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ABSTRACT: The objective of this research was to evaluate the thermal comfort, physiological responses and
performance of pigs in the growth phase, subjected to supplemental lighting programs in air-conditioned
environments, in semiarid region of Pernambuco state, Brazil. Twenty-seven pigs (3/4 Duroc, % Pietrain) were
subjected to pens with no climate control, pens with forced ventilation and pens with adiabatic evaporative
cooling, associated with 12 h of natural light, 12 h of natural light + 4 h of artificial light and 12 h of natural light
+ 6 h of artificial light. The experimental design was completely randomized, in a 3 x 3 factorial arrangement
with three repetitions. Meteorological responses, physiological responses and performance variables of the
animals were recorded. The evaporative cooling system attenuated the action of the stressors and ensured
adequate thermal conditions for the animals. Respiratory rate and rectal temperature indicated that evaporative
cooling ensured the maintenance of homeothermy. Weight gain and feed conversion were positively influenced
for the animals exposed to evaporative cooling, but without significant effect of lighting programs.
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Desempenho de suinos em crescimento submetidos
a programas de iluminagdo em ambientes climatizados

RESUMO: O objetivo desta pesquisa foi avaliar o conforto térmico, as respostas fisioldgicas e o desempenho
de porcos na fase de crescimento, submetidos a programas complementares de ilumina¢ao em ambientes
climatizados, na regido semiarida de Pernambuco, Brasil. Vinte e sete porcos (3/4 Duroc, % Pietrain) foram
submetidos a baias sem ar condicionado, baias com ventilagdo forcada e baias com resfriamento adiabético
evaporativo, associadas a 12 h de luz natural, 12 h de luz natural + 4 h de luz artificial e 12 h de luz natural
+ 6 h de luz artificial. O delineamento experimental foi inteiramente casualizado, em arranjo fatorial 3 x 3,
com trés repeticdes. As respostas meteoroldgicas, fisioldgicas e variaveis de desempenho dos animais foram
registradas. O sistema de resfriamento evaporativo atenuou a agdo dos agentes estressores e garantiu o
alojamento térmico adequado para os animais. A frequéncia respiratoéria e a temperatura retal indicaram que
o resfriamento evaporativo garantiu a manutenc¢ao da homeotermia. O ganho de peso e a conversdo alimentar
foram influenciados positivamente para os animais expostos ao resfriamento evaporativo, no entanto, sem
efeito significativo dos programas de iluminagao.
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Performance of growing pigs subjected to lighting programs in climate-controlled environments

INTRODUCTION

Pigs are homeothermic animals, but have a limitation in
the thermoregulation system, so the thermal environment is
an extremely relevant factor in pig farming. In this context,
in Brazil, one of the concerns of producers is the high air
temperature, associated with high relative humidity, which
compromises the transfer of energy through latent heat and the
low capacity of natural air renewal in the facilities, typical of a
country with essentially tropical climate (Santos et al., 2012).

Using climate control systems to mitigate the impact of
stressors can minimize the negative effect of meteorological
variables, promote animal welfare and, consequently, increase
the production performance of pigs (Justino et al., 2015).

Some management practices to counterbalance the effects
of daily thermal stress suffered by animals go beyond the
adjustment of the microclimate inside the production facilities,
comprising the use of supplemental lighting (Amaral et al.,
2014).

This is a usual practice in poultry rearing systems, with
satisfactory results, and its principle is to stimulate food
intake at times of mild temperature (night time), when
the micrometeorological conditions inside the housing
environment facilitate the dissipation of energy from food,
reducing the harmful effects of thermal and caloric stresses
(Ferreira et al., 2015).

Therefore, the objective was to evaluate the thermal
comfort, physiological responses and performance of pigs in
the growth phase, subjected to supplemental lighting programs
in air-conditioned environments, in the semi-arid region of
Pernambuco state, Brazil.

MATERIAL AND METHODS

The study was carried out at the Swine Experimentation
Bioterium of the Serra Talhada Academic Unit of the Federal
Rural University of Pernambuco (UFRPE), located in the Sertdo
Mesoregion of Pernambuco, Brazil (07° 59’ 31” S longitude; 38°
17’ 54” W latitude and 444 m altitude). According to Képpen’s
climate classification, the climate of the region is characterized
as BShw', hot and dry semi-arid. The annual averages of rainfall,
temperature and relative humidity in the region are 642.1 mm,
24.8 °C and 62.5%, respectively (Silva et al., 2015).

