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A B S T R A C T

The objective of this study was to evaluate variations in the orbital area, muzzle and vulva
surface temperatures and progesterone (P4) concentrations during follicular and luteal phases in
Murrah buffalo and whether these temperatures are influenced by the weather patterns. Forty
cows were submitted to P4-based hormonal protocol. After P4 device withdrawal transrectal
ultrasonography and infrared digital thermography were performed daily until day 16 and on
days 20, 24, 28 and 32 to follow the ovulation as well as the vulva, orbital area and muzzle
temperatures. In addition, the weather variables were evaluated, as well as rectal temperature
(RT) and P4 and cortisol concentration. Vulva, muzzle and orbital area temperatures correlated
positively with RT and with weather data. Greater temperatures of the vulva, orbital area and
muzzle were detected during the period of estrus. The vulvar surface temperature (VST) was not
influenced to a great extent by weather factors during the morning, so this period was chosen to
evaluate the influence of the phase of the estrous cycle on VST. The VST was less during days 16,
20, 24 and 28 (diestrus) and P4 concentration was inversely proportional to the VST. Muzzle,
orbital area and RT, however, were not of the same pattern. Negative correlations were observed
between VST and P4 concentrations. It is concluded that VST undergoes changes during the
reproductive phases, correlating with P4 concentration. The weather factors influence the tem-
peratures of the body surface areas, and the morning is the most desirable time to perform the
thermographies.

1. Introduction

Fixed-time artificial insemination method (FTAI) has been used in buffalo to enhance selection for animals with superior genetics
and greater reproductive rates (Baruselli et al., 2013). Ancillary methods are studied in search of an enhanced efficiency of the FTAI
in cattle, and markers can be used to observe which females were produced by the other animals through homosexual behavior
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typical of estrous expression (Sá Filho et al., 2011). In buffalo, homosexual behavior is not expressed, and it is necessary to develop
practical methods to identify estrus (Singh et al., 2000; Hockey et al., 2010).

Physiological events, such as the estrous cycle, can alter tissue vascularization and blood flow. The surface of the skin functions as
a cooling system that irradiates heat, and the vascular variations of certain tissues possibly alter the surface temperature of the skin
(Purohit et al., 1985). Different invasive techniques have been used to measure changes in body temperature during estrus, but these
may be influenced by the stress caused to the animal (Clapper et al., 1990; Mosher et al., 1990; Kyle et al., 1998; Redden et al., 1993;
Fisher et al., 2008). Infrared digital thermography (IDT) is a non-invasive technology that allows accurate measurement of surface
temperature (Chacur et al., 2016a) and has great potential in its applicability in animal reproduction. Few studies, however, have
been conducted in this area of research (Ricarte et al., 2014).

The IDT has the potential for use in research, however, the surface temperature of an animal can be affected by ambient tem-
perature, air flow, air humidity and debris on the surface of the skin (Cravello and Ferri, 2008). Generally it is recommended that
ambient temperatures be below 30 °C when monitoring skin surface temperatures (Sykes et al., 2012).

The IDT is experimentally used to monitor and elucidate the heat changes of the animals in the environment; to study scrotal
thermoregulation in ruminants (Kastelic et al., 1996; Ruediger et al., 2016); mastitis in dairy cows (Colak et al., 2008); and to analyze
changes in the locomotor system of horses (Alsaaod e BüScher, 2012) and ruminants (Stewart et al., 2010). There are reports of the
use of IDT to detect changes in vulvar temperatures between estrus and diestrus in sows (Scolari et al., 2011; Sykes et al., 2012), ewes
(George et al., 2014) and dairy cows (Talukder et al., 2014).

The applicability of IDT in buffalo has recently been demonstrated. It was verified that the skin temperatures of the orbital area,
flank and ears are subject to weather variations and correlated with rectal temperature and can be used in studies of thermal comfort
in these animals (Barros et al., 2016; Sevegnani et al., 2016).

Thus, the objectives of this study were to analyze variations of orbital area, muzzle and vulva temperature and variations in
progesterone (P4) concentrations, during the follicular and luteal phases of the estrous cycle, as well as to evaluate the influence of
weather on the temperatures obtained by IDT in Murrah buffalo treated with a hormonal protocol that was designed to synchronize
time of ovulation.

2. Materials and methods

After the approval of the research project by the Ethics Committee on the Use of Animals (CEUA 18/2016), data were collected
between April and August 2016 in Registro /SP/Brazil, with humid subtropical weather, dry winter, hot and humid summer, a rainy
season from October to March and a dry season from April to September.

