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APRESENTAÇÃO

Em todas as áreas de conhecimento a pesquisa é uma das formas de se alcançar 
respostas e dar origem a teorias. Para se criar uma teoria não é suficiente a afirmação 
de uma suposição, deve-se seguir algumas fases do que é chamado de investigação 
científica, que através de procedimento lógico, produz conhecimento científico testado, 
comprovado e seguro. As fases que que devem ser seguidas são a observação, as 
hipóteses, o método de pesquisa e a conclusão. 

Desta forma os estudos científicos (prático) têm a intenção de aumentar os 
horizontes destas teorias, servindo para contrapor ou melhorá-las, podendo acrescentar 
informações, integrar dados, corrigir resultados ou ainda expandir os grupos de estudo.

Neste segundo volume, a Atena Editora traz Investigações e técnicas científicas 
na área de Medicina Veterinária e Zootecnia, abrangendo diversas culturas (apicultura 
avicultura, bovinocultura, caprinocultura, cinocultura, ovinocultura e piscicultura) 
e a investigação científica dentro da clínica médica veterinária, onde você poderá 
aprofundar seus conhecimentos na área e conhecer as técnicas utilizadas para o 
estudo científico.

Boa leitura!
Valeska Regina Reque Ruiz
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CAPÍTULO 9

THERMOREGULATORY RESPONSES OF GOATS 
REARED IN THE BRAZILIAN SEMIARID REGION

Laylson da Silva Borges 
Universidade Federal do Piauí, Teresina - Piauí.
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ABSTRACT: This study was developed to 
evaluate the thermoregulatory responses of 
goats reared in the Brazilian semiarid region. 
Eighteen goats were assigned to two treatments 
(morning and afternoon periods) in a completely 
randomized design with 18 replicates per 
treatment. Analysis of variance revealed an 
effect of period of the day (P<0.05) on the 
environmental variables, bioclimatic indices, 
and physiological parameters studied. The 
highest means were observed in the afternoon 

period, except for relative humidity of the air. 
The animals managed to maintain their body 
temperature within the average basal limit (39.1 
ºC) over an increase in respiratory frequency 
and heart rate.
KEYWORDS: Goat farming, thermal discomfort, 
physiological parameters.

RESPOSTAS TERMORREGULADORAS 

DE CAPRINOS CRIADOS NO SEMIÁRIDO 

BRASILEIRO

RESUMO: Objetivou-se com esse trabalho 
avaliar as respostas termorreguladoras de 
caprinos criados no semiárido brasileiro. 
Foram utilizadas 18 cabras distribuídas em um 
delineamento inteiramente casualizado, com 
dois tratamentos (turno manhã e turno tarde) 
e 18 repetições por tratamento. A análise de 
variância revelou efeito de turno (P<0,05) para 
as variáveis ambientais, índices bioclimáticos 
e os parâmetros fisiológicos estudados, sendo 
observadas no turno tarde as maiores médias, 
com exceção da umidade relativa do ar. Os 
animais conseguiram manter a temperatura 
corporal dentro do limite basal médio (39,1°C) 
em detrimento do aumento da frequência 
respiratória e dos batimentos cardíacos.
PALAVRAS-CHAVE: Caprinocultura, 
desconforto térmico, parâmetros fisiológicos.
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1 |  INTRODUCTION

Goat farming constitutes an important agent of inclusion and source of protein in 
the Brazilian semiarid region, since it is an activity that does not require highly intensified 
systems or skilled labor, which makes it an appropriate agricultural alternative to 
provide economic growth and benefits to that region (MENEZES JÚNIOR et al., 2014). 
According to data surveyed by IBGE (2016), there are approximately 9.78 million goat 
head in the country. Of this total, 8 million are reared in the northeast of Brazil, which 
reflects the potential of the activity in that region, where these animals are characterized 
for being highly adapted to the soil-climatic conditions and where family farming is 
almost always present (MARTINS et al., 2015).

One of the most noteworthy limiting factors in the rearing of goats in the semiarid 
region is the high air temperature coupled with direct solar radiation, which imposes an 
additional heat load onto animals, generating thermal stress during their production. 
In this regard, producers must know the thermoregulatory responses of these animals 
for their decision-making in terms of adopting measures that can attenuate or lessen 
thermal discomfort, rendering the production process more efficient. 

It should be emphasized that because these are considered rustic animals, 
producers end up exposing them to environments that aggravate thermal discomfort, 
causing a rise in physiological parameters and thereby compromising the productivity 
and welfare of those animals (LIMA et al., 2018). On this basis, this study proposes 
to evaluate the effect of the period of the day on thermoregulatory responses of goats 
reared in the semiarid region of Brazil.