The experiment was conducted between August and
September 2017, totaling 45 days; the research was approved
by the Committee on Ethics in the Use of Animals (CEUA/
UFRPE), under protocol 23082.021090/2016-81.

The experimental design used was completely randomized,
in a 3 x 3 factorial arrangement, with three replicates, in which
the 27 animals used were randomly distributed in nine pens,
three per pen, considered as replicates.

Pens with no climate control (NC), pens with forced
ventilation (FV) and pens with adiabatic evaporative cooling
system (EC) were evaluated, associated with 12 h of natural
light (L12), 12 h of natural light + 4 h of artificial light (L16) and
12 h of natural light + 6 h of artificial light (L18). The climate
control system was activated daily from 8 a.m. to 6 p.m., and
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the lighting programs from 18 to 22 h (L16) and from 23 to 5 h
(L18), actuated by analog timers.

Twenty-seven pigs (3/4 Duroc, % Pietrain) in the growth
phase, with initial average weight of 30 + 0.12 kg and final
weight of 75.6 + 0.95 kg, were housed in an experimental
masonry shed, composed of 30 pens, with central corridor
covered with 6 mm fiber cement roofing sheets. The pens
were covered with ceramic tiles with one pitch, with 15° slope
and concrete floor. Each pen was 6.0 m?, with ceiling height
of 2.2 m and 1.1-m-high containment walls, equipped with a
semi-automatic feeder and a nipple drinker. The animals were
randomly distributed in nine pens, three animals (males and
females) per pen (2 m? animal™).

Climate control by forced ventilation was performed by
means of axial fans with flow of 1200 m* h* at 1,780 rpm and
diameter of 117 which provided airflow at an average speed
of 3.4 ms™.

The adiabatic evaporative cooling system consisted of
evaporative air conditioners, which promote mist formation
through the centrifugal effect of a central disc with an average
flow rate of 7 L h!, using independent motors with blade
rotation of 1,750 rpm and central disc rotation of 3,450 rpm,
with average airflow speed of 2.5 m s™.

The supplemental lighting system was composed of soft/
warm 15-W compact fluorescent lamps, installed in the
geometric center of the pen at 1.83 m height from the floor
and with 40 Ix illuminance.

The nutritional management of the animals followed the
concept of ideal protein, by development phase, meeting the
nutritional requirements described by Rostagno (2017). Feed
was provided at will, being distributed twice a day (morning
and afternoon).

The meteorological variables, dry bulb temperature (Tdb,
°C), relative humidity (RH, %) and black globe temperature
(Tbg, °C) were recorded every hour, inside the pens and in the
external environment, by HOBO U12-12 dataloggers installed
in the geometric center of each pen at 1.0 m height from the
floor and in the external environment, inside a meteorological
shelter at 1.5 m height from the ground.

Wind speed measurements (Ws, m s') were taken using a
digital thermo-anemometer model AZ 8908, inside the pens at
1.0 m height from the floor and in the external environment at
2.0 m height from the ground. Tbg and W's measurements were
considered in the determination of black globe temperature
index and humidity and radiant thermal load.

Thermal characterization of the studied environments was
performed using data referring to the meteorological variables
recorded inside the pens, in order to determine the comfort
indices, by means of the radiant thermal load - RTL (W m),
proposed by Esmay (1982); temperature and humidity index
- THI, proposed by Thom (1959); black globe temperature
and humidity index - BGTHI, proposed by Buffington et al.
(1981), and specific enthalpy - h (k] kg of dry air), proposed
by Rodrigues et al. (2010).

The physiological variables respiratory rate (RR, mov min),
rectal temperature (RT, °C) and surface temperature (ST,
°C) were recorded in all animals, at 0 and 12 h, once a week,
along the entire experimental period, because these means
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are representative of the effect of supplemental lighting and
the potential for attenuation of ambient temperature by the
climate control systems.

RR measurements were performed by counting the number
of movements of the flank region of the animals, at 1-min
intervals. RT was measured with a digital thermometer for
veterinary use, with scale from 20 and 50 °C and accuracy of
+ 0.1 °C. Records of skin surface temperature were obtained
using thermal images collected by a Flir E60 thermal camera.

The images were analyzed using the computer program
FLIR QuickReport®, into which the values of emissivity (0.98),
temperature and relative humidity obtained at the moment of
image recording, and the standard distance between the animal
and the camera (1.5 m) were entered.

