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ABSTRACT

The purpose of this research was to evaluate the ingestive behavior of 24 adult male sheep
from the Santa Inés, Morada Nova, Soinga, and without defined racial standard breeds,
kept in a controlled environment (climatic chamber), at thermoneutral temperatures (TNT:
20.0; 24.0 and 28 .0 °C) and thermal stress (TSH: 32.0 and 36.0 °C), with its behavior
being analyzed at each temperature over a 24-hour period. The design used was
randomized with a 4x5 factorial scheme, with four breeds at 5 temperatures. The thermal
stress index at temperatures of 20.0, 24.0 and 28.0°C were classified as comfortable, at a
temperature of 32.0°C defined as mild to moderate discomfort and at a temperature of
36.0°C classified as alarming. Behavioral changes were similar between breeds, with
feeding time being similar among breeds, with an increase in idle time and drinking water
and a reduction in rumination time with the elevation of temperature. The animals kept the

ability to maintain their ingestive behavior, even in situations of heat stress.

INTRODUCTION

Woolly sheep native to the Brazilian semi-arid
region are rustic, homeothermic animals, capable of
tolerating high temperatures and, in this region, they have
undergone adaptations through natural selection and
crossbreeding, which have promoted high adaptive value
in relation to the environment, processes that have given
rise to native breeds, such as Santa Inés, Soinga and
Morada Nova, and sheep with No Defined Racial Standard
(Silva et al., 2023). Its small body size, reduced water
consumption and feed requirements, good feed conversion
rate, and maternal ability, are positive characteristics of
sheep (Shalloo et al., 2018).

Ingestive behavior is the expression of animals'
efforts to adapt or adjust to different internal or external
circumstances, or the animal's response to certain stimuli,
involving not only what the animal is doing, but also
when, how, why and where (Ribeiro et al., 2006; Macedo
Junior et al., 2019), and can be used to analyze the quality
of production systems, the physiological and behavioral
activities of animals in their social, physical and
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ethological environment (Custodio et al., 2017). It is also
fundamental for improving feeding strategies and
animal management, with a significant impact on
performance and feed efficiency, essential for
increasing animal profitability (Llonch et al.,, 2018;
Shalloo et al., 2018).

The variables analyzed in the animals' ingestive
behavior include feeding time, rumination, standing or
lying down, idleness, feed efficiency, number of chews per
meal and time spent chewing in the rumen (Costa et al.,
2019; Nobre et al., 2021). Factors such as time of day,
genotype, husbandry system, animal density (Costa et al.,
2019), temperature and relative humidity can interfere
with the thermoregulatory responses of animals (Leite et
al.,, 2019), leading them to changes in their ingestive
behavior. In order to analyze this behavior under different
climatological conditions, they can be kept in a controlled
environment and subjected to various environmental
conditions, analyzing their responses and ways of solving
them (Leite et al, 2019; Furtado et al., 2020). Air
temperature between 15 and 30 °C and relative humidity
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between 50 and 70% are considered to be within the
thermal comfort zone for sheep (Eustaquio Filho et al.,
2011; Furtado et al., 2020).

The aim of this research was to evaluate the ingestive
behavior of sheep of the Santa Inés, Morada Nova, Soinga
breeds, and those without a defined breed standard, kept in a
controlled environment (climate chamber), at thermoneutral
temperatures and under heat stress.

MATERIAL AND METHODS
Experimental site and animals

The research was carried out at the Laboratory of
Rural Constructions and Ambience at the Federal

6.14m

University of Campina Grande, approved by the UFCG
Research Ethics Committee (Protocol REP No. 097.2019).

A number of 24 sheep comprised of Santa Inés,
Morada Nova, Soinga and without defined standard
breeds, six animals from each breed, with an average of
5.0 £ 0.5 months of age, and an average weight of 18.5 +
2.9 kg, kept in a climate chamber (Figure 1) was used.
They were exposed for 12:00 hours to five different
temperatures: 20.0; 24.0; 28.0; 32.0 and 36.0°C (from
06:00 to 18:00 hours) and 12:00 hours at room
temperature, with the experimental period lasting 14 days,
13 days for the animals to adapt to the environment,
feeding, handling, etc., and on the 14th day the
experimental data was collected.
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FIGURE 1. Internal layout of the climate chamber and monitoring room with equipment.

Diet

The animals were fed with a volume: concentrate
ratio of 50:50, aiming for a weight gain of 250g day’!
(NRC, 2007). The feed consisted of Tifton hay (Cynodon
dactylon (L) Pers), which comprised 39.94% of the total
volume of feed, ground corn (43.41%), soybean meal
(11.15%), urea (0.89%), calcitic lime (0.89%) and
vegetable oil (3.59%). Feed consumption was ad libitum
and the amount of feed ingested was estimated to establish a
surplus of 20.0%, with each animal receiving two portions
of 0.400 kg per day, totaling 0.800 kg day' ewe!. The
feed was placed in the trough at 07:30 and 16:00, leaving
it available for the animal until the next feed.

