Open Access

Asian-Australas J Anim Sci

Vol. 30, No. 4:593-601 April 2017
https://doi.org/10.5713/ajas.16.0191
pISSN 1011-2367 elSSN 1976-5517

AJAS

Asian-Australasian Journal of Animal Sciences

Heat tolerance in Brazilian hair sheep

Luiza Seixas"*, Cristiano Barros de Melo', Candice Bergmann Tanure', Vanessa Peripolli', and

Concepta McManus'

* Corresponding Author: Luiza Seixas
Tel: +55-61-81030144,
E-mail: luizasseixas@gmail.com

" Faculty of Agronomy and Veterinary Medicine,
Graduate Program in Animal Sciences, University

of Brasilia (UnB), Campus Darcy Ribeiro, Asa Norte,

Brasilia, 70910-900, Brazil

Submitted Mar 7, 2016; Revised Apr 5, 2016;
Accepted May 25, 2016

Objective: The aim of this study was to evaluate heat tolerance using heat tolerance indices,
physiological, physical, thermographic, and hematological parameters in Santa Ines and Morada
Nova sheep breeds in the Federal District, Brazil.

Methods: Twenty-six adult hair sheep, one and a half years old, from two genetic groups
(Santa Ines: 12 males and 4 females; Morada Nova: 7 males and 3 females) were used and data
(rectal temperature, respiratory rate, heart rate, skin temperatures; hematological parameters)
were collected during three consecutive days, twice a day (morning and afternoon), with a
total of six repetitions. Also physical parameters (biometric measurements, skin and hair
traits) and heat tolerance indices (temperature-humidity index, Iberia and Benezra) were
evaluated. The analyses included analyses of variance, correlation, and principal components
with a significance level of 5%.

Results: The environmental indices, in general, indicate a situation of thermal discomfort
for the animals during the afternoon. Breed significantly influenced (p<0.001) physiological
and physical characteristics of skin, hair, biometric measurements and Iberia and Benezra
heat tolerance indices. Santa Ines animals were bigger and had longer, greater number and
darker hair, thicker skin, greater respiratory rate and Benezra index and lower Iberia index
compared with Morada Nova breed.

Conclusion: Although both breeds can be considered adapted to the environmental conditions
of the region, Morada Nova breed is most suitable for farming in the Midwest region. The
positive correlation found between the thermographic temperatures and physiological para-
meters indicates that this technique can be used to evaluate thermal comfort. Also, it has
the advantage that animals do not have to be handled, which favors animal welfare.
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INTRODUCTION

The main environmental factors that affect livestock production are environmental temperature,
humidity, solar radiation and wind speed [1]. The climate of a particular region, especially
air temperature and relative humidity, directly influences the animal’s production potential.
Tropical regions, characterized by high levels of solar radiation and temperature, heat stress
is a major factor limiting the development and production of animals [2,3].

The animal’s response to heat stress can be measured by variation in body temperature,
respiratory and heart rate (HR), which tend to increase under thermal stress. This results in
changes in hematological parameters as heat stress increases water and ion losses [4] as well
as increasing plasma and extracellular volume [5]. With a lack of thermal comfort, the animal
seeks for ways to lose heat. This involves a series of adaptations of the respiratory, circulatory,
excretory, endocrine and nervous systems of animals reared in warm regions [2]. Coordination
of all of these systems to maintain the productive potential varies between species, breeds and
individuals within the same breed [6]. Therefore, information is necessary regarding heat
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tolerance and adaptability to indicate breeds for a specific region.

Several indices using different variables have been developed
to evaluate thermal stress [7]. The most common empirical
model of heat load is the temperature-humidity index (THI),
which is a combination of temperature effects and humidity
on a single value associated with the level of heat load [8,7] and
has been used to assess stress for many years [9]. Besides the
environmental index, indices based on measures in animals, which
take into account physiological parameters, are also used to
determine adaptability. One of the earliest index developed to
evaluate thermal stress in animals was the Iberian heat tolerance
test (HTC), which uses the rectal temperature (RT) as a variable.
Later, a heat tolerance coeflicient based on RT and respiratory
rate (RR) was developed by Benezra [8].