Animal performance was evaluated based on feed intake
(FL kg), feed conversion (FC, kg kg!) and weight gain (WG,
kg). For determination and monitoring of WG, the animals
were weighed every week on an electronic scale model LD1050,
coupled to a containment structure.

Statistical analysis was performed using the program
Statistical Analysis System (SAS, 2007) and the means were
compared by Tukey test (p < 0.05).

RESULTS AND D1SCUSSION

There was a high local thermal amplitude, with value of
13.22 °C in the external environment, with minimum recorded
at 5 h and maximum recorded at 13 h (Figure 1A). According
to Oliveira et al. (2019b), the range tolerated by adult pigs is
8.0 °C. Santos et al. (2012) found a difference of 3.5 °C when
reducing the thermal amplitude of a shed with pigs using
forced ventilation associated with nebulization, compared to
natural ventilation.
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High amplitude can require more from the animals to adapt
to daily thermal fluctuations, diverting energy from production
to maintenance of homeothermy, which may result in negative
impacts on their performance (Santos et al., 2012).

It is observed that, except for animals subjected to
evaporative cooling, the animals were exposed to temperatures
above the upper critical limit (UCL) of 27 °C (Santos et al.,
2018), between 9 and 18 h, reaching extreme values (32.6 °C)
at 14 h (Figure 1A).

The evaporative cooling system promoted reductions of
8.8 and 9.4 °C, compared to pens under forced ventilation and
with no climate control, respectively (Figure 1A). Pereira et
al. (2018) also observed lower temperature for environments
equipped with evaporative cooling, when compared to systems
of natural ventilation and forced ventilation, with positive effect
on animal behavior and physiology.

The forced ventilation system, in some hourly intervals,
was able to attenuate the temperature inside the pen, but at
16 h, the pens equipped with forced ventilation became hotter
than those with no climate control, as a result of thermal
storage in the surrounding condition of the facilities and
the airflow promoted by the mechanical ventilation system
(Figure 1A).

Figure 1B shows that the relative humidity remained within
the tolerable limits from 60 to 70% (Tolon et al., 2010), in the
external environment, in the pens with no climate control and
in those with forced ventilation. The high values of relative
humidity in pens with evaporative cooling occurred due to the
high water vapor retention capacity in the air volume, made
possible by the local psychrometric properties of the air, which
consequently reduced air temperature, so that the isolated effect
of moisture ultimately became null in a condition of thermal
comfort for the animals.

—#— Evaporative cooling —®— Forced ventilation —#— No climate control —#— External -------- Upper critical limit

Figure 1. Average hourly variation of dry bulb temperature (A) and relative humidity (B) in the containment pens along the

experimental period
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The thermal characterization of the housing facilities
through the comfort indices revealed a significant effect
(p £0.05) for radiant thermal load (RTL) in all treatments, and
pens with forced ventilation had the worst thermal conditions
in all hourly intervals, caused by the convective effect of hot
air (Figure 2A). In the interval from 8 to 16 h, the lowest RTL
occurred in the pens with evaporative cooling, which did not
exceed the average of 472.6 W m™

The temperature and humidity index (THI) and the black
globe temperature and humidity index (BGTHI) showed
similar average results, with significant effect between
treatments at times of greatest thermal increment from 12 to
16 h (Figures 2B and C), with the lowest averages observed in
pens with evaporative cooling, corresponding to 71.8 and 72.2
for THI and BGTHI, respectively, hence within the comfort
range for pigs in growth phase (Oliveira et al., 2019a).

Enthalpy showed significant differences at all evaluation
times and reached critical values at 12 h (Figure 2D) in pens
with no climate control (72.2 kJ kg!), with forced ventilation
(66.56 kJ kg') and with evaporative cooling (62.25 kJ kg™).
Oliveira et al. (2019b) point out that the effect of nebulization
associated with mechanical ventilation attenuates the amount
of energy present in the air volume, with emphasis on meeting
the need for thermal comfort of pigs, when compared to forced
ventilation (62.28 k] kg') and natural ventilation (72.87 k] kg™).

Except for the radiant thermal load, the pens with
evaporative cooling presented comfort indices according to
the requirement of pigs in the growth phase (Justino et al,,
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2015; Amaral et al.,, 2014), which indicates that it is the most
efficient means of climate control in maintaining the thermal
comfort of the animals.

The variables RR and RT at 0 h showed the lowest values in
animals subjected to the evaporative cooling system associated
with lighting for 18 h (Table 1), conditioned by the effect of
climate control and rest time of the animals before the activation
of the lighting in the 18 h light program, in which the lamps
were turned on only at 23 h. Differently, ST showed the lowest
value for the evaporative cooling system associated with lighting
for 12 h. Similar results were obtained by Ferreira et al. (2015).

