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Summary
This study evaluated the capacity of thermoregulation and its consequences on the 
scrotal surface temperature patterns and semen quality of buffalo bulls raised in a wet 
tropical climate. Eleven water buffaloes were evaluated in the rainiest, in the transi-
tional and in the less rainy season. Air temperature and humidity were consistently 
high, but the animals did not show thermal stress in any season. The scrotal tempera-
ture gradient of buffalo bulls using infrared thermography was described, and three 
parallel and decreasing thermal bands were characterised. Sperm quality (n = 176 
ejaculates) was maintained in normal parameters over the periods. Pearson’s coeffi-
cients showed that sperm volume and progressive motility were negatively correlated 
with ocular globe, epididymal tail and minimum scrotal temperatures (p < .01). Sperm 
membrane integrity was negatively influenced by increases in epididymal tail and mini-
mum scrotal temperatures (p < .01). Ocular globe temperature also showed positive 
correlation with rectal, spermatic cord, and epididymal tail temperatures (p < .01). 
Therefore, even under high temperature and humidity, the thermoregulatory system 
was effective in preventing heat stress and the normality of scrotal surface tempera-
tures, spermatogenesis and sperm maturation were maintained.
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1  | INTRODUCTION

Domestic buffaloes are warm- blooded animals and have a relatively 
efficient thermoregulatory system (Gudev et al., 2007). However, 
when subjected to high ambient temperatures, they can experience 
heat stress, consequently reducing the reproductive efficiency (Marai, 
El- Darawany, Fadiel, & Abdel- Hafez, 2008).

In addition to interfering in the systemic homeothermy, heat- 
related temperature changes can affect scrotal/testicular thermoreg-
ulation in mammals (Garcia, 2013). Therefore, the seminal quality of 
bulls can be negatively influenced by factors that reduce their thermal 

comfort, such as high air temperature and relative humidity (Kastelic & 
Brito, 2012; Santos et al., 2014). In individuals with less efficient ther-
moregulation, the temperature increase is associated with increased 
scrotal surface temperature and testicular internal temperature, which 
consequently reduces sperm quality (Berry, Evans, & Parland, 2011; 
Kastelic, 2014). This can be a determining factor to select bulls that 
can better adapt to megathermal climates and are the most fertile to 
be used in breeding programmes.

The scrotal surface temperature can be measured by infrared ther-
mography, which is a fast, accurate and noninvasive method, used 
in andrological evaluations and to understand the scrotal/testicular 
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thermoregulation of bulls (Kastelic, 2014; Menegassi et al., 2015). The 
scrotal surface temperature is reduced from the vascular cone, orig-
inating the testicular temperature gradient, which indicates the dif-
ference between the temperature of the proximal and distal poles of 
the testis (Coulter, Senger, & Bailey, 1988; Kastelic, Coulter, & Cook, 
1995). Due to the various scrotal surface temperature patterns, the 
males can be classified as bearers of normal, abnormal or question-
able scrotal thermogram patterns (Kastelic & Brito, 2012; Lunstra & 
Coulter, 1997).

It is known that in bovine bulls, the sperm quality has a negative 
correlation with surface scrotal temperature and positive correlation 
with the testicular temperature gradient (Berry et al., 2011). Therefore, 
animals with abnormal thermogram exhibit lower testicular tempera-
ture gradient and reduced sperm and seminal parameters related to 
fertility (Kastelic & Brito, 2012; Lunstra & Coulter, 1997; Menegassi 
et al., 2015). However, for water buffaloes, there is no detailed infor-
mation regarding testicular thermolysis and about establishing the 
thermal gradient of the scrotum. Therefore, the research objective was 
to evaluate the thermal comfort indices and its consequences on the 
temperature patterns of the scrotal surface, the testis- scrotal thermo-
regulation and semen quality of buffalo bulls in a tropical climate at 
different periods of the year.

2  | MATERIALS AND METHODS

2.1 | Location and experimental period

The experiment was performed at the Center of Biotechnology of 
Animal Reproduction (CEBRAN/UFPA), in Castanhal, Pará, Brazil 
(1°18′18″S	and	47°56′34″W).	The	region	has	a	hot	and	humid	tropi-
cal climate (Afi Koppen), with average annual rainfall between 2,300 
and 2,800 mm, average annual air temperature of 26°C, average rela-
tive air humidity of 86% and 2,400 hr of annual insolation (Alvares, 
Stape, & Sentelhas, 2013). The field data collection was performed 
from April to December 2014, and the test comprised the rainiest pe-
riod (April to May), the transitional period (June to August) and the 
less rainy period (September to December) of the year.

The rainiest period is characterised by intense rainfall and reduced 
duration of sunshine hours. The less rainy period has a short- term 
drought, and there are fewer clouds. The transitional period represents 
the shift from the end of the rainiest period to the beginning of the 
less rainy period (Moraes, Costa, Costa, & Costa, 2005). To character-
ise the climatic periods during the test, the variables air temperature, 
relative humidity, solar radiation and rainfall were permanently moni-
tored. These variables were recorded at the automatic weather station 
(Station	A202	 INMET—Brazil	 1°18′03″S	 and	 47°56′52″W),	 located	
400 m from animal housing facility. Table 1 shows the behaviour of 
the meteorological variables during the experimental period.

