition, transrectal ultra-
sonography provides an alternate method for monitoring the
ovarian activity (Pierson and Ginther 1984; Baruselli et al.
1997). Use of transrectal ultrasonography to assess the follic-
ular growth, development, and regression has significantly
enhanced the understanding of ovarian activity in buffaloes
(Rahman et al. 2012). The present study was designed to
compare the three methods viz. visual signs of estrus,
transrectal ultrasonography, and serum P4 assay for detecting
the onset of ovarian cyclicity in post-partum Murrah
buffaloes.

Materials and methods

Study location and experimental animals

The present study was carried out at ICAR-Central Institute
for Research on Buffaloes, Hisar, India, located at 29.17 ′N
latitude and 75.72° E longitude which is situated 212 m above
the mean sea level. Murrah buffalo cows (primiparous, n = 21;
pluriparous, n = 81) in their early stage of lactation, which
calved between August 2015 and February 2016, were con-
sidered for this study. Buffaloes included for this study aged
between 3 and 8 years (first to fifth lactation) with an average
body weight of 547.6 ± 27.43 kg. All the animals were free
from any genital diseases and had completed pregnancy to full
term and normal parturition.

Management of animals

All the study animals were housed on concrete-floored sheds
with asbestos roofing and sides which were partly closed dur-
ing milking. After milking, the animals were moved into open
paddocks adjoining each shed throughout the day. The ani-
mals were confined in the barn in the night during the winter
months (November to January). The animals were provided
with 6–8 kg of green fodder [Egyptian clover (Trifolium spp.)
45–55 daysmaturity and sorghum (Sorghum spp.) 55–60 days
maturity] while dry fodder was provided as wheat straw
(6–7 kg). Clean drinking water was provided ad libitum.
Before each milking, the animals were individually fed con-
centrate supplemented with a mineral mixture. According to
the quantity of milk produced, each animal was fed 3–4 kg of
concentrate (0.75% of body weight). The concentrate

contained 20% crude protein and 70% total digestible nutri-
ents. The composition of the mineral mixture was as follows
(kg/100 kg): di-calcium phosphate, 90.0; chalk powder, 4.0;
zinc sulphate, 4.0; manganese sulphate, 1.5; copper sulphate,
0.5; potassium iodide, 0.01; and common salt. The buffaloes
were hand-milked twice daily, and suckling was allowed prior
to each milking for let down of milk. All experimental proce-
dures were carried out as per guidelines of the Institutional
Animal Ethics Committee (IAEC) of ICAR-Central Institute
for Research on Buffaloes, Hisar, India.

Visual signs of estrus

According to Mohan et al. (2010), visual signs of estrus viz.
clear mucous discharge, frequent micturition, red and swollen
vulva, mounting, allowing to be mounted by other buffaloes
(within the herd), chin resting, nervousness, and restlessness
were observed by a single herdsman of the farm twice daily
during morning (6:00 am) and evening (6:00 pm) hours.
Buffalo cows showing one or more estrus signs were identi-
fied, checked per rectum for estrus confirmation, and insemi-
nated. Pregnancy was monitored by examining the inseminat-
ed buffaloes after 30 days post-insemination using transrectal
ultrasonography, and pregnant buffaloes were periodically ex-
cluded from the study.

Transrectal ultrasound scanning

All animals underwent transrectal ultrasonography by
the same operator using transrectal real-time ultrasound scan-
ner (Model 320A, Toshiba) equipped with an intraoperative
7.0-MHz micro convex transducer. Based on the period of
calving, the first group of buffaloes (between 26 and 35 days
post-partum) were included in the study, and thereafter, ani-
mals calved every 10 days were grouped and included in the
study (Dolezel et al. 2008). Buffalo cows thus progressed and
adjudged in 26–35, 36–45, 46–55, 56–65, 66–75, 76–85, and
86–95 days post-partum with an average of 30, 40, 50, 60, 70,
80, and 90 days post-partum, respectively (Choudhary et al.
2017). The day of the second examination of the first group of
buffaloes overlapped with the first examination of the second
group, and this followed subsequently for each period of this
investigation. First ultrasound examination of post-partum an-
imals started from 30 days (26–35 days) post-partum, and
subsequent examination was done at 10 days interval till
the animals were adjudged acyclic (Sharma et al. 2012;
Jerome et al. 2016).

Detection of ovarian cyclicity by performing transrectal
ultrasonography once or twice (at 10 days interval) was
termed as single or double ultrasound examination, respec-
tively. Animals were adjudged cyclic if they exhibited any
one of the following characteristics during ultrasound
examination: (a) presence of CL (luteal phase), (b) uterine
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tone with follicle > 12 mm (estrus), and (c) uterine tone with
follicle < 7 mm (met-estrus) (Jerome et al. 2016).

