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ABSTRACT

Background: The mechanisms of testicular thermoregulation may influence the blood flow provided by the testicular
artery, where the proper blood supply to the testicle is crucial for promotingspermatogenesis and reproductive function
in bulls. The size and shape of the testicles are determined by genetic mechanisms and environmental effects. A better
understanding of the relationships between the anatomical characteristics of the testicles and scrotum can support a better
reproductive assessment. The purpose of the current study was to evaluate the testicular temperature of different scrotal
shapes using infrared thermography in bulls.

Materials, Methods & Results: We evaluated 132 Braford bulls with an average age of 24 months. The evaluation of breed-
ing bull semen was performed prior to the beginning of the experiment. Then, animals were selected on the basis of the size
of their testes, which was determined by dividing the average width by the average length. The scrotal circumference was
measured with a millimeter tape positioned around the largest circumference. Testicular and ocular temperature measurements
and analysis were conducted using an infrared thermal camera, Flir T440 with emissivity of 0.98 and thermal sensitivity of
0.05°C. Testicular scrotum temperature and testicular shape were analyzed with one-way ANOVA using Minitab 16, and
values of P < 0.05 were considered statistically significant. We observed that 67.42% of testicle shapes were long-oval,
and 32.58% were long-moderate. The testicular temperature was higher in bulls with the long-moderate shape compared
to those with the long-oval shape (P < 0.05). The mean length was higher in long-moderate shaped testicles compared to
those of the long-oval shape (P < 0.01). There was no significant differences in rectal and ocular temperatures or in scrotal
circumference between bulls with long-moderate and long-oval shapes (P > 0.05). In addition, the mean width was lower
in testicles of long-moderate shape compared to those of the long-oval scrotal format (P < 0.01).

Discussion: The results obtained showed that Braford bulls with the long-moderate testicular shape have a higher testicular
temperature to maintain proper thermoregulation. The present study demonstrated that IRT can be used to evaluate the
testicular temperature in animals with different scrotal conformations. In this study, Braford bulls showed lower length
and width values for animals having long-moderate (9.21 and 5.22, respectively) and long-oval formats (8.56 and 5.56,
respectively). In contrast, previous reports examining Nellore bulls between the ages of 17-20 months found a predomi-
nance of the long oval shape followed by the long-moderate shape, which indicates a change in testicular shape as age
progresses, resulting in a rounder testicular shape. Perhaps other factors, such as the external cremaster muscle and tunica
dartos, cause the testicles to be retracted towards the body at lower temperatures while at high temperatures, relaxation
occurs. The prevailing testicular shape in Braford animals with a mean age of 24 months was the long-moderate shape.
Thus, testicles with a larger surface area will have lower temperatures because they can dissipate heat more easily than
testicles with lower surface area. The results suggest that the long-moderate scrotum format may influence the testicular
temperature in mature Braford bulls.
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INTRODUCTION

Animals subjected to locations with high exter-
nal environmental temperatures may suffer testicular
heat exchange and consequently have a lower reproduc-
tive efficiency. High testicular temperatures have been
shown to decrease semen quality in bulls [3,24]. The
production of viable spermatozoa depends on testicular
physiological mechanisms, especially thermoregula-
tion, since the temperature of the scrotum should
be maintained 2 to 6°C below the body temperature
[11,13]. Any change in scrotal temperature may impact
physical conditions and result in economic losses to
livestock production in subtropical and tropical regions
of the world [1,14]. The use of non-invasive methods,
such as infrared thermography (IRT), is considered
an effective tool in the characterization of the scrotal
surface temperature in bulls [11-13,16].

Bulls have testes with ovoid and symmetrical
shapes that are wider than the spermatic funiculus
[19]. However, some animals have testicles that are
longer and thinner or narrower, resulting in a scrotal
perimeter that is smaller than the average of the breed,
although bull breeding soundness evaluation observes
sperm quality and production similar to animals with
spherical testicular shapes [18].

Different breeds showed variations in testicular
shape, such as Brahman animals that have longer tes-
ticles, with a length and width greater than Hereford.
Indeed, Bos taurus animals have an oval or globose
testes format, and Bos indicus testicles are considered
elongated [21]. Therefore, the purpose of the current
study was to investigate if there is a relation between
the testicular format and scrotal temperature using IRT.