2.1. Animals

A total of 40 Murrah buffalo were used in the study, with a mean ± SD age of 95.1 ± 48.2 months, body condition score of
3.6 ± 0.3 (range 1–5), daily milk production of 6.6 ± 1.2 kg and 112.5 ± 55.5 days in lactation.

2.2. Feeding

The animals were submitted to the same nutritional management in rotational grazing (Brachiaria brizantha) with water and
mineralized salt ad libitum, and a supply of cereal concentrate before milking.

2.3. Experimental design

Synchronization of time of ovulation among the selected animals was performed using a hormonal protocol consisting of the
insertion of a P4-releasing intravaginal device (1,0 g, Sincrogest, Ourofino, Cravinhos, SP, Brazil) plus 2mg of estradiol benzoate (EB,
im, Sincrodiol, Ourofino, Cravinhos, SP, Brazil) on the first day of the treatment period (D0). After 9 days (D9), prostaglandin F2
alpha (0150mg, im, d-cloprostenol, Croniben, Biogéneses Bagó, Buenos Aires, Argentina) and 400 IU of equine chorionic gonado-
trophin (eCG, im, Folligon, MSD Saúde Animal, São Paulo, SP, Brazil) were administered, followed by treatment with GnRH (10 μg of
buserelin acetate, im Sincroforte, Ourofino, Cravinhos, SP, Brazil) on day 11 (D11). Ultrasonography and blood collection were
performed daily in the afternoon from D9 to D16 and D20, 24, 28 and 32. The muzzle, orbital area and vulva IDT accompanied by the
measurement of weather data were performed on the same days, during the morning and the afternoon (Fig. 1).

2.4. Infrared digital thermography

The IDT (Thermovisor E-40, FLIR, Oregon, USA) of the vulva, muzzle and orbital area was performed twice a day, from the 0700
to 0900 and from the 1500 to 1800 h, during all phases of the estrous cycle. The thermographic images were obtained using an
emissivity value of 0.98, 1m away, with the focus of the emitter directed perpendicular to the vulva, and later at a 45° angle to the
muzzle and to the orbital area. The quality of the thermograms was immediately evaluated, and when necessary the procedures were
performed again. The thermograms were stored and then transferred to the computer for analysis (Flir Tools Version
5.11.16357.2007, FLIR, Oregon, USA), where vulva, orbital area and muzzle surface mean temperature were obtained according to
the demarcations included in Fig. 2. After the thermography, the rectal temperature (RT) was measured with a digital clinical
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thermometer.

2.5. Weather variables

The weather data – wet-bulb globe temperature (WBGT), dry-bulb temperature (TA), globe thermometer temperature (TG) and
relative humidity (RH) – during the experimental period were recorded hourly using a globe thermometer (ITWTG-2000,
InstruTemp®, São Paulo, Brazil), as previously described by Stull (2011).

2.6. Ultrasonography

Following ovulation, a transrectal mode B ultrasonic assessment was conducted with a 7.5 MHz linear transducer (esaote, MyLab™
FIVE, Genova, Italy) daily from the 1500 to 1800 h. The time of ovulation was considered to be when the largest follicle was no longer
detected and luteal development was also ascertained to be occurring.

2.7. Blood sampling

Blood samples were collected from the caudal vein into evacuated tubes containing EDTA. Plasma was subsequently harvested by
centrifugation at 2500 g for 15min before being stored in cryotubes at −20 °C until the time of assay (Fig. 1).

2.8. Hormonal assays

Plasma P4 and cortisol concentrations were measured by radioimmunoassay (Perkin Elmer, 1470 automatic gamma counter,
Massachusetts, USA) using commercial solid phase kits (RIA Progesteron IM 1188 and RIA Cortisol IM 1841 Bechman Coulter,
California, USA) following the manufacturer's instructions. The sensitivity of the test for P4 was 0.02 ng / mL and for cortisol 0.04 ng
/ mL. Intra-assay coefficients of variation were 4.8% and 5.2% and the inter-assay coefficients of variation were of 7.5% and 8.4% for
P4 and cortisol assays, respectively.

2.9. Statistical analysis

The statistical analyses were performed using the SAS statistical program (SAS, 2009) through the GLM procedure. The averages

Fig. 1. Timeline of hormonal protocol designed to synchronize of ovulation, vulva, muzzle and orbital area thermography; ultrasonography to
follow the ovulation moment; and blood sample for progesterone assay. Intravaginal progesterone device (P4), estradiol benzoate (EB), equine
chorionic gonadotropin (eCG), prostaglandin F 2 alpha (PGF2a), gonadotropin releasing hormone (GnRH), ultrasound (US), infrared digital ther-
mography (IDT) and blood sample (BS).