Most of the methods that are currently used to assess stress
or pain in animals are invasive [10]. Thermographic imaging
is a noninvasive tool that can be used for this end. These images
can be taken at a distance without direct contact with the animal,
avoiding temperature increase associated with stress caused by
capture, containment and confinement [11], as well as the stress
related to handling and physical contact needed to measure RT,
heart and RRs as well as blood collection.

Therefore, the aim of this study was to evaluate heat tolerance
using heat tolerance indices, physiological, physical, thermo-
graphic and hematological parameters in Santa Ines (SI) and
Morada Nova (MN) sheep breeds in the Federal District, Brazil.

MATERIAL AND METHODS

The work was conducted on the Sucupira Farm (Embrapa-
Cenargen) located southwest of the city of Brasilia-DF (15°47'S
and 47°56'W), with altitudes ranging 1,050-1,250 m, and a total
area of 1,763 ha. The climate is Aw, according to Koppen classi-
fication system, characterized by two distinct seasons, with rainy
summers and dry winters.

Environmental characterization

The environment was characterized using the following measure-
ments: Black globe temperature in the sun and the shade, dry
bulb temperature (TDB), and relative humidity (RH) using a
hygrometer, every 30 minutes. The wet bulb temperature, and
dew point were obtained using the Grapsi digital psychrometric
chart [12]. Based on these data, the THI was calculated using
the following equation according to [13]:

THI = (0.8xTDB)+[(RH/100)x(TDB-14.4)]+46.4

Where: TDB, dry bulb temperature (°C); RH, relative humidity
(%).

Animal characterization
Animal care procedures throughout the study followed protocols
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approved by the Ethics Committee for Animal Use (CEUA) at
the University of Brasilia, number 44568/2009.

Twenty-six adult hair sheep, one and a half years old, from
two genetic groups (SI: 12 males and 4 females; MN: 7 males
and 3 females) were used and data were collected during three
consecutive days, twice a day (morning and afternoon), with
a total of six repetitions.

Physiological parameters such as RR, HR, and RT and ther-
mographic images were collected in both the morning (4 AM)
and afternoon (2 PM). The images of eye, nose, foot and left
side of the animal were obtained using an infrared thermograph
ThermaCAM (FLIR Systems Inc., Wilsonville, OR, USA) using
an emittance coefficient of 0.95 with a distance of one meter to
measure the temperature of surface of the animal. This camera
has infrared resolution 320x240 pixels, with thermal sensitivity
of <0.05°C at 30°C (86°F)/50 mK. QuickReport (FLIR Systems
Inc., USA) software was used for analysis of the images. The
“area” tool was used to obtain the eye, nose, foot (interdigital
space at the back of the foot), neck, axilla, groin, rib, shoulder,
and rump temperatures of the animals.

Blood was collected by venipuncture using vacutainer tubes
with ethylenediaminetetraacetic acid when the physiological
traits were measured in the morning and afternoon. The numbers
of erythrocytes (red blood cell, RBC), leukocytes (WBC), platelets
(PLAT) and the concentration of hemoglobin (HB) were deter-
mined in an automatic cell counter (MICROS HORIBA, Mont-
pellier, France). The hematimetric parameters (mean corpuscular
volume, MCV; mean corpuscular hemoglobin, MCH; and mean
corpuscular hemoglobin concentration, MCHC) were deter-
mined by calculation. Packed cell volume (PCV in %) was
determined using capillary tubes in microhematocrit centrifuge.
The concentration of total plasma proteins (TPP in g/100 mL)
was determined using a refractometer and the plasma retained
in a capillary tube. The microhematocrit technique was used
for the determination of plasma fibrinogen (FIBR).

The following measurements were taken on each animal:
skin thickness (ST) using an adipometer; coat samples (1 cm®)
were collected, number of hairs counted and the length of ten
longest hairs measured. Skin (shaved shoulder area) and coat
colour was measured at the shoulder of the animal using BYK-
Gardner Color-guide (Geretsried, Germany) based on the
CIELAB system. CIELAB (CIE L*a*b* colour space specified
by the International Commission on Illumination) provides a
three-dimensional colour space where the a* and b* axes form
one plane to which the L* axis is orthogonal. CIELAB repre-
sents colour stimuli as an achromatic signal (L*) and two
chromatic channels representing yellow-blue (b*) and red-
green (a*) [14]. Size measurements on the animals included:
shoulder height (SH), thoracic perimeter (TP), back lengths
(BKL), and body lengths (BL), rump height (RuH), rump width
(RW), and breast width (BW).