Environmental variables

The environmental variables inside the chamber
were collected and calculated following the methodology
of Rodrigues et al. (2023). The sheep were exposed to five
temperatures: 20.0; 24.0; 28.0; 32.0 and 36.0°C. The
experiment was characterized as cyclical heat stress, with
the animals kept at the experimental temperatures for 12
uninterrupted hours (from 06:00 to 18:00) for 15 days,

with the lights being switched on from the 10th day and
the behavior carried out from the 14th to the 15th day.
From 18:01 to 05:50 hours, the animals were kept at
room temperature.

Instrutherm®  HT-500  datalogger  thermo-
hygrometers were used to determine air temperature and
relative humidity, located at the height of the animals'
center of mass (Table 1). temperature was obtained using
black globes made with a plastic sphere and a mercury
thermometer, and calibrated using a standard black globe
with a copper sphere from Instrutherm, positioned in
the center of the facility, approximately 1 meter above
the floor.

The equation proposed by Mascarenhas et al. (2023)
for sheep was used to calculate the heat stress index (HSI):

HSI = 24.153 - (0.0523 *AT) + (0.746 *BGT) + (4.104 * Pv) (1)
Where:

AT= air temperature (°C);

BGT= black globe temperature (°C);

Pv= partial vapor pressure.
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The number of times the animals defecated,
urinated and fetched water was observed visually and
continuously over a 24-hour period, by trained observers
strategically positioned in alternation so as not to alter the
animals' routine. During the collection of data from the
nocturnal observation of the animals, the environment was
kept under artificial lighting.

Ingestive behavior

The behaviors (feeding, rumination, leisure and
drinking activities; Table 2) were recorded according to
the methodology proposed by Nobre et al. (2021) by
means of instantaneous and continuous sampling, using
the focal sampling method and sampling intervals of 5:00
min directly, with continuous periods of 24:00 hours from
08:00 to 08:00 hours.

TABLE 1. Behavioral measurements recorded to assess the ingestive behavior of sheep.

Behavior Description
Eating When feed is still in mouth
Ruminating Chewing regurgitated food, standing or lying down
Drinking Swallowing water
Idle Without any movement or behavior, standing or lying down
Other Defecating, urinating, drinking

at 32.0°C is defined as mild to moderate discomfort and
70.2 at 36.0°C, classified as alert according to
Mascarenhas et al. (2023).

The behavioral variables showed no significant
difference (P>0.05) between the breeds (Table 2), but
there was a significant difference (P<0.05) between the
temperatures (Table 3). This similarity in ingestive
behavior between the breeds may be due to the sheep used,

Statistical analysis

A completely randomized design was used with a
5x4 factorial, with five temperatures (20.0, 24.0, 28.0, 32.0
and 36.0 °C) and four breeds (Morada Nova, Santa Ines,
Somalis and SPRD).

The data was submitted to analysis of variance
(ANOVA) and the means were compared using PROC
GLM in SAS on demand (2024) with the Tukey test at

5% probability which are hardy, free-ranging animals capable of tolerating
high temperatures and thermal amplitudes, characteristics
RESULTS AND DISCUSSION resulting from the process of natural selection and/or

crossbreeding, possessing behavioral and heat dissipation
mechanisms to maintain homeostasis in the most diverse
environments (Ribeiro et al., 2006; Silva et al., 2023).

For the HSI, the averages were 45.3, 50.0 and 55.4
at temperatures of 20.0, 24.0 and 28.0°C, respectively,
environments classified as comfortable, the value of 63.5

TABLE 2. Averages of the behavioral variables eating, idleness, ruminating and drinking according to the breeds used.

Variables Breeds

T - - P-value
(min dia™) Somalis Morada Nova No Racial Standard Santa Inés
Eating 219.33+44.31a 215.33+55.01a 226.00+53.33a 231.33+63.68a 0.8586
Idle 684.67+84.42a 678.00+105.51a 712.33+112.42a 695.33+91.25a 0.7942
Ruminating 424.67+74.34a 418.00+94.14a 415.33+£87.00a 423.33+54.34a 0.9865
Drinking 111.33+50.27a 101.33+62.63a 86.33+40.46a 90.00+55.55a 0.5606

Different letters in the line differ by Tukey's test at 5% probability.

(9.0%). Between temperatures of 20.0 and 36.0°C, there
was a decrease in food consumption and rumination time of
23.0 and 28.0%, respectively, while idle time and water
consumption increased by 35.0 and 8.0%, respectively.

In the averages of the total time dedicated to
behavioral activities at the different temperatures, the
animals spent more time idle (47.4%), followed by
rumination (28.1%), eating (15.5%) and water consumption

TABLE 3. Behavioral variables: eating, idleness, ruminating and drinking (times day™') of sheep as a function of temperature.