The lighting program with 16 h of light resulted in the
prolongation of the day with no possibility of rest for the
animals, because the lamps were turned on from 18 h and
remained on until 22 h, that is, the animals remained active,
which led to the highest values of the physiological variables
studied. Amaral et al. (2014) also reported an increase in the
RR of pigs subjected to a continuous program with 23 h of
light, but a shed with no climate control.

The RR of animals exposed to evaporative cooling and 18 h
of light was 36 mov min™, below that found by Oliveira et al.
(2019a), corresponding to 45.9 mov min’', for pigs subjected
to ambient temperature of 21 °C (Table 1). It is possible that
at the time of measurement, the animals in pens with no
climate control and with forced ventilation were still under the
influence of the thermal stress suffered during the day, since
this factor is proportional to stress intensity and duration, so
the RR values were still high at the time of record.
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Figure 2. Mean values of radiant thermal load - RTL (A); temperature and humidity index - THI (B); black globe temperature
and humidity index - BGTHI (C) and enthalpy - h (D), in the containment pens along the experimental period
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Table 1. Mean values of respiratory rate (RR), rectal
temperature (RT) and surface temperature (ST) in three
lighting and climate control programs
Time Climate

Lighting (hours)

) Variables ool T L2 L16
. N 550a AB 620a A 500a B
gi:ﬂ”rﬁéfl%m_g FV 440b B 620a A 530a A
EC 430b B 57.0b A 360b C
— NG 390a B 394a A 392a AB
0 o FV 388a B 392b A 382b B
temprature ('C) o 3860 A 389b A 380b B
NC 358a A 344b B 344a B
tSe%f;lngture o P 340b C 353a A 341a B
EC 321c B 336c A 338b A
. NG 630a A 6732 A 636a A
gﬁ:p("nf;‘\’l%m_g FV 503b A 61.0b A 57.3b A
EC 473b B 613b A 436¢ B
recta NG 391a A 3922 A 389a A
12 Y 389h A 39.0a AB 386b B
temperature ('C) ¢ 387h A 389b A 385b B
— NC 37.3a377a A 37.3a A 369a A
bmoure (o) T 38303622 A 357a A 349 A
p EC 363b358a A 363a A 369a A

NC - Pens with no climate control; FV - Pens with forced ventilation; EC - Pens with
adiabatic evaporative cooling system (EC); L12 - 12 h of natural light; L16 - 12 h of
natural light + 4 h of artificial light; L18 - 12 h of natural light + 6 h of artificial light;
Means followed by same lowercase letters in the column (climate control) and uppercase
letters in the row (lighting programs) do not differ statistically by Tukey test (p < 0.05)

The RT of the animals housed in the pen with no climate
control and with 16 h of light showed higher average (39.4 °C),
being equal to the limit of homeothermy for pigs (Santos et al.,
2018). The lowest mean RT (38.0 °C) was observed in animals
housed in the pen with evaporative cooling and 18 h of light,
with significant difference between those subjected to pens
with no climate control, which did not differ from the animals
exposed to pens with forced ventilation (Table 1).

All the means for skin surface temperature of the animals
(ST) at 0 h showed difference (p < 0.05) for the factors climate
control and lighting programs. The highest mean ST (35.8 °C)
was found in animals housed in pens with no climate control and
the lowest value (32.1 °C) in animals subjected to evaporative
cooling and 12 h of light (Table 1).

For the time of 12 h, the effect of climate control was more
evident in the alteration of physiological variables than that
of the lighting program. It was verified that animals subjected
to evaporative cooling had lower values of RR (p < 0.05)
associated with the 12 and 18 h light programs. The lowest
RR occurred for evaporative cooling associated with 18 h of
light. ST was lower in animals exposed to forced ventilation,
but without significant effect for lighting programs (Table 1).

Weight gain (WG, kg) and feed intake (FI, kg) showed
significant interactions (p < 0.05), but feed conversion (FC, kgkg™)
was only affected by climate control (Table 2).

The effect of climate control on WG, associated with the
lighting programs, showed that, in the program with 12 h of
light, the animals in pens with evaporative cooling differed
statistically (p < 0.05) from those in the others, but they did
not differ from each other.

In the 16-hour lighting program, the animals housed
in pens with no climate control and with forced ventilation
showed no significant difference; however, the animals under
no climate control differed (p < 0.05) from those under
evaporative cooling.