Fig. 2. Thermograms of the vulva (A), orbital area (B) and muzzle (C) of buffalo, with the marked areas of measurement.
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were input for ANOVA analyses considering a significance level of 5% to compare vulva surface temperature, muzzle surface tem-
perature and orbital area surface temperature during the follicular and luteal phases.

Repeated measures statistical analyses were conducted for vulva surface temperature during the morning period and plasma P4
concentration of the animals as a random factor and day as a fixed effect. The model used was Yijk = Di + Tj + eijk, where Yijk = trait
analyzed; Di = fixed effect of day; Tj = random effect of buffalo; eijk = random error.

Pearson correlations were determined between vulva surface temperature, muzzle surface temperature, orbital area surface
temperature and rectal temperature, plasma P4 concentration; between vulva surface temperature, muzzle surface temperature,
orbital area surface temperature, RT, WBGT, TA, TG, RH and plasma cortisol concentration; between vulva surface temperature,
muzzle surface temperature, orbital area surface temperature, RT and WBGT, TA, TG, RH separately between the morning and
afternoon periods and classified according to Levine et al. (2012).

3. Results

The mean and standard error of vulva, muzzle and orbital area surface temperature, rectal temperature and weather data obtained
during the experimental period are shown in Table 1.

The RT, vulva, muzzle and orbital area surface temperatures were positively correlated, with a medium correlation between
vulva, muzzle temperatures and RT, and there was a strong correlation between orbital area temperature and RT (Table 2).

The ovulation occurred 13.6 ± 1.3 days of the treatment protocol. Comparing the vulva, muzzle and orbital area surface tem-
peratures means between follicular (days 9, 10, 11, 12, 13 and 32) and luteal phases (days 14, 15, 16, 20, 24 and 28), a greater
temperature was observed during the follicular phase (Table 3).

During the morning period (0700 to 0900 h) there were milder temperatures than the afternoon period (1500–1800 hours) with
WBGT (17.7 ± 4.3 °C and 20.6 ± 6.2 °C, P= 0.003); TA (18.8±3.5 °C and 23.6± 6.7 °C, P= 0.005); TG (19.1±4.7 °C and
23.9± 6.3 °C, P < 0.001); and RH (85.7± 12.2% and 70.1±16.7%, P= 0.001), respectively.

Thus, the values for weather data were strongly correlated with values for vulva, muzzle and orbital area surface temperatures,
and RT in the morning and afternoon periods, indicating that during the afternoon, the correlations were strong for WBGT, TA and TG
and moderate with RH, and in the morning, the correlations were moderate for WBGT, TA and TG and weaker for RH. This indicates
that the weather had a greater influence on the vulva, orbital area and muzzle superficial temperatures obtained by thermography
during the afternoon (Table 4).

Based on this observation, it was decided to use the vulva, muzzle and orbital area surface temperatures of the morning period for
statistical evaluation. In this evaluation, the surface temperatures of the vulva during days 16, 20, 24 and 28 of the experimental
design were less in relation to days 9, 10, 11, 12, 13, 14, 15 and 32, being followed by inversely proportional values of the plasma P4
concentration as depicted in Fig. 3. The orbital area and muzzle surface temperatures, however, did not follow the same pattern of
vulvar temperature variation.

In addition, strong negative correlations were observed between vulva surface temperatures and plasma P4 concentration, and

Table 1
Mean ± standard error of all data obtained from the mean (SEM) of vulva,
muzzle, orbital area surface temperature and rectal temperature (RT) of
Murrah buffalo and weather data.

Temperatures Mean ± SEM

Vulva surface temperature (°C) 32.86 ± 2.86
Muzzle surface temperature (°C) 32.11 ± 3.28
Orbital area surface temperature (°C) 35.00 ± 2.16
WBGT (°C) 19.85 ± 5.26
TA (°C) 21.99 ± 6.45
TG (°C) 22.33 ± 6.75
RH (%) 77.07 ± 8.05
RT (°C) 37.50 ± 0.74

Wet-bulb globe temperature (WBGT), dry-bulb temperature (TA), globe
thermometer temperature (TG) and relative humidity (RH).

Table 2
Pearson correlation coefficient and significance level (P) between rectal temperature (RT) and
vulva, muzzle and orbital area surface temperatures, obtained by infrared digital thermography in
Murrah buffalo.

Variable RT P

Vulva surface temperature 0.69 < 0.001
Muzzle surface temperature 0.69 < 0.001
Orbital area surface temperature 0.77 < 0.001
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weak negative correlations were observed between plasma P4 concentration and surface temperatures of the muzzle and orbital area
(Table 5).