HTC based on animal measures were calculated using the
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following equations:
i) Iberia or Rhoad test [8]: the higher the HTC value the more
heat tolerant the animal was considered to be.

HTC = 100-[18(RT-39.1)]

Where: HTC = heat tolerance test; 100 = maximum efficiency
to maintain body temperature at 39.1°C [15]; 18 = constant;
RT = average rectal temperature (°C) based on readings at 4:00
AM and 2:00 PM; 39.1°C = average RT considered normal for
sheep [15].

ii) Benezra test [8]: the lower the value the more heat tolerant
the animal was considered to be:

HT = RT/RR+39.1/27

Where: HT = heat tolerance index; RT = rectal temperature
in °C; RR = respiratory rate in breaths per minute; 39.1 = normal
RT of sheep (°C); and 27 = normal respiration rate of sheep
(breaths/minute) [15].

Another way to evaluate if animals are in thermal stress is
to measure respiratory rate and qualifying the severity of heat
stress according to panting rate: low: 40-60 breaths per min,
medium high: 61 to 80, high: 81 to 120, and severe heat stress:
above 200 breaths per min in sheep [16].

Statistical analysis

Statistical analysis was performed using SAS version 9.3 (Statis-
tical Analysis Institute, Cary, NC, USA) evaluating the effect
of the period of the day, breed and sex on heat tolerance indices,
physiological, physical thermographic and hematological para-
meters. The procedures used included analysis of variance
(GLM) to evaluate the difference between breeds and sex, corre-
lation (CORR) and principal component (PRINCOMP) analysis
to attempt to understand the sources of variation in the data.
Means were compared using adjust Tukey test with a significance
level of 5% (p<0.05).

RESULTS

High daily air temperature variation was seen during the experi-
ment with maximum temperature of 43.2°C in the afternoon
and minimum of 14.6°C in the morning. The relative humidity
also varied during the day, with low relative humidity in the
afternoon (Table 1). High THI was observed in the afternoon
(mean 79; maximum 89), reaching values classified as danger
and emergency [17], while in the morning the animals were
in thermal comfort with mean and maximum THI of 59 and
61, respectively. Based on the scale proposed by Silanikove
(2000), which qualifies the severity of heat stress according to
breath rate, 37% of the animals in this experiment were under
heat stress during the afternoon, of which 6.4% were suffered
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Table 1. Mean, standard deviation (SD) and minimum and maximum of climate
measures during the experimental period

Mean SD Minimum Maximum
Morning
BGTsun 16.28 0.45 15.5 17.5
BGTsh 16.76 0.52 15.5 18.5
RH 90.65 6.45 75 100
TDB 15.40 0.47 14.6 16.6
TWB 14.43 0.65 12.5 15.6
Td 13.86 1.02 10.83 15.2
THI 59.61 0.77 58.27 61.66
Afternoon
BGTsun 35.65 9.70 18.5 495
BGTsh 28.18 3.25 22.5 34
RH 39.73 18.18 13 76
TDB 32.59 6.47 22.8 432
TWB 20.63 2.01 17.4 27.8
Td 15.23 3.84 4.62 23.86
THI 78.64 4,99 70.35 89.94

BGTsun, black globe temperature in the sun (°C); BGTsh, black globe temperature in
the shadow (°C); RH, relative humidity (%); TDB, dry bulb temperature (°C); TWB, wet
bulb temperature (°C); Td, dew point (°C); THI, temperature and humidity index.

high thermal stress. And in the morning 16% were under
stress, of which 5.1% were under high heat stress (Table 2).

RT, RR, PCV, TPP, RBC, HB, PLAT, FIBR, MCV, MCHC,
MCH, thermographic temperatures and Benezra index were
influenced by the period of the day (Tables 3 and 4). The RT,
RR, thermographic temperatures and the Benezra index were
higher during the afternoon and most of the blood parameters
were lower in this period. The period of the day did not influence
the HR, however these values were high both in the morning
and afternoon, with means above reference values for this species
[15].

Coat traits, morphometric measures, RT, PCV, WBC, RBC,
HB, PLAT, MCV, MCH, thermograph temperatures and Iberia
index were influenced by sex (Tables 3, 4 and 5). The males SI
had higher morphometric measures, RT, PCV, MCV, MCHC,
MCH. Skin and hair brightness, hair thickness and Iberia index
were higher in females. Regarding surface temperatures, these
were generally higher in the males.

