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Abstract

Thirty-six castrated male pigs were used to determine the influence of thermal environment and
reduction of consumption on performance and carcass composition. Animals were housed in two climate
chambers. In one, animals were in thermal comfort (TN) (22 °C), and in the other, pigs were under heat
stress (HS) (34 °C). Animals were distributed in a randomized block design, making three treatments (TN,
HS and animals in thermal comfort with food consumption paired with that observed in HS (PFTN)), with six
replicates and two animals per experimental unit. Data were obtained on performance and carcass
composition. The weight gains of HS and PFTN animals were reduced by 40.5% and 34.7%, respectively,
reflecting a reduction of 13.2% in the final weight of PFTN animals. Triiodothyronine concentration was not
affected by heat, but there was an increase in lymphocyte numbers in PFTN animals. The HS and PFTN
animals showed lower hot carcass weight. However, there were no effects on hot carcass yield and relative
weights of heart, lung and spleen. Heat stress compromised performance. The negative effects of high
temperature on pigs include reduction in feed intake and changes in physiology.
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Introduction

In recent years, there has been a global increase in environmental temperatures. This has affected pig
production since, in heat stress, there is a need for adjustment to maintain homeothermia. To survive in hot
environments, the pig makes physiological adjustments (Kiefer et al., 2010; Soerensen & Pedersen, 2015),
resulting in alterations in blood parameters (Dong et al., 2012; Pearce et al., 2013; Dantas et al., 2014;
Haoaet al., 2014). Associated with this, there is greater thermogenesis owing to the high protein deposition in
the carcass (White et al., 2008), which may compromise performance even more.

In a study conducted with growing pigs kept in heat (32 °C) for two weeks, Fernandez et al. (2015)
verified changes in carbohydrate and lipid metabolism. In another study, also with growing animals kept in
heat (30 °C), there were hormonal changes, with a significant reduction in circulating insulin (Mayorga et al.,
2017). Similar results with finishing pigs were obtained by Haoa et al. (2014), who verified that the
deleterious effects in performance were caused not only by the reduction in consumption, but also by
enzymatic changes in the blood and in the muscles of the animals. The isolated results of the effect of the
thermal environment were obtained with the adoption of the paired feeding technique. Thus, metabolic
changes in pigs may not be due solely to the lower intake of nutrients in the warm environment. However,
the responses were obtained in studies conducted for short periods (2 to 3 weeks). In view of these aspects,
the objective of this work was to determine whether the worst performance of the pigs kept in heat is due
only to the reduction in the nutrient intake or whether they suffer the consequences of physiological changes
in this hostile environment during the growth and termination phases.
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Material and Methods

The use of experimental animals was approved by CEUA (Ethics Committee of Animals Use) of the
Universidade Federal de Lavras (UFLA) with protocol number 059/14.

Thirty-six commercial hybrid barrows with high genetic potential were used. Their mean initial weight
was 30.5 + 0.6 kg and the mean age, 77 + 2 days. Animals were housed in two climate chambers in which
temperature, humidity and ventilation could be controlled. Each chamber had 12 experimental pens with
concrete floors, 2.3 x 1.5 m, equipped with semi-automatic feeders and nipple drinkers. In one of the
chambers, animals were in thermal comfort (22 °C) and in the other pigs were in heat stress (34 °C). The
three treatments consisted of HS: animals in heat stress (34°C); TN: animals in thermal comfort (22 °C); and
PFTN: animals in thermal comfort (22 °C) with food consumption paired with that observed in HS. Twelve
animals per treatment were distributed in six replicates, an experimental unit being composed of two animals
in the pen. Thus, one of the chambers housed 12 pigs (comfort) plus 12 of the PFTN treatment, and the
other chamber 12 pigs of the HS treatment. Pigs were distributed in randomized blocks, creating three
treatments with six replications. The initial weight of animals was used as a criterion for forming the blocks.

Pigs were weighed and distributed to their experimental units simultaneously. However, to enable
pairing, data collection in PFTN animals was started 24 hours after the experiment began, so that all pigs
remained 71 days in the experiment (43 days in the growing phase and 28 days in the finishing phase). The
feed intake of HS was calculated and the same amount was provided to PFTN animals the next day. This
procedure was repeated every day during the experiment. Consequently, every day the diet provided,
leftovers and waste were measured in all experimental units.