Blood sampling and P4 assay

Blood sample (10 ml) was taken from the jugular vein upon
detection of the CL by transrectal ultrasonography, and sub-
sequently, a second blood sample was collected after 10 days.
Acyclic buffaloes, 80 days after the first sampling, were re-
sampled between 80 and 90 days for the P4 assay. Ovarian
cyclicity status of the buffaloes was ascertained by CL
detection ultrasonography 10 days apart which was further
confirmed by P4 assay at 10 days interval.

For P4 assay, serum was collected from the sampled
blood after centrifugation at 3000 rpm for 10 mins and stored
at − 20 °C. Serum was thawed at 4 °C, 12 h before the assay,
and P4 was estimated using a solid-phase enzyme immunoas-
say kit (Xema Co., Ltd., Moscow, Russia). The intra- and
inter-assay variations were < 5 and < 10, respectively, with a
sensitivity of 0.15 ng/ml (Ayad et al. 2014; Pandey et al.
2016).

Sensitivity and specificity

The sensitivity of estrus detection of a test was expressed as
the percentage of animals identified by the test as being in
estrus relative to the number truly in estrus. Specificity was
defined as the proportion of non-ovulated cows in which no
estrus was detected. Sensitivity and specificity were calculated
according to Firk et al. (2002). Correctly detected estrus was
categorized as true positive, whereas undetected estrus was
considered as false negative. Non-detection of estrus during
the study period was categorized as true negative, and wrong-
ly detected estrus during the study period was termed as false
positive.

Statistical analyses

Data was analyzed with SPSS (Version 16) using chi-square
test to compare the efficiency of different methods in detecting
the onset of cyclicity in post-partum buffaloes, and the results
were considered significant at P < 0.05.

Results

Visual signs of estrus

Visual signs of estrus were not evident in 44 buffaloes
(41.30%), i.e., they remained undetected; however, they were
confirmed to be cyclic using ultrasonography. In this study,
19 buffaloes (18.62%) remained acyclic till 90 days post-
partum. These findings (Tables 1 and 2) indicate that estrus

was successfully detected visually in 29 (28%) buffaloes, and
among the undetected estrus, 41.30% of the buffaloes
remained acyclic after 90 days post-partum. The most com-
mon visual signs exhibited by the oestrous buffaloes were
mucous discharge followed by frequent micturition
(Table 1). The buffaloes were thus categorized as true positive
(n = 29), false positive (n = 12), false negative (n = 44), and
true negative (n = 17). The sensitivity and specificity of estrus
detection by visual observation were 39.73 and 70.73%,
respectively.

Transrectal ultrasound scanning

By single transrectal ultrasonography, 81 and 17 buffaloes
were found to be cyclic and acyclic, respectively, till 90 days
post-partum (Table 2). By using thismethod (single transrectal
ultrasonography), there were 81, 2, 2, and 17 buffaloes who
could be categorized under true positive, false positive, false
negative, and true negative categories, respectively. However,
when the transrectal ultrasonography was repeated (double
ultrasonography), 83 and 19 buffaloes were categorized as
true positive and true negative, respectively, indicating that
there was no significant improvement in assessment of
pregnancy status between the two transrectal ultrasonography
procedures. The sensitivity of the transrectal ultrasonography
procedure was significantly higher when compared to the
visual method (Tables 2 and 3).

Progesterone assay

Based on the P4 assay, 83 and 19 buffaloes were adjudged to
be cyclic and acyclic, respectively. The results also indicated
the presence of an outlier among the group where the P4 level
was < 1 ng/ml. In this study, the average P4 levels estimated
were 2.34 ± 0.23 ng/ml and 0.53 ± 0.07 ng/ml in cyclic and
acyclic buffaloes, respectively. True positivity of resumption
of ovarian cyclicity was higher (P < 0.01) when compared to
visual observation. Buffaloes under study were categorized

Table 1 Behavioral signs of estrus in buffaloes (n = 29)

Behavioral signs Percent of animals (%)

Mucous discharge 62.07

Frequent micturition 55.17

Swollen vulva 41.38

Bellowing 37.93

Chin resting on the back of herd mate 27.59

Restless/excitement 27.59

Flehmen reaction (sniffing/licking) 24.14

Sniffing vulva of herd mate 20.69

Mounting on another buffalo cow 10.34

Standing heat 3.45
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as true positive (n = 82), false positive (n = 3), false negative
(n = 1), and true negative (n = 16) using P4 assay. The sensi-
tivity and specificity of the double P4 assay were 98.80 and
96.47%, respectively (Tables 2 and 3).

Comparison between visual observation, transrectal
ultrasonography, and P4 assay

Visual observation of estrus differed significantly from single
and double (P < 0.0001) transrectal ultrasonography and P4
assay (P = 0.0113). Furthermore, it was interesting to note that
non-significant difference was observed between single and
double transrectal ultrasonography and P4 assay in detecting
the onset of ovarian cyclicity in post-partumMurrah buffaloes
(Table 4).