Morphometric measures, coat traits, RR, PCV, TPP, WBC,
RBC, HB, PLAT, MCV, MCHC, MCH, some thermographic

Table 2. Respiratory rate (RR) classification of the sheep according to the period of
the day

RR scale” Stress level O/Mor.nlng oAfterp oon
% animals % animals

<40 breaths/min No stress 83.4 73.0

40 to 60 breaths/min Low 11.5 16.6

61 to 80 breaths/min Medium-high - 4.0

81 to 120 breaths/min High 5.1 6.4

Above 200 breaths/min Severe - -

" Scale adapted from Silanikove (2000).
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temperatures and Iberia and Benezra indices were influenced
by breed (Tables 3, 4 and 5). SI animals were bigger and had
longer, greater number and darker hair, thicker skin, greater
RR, higher TPP, HB, MCHC, WBC, Benezra index and lower
Iberia index compared with MN breed.

The correlation between physiological parameters, size mea-
surements, heat tolerance index and coat traits were low (Table
6). RT was negatively correlated with skin brightness (L*) and
positively with BL, BKL, TP, RuH, ST. Regarding heat tolerance
indices, size measurements, skin, and hair brightness were
negatively correlated with Benezra index and a positive corre-
lation was observed between Iberia index and hair and skin
brightness. Surface temperatures were positively correlated with
RT, RR, and Benezra index, with highest correlations with RT
(Table 7). Regarding blood parameters, a direct relationship
was noted between HR, number of RBC and HB concentration
and there was a negative correlation between these blood para-
meters and Iberia index and THI (Table 8).

The principal component analysis showed that 47% of the
variation was explained by physiological and physical variables
of the animals (Figure 1). The physical components such as SH,
TP, back and BL, RuH, RW, and RW were grouped. The RT was
directly related with these morphometric measures and ST. High
RT, larger animals and thicker skin were related with higher
Benezra and lower Iberia index. The higher the hair brightness
lowers RT, respiratory rate and Benezra index. Regarding surface

Seixas et al (2017) Asian-Australas J Anim Sci 30:593-601

temperatures, 56% of the variation was explained by the charac-
teristics studied (Figure 2). It was noted a direct relation
between these temperatures, physiological components, THI
and Benezra index and indirect with Iberia index.

DISCUSSION

Environmental parameters

The ability to maintain body temperature can be compromised
when environmental conditions limit metabolic heat dissipation
or contribute to the thermal load of the animal [18]. In this
study, high THI was observed in the afternoon, reaching values
classified as danger and emergency [17]. This high amplitude
of thermal variation observed in the present study have already
been reported in the Midwest region of Brazil, where animals
tend to suffer from cold stress at night and heat stress during the
day [19]. The animal's ability to respond to heat stress depends
upon exposure to low temperatures during the night, and more
specifically, the duration and intensity of this low temperature
[9]. Thus, low temperatures recorded during the night may have
aided in the recovery of thermal stress suffered during the day.

Physical characteristics

The males and SI animals are larger than females and MN, re-
spectively. A study in the midwest of Brazil, comparing three
genetic groups of lambs, noted that larger animals had higher

Table 3. Means for physiological and blood traits in Santa Ines and Morada Nova sheep breeds during three days of experiment”

Items RT HR RR pPcV TPP WBC RBC HB PLAT FIBR MCV  MCHC  MCH
Period
Morning 37.9° 985 259 29.2° 6.7a 7.9° 8.8° 9.6° 789 4109° 333 32.9° 10.9°
Afternoon 39.1° 103.6° 440"  27.9° 6.6b 7.7 8.3 8.9" 8.94°  329.7° 338 315 10.6°
Sex
Male 38.8° 98.7° 347 29.9° 6.7a 7.3 8.7° 9.,6° 931° 3774 344 323 11.0°
Female 38.3° 102.8°  35.1° 21.7° 6.6a 8.0° 8.4° 8.9° 7977 36470 32.9° 32.1° 10.6°
Breed
Santa Ines 38.5° 100.6°  39.1° 27.6° 6.8a 8.3’ 8.4 8.9" 757 36670 33.0°  326° 10.71°
Morada Nova 38.5° 10177 283" 303 6,4b 7.1 8.8 9,6° 9770 3754° 344> 318 11°
Reference values*  38.3-39.9  70-90  20-34 2745 67,5  04-12  09-15  09-15 2,575 100-500 28-40  31-34  08-12