2 |  MATERIAL AND METHODS

The experiment was carried out on a farm located in the municipality of Eliseu 
Martins - PI, in the semiarid region of northeast Brazil (08º05’45’’ S and 43º39’49’’ W, ± 
258 m altitude), in June 2017. The region is characterized by two distinct seasons: rainy 
(January to June) and dry (July to December), with maximum and minimum average 
annual temperatures of 33.25 and 20.93 ºC and an average annual precipitation of 878 
mm.

Eighteen goats of an undefined breed type, with an average live weight of 26.22 
kg, were assigned to two treatments (morning and afternoon periods) in a completely 
randomized design with 18 replicates per treatment. For statistical analysis, the 
environmental data collected at 09h00 for the morning period and at 15h00 for the 
afternoon period were used (both times chosen at random to represent the respective 
periods of the day).

Goats were reared in an extensive system where they received mineral 
supplementation (common salt), and water ad libitum. They were allowed a 10-day 
period to acclimate to management conditions, facilities (where were led for data 
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collection only), and treatments. Prior to the start of the experiment, the animals were 
identified and weighed.

The environmental variables air temperature (AT) and air relative humidity (RH) 
were obtained using a digital thermo-hygrometer that was installed where the animals 
were housed. Black-globe temperature (BGT) was determined using a globe measuring 
approximately 150 mm in diameter painted matte black on its outside, where a mercury 
thermometer (0 to 100 ºC) was inserted. The globe was installed at 60 cm above the 
soil level. Black-globe temperature was collected manually 20 min after the onset of the 
collection of each period, following Silva et al. (2015).

Environmental data were used to calculate the black-globe humidity index (BGHI) 
and the temperature-humidity index, employing the formulae adopted by Rocha et al. 
(2009), as shown below:

where DPT and DBT correspond to dewpoint temperature (ºC) and dry-bulb 
temperature (ºC), in that order.

The following physiological parameters were evaluated: rectal temperature (RT), 
respiratory frequency (RF), and heart rate (HR), which were measured at 09h00 and 
15h00. To obtain the RT (ºC), a digital clinical thermometer with a scale of 32 to 43.9 
ºC was introduced into the rectum of the animal such that the bulb would be in contact 
with the mucosa, where it remained until the thermometer made a sound indicating 
stabilization of temperature. Respiratory frequency (mov./min) was measured by 
directly observing the movements of the left flank of the animal. Lastly, RF (beats/min) 
was determined using a clinical stethoscope positioned on the left side of the animal 
thorax. These last two variables were counted for 15 min and then multiplied by 4 to 
generate the number of respiratory movements and heart beats per minute.

Results were analyzed statistically using R software (R CORE TEAM 2016), and 
means were compared by Tukey’s test at the 5% probability level.

3 |  RESULTS AND DISCUSSION

Mean values of the environmental variables air temperature (AT), relative 
humidity (RH), black-globe humidity index (BGHI), and temperature-humidity index 
(THI) recorded during the two experimental periods are shown in Figure 1. Analysis of 
variance revealed an effect of period of day (P<0.05) for environmental variables and 
bioclimatic indices.
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Figure 1. Mean values of the environmental variables air temperature (AT), relative humidity 
(RH), black-globe humidity index (BGHI), and temperature-humidity index (THI) in the morning 

and afternoon periods.

Air temperature in the morning (35.43 ºC) and afternoon (41.75 ºC) periods was 
above the threshold for the thermal comfort of goats, which is between 20 and 30 ºC 
for this species, according to Silva et al. (2011). There was a significant increase of 
17.83% in AT in the afternoon period as compared with the morning. By contrast, RH 
decreased by 45.91% in the afternoon. These values can be attributed to the greater 
incidence of sun rays observed during the afternoon, which led to an increase in AT and 
a reduction of RH in that period of the day.

Medeiros et al. (2015) determined physiological parameters, thermal gradient, 
and heat-tolerance index in different goat breeds and observed a 9.47% increase 
in AT and a 13.66% decrease in RH in the afternoon relative to the morning, which 
our results corroborate. Borges & Rocha (2017) evaluated physiological variables of 
goats in an extensive system and reported a 18.40% increase in AT in the afternoon 
compared with the morning. The aforementioned authors assured that that increase 
brought about changes in the physiological parameters and caused thermal discomfort 
in the animals.