Discussion

The findings of this study indicate that estrus detection using
visual signs was less successful (39.73%) as compared to oth-
er methods (ultrasonography and P4 assay) as buffaloes, being
Bshy breeders,^ exhibit silent heat during the summers (Suthar
and Dhami 2010). Our findings agree with Kumaresan et al.
(2001) who reported that estrus remains undetected in several
well-managed herds, resulting in a faulty time of insemination
thereby lowering the efficacy of the artificial insemination
procedure. Besides, faulty detection of estrus by visual obser-
vation can be attributed to the errors/misinterpretation in ad-
dition to the poor expression of estrus signs in buffaloes
(Srivastava et al. 1999; Kumaresan et al. 2001; Abdalla
2003; Dubey et al. 2015). Furthermore, estrus signs differ
significantly between the buffalo heifers and cows but

remained comparable across parity in buffaloes (Verma et al.
2014) and cows (Løvendahl and Chagunda 2010). Therefore,
studies on the effect of parity on ovarian cyclicity onset across
parity and season in buffaloes need to be investigated in the
future.

The sensitivity and specificity of transrectal ultrasonogra-
phy (single and double) were in accordance with Ribadu et al.
(1994) in cows. In contrast, Zdunczyk et al. (2009) reported
lower sensitivity (94.7%) and specificity (84%) using
transrectal ultrasonography in cows. This difference could be
ascribed to the type of transducers used and the experience of
the examiner. Likewise, false positive and false negative re-
sults obtained in this study could be due to short oestrous
cycle, misinterpretation during transrectal ultrasonography,
and non-detection of early or late CL (Archbold et al. 2012;
Perry and Cushman 2016).

With respect to P4 assay, the onset of ovarian cyclicity was
confirmed by peripheral P4 level (> 1 ng/ml). Considering
double ultrasound scanning as the gold standard for detecting
the onset of post-partum cyclicity, P4 assay showed higher
sensitivity (98.8%) and specificity (96.47%) than visual signs
(Broes and LeBlanc 2014; Gómez-Seco et al. 2017). The
study indicated that the P4 assay (98.80%) was comparable
to single (97.59%) and double (100%) ultrasonography. In this
study, the sensitivity and specificity of P4 assay were higher in
comparison to the findings of Kaul and Prakash (1994) and
Kumaresan et al. (2001) in buffaloes attributing to the differ-
ence in the assay used (Broes and LeBlanc 2014). Moreover,
the erroneous (false positive and false negative) results of P4
assay can be attributed to non-detection of P4 secreted by early
developing and/or regressing CL (Perry and Cushman 2016).

Higher sensitivity and specificity of ultrasound examina-
tion (single and double) and P4 assay as compared to visual

Table 2 Estrus detected by visual
observation, ultrasound
examination (single and double),
and progesterone assay

Detection method True
positive

False
positive

False
negative

True
negative

Confidence interval
(95%)

Visual observation (n = 102) 29a 12b 44b 17a 19.69–36.85

Single ultrasound examination
(n = 102)

81b 2a 2a 17a 70.50–86.19

Double ultrasound examination
(n = 102)

83b 0a 0a 19a 72.65–87.82

Progesterone assay (n = 102) 82b 3a 1a 16a 71.57–87.01

a,bValues in a column with different superscripts differ significantly (P < 0.01)

Table 3 Sensitivity and
specificity by visual observation,
ultrasound examination (single
and double), and progesterone
assay for detecting the onset of
ovarian cyclicity in post-partum
buffaloes

Detection method Sensitivity (%) Specificity (%)

Visual observation (n = 102) 39.73a 70.73a

Single ultrasound examination (n = 102) 97.59b 97.59b

Double ultrasound examination (n = 102) 100b 100b

Progesterone assay (n = 102) 98.80b 96.47b

a,bValues in a column with different superscripts differ significantly (P < 0.01)
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observation have been reported earlier (Zdunczyk et al. 2009;
Perry and Cushman 2016). Moreover, comparable specificity
of ultrasound examination (single and double) and P4 assay
confirms the effectiveness for monitoring the ovarian cyclicity
(Stevenson et al. 2008; Gómez-Seco et al. 2017). Nonetheless,
better training combined with high-resolution digital imaging
(Firke 2002; Cengiz et al. 2017) can contribute to higher
sensitivity and specificity of transrectal ultrasonography of
the reproductive system under farm and field conditions in
buffaloes.

In summary, single and double ultrasound examination and
P4 assay are more efficient than visual observation in detecting
the onset of ovarian cyclicity in post-partum Murrah
buffaloes.
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