RT, rectal temperature (°C); HR, heart rate (beats/min); RR, respiratory rate (movements/min); PCV, packed cell volume (%); TPP, total plasma protein (g/dL); FIBR, plasma fibrinogen (mg/
dL); WBC, leukocytes; RBC, red blood cell (10%/L); HB, concentration of hemoglobin (g/dL); MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscu-

lar hemoglobin concentration; PLAT, platelets.
" Reece et al [15]; Jain et al [27].

Means followed by different letters in the same column are significantly different using the Tukey test (p<0.05).

Table 4. Means for thermographic temperatures and heat tolerance indices in Santa Ines and Morada Nova sheep breeds during three days of experiment

Neck Axilla Rib Groin Rump  Shoulder Eye Nose Foot Ibéria Benezra

Period  Morming 30.2° 34.9° 30.7° 345 27.8 32.5° 36.3° 4.7 243 110.58° 1.93°
Afternoon 34.7° 37.5° 37.6° 37.6° 34.0° 36.8° 38.4° 38.4° 35.0° 110.58° 2,63

Sex Male 32.6° 36.5° 33.5° 36.3° 31.5° 34.8° 37.8° 34.9° 29.7° 105.70° 2.28°
Female 32.2° 36.5° 32.8 36.0° 30.5° 345 36.9° 35.1° 29.4° 114.16° 2.28°

Breed  Santa Ines 3.1° 36.2° 32.9° 36.2° 30.4° 34.6° 37.3° 35.0° 29.4° 110.58° 243
Morada Nova 32.7° 36.3° 33.3° 35.9° 3.7 34.7° 31.5° 35.0° 29.7° 110.59° 2.03°

Means followed by different letters in the same column are significantly different using the Tukey test (p<0.05).
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Table 5. Breed and sex interaction on physical characteristics during three days of
experiment

S| MN S| MN
Skin thickness b* hair
Male 6.19* 5.66° Male 5.14%  20.59*
Female 5.11°% 5.88" female 6.49% 21.83"
Hair thickness Body length
Male 0.11*  0.88* Male 69.37" 58.44°
Female 0.10"®  0.45™ Female 61.04" 58.82°
Number of hair Back length
Male 515.5"  286.8° Male 58.62"  46.89°
Female 497.29"  312.12° Female 48.28™  46.82"
Hair length Shoulder height
Male 1574 1® Male 69.57" 66.15°
Female 1.37% 1.05% Female 6551 64.46™
L*skin Thoracic perimeter
Male 40.29®  50.26" Male 78.25*  70.05°
Female 49.40°  54.84% Female 70.80" 71.70*
a* skin Rump height
Male 1.48% 410" Male 72.07" 68.27*
Female 0.74"®  3.13% Female 67.11" 66.41°
b*skin Breast width
Male 1.86° 5.33* Male 156" 13.39°
Female 2.44° 6.62" Female 13.05%  12.85"
L* hair Rump width
Male 18.713®  36.305" Male 141 10.56%
Female 24.257®  35.682° Female 12,20 11.03"
a* hair
Male 514%  11.16%
Female 6.491* 7.1

L*, brightness; and chromatic channels representing b*, yellow-blue; a*, red-green
(CIELAB); SI, Santa Ines; MN, Morada Nova.

Means followed by different capital letters in the same line and different lower case
etters in the same column are significantly different using the Tukey test (p<0.05).