Experimental diets (Table 1) were iso-energetic and formulated based on corn and soybean meal,
supplemented with vitamins and minerals to meet the minimum requirements suggested by the Brazilian
tables (Rostagno et al.,, 2011). The authors applied the recommendations for barrows with high genetic
potential with average performance of 30-50 kg (growing 1), 50-70 kg (growing 2) and 70-100 kg (finishing).

The environmental conditions of the climatic chambers were monitored throughout the trial period by
digital thermohygrometer (Model7666.02.0.00, Cotronic Technology Ltd, Incoterms, China), with an accuracy
of 1 °C * 5%. Relative humidity (RH) with internal and external sensors coupled to the black globe. The
equipment was maintained at various points of the experimental units at half the animals’ body height and
the collected data were used to calculate the globe temperature and humidity index (BGHI).

At the end of each phase (growing and finishing), after weighing, blood was sampled from animals of
each experimental unit via jugular vein puncture. Animals were randomly chosen and in the next phase
collection was repeated on the same animal. After standing for about 90 minutes to decant, blood samples
were centrifuged at 3000 rpm for 10 minutes to remove the serum, which was stored at -20 °C. After this
process, serum levels of total triiodothyronine hormone were obtained (total T3) from kits using
chemiluminescence in AXES equipment. An aliquot of this material was used to measure neutrophil (N) and
lymphocyte (L) concentrations to calculate the N/L ratio and for blood chemistry analyses to determine
glucose, urea and creatinine levels, which helped to characterize the heat stress status.

The supplied feed, leftovers and waste were considered to determine the average daily feed intake
(ADFI). Animals were weighed at the beginning and end of each phase to establish the average daily gain
(ADG). Feed conversion was obtained from the ratio between ADFI and ADG. Digestible lysine consumption
(DLC) was obtained from the ADFI considering the lysine concentration in the diet. Based on DLC, the
authors determined the lysine use efficiency for weight gain (LUEG), which was calculated by considering
the weight gain obtained per gram of digestible lysine intake during the experiment. After the finishing phase,
backfat thickness (BFT), loin depth (LD) and ribeye area (REA) of pigs were measured. For this, the Aloka
ultrasound equipment (SSD-500 model) and a linear transducer of 3.5 MHz (UST 5011 model) with accuracy
of 92.1%, were used according to Souza’s (2011) methodology. The measurements were taken at 6.5 cm
from the midline on the left side of the animal around the last rib (P2 point).The final weights of the piglets in
the growth, consumption and feed conversion phases were used as covariates to analyse the performance
of piglets in the finishing phase in these same parameters.

At the end of the experimental period, animals were subjected to 12 hours fasting, and then weighed.
All animals were moved to a commercial slaughterhouse and slaughtered by electrical stunning and
bleeding. Subsequently, the carcass was scalded, dehaired, cleaned and opened for evisceration. At the end
of the slaughter line, carcasses were weighed to determine the hot carcass weight (HCW) and hot carcass
yield (HCY). Carcasses were divided along the middle and weighed. For carcass traits, HCY, length (CL), hot
HCW, and the pH at 45 minutes (pHassmin) Were evaluated. The organs (heart, lungs, liver, kidneys, and
spleen) were washed and hung for 15 minutes in the shade to drain water and blood for subsequently
weighing.

The data obtained from parameters, blood analyses, performance and carcass traits were tested to
verify normality by the Lilliefors test. Then, the data were submitted to analysis of variance by F test at 5%
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probability, using SAS (SAS System, Cary, NC, 2000). Once significance had been verified, the authors used
the Tukey test at 5% probability. The final weight of the growing phase was used as a covariate for the
finishing phase.