2.2 | Animals and feed management

Eleven adult and clinically healthy Murrah buffalo bulls (55 ± 9 months; 
701.4 ± 82.8 kg) were used. All animals were subjected to the same 

nutritional and environmental conditions, and kept in uncovered col-
lective stalls (18 m2/animal) but with access to natural shading from 
the presence of trees (Ficus benjamina) grown in the surrounding area 
of the stalls. The trees had a distance of 8 m between specimens, 14 m 
high and dense foliage, and projected into the stalls, 7 m2 of shade/
animal. The animals had ad libitum access to an automatic watering 
system and feeding troughs; the diet was offered daily at two sched-
ules (8.00 and 16.00 hr). The food consisted of roughage (chopped 
elephant grass forage, Pennisetum purpureum, Schum), concentrate 
(wheat bran and bean residue) and mineral salt. The daily concentrate 
supply was adjusted to 1% of body weight. Before the experimental 
trial period, the animals were subjected to 30 days of intensive man-
agement and feed adaptation, similar to that used for bulls kept in 
artificial insemination centres.

2.3 | Experimental design

The animals were evaluated monthly on two consecutive days to 
measure the respiratory rate (RR; mov/min), heart rate (HR; beats/
min), rectal temperature (RT; °C), ocular globe temperature (OGT; 
°C) and surface temperature (°C) in anatomical points in the scrotal 
area. On every experiment day, the physiological variables and body 
surface temperatures were measured in the morning and afternoon. 
Semen samples were collected from all animals every 2 weeks. The 
meteorological variables were monitored throughout the experiment. 
The Temperature and Humidity Index (THI) and Benezra’s Thermal 
Comfort Index (BTCI) were calculated, which were the reference indi-
cators of thermal comfort applied in this study.

2.4 | Physiological variables

The physiological variables were measured monthly on two consecutive 
days, in the morning (6.00–9.00 hr) and afternoon (12.00–15.00 hr), in 
the order they are presented. The RR was determined by observing 
the thorax- abdominal area and counting the respiratory movements 
for 1 min (mov/min). The HR was determined by auscultation using 
a veterinary stethoscope, for 1 min (beats/min). A veterinary clinical 
thermometer was used to measure the RT of the animal, inserted into 
the rectum and held until stabilisation of the mercury column (°C).

TABLE  1 Average values of climate variables recorded at the 
automatic weather station during 2014, Castanhal, Pará, Brazil

Climate variable

Period

Rainiest Transitional Less Rainy

Air temperature (°C) 26.1 26.4 27.0

Relative humidity (%) 83.9 79.5 74.9

Global solar radiation  
(kJ/m2)

665.4 746.7 786.8

Pluviometric precipitation 
(mm/month)

237 169 140

Rainiest period, April to May; Transitional period, June to August; Less 
rainy period, September to December.
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2.5 | Surface temperatures measured by 
infrared thermography

OGT and scrotal surface temperatures were measured by infrared 
thermography	(FLIR	A320,	FLIR	Systems,	Wilsonville,	OR,	USA).	The	
scrotal surface temperatures measured were the average tempera-
ture of the spermatic cord (SCT), proximal pole testicular temperature 
(PPT), distal pole testicular temperature (DPT), epididymal tail tem-
perature (ETT) and maximum (STMax), average (STAvg) and minimum 
(STMin) scrotal temperature (Kahwage, 2015; Menegassi et al., 2015). 
The temperatures of bilateral organs were measured individually, but 
due to the lack of statistically significant differences, the results were 
presented as the means of contralateral structures.

The assessments were performed using a thermal imaging camera 
attached to a tripod, 25° lens, motorised focus, temperature range from 
−20	to	120°C,	thermal	sensitivity	of	50	mK	(<.05°C	at	room	temperature	
of 30°C), spectral range of 7.5–13 μm and optical resolution of 320 × 240 
pixels. The emissivity ratio was previously set to 0.98 (Hoffmann et al., 
2013), and the camera was attached to a 16- inch flat panel monitor to 
display a perfect image. The animals were removed from the stalls before 
the evaluation and gently led to the chute where they were enclosed, so 
that the distance used between the camera and the ocular globe was of 
1.5 and of 0.70 m between the camera and the scrotal surface.

The thermograms generated were then analysed in the labora-
tory with the Flir Tools + Version 3.0 software (FLIR Systems, Inc., 
Wilsonville,	OR,	USA).	The	 SCT,	 PPT,	DPT	 and	ETT	were	measured	
using rectangular polygon individually superimposed to each defined 
region of interest. The STMax, STAvg and STMin were obtained by 
tracing the rectangular polygon, which comprised the entire scrotum, 
from the ventral to the proximal pole of the testicles, reaching the 
spermatic cord (Coulter, Cook, & Kastelic, 1997).