RR and RT [20]. The same was observed in this study, SI had
greater RR and the males higher RT. Larger animals have more
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Table 6. Correlations between physical characteristics, physiological parameters and
heat tolerance indices”

RT RR HR lberia Benezra
BL 0.19 0.08 -0.10 -0.42 0.15
BKL 0.22 0.09 -0.13 -0.49 0.15
SH 0.13 0.06 -0.18 -0.30 0.01
TP 0.25 0.21 0.04 -0.54 0.18
RuH 0.21 0.15 -0.13 -0.48 0.04
BW 0.17 0.17 0.00 -0.39 0.14
RW 0.11 0.24 -0.09 -0.22 0.25
ST 0.20 0.05 -0.01 -0.44 0.08
HT -0.01 -0.06 0.04 0.02 -0.08
NH 0.00 0.10 -0.11 0.01 0.11
HL 0.14 0.27 -0.02 -0.28 0.29
L*skin -0.23 -0.15 0.01 0.52 -0.16
a*skin 0.12 -0.06 0.10 -0.29 -0.12
b*skin -0.04 -0.08 0.14 0.07 -0.13
L*hair -0.07 -0.17 0.07 0.17 -0.17
a*hair -0.02 -0.14 0.04 0.04 -0.16
b*hair -0.06 -0.17 0.11 0.12 -0.19

RT, rectal temperature (°C); HR, heart rate (beats/min); RR, respiratory rate (movements/
min); SH, shoulder height; TP, thoracic perimeter; BKL, back length; BL, body length;
RuH, rump height; RW, rump width; BW, breast width; ST, skin thickness; HT, hair
thickness; NH, number of hairs; HL, length of hair; L*, brightness; chromatic channels
representing b*, yellow-blue; a*, red-green (CIELAB).

" Numbers in bold are statistically significant level.

difficulty to dissipate heat to the environment because of the
lower proportion of surface contact available for heat loss [21].

Coat brightness and RT were inversely correlated, because
lighter skin and hair colors reflect solar radiation, decreasing
heat retention. The SI sheep used in this study had darker coat
than MN, which possibly indicates better adaptation of MN due
to less heat absorption. This can be noted in some physiological
components such as RR, which was lower in MN, and heat
tolerance indices that indicated better adaptation of this breed.

Table 7. Correlations between thermographic temperatures, physiological parameters, heat tolerance indices and physical characteristics”

Neck Axilla Groin Rump Rib Shoulder Eye Nose Foot
RT 0.71 0.80 0.74 0.67 0.70 0.66 0.64 0.69 0.72
RR 0.34 0.41 0.37 0.38 0.42 0.38 0.39 0.47 0.53
HR 0.12 0.11 0.09 0.13 0.18 0.22 0.06 0.10 0.23
IBERIA -0.03 -0.23 -0.17 -0.06 -0.11 -0.09 -0.17 -0.04 0.02
BENEZRA 0.39 0.44 0.39 0.43 0.46 0.45 0.38 0.46 0.52
ST -0.01 0.10 -0.02 -0.02 -0.07 0.0 0.04 -0.10 0.05
HT -0.01 -0.01 -0.08 0.00 -0.04 0.02 -0.22 -0.02 -0.05
NH -0.09 0.03 -0.01 -0.11 0.1 0.02 -0.04 0.08 -0.03
HL -0.12 0.00 0.07 -0.25 -0.18 -0.05 0.04 0.01 0.00
L*skin 0.01 -0.12 -0.08 -0.01 -0.03 -0.09 -0.14 -0.05 0.02
a*skin 0.07 0.05 0.00 0.08 0.00 -0.06 0.09 -0.13 0.06
a*skin 0.04 -0.04 -0.07 0.08 0.02 -0.06 -0.04 -0.14 0.09
L*hair 0.02 -0.08 -0.12 0.07 0.0 -0.03 -0.09 -0.12 0.03
a*hair 0.03 0.01 0.02 0.04 0.01 -0.08 0.12 -0.08 0.03
b*hair 0.02 -0.04 -0.08 0.06 -0.01 -0.05 -0.08 -0.12 0.03

RT, rectal temperature (°C); HR, heart rate (beats/min); R, respiratory rate (movements/min); ST, skin thickness; HT, hair thickness; NH, number of hairs; HL, length of hair; L*, brightness;

chromatic channels representing b*, yellow-blue; a*, red-green (CIELAB).
"Numbers in bold are statistically significant level.
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Table 8. Correlations between blood and physiological parameters and heat tolerance indices”