Table 1 Ingredient and chemistry composition of experimental diets

Phases
Ingredients
Growing 1 Growing 2 Finishing 1
Corn 71.8 75.2 81.3
Soybean meal 22.6 19.0 11.8
Wheat meal 15 2.0 25
Soybean oll 0.75 0.68 0.39
Dicalcium phosphate 1.13 0.81 0.74
Limestone 0.71 0.96 0.57
Salt 0.39 0.36 0.33
Mineral supplement* 0.25 0.25 0.15
Vitamin supplement® 0.3 0.3 0.3
DL-Methionine 99 0.0756 0.0467 0.2268
L-Lysine 50.7 0.4005 0.3661 1.2012
L-Threonine 98.5 0.0646 0.0429 0.3316
L-Tryptophan 0.0072 0.0063 0.1033
Total 100 100 100
EB® 158 144 96
Calculated composition®

Crude protein (%) 16.82 15.43 13.83
ME (kcal/kg) 3230 3230 3230
Dig. Lysine (%) 0.927 0.823 0.763
Dig. M + Cys (%) 0.547 0.486 0.458
Dig. Threonine (%) 0.603 0.535 0.511
Dig. Tryptophan (%) 0.167 0.148 0.137
Dig. Phosphorus (%) 0.311 0.250 0.231
Sodium (%) 0.180 0.170 0.166
Chlorine (%) 0.286 0.270 0.251
Potassium (%) 0.626 0.573 0.371
Calcium (%) 0.630 0.641 0.474

T Composition per kg of product: calcium, 98.8 mg; cobalt, 185 mg; copper, 15.8 mg; iron, 26.3 mg; iodine 1.47 mg;
manganese, 41.9 mg; zinc, 78.0 mg

2 Composition per kg of product: folic acid, 116.6 mg; pantothenic acid, 2333.5 mg; biotin, 5.28 mg; niacin, 5.6 mg;
pyridoxine, 175 mg; riboflavin, 933.3 mg; thiamin, 175 mg; vitamin A, 1,225,000 I.U.; vitamin D3, 315,000 I.U.; vitamin
E, 1,400 mg; vitamin K3, 700 mg; vitamin B12, 6,825 mg; selenium, 105 mg, antioxidant: 1,500 mg

% Electrolytic balance (Na* + K* - CI') (mEq/kg).

* Composition based on requirements of barrows with high genetic potential with average performance, suggested by
Brazilian tables (Rostagno et al., 2011, pg. 196)

Results
Values of air temperature (air T), relative humidity (RH) and globe temperature and humidity index
(BGHI) of acclimatized rooms are presented in Table 2.
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Table 2 Air temperature, relative humidity and globe temperature and humidity index of acclimatized rooms
used in the experiment

Parameter
Chamber T 5
Air temperature (°C) RH (%) BGHI
Heat 342+1.3 78.0+8.1 89.0+1.1
Comfort 21.9+1.3 72.8+5.3 70.0+1.5

TRH: relative humidity
% Black Globe Humidity Index

Table 3 shows the plasma concentrations of neutrophils, lymphocytes, neutrophil/lymphocyte (N/L)
ratios, and serum concentrations of total T3, glucose, urea and creatinine in pigs during the growing and
finishing phases.

Table 3 Plasma concentrations of neutrophils, lymphocytes, neutrophil/lymphocyte (N/L) ratio and serum
concentrations of total triiodothyronine (T3), glucose, urea and creatinine in growing and finishing phase pigs
under heat stress and thermal comfort

Treatments
Variables P value
HS! TN? PFTN® rse’

Growing
Total T3 (ng/mL) 1.04 1.19 1.16 0.46 0.210
Neutrophils (10°cel/uL) 5.00 3.67 3.00 2.17 0.685
Lymphocytes (10°cel/uL) 8.15 11.34 12.16 231 0.107
N/L ratio 0.61 0.32 0.25 0.23 0.070
Glucose (mg/dL) 66.30 86.30 97.30 12.20 0.084
Urea (mg/dL) 26.50 25.30 21.70 4.04 0.270
Creatinine (mg/dL) 5.13 1.98 1.97 1.51 0.194

Finishing
Total T3 (ng/mL) 1.12 1.66 1.18 0.25 0.154
Neutrophils (10°cel/uL) 6.30 3.15 4.72 1.12 0.200
Lymphocytes (10°cel/pL) 12.98" 13.33" 18.42° 1.37 0.023
N/L ratio 0.49 0.24 0.26 0.35 0.304
Glucose (mg/dL) 71.60 83.30 87.50 9.27 0.106
Urea (mg/dL) 17.20 22.20 12.30 3.18 0.102
Creatinine (mg/dL) 2.52 1.82 2.03 0.26 0.731