2.6 | Temperature gradients

The data from the thermograms were applied to mathematical mod-
els to calculate the specific thermal gradients (°C) between anatomi-
cal regions of interest. The temperature gradients were determined 
according to the following equations: rectal- spermatic cord gradi-
ent	 (GRAD	RSCO	=	RT	−	SCT),	 rectal-	proximal	 pole	 gradient	 (GRAD	
RPP	=	RT	−	PPT),	rectal-	distal	pole	gradient	(GRAD	RDP	=	RT	−	DPT),	
rectal-	tail	of	the	epididymis	gradient	(GRAD	RTE	=	RT	−	ETT),	rectal-	
scrotum	gradient	(GRAD	RESC	=	RT	−	STAvg)	and	testicular	tempera-
ture	gradient	(GRAD	TEST	=	PPT	−	DPT).

2.7 | Semen collection and evaluation

The animals presented a high degree of homogeneity of sperm quality, 
previously assessed at the beginning of the experiment. The semen col-
lection was performed every 2 weeks by the artificial vagina method. 
Sixteen ejaculates were collected from each animal, totalling 176 
evaluated ejaculates. After collection, the semen was kept in a water 
bath at 37°C to prevent thermal shock and changes in semen char-
acteristics. The semen was then submitted to volume analysis (VOL; 

ml) in a graduated conical tube. The sperm concentration (CONC; 
×109/ml) was determined after diluting the semen in a saline solution 
(1:400), and further evaluation was performed in a spectrophotom-
eter. The progressive sperm motility (PM; %) was evaluated in 8- μl ali-
quots, pre- heated to 37°C and placed between the slide and coverslip 
using phase contrast microscopy (200×) (Vale, 2002). Semen analyses 
were performed by the same experienced researcher during the en-
tire period according to rigorous professional criteria (CBRA -  Colégio 
Brasileiro de Reprodução Animal, 2013).

The spermatozoid plasma membrane integrity (PMI; %) was eval-
uated by the eosin–nigrosin supravital staining technique, with the 
addition of dye solution and semen in equal parts of 10 μl. The smear 
was then assessed using bright field microscopy (1,000×). The pink- 
stained sperm was classified as damaged plasma membrane, while the 
nonstained ones were considered as intact plasma membrane (Iqbal, 
Aleem, Ijaz, Rehman, & Yousaf, 2010). Next, the morphology was as-
sessed in aliquots diluted in phosphate- buffered formalin solution 
using phase contrast microscopy (1,000×). The classification criteria 
used were major sperm abnormalities (MajABN; %), minor sperm ab-
normalities (MinABN; %) and total abnormalities (TotABN; %; Bloom, 
1973). One hundred cells per sample were evaluated, and the results 
were expressed in percentages (Vale, 2002).

2.8 | Climate monitoring and 
determination of thermal comfort indices

For characterising the micro- climate, temperature and relative humid-
ity were recorded every 15 min through three data loggers (HOBO 
U12- 012, Onset Computer Corporation, Bourne, MA, USA) installed 
inside the stalls containing the animals. The data loggers were sus-
pended 2.0 m above the ground and were 9.0 m apart from each 
other, protected from direct sunlight and water in meteorological 
shelters (Malama et al., 2013). The recorded data were transferred 
to analysis software on a weekly basis (HOBOware Lite 3.1.0, Onset 
Computer Corporation), and the means of the values recorded during 
the evaluation periods of the physiological variables and surface tem-
peratures were used to calculate the Temperature and Humidity Index 
(THI) observed in the microclimate of the stalls.

Therefore, the THI was calculated in the morning (6.00–
9.00 hr) and afternoon (12.00–15.00 hr), according to the formula: 
THI = {(0.8AT) + [(RH/100) × (AT- 14.4)] + 46.4}, where AT is the air 
temperature measured by a dry bulb thermometer (°C) and RH is the 
relative humidity (%) (Mader, Davis, & Gaughan, 2007; Thom, 1959). 
The equation BTCI = (RT/38.33) + (RR/23) was used to determine 
Benezra’s Thermal Comfort Index (BTCI), where RT is the rectal tem-
perature (°C) and RR is the respiratory rate (mov/min). The closer the 
BTCI value is to 2.0, the better adapted the animal is to the tropical 
climate conditions (Benezra, 1954).

2.9 | Statistical analysis

The statistical treatment of the thermal comfort indexes, physiologi-
cal variables, surface temperatures and seminal variables applied the 
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descriptive statistics analysis (mean ± standard deviation, minimum 
and maximum values). The data were submitted to analysis of vari-
ance by the GLM procedure of the SAS—Statistical Analysis Software, 
Version 9.3 (SAS Institute, Cary, North Carolina, USA), to verify the 
effect of the climate period (rainiest, transitional and less rainy) and 
daytime period (morning and afternoon). The means were compared 
by the Tukey test. Pearson linear correlations were performed to as-
sess the magnitude and direction of the proportionality of the vari-
ables studied. The significance level used for all tests was 5%.

3  | RESULTS

During the study, the meteorological variables exhibited behaviour 
consistent with the historical records observed for a humid tropical 
climate subtype (Table 1). The mean of the highest values for THI 
reached 81.4 during the experiment and was registered from 12.00 
to 15.00. Table 2 shows the comfort indices (THI and BTCI) measured 
during the collection procedure. The THI showed difference between 
daytime periods (p < .05), which were higher in the afternoon.