MATERIALS AND METHODS

Animals and study location

We used 132 Braford bulls (3/8 Nellore - 5/8 Her-
eford) that had a mean age of 24 months at the beginning
of the study. Animals were kept in the same environment
and fed in a pasture of Brachiaria brizantha with mineral
supplementation and water ad libitum during the entire
experimental period. Temperature and humidity data were
collected hourly by an automatic weather station at the
National Institute of Meteorology INMET) [9]. Calcula-
tion of the temperature-humidity index (THI) was used
to estimate the microclimatic factors using the following
equation described by Buffington ef al. (1981) [6]: THI

=Tdb + 0.36 X Tdp + 41.5, in which Tdb = dry-bulb air
temperature (°C) and Tdp = dew-point temperature (°C).
The experiment was conducted in Brazil, at the Boa Sorte
Farm located at 51°14°10”W longitude, 23°30°10”S
latitude, and 566 m altitude, with the climate classified
as Cfa, according to Koppen-Geiger. All procedures with
animals in this study were approved by the Animal Ethi-
cal Committee (UNOPAR, approval number: P010/14).

Reproductive evaluation

The examination consisted of a comprehen-
sive general clinical examination and special clinical
examination at the beginning of the reproductive
season, in August 2014. Animals were restrained in
the standing position in a crush without sedation or
tranquilization. Testicular format was obtaining by
determining the ratio of the median testicular width
(widths of left and right testis) and median testicular
length (average lengths of the left and right testicle).
Then, testicular shape was classified as spherical (ratio
>(0.87), oval-spherical (0.87 to 0.75), long-oval (0.75 to
0.62), long-moderate (0.62 to 0.51), and long (< 0.51),
according to Bailey et al. [2]. Length and width mea-
surements were performed using a caliper ruler. Then,
the scrotal circumference (SC) was measured, and the
testes were pulled down to the bottom of the scrotum,
at which point a millimeter tape was positioned around
the largest circumference. An immediate repetition of
this operation was performed to confirm the results.

Infrared thermography evaluation

For measurement of testicular and ocular tem-
peratures, we used a thermal camera FLIR T440' with
emissivity of 0.98 and thermal sensitivity of 0.05°C.
All IRT evaluations were performed between 14:00 and
18:00. The mean temperature of the scrotal surface was
evaluated by positioning the infrared camera 1.5 m from
each testicular pair oriented perpendicular to the scrotum.
Two linear lines (Lil and Li2) were used to select the left
and right testicle distance to measure the mean testicular
temperature (Figure 1A, B). In addition, a lateral image 1
m from each animal’s head was recorded, and a circle was
drawn around the orbital region, including the ocular globe,
the skin surrounding the ocular cavity, and the lacrimal
gland, to evaluate the animal’s thermal status [7]. The IRT
measurement and analysis were conducted according to
Westermann et al. [23]. Thermograms images were later
analyzed by FLIR Tools' for iPads?. Then, animal rectal
temperature was obtained using a digital thermometer.
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Figure 1. A- Infrared thermography images of the long-oval testicular scrotum in Braford bulls. B- Infrared thermography images of the long-moderate
testicular scrotum in Braford bulls. Lil (Line 1), Li2 (Line 2), Min (Minimum), Max (Maximum).

Statistical analysis

All variable parameters were tested for nor-
mality. Scrotal, rectal and ocular temperatures and
testicular format were analyzed with a one-way
ANOVA. Tukey’s test was used as the mean test. All
the calculations were performed using the statistical
package Minitab 16* (Version 10.0) with the minimum
level of significance set at 5%.

RESULTS

The average THI in the experimental period
was 68. The predominant testicular shape was the
long-oval shape, occurring in 67.42% (89/132) of

the tested bulls; 32.58% (43/132) of the bulls had
a long-moderate shape. Testicular temperature was
higher in bulls with the long-moderate shape (34.3°C)
compared to the long-oval shape (33.8°C) (P < 0.05;
Table 1). Mean length was higher in long-moderate
testicles compared to those with the long-oval shape
(9.21 vs 8.56 cm; P < 0.01). In addition, the mean
width was lower in the long-moderate shape (5.22
cm) compared to the long-oval shape (5.59 cm; P <
0.01). There was no significant differences in rectal
and ocular temperatures or in scrotal circumference
between bulls with long-moderate and long-oval
shapes (P > 0.05).

Table 1. Rectal, ocular and testicular temperatures (°C), scrotal circumference and biometric measurements of testicular shapes in Braford bulls.