THS: animals in heat stress (34 °C)

2TN: animals in thermal comfort (22 °C)

¥ PFTN: animals in thermal comfort (22 °C) with food consumption paired to the observed in HS
* Residual standard error

During the growing phase, there were no effects (P >0.050) of treatments on plasma concentrations of
neutrophils, lymphocytes, N/L ratio and serum total T3, glucose, urea and creatinine. In the finishing phase,
there were no effects (P >0.050) of treatments on concentrations of total T3, neutrophils and glucose, urea
and creatinine. However, there was an increase (P =0.023) in lymphocyte concentration of PFTN animals.

Performance values in the growing and finishing phases and in the total period of the experiment are
presented in Table 4.
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Table 4 Results of average daily feed intake (ADFI), average daily gain (ADG), feed conversion (FC), initial
weight (IW), final weight (FW), digestible lysine intake (DLI) and lysine use efficiency for weight gain (LUEG)
of growing and finishing pigs in heat stress or thermal comfort

Variables Hs! TN? PFTN? rse’ P value
Growing
ADFI (kg) 1.638" 2.174% 1.638° 0.0650 <0.001
ADG (kg) 0.632° 0.928° 0.743" 0.0300 <0.001
FC 2.592° 2.343° 2.205° 0.0604 0.002
Finishing
ADFI (kg) 1.61° 3.07° 1.61° 0.1190 0.001
ADG (kg) 0.654% 0.944 0.518° 0.0667 0.011
FC 2.462 3.252 3.108 0.9820 0.497
Total
IW (kg) 30.46 30.48 30.84 0.627 0.89
FW (kg) 81.89% 90.01% 78.11° 1.8700 0.011
ADFI (kg) 1.625" 2.526% 1.625° 0.0855 <0.001
ADG (kg) 0.724° 0.838% 0.666" 0.0388 <0.001
FC 2.24 3.01 2.44 0.0752 0.057
DLI (g/day) 14.27° 22.18% 14.27° 0.7510 <0.001
LUEG (g/g) 41.07° 44.74% 45.20° 1.0300 0.024
BFT P2 (mm) 4.545% 5.571% 3.543" 0.3800 0.019
LD P2 (mm) 44.76 46.49 42.60 1.9600 0.158
REA P2 (mm) 43.17 41.73 38.66 2.5900 0.160

THS: animals in heat stress (34 °C)

2TN: animals in thermal comfort (22 °C)

¥ PFTN: animals in thermal comfort (22 °C) with food consumption paired with that observed in HS
* Residual standard error

BFT: backfat thickness, LD: loin depth; REA: ribeye area

It was observed that heat stress of 34 °C promoted reduction (P <0.050) of ADG and ADFI in the
growing and finishing phases. In the growing phase, animals under heat stress from HS treatment showed a
reduction in ADFI of 24.7% compared with TN animals. In the total period of the experiment, dietary
restriction negatively influenced (P =0.011) the final weight of pigs, with a reduction of 13.2% compared with
TN. In this period, HS and PFTN pigs had lower ADFI (P <0.001), decreasing by 35.6% compared with TN.
Similar behaviour was observed in ADG. For this trait, HS and PFTN pigs showed reductions (P <0.001) of
40.5% and 34.7%, respectively, compared with TN.

Digestible lysine intake (DLI) had a similar response to ADFI. The HS and PFTN pigs showed lower
DLI (P <0.001) than TN animals in the total period. The feed intake of HS was calculated and the same
amount was provided to PFTN animals the next day. This procedure was repeated every day during the
experiment. On the other hand, PFTN animals had higher LUEG (P =0.024) than animals under heat stress,
being 10% higher compared with HS animals. Food restriction promoted a reduction in backfat thickness
(BFT) (P =0.019), but did not influence LD (P =0.158) and REA (P =0.160).

Animals under thermal comfort (TN) had higher BFT compared with PFTN. It is possible that the lower
energy consumption promoted by ADFI restriction of PFTN animals, is responsible for BFT decrease.