Cortisol plasma concentrations ranged from 2.84 to 0.69 ng/mL and were moderately to strongly correlated with vulva, muzzle
and orbital area surface temperatures. There was also a positive correlation between plasma cortisol concentrations and RT and
values for weather data, indicating that the hotter and more humid the environment in which the animals were residing, the greater
the surface temperatures and RT, with an increase in plasma cortisol concentration being observed that was coincident with these
changes (Table 6).

Table 3
Mean ± standard error of the mean (SEM) and significance level (P) of vulva, muzzle and orbital area surface temperatures, obtained by infrared
digital thermography, compared between follicular and luteal phases of Murrah buffalo.

Follicular Luteal
Temperature Mean ± SEM Mean ± SEM P

Vulva surface temperature (°C) 33.67 ± 2.86 31.68 ± 2.86 <0.001
Muzzle surface temperature (°C) 33.25 ± 3.26 30.69 ± 3.28 <0.001
Orbital area surface temperature (°C) 35.72 ± 2.15 33.93 ± 2.15 0.004

Table 4
Pearson correlation coefficients between weather data and vulva, muzzle and orbital area surface temperatures and rectal temperature (RT) of
buffalo during the morning and afternoon.

Afternoon Morning

Variable WBGT TA TG RH WBGT TA TG RH

Vulva surface temperature 0.83* 0.82* 0.83* 0.46* 0.50* 0.40* 0.50* 0.91**
Muzzle surface temperature 0.86* 0.84* 0.82* 0.53* 0.52* 0.52* 0.52* 0.10
Orbital area surface temperature 0.86* 0.83* 0.83* 0.63* 0.54* 0.57* 0.58* 0.11
RT 0.82* 0.79* 0.81* 0.61* 0.53* 0.57* 0.54* 0.03

*P < 0,001 **P < 0.05; Wet-bulb globe temperature (WBGT), dry-bulb temperature (TA), globe thermometer temperature (TG) and relative
humidity (RH).

Fig. 3. Variation of the vulva surface temperature (VST) and plasma progesterone concentration during the days of the experiment in buffalo.

Table 5
Pearson correlation coefficients and significance level (P) between plasma progesterone concentrations
and vulva, muzzle, orbital area surface temperatures and rectal temperatures (RT) in buffalo.

Variable Progesterone P

Vulva surface temperature −0.70 < 0.001
Muzzle surface temperature −0.24 < 0.001
Orbital area surface temperature −0.29 < 0.001
RT −0.29 < 0.001
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4. Discussion

The vulva, muffle and orbital area surface temperatures (measured by IDT) and the rectal temperatures obtained in the present
study are similar to previous studies in dairy cows (Talukder et al., 2014; Chacur et al., 2016b) and dairy buffalo (Barros et al., 2016;
Sevegnani et al., 2016). Thus, the IDT technique is of potential applicability in the study of the physiological modifications of body
temperature in buffalo.

The IDT from different regions of the body can be studied reliably, reflecting the rectal temperature in a quick, precise and less
invasive manner, because the skin functions as a cooling system, radiating temperature, as demonstrated in the present study, where
moderate to strong correlations occurred between RT and vulva, and muzzle and orbital area surface temperatures. In a recent study
with dairy buffalo (Barros et al., 2016; Sevegnani et al., 2016) and Holstein dairy cows (Hoffmann et al., 2013), orbital area and ear
surface temperatures were highly correlated with rectal temperatures. It is possible to study the influence of the weather and the
hormonal variations inherent to the estrous cycle on these temperatures.

Climatic variations can affect maintenance of the body surface temperature as well as the RT in Nellore bulls (Ruediger et al.,
2016), dairy cows (Chacur et al., 2016a), goats (Ricarte et al., 2014) and buffalo (Sevegnani et al., 2016). In this study, when
correlating the weather variables (WBGT, TA, TG and UR) with different body region surface temperatures and with the RT, the data
were strongly correlated between weather factors and body and rectal temperatures in the afternoon, when the temperature was
warmer, and there was a moderate correlation in the morning, when there were milder temperatures (Nabenishi et al., 2011;
Talukder et al., 2014). The ideal ambient temperature suggested for obtaining the thermal images at the surface temperature of the
skin is near 20 °C (Sykes et al., 2012).