Temperature ("C) Eating Idle Ruminating Drinking
20.0 248.33+84.54a 634.58+114.96b 455.00+91.50a 98.75+50.46¢
24.0 222.50+43.09b 685.00+86.07ab 418.33+£72.72ab 114.17+37.04b
28.0 235.00+38.96b 617.13£67.21c 430.88+44.89a 157.00+£27.00a
32.0 218.33+42.81b 752.75+77.51a 346.924+65.71ab 122.50+23.79ab
36.0 190.83+31.17¢ 694.17+53.84ab 371.25+65.72b 152.91441.47a
P-value 0.0967 0.0002 0.0047 <.0001

Different letters in the line differ by Tukey's test at 5% probability.
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Idle activities may be associated with climatic
factors, where in high temperatures animals tend to stand
still to avoid the formation of endogenous heat, and
confined animals reduce movement in search of food and
water. In ruminating activity there was a reduction of
18.9% at 36.0°C compared to 20°C, and at higher
temperatures animals reduce food consumption and
rumination, as a way of reducing the production of
endogenous heat to maintain their homeothermia (Leite et
al., 2019; Furtado et al., 2020).

In the drinking activity between the temperatures of
20 and 36°C, there was an increase of 54.8%, and this
higher consumption at the heat stress temperature is due to
the need to replace fluids lost through skin evaporation and
respiration, as ways of eliminating body heat. Leite et al.
(2019) analyzed the ingestive behavior of Morada Nova
sheep subjected to temperatures of 26°C and 32°C and
found that at the highest temperature there was a reduction
in rumination time and an increase in idle time and water
consumption. As the air temperature rises, the efficiency
of sensible heat loss decreases, but if the air temperature
continues to rise, the animal becomes dependent on
evaporative heat loss through respiration and/or sweating
(Marques et al., 2021).

Cardoso et al. (2021) in a study of native goats kept
at thermoneutral and heat stress temperatures, reported that
behavioral activities were similar between the breeds,
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where the animals spent most of their time in idleness,
eating, ruminating and drinking, although there was a
variation in relation to the present experiment, where
rumination activity came second, which may be due to the
species used. This similarity in ingestive behavior between
the breeds may be due to the sheep used, which are hardy,
shorn animals capable of tolerating high temperatures and
thermal amplitudes, characteristics resulting from the
process of natural selection and/or crossbreeding, which
have promoted high adaptive value in relation to the semi-
arid environment, possessing behavioral and heat
dissipation mechanisms to maintain homeostasis in the
most diverse environments (Silva et al., 2021; Silva et al.,
2023, Rodrigues et al., 2023).

This high adaptability of sheep was mentioned by
Matos Junior et al. (2021), where the supply of water with
salinity of up to 9.0 dSm-1 did not affect the performance
and ingestive behavior of mixed-breed sheep, 2 Dorper x
2 Santa Inés confined in the Brazilian semi-arid region.

In the point variables (Figure 2), it can be seen that
defecating and urinating behaviors decreased with the
increase in air temperature, with an increase in the number
of visits to the water trough. Even with the increase in time
spent drinking water, there was a reduction in urinating
activity, demonstrating that under high temperatures
animals use latent mechanisms to eliminate excess body
heat (Marques et al., 2021).

Drinking

18.90

17.00
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32 36
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FIGURE 2 Averages of continuous variables as a function of temperature.

The blood cells showed no significant difference
(P>0.05) as a result of the increase in temperature (Table
4). The values of the white blood series are within the

standard recommended by Jain (1993), and the averages
were similar to those described in the literature (Weiss &
Wardrop, 2010; Pugh & Baird, 2012).
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TABLE 4. Blood count of native sheep raised in a controlled environment at different temperatures.

Temperature (°C)

Variables SEM P-value
20 24 28 32 36
White cells x 103 uL! 9.37 10.23 7.44 8.90 8.18 3.56 0.076
Segmented % 4454 46.29 41.38 43.42 45.30 8.97 0.378
Lymphocytes % 51.04 49.04 52.20 52.17 49.83 8.45 0.619
Monocytes % 3.20 2.75 3.25 3.25 2.48 1.34 0.165
Eosinophils % 1.17 1.54 1.16 1.13 1.65 1.56 0.671
Platelets x 10° uL-! 631.67 761.82 599.28 736.52 1029.51 979.15 0.593

Different letters in the line differ by Tukey's test at 5% probability; SEM- standard error means

CONCLUSIONS

Among temperatures, feeding time was similar
between the breeds, with an increase in idle time and
drinking water and a reduction in rumination time as the
temperature rose. Animals of the Santa Inés, Morada
Nova, Soinga breeds and those with no defined breed
standard were able to maintain their ingestive behavior,
even in situations of heat stress.
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