Carcass traits and relative weights of the organs (heart, lung, liver, kidney and spleen) are presented
in Table 5. Heat stress or food restriction promoted lower (P <0.01) HCW. However, there were no treatment
effects (P >0.05) on HCY, initial pH and CL, or on relative weight of heart, lung and spleen. However, TN
animals had greater relative weight of liver (P =0.011), compared with other treatments, and of kidney
(P =0.030), compared with HS.
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Table 5 Hot carcass weight, hot carcass yield, pHssmin, carcass length, and relative weights of heart, lung,
liver, kidneys, and spleen of pigs under heat stress or thermal comfort

Treatments
Variables T 5 3 2 P value
HS TN PFTN rse

Carcass traits

HCW? (kg) 60.2° 80.4% 62.2° 2.24 <0.001
HCY® (%) 82.0 79.7 81.1 0.81 0.156
PHasmin 6.55 6.54 6.51 0.07 0.897
CL’ (cm) 87.4 101.0 97.2 4.82 0.169
Relative weights (%)
Heart 0.36 0.35 0.39 0.01 0.055
Lung 0.91 0.81 0.86 0.04 0.209
Liver 1.36° 1.51° 1.35° 0.04 0.011
Kidney 0.27° 0.31° 0.28% 0.01 0.030
Spleen 0.14 0.13 0.14 0.01 0.470

THS: animals in heat stress (34°C)

2TN: animals in thermal comfort (22°C)

¥ PFTN: animals in thermal comfort (22°C) with food consumption paired to that observed in HS
* Residual standard error

> HCW: hot carcass weight

®HCY: hot carcass yield

" CL: carcass length

Discussion

Despite the intensity of heat stress, there was no reduction in total T3 concentrations in growing and
finishing pigs. The results of this study do not agree with frequent reports in the literature by various authors
that confirmed the existence of an environmental influence on serum and plasma T3 (Oliveira & Donzele,
1999; Patience et al., 2005). Batista et al. (2011) also reported that the reduction in the blood concentration
of T3 in the heat is justified because the thyroid hormones are involved in the metabolic activity of the
animals and, consequently, in the production of body heat. There is no biological explanation for this, since
in the heat the concentration of T3 was reduced in the blood circulation.

Although the haematological parameters of growing and finishing pigs were not affected by heat, the
restriction of feed intake of PFTN animals caused lymphocytosis. This increase in lymphocytes was not
enough to influence the N/L ratio. Possibly, it was caused by increased adrenaline secretion stimulated by
the autonomic nervous system (Marzzoco & Torres, 2007), because of the restriction of the food supply.
Adrenaline promotes lymphocyte mobilization into the general circulation, increasing the total count, and
causing physiological lymphocytosis (Gonzélez & Silva, 2008).

The animals kept in the heat did not present variations in glycaemia. The current results differ from
those reported by Dantas et al. (2014), who observed lower values of glucose in animals maintained in heat.

Although heat stress did not influence urea concentration, only TN treatment reached the reference
values proposed by Kaneko et al. (2008), in that PFTN animals in growing phase and animals from HS and
PFTN in the finishing phase showed lower values. These results are similar to those observed by Freitag et
al. (2014), who evaluated the effect of crude protein reduction on blood parameters of pigs in the initial
growing phase under heat stress (28.8 °C) and comfort temperatures (18.1 °C), in which no differences were
observed in plasma concentrations of urea. In addition, creatinine values were considered normal for
growing and terminating animals (Unger et al., 2007; Kaneko et al., 2008). These results differ from those
obtained by Freitag et al. (2014), who observed an increase in creatinine concentration in animals subjected
to heat stress.

The lowest ADG observed in HS animals may be explained by ADFI reduction, in that it was lower
compared with TN. That is, the gain followed consumption. Pigs exposed to temperatures above the upper
critical (27 °C) level reduce food consumption (and therefore nutrients), attempting to decrease the metabolic
rate to reduce body temperature, which causes performance reduction. Another factor would be energy
expenditure, aimed at heat dissipation, resulting in an increase in days to reach slaughter weight. These
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results are consistent with studies from Manno et al. (2006) and Kiefer et al. (2009; 2010), who showed that
the performance of pigs in the growing phase decreased under heat stress.