To achieve desirable conception rates with the use of FTAI, it is possible to use estrous detection in an auxiliary way (Sá Filho
et al., 2011). In buffalo, there is a relationship between the size of the largest ovarian follicle at the time of artificial insemination
with the ovulation rate and later with the pregnancy rate of these animals (Baruselli et al., 2013; Carvalho et al., 2013). In search of
new techniques to aid in the detection of oestrus, Osawa et al. (2004) studied the variations of vulva temperatures in cows and
observed an increase in vulvar surface temperature of cows in estrus compared with the diestrus periods and Sykes et al. (2012) noted
the same phenomenon in sows. The same occurred in the present experiment, with a greater temperature not only of the vulva but
also of the muzzle and the orbital area during the preovulatory period in relation to the diestrus period (Table 3).

The variation in the vulva surface temperature that occurred in the present study is probably due to variation in the blood
concentrations of progesterone and estrogen that occur during the estrous cycle, which can lead to a variation of blood circulation in
the vulva (Fig. 3) (Scolari et al., 2011; Talukder et al., 2014). Thus, in the present study there were strong negative correlations
between the plasma P4 concentration and the vulva surface temperature, corroborating with the hypothesis for the previous study
that the vulva surface temperature decreases when there is an increase in the plasma P4 concentration, as well as the hypothesis
proposed by Sykes et al. (2012).

Talukder et al. (2014), using dairy cows, and Simões et al. (2014), studying gilts, observed the same pattern of the vulvar surface
temperature variation during the estrous cycle that occurred in the present study (Fig. 3), but both found a vulvar surface tem-
perature peak 48 h before ovulation, which was not observed in the present study, probably due to the use of buserelin acetate on the
11th day of the hormonal protocol for ovulation induction, which may have affected the physiological system for ovulation by
altering the vulvar temperature pattern.

In the present experiment, the same pattern of variation of the vulva surface temperature was not observed for the muzzle, orbital
area surface temperatures and RT day-to-day. Talukder et al. (2014), however, reported that there was a muzzle surface temperature
variation following the vulva surface temperature variation during the estrous cycle of the animals in this previous study. This
inconsistency may have been observed because the animals in the present study were located in an area where there were tropical
weather conditions with the animals in the field which was different from the type of environment that the animals were located in
the previous study of Talukder et al. (2014). In the previous study, free stall cows, probably resulting in a lesser climate effect on the
temperature of the muzzle, thus allowing for the assessment of the muzzle thermographic pattern resulting from the hormonal

Table 6
Pearson correlation coefficients and significance level (P) between values for plasma cortisol con-
centrations and vulva, muzzle and orbital area surface temperatures and rectal temperatures (RT) of
Murrah buffalo and values for weather data.

Variable Cortisol P

Vulva surface temperature 0.42 0.030
Muzzle surface temperature 0.54 0.010
Orbital area surface temperature 0.69 0.014
RT 0.69 0.011
WBGT 0.66 < 0.001
TA 0.67 < 0.001
TG 0.60 < 0.001
RH 0.65 < 0.001

Wet-bulb globe temperature (WBGT), dry-bulb temperature (TA), globe thermometer temperature
(TG) and relative humidity (RH).
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variations inherent to ovulation.
Although there was not an efficacy of the diagnosis of estrus, the values for orbital area and muzzle surface temperatures were

correlated with the rectal temperature, as well as values for weather data and plasma cortisol concentrations (Table 6). Changes in
the orbital area and muzzle surface temperatures accompanied by weather variations can be explained by heat dissipation to the
environment as a result of vasodilation and increased blood flow to peripheral tissues of the body (Titto et al., 1998; Silanikove, 2000;
Marai and Haeeb, 2010). Buffalo are more susceptible to weather change and thermal stress, because of the darker colored body and a
relatively smaller number of sweat glands (Gudev et al., 2007; Marai et al., 2009; Marai and Haeeb, 2010). Furthermore, thermal
stress can cause changes in the plasma cortisol concentration (Christison and Johnson, 1972; Leining et al., 1980; Nessim, 2004),
leading to losses in the productive and reproductive efficiencies of the herds (Barros et al., 2016; Chacur et al., 2016b; Sevegnani
et al., 2016). Thus, surface thermography of these areas of the body can be used in the study of thermal comfort of dairy buffalo.

5. Conclusions

The vulvar superficial temperature is effective in ascertaining the physiological changes inherent to the progesterone con-
centration variation during the reproductive cycle of buffalo. The muzzle and orbital area superficial temperatures were not con-
sistent with changes in the vulvar superficial temperature in relation to the variations of the estrous cycle but did correlate with RT
and weather factors. For standardization of the techniques used in the present study, other studies on the use of IDT as a com-
plementary technique in the reproductive examination and evaluation of animal welfare of buffalo are recommended.
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