R. Bras. Eng. Agric. Ambiental, v.24, n.9, p.616-621, 2020.
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Table 2. Mean values of weight gain (WG), feed intake (FI)
and feed conversion (FC) in three lighting and climate control
programs

Climate Lighting (hours)

tariauos control 12 16 18

. 208b AB 189b B 231a A
‘é‘;‘i’r']g?;g) FV 238b A 226abA  256a A
EC 276a A 2422 AB 233a B

. NG 444b B 422b B 512b A
e FV 5372 AB 512a B 564a A
EC 540a A 488a B 424¢ C

_NC 21a 21a A 22a A 22a A
Efe‘f(c_?)”"ers'on FV 22a 23a A 222 A 22a A
99 EC 19b 20a A 20a A 19a A

NC - Pens with no climate control; FV - Pens with forced ventilation; EC - Pens with
adiabatic evaporative cooling system (EC); L12 - 12 h of natural light; L16 - 12 h of
natural light + 4 h of artificial light; L18 - 12 h of natural light + 6 h of artificial light;
Means followed by same lowercase letters in the column (climate control) and uppercase
letters in the row (lighting programs) do not differ statistically by Tukey test (p < 0.05)

For the lighting programs considering the climate control
factor, it was observed that the WG of animals under no climate
control showed difference (p < 0.05) only between those which
received 18 and 16 h of light, with no difference when exposed
to forced ventilation. Animals subjected to pens with evaporative
cooling showed difference (p < 0.05) for WG only between the
animals subjected to the programs with 12 and 18 h of light.

The highest average of WG was recorded in animals exposed
to evaporative cooling with no lighting supplementation,
which was 46% higher than that in animals under no climate
control and with 16 h of light. Conversely, a study conducted
by Simitzis et al. (2013) indicates that the animals exposed to
the longest lighting period showed greater weight gain.

The means of FI show that when considering the climate
control factor associated with the 12 and 16 h lighting
programs, a statistical difference (p < 0.05) was observed
between animals in the pen with no climate control and the
others. The FI of the animals exposed to 18 h of light differed
significantly (p < 0.05) between all treatments, with the highest
average for animals housed in the pens with forced ventilation.
This result is in accordance with those obtained by Madeira
et al. (2006), who observed higher feed intake by animals
subjected to forced ventilation, compared to natural ventilation
and ventilation associated with nebulization (Table 2).

In relation to the lighting programs, in pens with no climate
control, there was a difference (p < 0.05) between the FI means
of the animals subjected to the 18 hour lighting program
compared to the others.

For animals in the pen with forced ventilation, the FI
showed difference (p < 0.05) between those exposed to 16
and 18 h of light, while those subjected to evaporative cooling
showed difference (p < 0.05) between all lighting programs,
with the highest average in animals that did not receive light
supplementation (Table 2).

Therefore, it is verified that the animals subjected to forced
ventilation consumed more feed, confirming the results found
by Oliveira et al. (2019b), when assessing climate control
systems for growing pigs.

Brustolini & Fontes (2014) state that under temperature
conditions above the upper critical temperature (UCT), the
effects on pig weight gain is a factor of great relevance because,
at each centigrade degree of increment there is a 55 g reduction
in feed intake.
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Animals exposed to evaporative cooling showed better response
compared to those in pens with forced ventilation and with no
climate control. Oliveira et al. (2019a) also observed worse feed
conversion of growing pigs under heat stress, being 13.6% higher
compared to that of animals kept under thermal comfort. This was
not evidenced by Berton et al. (2015), who found that, although
better WG and FI were obtained in animals under thermal comfort,
FC was worse compared to those kept at high temperatures.

Evaporative cooling promoted better WG and FC, and
light supplementation is dispensable considering the evaluated
variables. It is also possible to highlight that, although the
animals housed in pens equipped with forced ventilation
consumed more feed, the nutritional content of the diet was
probably used by their body to dissipate heat, aiming at the
maintenance of homeothermy, which resulted in lower weight
gain compared to animals subjected to evaporative cooling,
consequently influencing the observed feed conversion levels.

CONCLUSIONS

1. Evaporative cooling system attenuated air temperature
and ensured adequate thermal conditions for pigs.

2. Respiratory rate and rectal temperature indicated that
evaporative cooling ensured the maintenance of homeothermy
in the pigs.

3. Weight gain and feed conversion were positively
influenced in pigs exposed to evaporative cooling, but with
no effect of lighting programs.
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