The RR was higher in the transitional period, and in the afternoon, 
there was an increase in the transitional and in the less rainy periods 
(Table 3). The average HR was higher in the transitional period and a 
daytime effect was also observed, which showed higher average val-
ues recorded in the afternoon. The RT and OGT were not affected by 
the periods studied, and no difference was observed for daytime.

With	 regard	 to	 the	 specific	 temperatures	 recorded	 in	 different	
areas of the scrotal surface, an increase in average SCT was observed 
during the less rainy period (Table 4). The average PPT was similar in 
the less rainy and rainiest periods, not showing the latter difference 
in relation to the transitional. There was no change in DPT and ETT 
between the different climate periods or daytime periods. The scrotal 
temperature values (STAvg, STMin and STMax) showed no variation 
between the different periods of the year, but were sensitive to day-
time changes, with a temperature increase observed in the afternoon. 
The temperature profile of the different scrotum regions under ther-
mal comfort indicates the formation of three separate parallel bands 

(Figure 1), with decreasing temperature (A band: spermatic cord and 
dorsal testicular pole; B band: middle region of the testes and ventral 
testicular pole; C band: tail the epididymis).

All calculated gradients present values greater than zero, regard-
less of the time of year and the daytime (Table 5). The lowest averages 
of GRAD RSCO, GRAD RPP and GRAD RESC were observed in the 
less rainy period, decreasing from the rainy period to the less rainy 
period, ranging from 0.9 to 0.5°C. In addition, the GRAD RESC was 
affected by the daytime, decreasing 0.4°C in the afternoon. The GRAD 
RTE was lower in the transitional and less rainy periods. The GRAD 
TEST was positive, and lower values were observed in the transitional 
period, with a slight decrease (0.2°C) in the afternoon.

The seminal parameters studied were not affected by the periods 
(Table 6), and all variables presented averages within normal standards 
for buffalo semen in natura (Barros et al., 2015; CBRA -  Colégio Brasileiro 
de Reprodução Animal, 2013; Ohashi et al., 2011; Sansone, Nastri, & 
Fabbrocini, 2000; Santos et al., 2014; Silva et al., 2014; Vale et al., 2008).

In the correlations calculated between thermal comfort indices and 
physiological variables, there was a positive value and of the same mag-
nitude as the THI with the RT, the OGT with BTCI (r = .26; p < .01). There 
was a high correlation between OGT and RT (r = .82; p < .01). The RT cor-
related negatively with VOL (r =	−.22;	p < .01), while the OGT correlated 
negatively with both VOL (r =	−.40;	 p < .01) and with PM (r =	−.29;	
p < .01). There were no correlations between THI, BTCI, RR and HR with 
the seminal variables studied. The SCT was correlated to THI (Table 7), 
while the ETT was influenced by THI and BTCI. The ETT showed a nega-
tive correlation with VOL, PM and PMI; the latter two seminal variables 
are very important to the fertility of bulls. The STAvg showed a negative 
correlation with PM and a positive correlation with the total defects.

4  | DISCUSSION

To the best of our knowledge, this is the first study to objectively 
describe the thermal gradient of the scrotum of water buffaloes due 
to	 heat	 dissipation.	We	 innovatively	 analysed	 the	 temperature	 pat-
terns of specific scrotal surface regions and carefully correlated these 

Daytime

Period

MeanRainiest Transitional Less rainy

Temperature and Humidity Index (THI)

Morning 72.9 ± 0.4B 72.6 ± 1.5B 73.7 ± 0.6B 73.1 ± 1.1

Afternoon 79.6 ± 1,9A 79.1 ± 1.3A 79.2 ± 0.8A 79.3 ± 1.3

Mean 76.3 ± 3.6 75.9 ± 3.5 76.5 ± 2.8

Benezra’s Comfort Index (BCTI)

Morning 1.9 ± 0.1 2.0 ± 0.1 1.9 ± 0.1 2.0 ± 0.1

Afternoon 2.0 ± 0.1 2.2 ± 0.1 2.2 ± 0.1 2.1 ± 0.1

Mean 1.9 ± 0.1 2.1 ± 0.1 2.0 ± 0.2

Different capital letters in the same column and different lower case letters in the same line indicate 
statistical difference (p < .05).

TABLE  2 Thermal comfort indices 
(mean ± SD) of buffalo bulls reared in a 
tropical climate, measured in the morning 
(6.00–9.00 hr) and afternoon 
(12.00–15.00 hr)
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elements with semen quality. Previous studies performed in the sub-
tropical region reported that the THI recorded during winter and sum-
mer and the scrotal temperature gradients were different but did not 
affect the seminal parameters, with the exception of the motility of 
the Braford and Brangus bulls, showing testicular thermoregulation 
efficiency in both breeds (Menegassi et al., 2015, 2016).