Seixas et al (2017) Asian-Australas J Anim Sci 30:593-601

PCV TPP FIBR WBC RBC HB MCV MCH MCHC PLAT
RT -0.05 -0.08 -0.27 0.14 -0.06 -0.11 0.01 -0.10 -0.10 0.16
RR -0.16 -0.05 -0.24 0.14 -0.07 -0.15 -0.M -0.15 -0.01 -0.05
HR 0.17 -0.02 -0.04 0.01 0.27 0.20 -0.20 -0.17 0.08 -0.05
THI -0.16 -0.12 -0.30 0.03 -0.19 -0.31 0.08 -0.19 -0.25 0.27
IBERIA -0.41 -0.19 -0.08 0.00 -0.34 -0.40 -0.02 -0.07 -0.02 -0.06
BENEZRA 0.00 -0.02 -0.16 0.12 0.07 -0.03 -0.12 -0.19 -0.03 -0.02

RT, rectal temperature (°C); HR, heart rate (beats/min); RR, respiratory rate (movements/min); PCV, packed cell volume (%); TPP, total plasma protein(g/dL); FIBR, plasma fibrinogen (mg/
dL); WBC, leukocytes; RBC, red blood cell (10°/yL); HB, concentration of hemoglobin (g/dL); MCV. mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscu-

lar hemoglobin concentration; PLAT, platelets.
" Numbers in bold are statistically significant level.

Studies with West African Dwarf sheep in Nigeria also observed
that sheep with dark pigmentation were more prone to heat
stress than those with light pigmentation, suggesting that selec-
tion should target animals with light coat color in order to
improve animal welfare and production efficiency [22].

The better adaptability of MN can also be observed in relation
to ST and hair characteristics. It was noted that the MN had
thinner skin, shorter and fewer number of hair than SI. Previous
studies had suggested that less amount of hair facilitates air
penetration, favoring heat transfer [23]. In the present study,
in the principal component analysis, a direct relationship between
these physical components (ST and number and length of hair)
and RR and RT was observed. Thicker hair coat have also been
associated to higher skin temperature and RR in sheep [24].

Physiological parameters
Respiratory rate is the first thermoregulation mechanism used

by the animal to maintain its body temperature. In this study,
RR was affected by breed and period of the day. The increase in
RR in the afternoon as a result of higher environmental tem-
perature was also observed in several studies [25]. MN had
lower respiratory rate than SI, indicating better adaptation.

In this study, RT was affected by period of the day, being lower
in the morning, indicating that the conditions in this period
were less stressful. The mean RTs were within reference values
for sheep, being slightly higher in SI when comparing to MN.
Sheep RT can rises above the normal range when ambient
temperature reaches 32°C [26], however in the present work it
was observed that even when subjected to high environmental
temperatures (above 40°C) the RT remained within reference
values, indicating good adaptation. Animals adapted to hot
climates have morphological and physiological adaptations
that assist heat dissipation [25].
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Figure 1. First two autovectors for heat tolerance indices and physiological and physical traits in sheep in the Federal District, Brazil. RT, rectal temperature (°C); HR, heart rate (beats/
min); RR, respiratory rate (movements/min); SH, shoulder height; TP, thoracic perimeter; BKL, back length; BL, body length; RuH, rump height; RW, rump width; BW, breast width; ST,
skin thickness; HT, hair thickness; NH, number of hairs; HL, length of hair; L*, brightness; chromatic channels representing b*, yellow-blue; a*, red-green (CIELAB).

598 www.ajas.info



Seixas et al (2017) Asian-Australas J Anim Sci 30:593-601

AJAS

0.5 l
b*hai b*skin
..‘0.4’1
L*hair a*skin
L*skin%% a*hair
0.2 HR
9 ¢
o T
2 H_I)Sl NECK™ SHOUDER
= RUMP 2 AXILLA
= o+ RIB.‘ RTWFOOT
5 IBERIA EYE ’('ﬂ{OH\?
§—0.1 -0.05 0 0.05 0.1 0.15 %R 0259 83 0.35
= 0.1 BENEZRA NO
-
-0.2 HL
L
0.3 9NH
0.4

Autovector 1 (37%)

Figure 2. First two autovectors for heat tolerance indices, thermograph temperatures and physiological and physical traits in sheep in the Federal District, Brazil. RT, rectal
temperature (°C); HR, heart rate (beats/min); RR, respiratory rate (movements/minute); ST, skin thickness; HT, hair thickness; NH, number of hairs; HL, length of hair; L*, brightness;

chromatic channels representing b*, yellow-blue; a*, red-green (CIELAB).