Mean values of BGHI (80.12) and THI (85.47) in the afternoon period were 
elevated, suggesting that the higher ATs in that time of the day leave animals exposed 
to a situation of thermal discomfort, which is evidenced by the fact that they displayed 
a significant increase in physiological parameters in that period of the day. It should be 
noted that despite high, the mean BGHI and THI values found in this study should not 
be viewed as a dangerous situation, since the animals managed to maintain their rectal 
temperature within the range considered normal for this species in spite of showing a 
significant increase in respiratory frequency and heart rate in the afternoon, suggesting 
a possible adaptation to the semiarid climate.

In an analysis of the thermal gradients and physiological responses of goats 
in the semiarid region, Roberto et al. (2014) found mean BGHIs of 78.72 and 86.09 
for the morning and afternoon periods, respectively, and claimed that the latter time 
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of the day is stressful for animals, reducing the thermal gradients between the core 
and body-surface temperatures and the latter with the environment. Borges & Rocha 
(2018) examined the simple physiological indicators of young goats reared in an 
extensive system and found high means for BGHI: 75.78 in the morning and 80.45 
in the afternoon. These authors reported that the value found in the afternoon period 
caused the animals to elevate their respiratory frequency to stimulate evaporative loss 
and maintain body thermal balance.

Mean values of the physiological parameters rectal temperature (RT), respiratory 
frequency (RF), and heart rate (HR) of goats reared in the Brazilian semiarid region 
are described in Table 1. Analysis of variance revealed an effect of period of the day 
(P<0.05) on all physiological parameters.

Time of the day
Physiological parameter

RT (°C) RF (mov./min) HR (beats/min)
Morning 38.65b 31.08b 87.63b

Afternoon 39.47a 44.45a 100.98a

Mean 39.06 37.76 94.30
CV (%) 1.59 24.25 20.78

Table 1. Mean values of rectal temperature (RT), respiratory frequency (RF), and heart rate (HR) 
of goats reared in the Brazilian semiarid region

Means followed by different letters in the column differ statistically from each other (P<0.05) by Tukey’s test.

The RT of the animals in the afternoon period was higher than in the morning, 
indicating that the increase in AT had a significant effect on this parameter, as shown 
by the recorded environmental data (Figure 1). Despite this increase, the animals 
managed to maintain their body temperature within the average basal limit (39.1 ºC), 
corroborating the values found by Silva et al. (2011). Leite et al. (2012) evaluated the 
influence of bioclimatic factors on productive and physiological indices of native goats 
in the feedlot and found mean RT values of 38.6 and 39.2 ºC at 09h00 and 15h00, 
respectively. The authors submitted that the goat breeds Moxotó, Azul, and Graúna 
maintained their RT within the normal range, but increased their respiratory frequency.

The average RF was higher in the afternoon, increasing by 43.01% in relation to 
the morning. This increase can be explained by the marked rise in AT, which caused 
the animals to activate thermoregulatory mechanisms, resulting in increased heat loss 
in insensible form, through pulmonary evapotranspiration. Martins Júnior et al. (2007) 
declared that goats use an increase RF as a way to maintain their body temperature 
within normal physiological levels, which is in line with the average RT of 39.06 ºC 
found in the current study.

It is noteworthy that an elevation in RF is an efficient way of losing heat for short 
periods. However, if this parameter remains elevated for several hours, it may result in 
problems for the animals; e.g., interference with feed intake and rumination, as well as 
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add endogenous heat from muscle activity and divert the energy that could be utilized 
in other metabolic and productive processes (SOUZA et al., 2005).

Heart rate was significantly higher in the afternoon. This indicates that this 
parameter is influenced by the period of the day, considering that AT is usually much 
higher in the afternoon than in the morning, which ultimately leads to an elevation in 
heart beats. In addition, the increase in HR of the animals is possibly attributed to the 
increased muscle activity required to control the simultaneous elevation in RF (AL-
TAMIMI, 2007). Our findings corroborate this last conclusion, as the goats reared in the 
semiarid region had their RF and HR rising simultaneously in the afternoon.

Souza et al. (2012) assured that although goats are considered more rustic than 
other ruminant species, the losses observed in productive and reproductive performance 
under tropical conditions have required greater knowledge of the adaptability aspects 
of this species. In this regard, Borges et al. (2016) reported that it is paramount that 
further research be carried out in bioclimatology and animal ethology so that thermal 
comfort conditions can be provided for animals to express their maximum productive 
potential.

4 |  CONCLUSION

Goats reared in the Brazilian semiarid region manage to maintain their rectal 
temperature within the normal limits over an increase in respiratory frequency, in an 
attempt to dissipate the heat to maintain homeothermy, and heart rate.
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