The climate subtype of the experimental site is characterised as 
megathermal, permanently hot and humid. Instantaneous or long- 
lasting climate variations can impact the thermoneutral zone of buf-
faloes, which results in the animals activating their thermoregulatory 
mechanisms. This body temperature maintenance process is intended 
to prevent high body temperature changes that can harm the metabo-
lism (Rhoads, Baumgard, & Suagee, 2013; Silanikove, 2000). If there is 
thermal discomfort, the physiological response of the animals includes 
sweating and peripheral vasodilation, resulting in a fall in blood pres-
sure (Aggarwal & Singh, 2008). This demand is offset by an increase in 
heart rate and respiratory rate (Marai & Haeeb, 2010).

The average THI observed in the microclimate of the stalls was 
high during the periods studied, indicating that the animals were ini-
tially subjected to an alert condition. Previous reports indicate that 
when	the	THI	is	≤74,	the	buffaloes	are	in	a	thermal	comfort	condition;	
between 75 and 78, the condition becomes an alert condition; be-
tween	79	and	83,	it	is	characterised	as	a	dangerous	condition.	When	
the	THI	 is	≥84,	 it	 is	an	emergency	condition	 (Somparn	et	al.,	2004),	
which may result in animal mortality if these conditions are prolonged 
and if there is no intervention in the handling of the animals and/or 
the environment. As expected, the THI recorded pointed to a situation 
of thermal comfort during the morning and a higher thermal challenge 
throughout the afternoon.

However, the BTCI is an indicator that depends exclusively on the 
physiological response of the animal according to the thermal environ-
ment. As the average BTCI ranged from 1.9 to 2.1 during the periods 
studied, it can be assumed that the buffalo bulls showed high resilience 
to the local megathermal climate, characterised by average air tem-
perature that was always above 26°C and the relative humidity that 
was never less than 74%. Moreover, the intense and prevailing solar 
radiation throughout the year may have been mitigated by the housing 
conditions of the animals, which provided partial natural shading in 
the stalls. In contrast, dairy buffalo females show the BTCI higher than 
2.0 in the least rainy period of the year, when bred in shaded pastures 
under similar climatic conditions (Garcia et al., 2011).

The highest RR in the transitional period suggests that this period 
may have been challenging for the animals, as well as the conditions 
observed in the afternoons. In fact, in the transitional period, there is 
a change in rainfall patterns, gradual decrease in relative air humidity 
associated with increased global solar radiation. In association, these 
factors create a transitional environment that is very challenging to 
the animals bred in a humid tropical climate (Silva et al., 2011b). The 
increase in RR, as a consequence of panting, and the increase in HR 
are the most obvious signs of thermoregulation activation in buffaloes 
(Gudev et al., 2007; Marai & Haeeb, 2010). The increase in HR arises 
from the need to dissipate heat under heat conditions and it is directed 
to increase the blood flow of the peripheral blood vessels (Gaughan, 
Bonner, Loxton, & Mader, 2013) to facilitate heat loss in the extremi-
ties of the body (Haque, Ludri, Hossain, & Ashutosh, 2012). Therefore, 
in the mornings, buffalos bred in tropical regions show lower HR val-
ues than those observed in the afternoon, regardless of the time of 
year (Silva et al., 2011a).

Daytime

Period

MeanRainiest Transitional Less rainy

Respiratory rate (RR, mov/min)

Morning 22.2 ± 0.7Ab 25.1 ± 0.5Ba 22.3 ± 0.5Bb 23.2 ± 0.3

Afternoon 23.1 ± 0.6Ac 29.3 ± 0.5Aa 27.5 ± 0.5Ab 26.6 ± 0.3

Mean 22.6 ± 0.4 27.2 ± 0.3 24.9 ± 0.3

Heart rate (HR, beats/min)

Morning 62.7 ± 0.8 64.9 ± 0.6 62.0 ± 0.5 63.2 ± 0.3B

Afternoon 63.6 ± 0.7 67.0 ± 0.6 65.7 ± 0.5 65.4 ± 0.3A

Mean 63.1 ± 0.5b 65.9 ± 0.4a 63.8 ± 0.4b

Rectal temperature (RT, °C)

Morning 38.1 ± 0.1 37.9 ± 0,1 38.0 ± 0.1 38.0 ± 0.1

Afternoon 38.7 ± 0.1 38.4 ± 0.1 38.4 ± 0.1 38.5 ± 0.1

Mean 38.4 ± 0.1 38.1 ± 0.1 38.2 ± 0.1

Ocular globe temperature (OGT, °C)

Morning 38.1 ± 0.1 38.0 ± 0.1 37.8 ± 0.1 38.0 ± 0.1

Afternoon 38.5 ± 0.1 38.4 ± 0.1 38.4 ± 0.1 38.4 ± 0.1

Mean 38.3 ± 0.1 38.2 ± 0.1 38.1 ± 0.1

Different capital letters in the same column and different lower case letters in the same line indicate 
statistical difference (p < .05).

TABLE  3 Physiological variables 
(mean ± SD) of buffalo bulls reared in a 
tropical climate in different climate periods
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In fact, the lack of difference in the RT of bulls over the different 
periods of the year shows that they do not store excessive heat. This 
supports the idea that they were efficient in performing thermolysis, 
even if the THI remained high during the rainiest, the transitional and 
the less rainy periods of the year. The RT increase in the afternoon was 
not significant, which results from the natural increase observed due 
to the circadian rhythm of the buffaloes (Malama et al., 2013; Silva 
et al., 2011a). Thus, the small RR and HR oscillation associated with 
maintaining the RT over the periods shows the bulls leaving the ther-
moneutral zone and activating their thermoregulatory system; how-
ever, a state of thermal stress was not observed during the experiment.