Blood parameters
All blood parameters were within the reference values [27] and
with higher values in the morning, except the number of PLAT
which had a higher average in the afternoon. A heat tolerance
study in sheep, also observed a reduction of some blood com-
ponents in the afternoon such as HB concentration and MCH
[20]. The heat may cause a reduction of blood constituents due
to hemodilution effect where more water is transported by the
circulatory system to help in evaporative cooling. Also, the
greater blood flow can increase cellular circulation [28]. In the
present study, this can be corroborated with the reduction of
TPP during the afternoon which could indicate hemodilution.
A negative correlation between air temperature, PCV, number
of RBCs and HB concentration was reported [20], while in the
present study a negative relationship was also noted between
these hematological constituents and THI, which can be at-
tributed to the hemodilution effect [28]. With regard to heat
tolerance indices, the inverse relationship between Iberia index
and number of RBCs and HB concentration indicates that these
blood constituents can be lower in the more adapted animal.
There was no effect of period of the day on the number of
leukocytes. However, a higher number of leukocytes have been
reported in the afternoon [2,20]. Also, the number of leukocytes
was within reference values, which may be indicative of heat
tolerance even in thermal stress situation [20]. Nevertheless,
leukocytosis has been associated to heat stress in sheep [2], this
difference may be attributed to the age of the animals used in
the studies. With regard to breed, considering that the number
of leukocytes is influenced by stress hormones released by the

adrenal cortex [27], the higher number of white blood cells in
SI observed in the present study may be due to an increase in
the release of hormones such as cortisone and adrenaline [20].

Heat tolerance index

Among the heat tolerance indices, the Benezra index is the only
one which considers RR as a variable. The direct relationship
between this index and physiological parameters such as RR
and RT, indicates that animals with a lower RR and RT are
considered more adapted. The Benezra index was lower for
MN, indicating better adaptability. MN sheep was also con-
sidered more adapted than SI according to Iberia index, which
was higher for MN. The inverse relationship between the Iberia
index and physiological parameters indicated that more adapted
animals had lower RT. Perhaps breeding SI with other breeds,
such as Sufolk, in order to obtain bigger animals may be respon-
sible for this poorer adaptability of SI in comparison to MN,
because heavier animals has less surface area for heat loss [21].

Thermographic temperatures

Infrared thermography has been shown to be related to several
physiological processes associated with heat tolerance [19,29].
In the present study, the thermographic temperatures of the
several body areas measured using an infrared camera were
affected by period of the day and, as expected, were lower in
the morning period with cooler environmental temperatures.
A relationship between time of day and foot temperature have
also been reported in Comisana sheep kept under a natural
photoperiod [30]. Body temperature variation that increased
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throughout the day and decreased at night had also been re-
ported by several researchers [19]. This variation was probably
due to the lower thermal balance between the surface of the
animal and the air temperature in the afternoon. As heat dissi-
pation mechanisms (radiation, convection, and conduction)
are dependent on this thermal balance, when the air temperature
rises, the thermal gradient between the surface and the environ-
ment decreases.

In principal component analysis, body temperatures behaved
similarly. In a thermographic evaluation of climatic conditions
on lambs, the temperature of the nose was the only one that
behaved differently [19]. However, here this thermographic
temperature was grouped with the others. Regarding difference
between breeds, SI lambs have been associated to higher skin
temperatures due to a darker coat which favors heat absorption
resulting in higher surface temperature [19], but in the present
study in some body regions such as the neck, ribs and rump,
SI animals had lower surface temperature.

The positive correlations between these thermographic tem-
peratures, the Benezra index and physiological parameters,
especially RT, indicate that this technique can be used to evaluate
thermal comfort and has the advantage that animals do not have
to be handled. Regarding all the body areas analyzed, the axilla
was the one that best correlated with RT, so it can be considered
a good area to measure body temperature using an infrared
thermography.

CONCLUSION

The environmental index indicated that sheep suffered heat
stress during the afternoon, but due to the good adaptation of
MN and SI breeds, these animals were able to maintain their
physiological and blood parameters within reference values.
Although both breeds can be considered adapted to the environ-
mental conditions, MN breed may be considered more adapted
for farming in the Midwest region because of its physical char-
acteristics which favors heat tolerance. The use of infrared
thermography to evaluate thermal comfort is a good alternative,
having the advantage that animals do not have to be handled,
which favors animal welfare.
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