Similarly, the ADFI of PFTN animals in the growing and finishing phases resulted in food restrictions of
24.7% and 47.6%, respectively, compared with TN animals. Despite similar consumption, the ADGs of HS
and PFTN pigs were different in the growing phase, in which PFTN animals presented a higher performance.
This can be only partly explained by the intensity of heat stress on animals, as according to Collin et al.
(2001), the negative effect of high temperatures on pig ADG is not explained solely by feed intake reduction.
These results were similar to those obtained by Manno et al. (2006) and Morales et al. (2014), in which pair-
feeding of pigs under thermal comfort and others under heat stress during the growing phase showed that
the effect of high temperature would not be restricted to reduction in consumption. Additionally, Quiniou et al.
(2000), who studied the effect of environment, observed that room temperature was related to animal feed
intake and body weight.

Animals subjected to a high temperature environment (HS) presented feed conversion differences
compared with those in a comfort environment during the growing phase, regardless of the feeding
programme (TN or PFTN). The proportional variation of ADFI and ADG of these treatments may explain the
current results, which differ from those obtained by Manno et al. (2006), who observed that during the
growing phase, animals exposed to high temperature showed better feed efficiency (2.08) than pigs under
thermal comfort, fed ad libitum (2.22) or paired (2.23).

Renaudeau et al. (2011), in a study with growing pigs, observed lower feed conversion values in
animals under heat stress. On the other hand, Rodrigues et al. (2012) observed no differences for feed
conversion in the finishing phase of pigs in thermoneutral or high temperature environments. These results
could be associated with lower efficiency of pigs at high temperature in using the energy for growing
(Renaudeau et al., 2008) in that part of the nutrients are diverted to heat dissipation.

A similar variation was observed between DLI and feed intake. However, HS animals were less
efficient than PFTN, indicating a possible effect of environment temperature on protein metabolism, in that
greater gluconeogenesis intensity for energy is observed in pigs under heat stress conditions (Pearce et al.,
2013). Moreover, lysine, which is the first limiting amino acid, is ketogenic (Liao et al., 2015).

The intense heat stress associated with increased energy expenditure for maintenance, owing to the
increased heat loss, may have compromised the LUEG in animals subjected to HS.

These results differ from those reported by Collin et al. (2001), in which they observed that pigs under
heat stress are metabolically more efficient in synthesis processes, reducing the protein turnover. Manno
et al. (2006) observed better LUEG in animals subjected to heat stress.

The HS and PFTN animals had lighter carcasses. These results are in agreement with those obtained
by Manno et al. (2006) and Kiefer et al. (2009; 2010), who observed lighter carcass weight in pigs under heat
stress. Manno et al. (2006) observed that growing pigs in thermal comfort with paired feeding with pigs under
heat stress had lighter carcasses compared with animals under heat stress and thermal comfort fed
ad libitum.

Although animals kept in TN presented heavier HCW, there was no effect of treatments on HCY. This
was probably because the relative weights of viscera, which were unaffected by treatments, with the
exception of liver and kidney weight. The reduction in relative weights of viscera and organs caused by high
temperature was expected in this study, owing to the high expenditure rate of energy relative to animal size,
which would have a substantial impact on animal maintenance requirements (Renaudeau et al., 2013).
These results were similar to those obtained by Ferreira et al. (2007) and Orlando et al. (2007), which, in a
study with growing pigs under heat environment, observed no significant effect of CP levels on the relative
weight of the evaluated organs. Rinaldo et al. (2000) who studied the effect of a tropical climate on pig
performance during the initial stages of growing, observed that are reduction of liver and kidneys is most
associated with a reduction of voluntary consumption and the generation of internal heat, which are similar
results to those observed in this study.

These results are in agreement with those obtained by Manno et al. (2006), who observed carcass
composition changes, depending on the feeding restriction of pigs subjected to thermal comfort, which
resulted in reduced daily deposition of protein and fat in their carcasses compared with animals fed
ad libitum. In contrast, Pearce et al. (2013), in a study with growing pigs, observed higher BFT in pig
carcasses subjected to heat stress and ad libitum feeding compared with animals under thermal comfort
receiving ad libitum and paired feeding with consumption of animals under heat stress.

Conclusion
The heat stress of 34 °C changed the physiology of growing and finishing pigs, adversely affecting
their performance. Deleterious effects of heat stress in pigs are not based only on feed intake reduction.
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