It is known that the ocular globe region is considered to be sen-
sitive to variations in the ambient temperature (Schaefer et al., 2007). 
However, there was no significant difference in the OGT in the differ-
ent periods, indicating that the change in temperature did not change 
this. In contrast, in cattle bred in a humid subtropical region, the OGT 

values were higher in the summer and spring, a time known for higher 
air temperatures and pluviosity (Menegassi et al., 2015). Interestingly, 
in this study, the OGT oscillations followed the variations observed in 
the RT very closely.

The increased SCT in the less rainy period may have been caused 
by factors such as higher direct and indirect solar radiation, due to 
fewer cloud formations associated with higher ambient temperature, 
which is characteristic for this time of year (Moraes et al., 2005). 
The increase in temperature can also lead to high scrotal surface 
temperatures of bovine bulls (Berry et al., 2011), and these directly 
reflect the temperature of the corresponding intrascrotal structures 
(Coulter et al., 1988). The average surface temperature of the sper-
matic cord region indicates that, regardless of the period, this ana-
tomical region has a high thermoregulatory capacity. As the average 
air temperature varied, the difference favoured thermal exchanges 
between the funicular surface and the environment, in addition to 

Daytime

Period

MeanRainiest Transitional Less rainy

Spermatic cord temperature (SCT, °C)

Morning 34.2 ± 0.4 34.1 ± 0.2 34.7 ± 0.2 34.3 ± 0.1

Afternoon 33.7 ± 0.3 34.3 ± 0.2 34.8 ± 0.2 34.3 ± 0.1

Mean 33.8 ± 0.8b 34.2 ± 0.8b 34.7 ± 0.8a

Proximal pole testicular temperature (PPT, °C)

Morning 34.2 ± 0.2 33.6 ± 0.2 34.2 ± 0.2 34.0 ± 0.1

Afternoon 33.7 ± 0.2 33.8 ± 0.2 34.3 ± 0.2 33.9 ± 0.1

Mean 33.9 ± 0.9ab 33.7 ± 0.8b 34.3 ± 0.7ª

Distal pole testicular temperature (DPT, °C)

Morning 32.2 ± 0.2 32.2 ± 0.2 32.2 ± 0.2 32.2 ± 0.1

Afternoon 32.1 ± 0.2 32.4 ± 0.2 32.4 ± 0.2 32.3 ± 0.1

Mean 32.2 ± 0.8 32.3 ± 0.8 32.3 ± 0.9

Epididymal tail temperature (ETT, °C)

Morning 30.4 ± 0.5 31.2 ± 0.2 31.4 ± 0.2 31.0 ± 0.2

Afternoon 30.6 ± 0.3 31.4 ± 0.2 31.3 ± 0.2 31.1 ± 0.1

Mean 30.5 ± 0.8 31.3 ± 1.0 31.3 ± 1.0

Average scrotal temperature (STAvg, °C)

Morning 33.0 ± 0.2 32.9 ± 0.1 33.1 ± 0.1 33.0 ± 0.1B

Afternoon 33.7 ± 0.2 33.8 ± 0.1 34.3 ± 0.1 34.0 ± 0.1A

Mean 33.4 ± 0.1 33.4 ± 0.1 33.7 ± 0.1

Minimal scrotal temperature (STMin, °C)

Morning 30.3 ± 0.2 29.8 ± 0.1 30.1 ± 0.1 30.1 ± 0.1B

Afternoon 31.3 ± 0.2 31.6 ± 0.1 31.8 ± 0.1 31.6 ± 0.1A

Mean 30.8 ± 0.1 30.7 ± 0.1 31.0 ± 0.1

Maximum scrotal temperature (STMax, °C)

Morning 35.3 ± 0.2 35.2 ± 0.2 35.2 ± 0.2 35.3 ± 0.1B

Afternoon 35.9 ± 0.2 36.1 ± 0.2 36.6 ± 0.2 36.2 ± 0.1A

Mean 35.6 ± 0.1 35.7 ± 0.1 35.9 ± 0.1

Different capital letters in the same column and different lower case letters in the same line indicate 
statistical difference (p < .05).

TABLE  4 Scrotal surface temperatures 
(mean ± SD) measured by infrared 
thermography in buffalo bulls reared in a 
tropical climate in different climate periods
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the internal mechanisms that activate the heat exchange (Kastelic, 
2014).