Variabl Long-moderate Long-oval Poval
ariable -value
Mean + SD Min Max CV Mean + SD Min Max CV
Rectal temp 39.22 +0.3* 382 405 0.9 39.17 £ 0.2* 38.7 399 0.6 0.460
Ocular temp 3448 = 1.0* 314 367 2.9 3435+ 1.14 326 370 3.1 0.516
Testicular temp 3432 +1.34 309 373 3.7 33.80 = 0.88 320 354 25 0.018"
SC (cm) 29.89 + 3.6 22.0 400 122 30.60 +2.84 240 360 9.1 0.259
Length (cm) 921 +1.14 7.0 145 124 8.56 +0.7° 6.75 9.75 84 0.001"
Width (cm) 522 +0.64 4.0 7.5 12.0 5.59 +0.48 4.5 6.5 7.8 0.001"

. . . . . . . . . . *. . .
temp: temperature; SD: standard deviation; Min: minimum; Max: maximum; CV: coefficient variation; SC: scrotal circumference. “Within a row,

different capital letters differ statistically (P < 0.05).

DISCUSSION

The present study demonstrated that IRT can be
used to evaluate the testicular temperature in animals
with different scrotal conformations. In the current
study, the obtained THIs were considered below the

temperature that impairs physiological disequilibrium
due to thermal stress in animals, and thus it is likely
that neither temperature nor humidity was high enough
to cause testicular damage that may lead to direct con-
sequences on testicular shape [13]. Recently, Brangus
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breed bulls showed a mean testicular gradient of 4.2,
indicating a higher temperature gradient compared to
Nelore (2.1) and Braford (3.3; 3/8 Nelore x 5/8 Her-
eford) bulls evaluated at the Pantanal region of Brazil
[17]. The Braford breed is a mix of Bos taurus and Bos
taurus indicus (3/8 Nelore x 5/8 Hereford), showing
a significant adaptation to tropical and subtropical
regions and presenting higher genetic potential to
improve productivity efficiency. These characteristics
are very important for the continuing development of
beef cattle production in Brazil and other wet and dry
tropical regions. Our data suggested that Braford bulls
having a long-moderate shape have a higher testicular
temperature to maintain the proper thermoregulation.

In the current study, Braford bulls showed
lower length and width values for those animals having
long-moderate (9.21 and 5.22, respectively) and long-
oval formats (8.56 and 5.56, respectively). In contrast,
Nellore bulls aged 17-20 months had a predominance
of the long-oval shape followed by the long-moderate
shape, which indicates a change in testicular shape as
age progresses, resulting in a rounder testicular shape
[22]. Thus, these shapes with a larger surface area will
have lower temperatures because they can dissipate
heat more easily unlike testicles with less surface area.

In addition, scrotal circumference was similar
for shapes that were long-moderate (29.9) and long-
oval (30.6), demonstrating that Braford animals have
a higher scrotal circumference than animals with tes-
ticles that are more oval at 22-24 months of age [20].
The size and shape of the testicles are determined by
genetic mechanisms and environmental effects, such
that Bos taurus indicus bulls that have longer testicles
and thinner scrotal skin compared to Taurine bulls
[8,20]. These two factors contribute to a better rate of
heat exchange, with an increased exchange area and a
thinner physical barrier [4,5]. When compared to bulls
of different breeds, B. taurus indicus have an increased
number of sweat glands in the skin of the scrotum of

different sizes and shapes and a longer testicular artery
relative to the size of the testicle, causing them to lose
heat more easily through sweating [5]. This condition
allows them to be more tolerant to high temperatures
compared to B. taurus cattle [10]. These traits allow
for better heat dissipation and require less blood.
With the expansion of Braford used in Brazil
and South America, it is important to optimize breeding
systems in tropical and subtropical climates develop-
ing new strategies to identify accurately the impact of
changes in the reproductive performance of bulls. The
prevailing testicular shape in Braford animals with a
mean age of 24 months was the long-moderate shape.
Indeed, testicular shape is important to facilitate the
thermoregulation process, where more elongated or
oval testicles show a different surface of interaction
with the external environment and heat exchange.

CONCLUSION

The present study demonstrates that testicular
scrotums with larger surface areas have lower tempera-
tures because they can dissipate heat more easily. In
addition, we inferred that IRT can be used as an indirect
method to assess changes in temperature gradients
in bulls. The results suggest that the long-moderate
scrotum format may influence testicular temperature
in mature Braford bulls.
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