The PPT observed was higher than that recorded for bovine bulls, 
ranging	 between	28.5	 and	30.4°C	 (Kastelic,	Cook,	Coulter,	Wallins,	
& Entz, 1996a; Kastelic et al., 1995). Maintaining similar PPT in the 
rainiest and less rainy periods indicates analogous possibility of heat 
loss by countercurrent mechanism during the blood flow through 
the	vascular	 cone	 (Brito,	Barth,	Wilde,	&	Kastelic,	 2012)	 in	 the	dif-
ferent periods. However, it has been shown that the bovine species 
has higher PPT values in the summer and the seasonal increase in 
PPT presents a negative correlation with sperm motility (Menegassi 
et al., 2015). The results observed demonstrate that the temperatures 
for both the spermatic cord and the dorsal testicular pole are higher 
than other scrotal structures because they are closer to the abdominal 
cavity. Even so, a favourable and progressive temperature decrease 
was observed from the region of the spermatic cord to the tail of the 
epididymis, which was confirmed because three different bands of 
decreasing temperature were detected in the scrotal thermograms. 
A similar phenomenon was previously reported for bovine (Kastelic, 
2014), but not for buffalo bulls.

Earlier reports have indicated that ambient temperature variations 
have the greatest effect on the ventral testicular pole (Kastelic et al., 
1996a) and the tail of the epididymis. These anatomical structures are 
more susceptible due to increased environmental exposure and its 
high temperature is proportionate to the increase in air temperature 
(Sealfon & Zorgniotti, 1991). However, this effect was not observed 
in our study, because the DPT and ETT variations in the climate peri-
ods and daytime were negligible, which favoured maintaining sperm 
quality.

The relative temperature stability of the tail of the epididymis ob-
served between the seasons and daytime periods may be regarded as 
an advantageous feature in buffalos, given that changes in epididy-
mal temperature interfere in the time required for sperm maturation 

(Bedford & Yanagimachi, 1991). The STAvg was higher than that 
observed in bovine bulls (Kastelic et al., 1995). It is known that this 
temperature is moderately affected by ambient temperature (Kastelic 
et al., 1996a). The absence of a significant difference in the STAvg, 
STMin and STMax in the different periods demonstrates that even 
with the environmental heat increase, the buffaloes were efficient in 
their testicular and scrotal thermoregulation.

The temperature decrease observed between the dorsal and dis-
tal poles of the testis, which comprises the GRAD TEST, was in aver-
age 1.7°C in the rainy season, 1.4°C in the transitional and 1.9°C in 
the less rainy season. The GRAD for bovine bulls with normal thermo-
grams was 1.6°C (Kastelic et al., 1995), a fact that was also observed 
in our study. Therefore, the temperature of the testes is higher when 
it is closer to the arterial supply point and decreases after the dor-
sal testicular pole (Brito, Silva, Barbosa, & Kastelic, 2004; Kastelic, 
Cook, Coulter, & Saacke, 1996b). Moreover, the GRAD TEST relates 
directly to the progressive motility and epididymal sperm reserve 
(Berry et al., 2011), therefore of fundamental interest in the ther-
mographic evaluation of the scrotum. As the GRAD TEST is inversely 
related to ambient temperature (Kastelic et al., 1996a) and as it re-
mained within a satisfactory range, it was observed that even with 
the high THI, the animals efficiently activated their thermoregula-
tory system and did not undergo thermal stress, thereby preserving 
their sperm quality.

The normal testicular function is temperature- dependent for 
maintaining the scrotal temperature between 2 and 6°C below nor-
mal body temperature; otherwise, it may damage the testicular paren-
chyma and consequently reduce the production of fertile sperm and 
semen quality (Garcia et al., 2010; Kastelic, 2014). The lower GRAD 
RESC, GRAD RSCO, GRAD RPP and GRAD RTE values in the less rainy 
season indicate that this period is challenging to animals. However, 
maintaining semen quality of buffalo bulls within normal parameters 
(Barros et al., 2015; CBRA -  Colégio Brasileiro de Reprodução Animal, 

F IGURE  1  Illustrative thermogram of the buffalo bulls’ scrotum in thermal comfort. (a) Thermographic image showing decreasing 
temperature pattern from the area of the testicular vascular cone to the tail of the epididymis, in three different horizontal bands (bands A, B 
and C); scale 28.0–38.0°C. (b) Graph of surface temperatures (mean ± SD) of the different regions of bulls’ scrotum with normal thermogram

(a) (b)
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2013; Ohashi et al., 2011; Sansone et al., 2000; Vale et al., 2008) over 
the periods provides evidence that the gradients observed, especially 
GRAD RESC and GRAD RTE, were sufficient to maintain normal sper-
matogenesis and sperm maturation.

The positive correlations of THI with RT and THI with OGT show 
that temperature and relative humidity can directly affect the body 
temperature of buffalos. Similar results were reported for bovine bulls, 
which showed a positive correlation between RT and THI (Lunstra 
& Coulter, 1997), and THI and OGT (Menegassi et al., 2015, 2016). 
Interestingly, animals with no correlation or negative correlation be-
tween THI and body temperature appear to be better adapted to 
tropical climate; consequently, this characteristic is of interest in the 
screening and genetic improvement programmes (Marcondes et al., 
2010).

In turn, the strong correlation between OGT and RT makes 
the former a highly important variable in the remote monitoring 
of buffaloes, with very favourable future prospects to accurately 
estimate the internal body temperature of animals without having 
to perform physical restraint and eliminating invasive tests. The 
high  correlations of OGT with ETT and OGT with STMin suggest 
that complementary studies should be done. This is because the 
ETT and STMin showed negative correlations with seminal vol-
ume, sperm motility and sperm membrane integrity, characteris-
tics regarded as  crucial for animal fertility concerning reproductive 
breeding (Ahmed, Andrabi, Anwar, & Jahan, 2016). As expected, the 
STAvg showed a negative correlation with sperm membrane integ-
rity and a positive correlation with total sperm defects, confirming 
that the increase in scrotal temperature deteriorates sperm quality 
(Berry et al., 2011).

In conclusion, the present study demonstrated that buffaloes were 
efficient to dissipate thermal energy, even at high temperature and hu-
midity levels. Therefore, testicular and scrotum thermoregulation was 
not impaired and the bulls showed scrotal thermograms defined by 
decreasing temperature from the spermatic cord to the tail of the ep-
ididymis. These effects favoured the maintenance of normal seminal 
parameters and may contribute to select more heat- resilient buffalo 
bulls.

Variable

Period

CV (%)Rainiest Transitional Less rainy

VOL (ml) 2.2 ± 0.2 2.2 ± 0.1 2.6 ± 0.1 56.7

CONC (×109 sptz/ml) 1.3 ± 0.8 1.3 ± 0.6 1.2 ± 0.6 4.5

PM (%) 67.0 ± 2.1 68.6 ± 1.7 66.7 ± 1.6 4.1

PMI (%) 66.5 ± 2.0 68.5 ± 1.6 68.1 ± 1.5 3.6

MajABN (%) 14.3 ± 0.9 13.8 ± 0.8 12.2 ± 0.7 11.9

MinABN (%) 6.7 ± 0.7 5.6 ± 0.6 4.7 ± 0.6 41.5

TotABN (%) 21.0 ± 1.4 19.5 ± 1.1 17.0 ± 1.1 10.1

VOL, semen volume; CONC, sperm concentration; PM, progressive motility; PMI plasma membrane 
integrity; MajABN, major defects; MinABN, minor defects; TotABN, total defects.
Different lower case letters in the same line indicate statistical difference (p < .05).

TABLE  6 Raw semen variables 
(mean ± SD; n = 176 ejaculates) of buffalo 
bulls reared in a tropical climate in different 
climate periods

TABLE  5 Scrotal surface gradient temperatures (mean ± SD) of 
buffalo bulls reared in a tropical climate in different climate periods

Daytime

Period

MeanRainiest Transitional Less rainy

GRAD RSCO

Morning 4.0 ± 0.3 3.9 ± 0.1 3.4 ± 0.1 3.8 ± 0.1

Afternoon 4.5 ± 0.2 3.9 ± 0.1 3.4 ± 0.1 3.9 ± 0.1

Mean 4.3 ± 0.7a 3.9 ± 0.7ª 3.4 ± 0.6b

GRAD RPP

Morning 4.2 ± 0.2 4.4 ± 0.1 3.9 ± 0.1 4.2 ± 0.1

Afternoon 4.5 ± 0.2 4.4 ± 0.1 3.8 ± 0.1 4.2 ± 0.1

Mean 4.4 ± 0.9a 4.4 ± 0.7ª 3.9 ± 0.5b

GRAD RDP

Morning 4.9 ± 0.2 4.8 ± 0.2 4.5 ± 0.2 4.7 ± 0.1

Afternoon 5.0 ± 0.2 4.7 ± 0.2 4.4 ± 0.1 4.7 ± 0.1

Mean 4.9 ± 0.8 4.7 ± 0.8 4.5 ± 0.6

GRAD RTE

Morning 7.7 ± 0.4 6.8 ± 0.2 6.7 ± 0.2 7.1 ± 0.1

Afternoon 7.5 ± 0.3 6.8 ± 0.2 6.9 ± 0.2 7.0 ± 0.1

Mean 7.6 ± 0.7a 6.8 ± 0.9b 6.8 ± 0.8b

GRAD RESC

Morning 5.0 ± 0.2 5.0 ± 0.1 4.8 ± 0.1 4.9 ± 0.1A

Afternoon 4.9 ± 0.1 4.5 ± 0.1 4.0 ± 0.1 4,5 ± 0,1B

Mean 4.9 ± 0.1a 4.7 ± 0.1ª 4.4 ± 0.1b

GRAD TEST

Morning 2.0 ± 0.1 1.5 ± 0.1 2.0 ± 0.1 1.8 ± 0.1A

Afternoon 1.5 ± 0.1 1.3 ± 0.1 1.9 ± 0.1 1.6 ± 0.1B

Mean 1.7 ± 0.6ab 1.4 ± 0.3b 1.9 ± 0.6a

Different capital letters in the same column and different lower case letters 
in the same line indicate statistical difference (p < .05).
GRAD RSCO, rectal- spermatic cord temperature gradient (°C); GRAD 
RPP, rectal- proximal pole temperature gradient (°C); GRAD RDP, 
rectal- distal pole temperature gradient (°C); GRAD RTE, rectal- tail of 
the epididymis temperature gradient (°C); GRAD RESC, rectal- average 
scrotal temperature gradient (°C); GRAD TEST, testicular temperature 
gradient (°C).
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