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Abstract
Environmental temperature and humidity are important factors affecting the
welfare, growth, and health of fattening pigs. Pigs are homeothermic animals
that can maintain the balance between heat production and heat dissipation
by adjusting thermoregulatory indicators such as heat production, feed intake,
respiratory rate, skin temperature, and core body temperature when environ-
mental temperature and humidity change, thereby sustaining a constant body
temperature within a certain range. This paper summarizes and analyzes the se-
quence in which thermoregulatory indicators of fattening pigs drastically change
under different environmental temperature and humidity conditions, evaluates
the comfort status of fattening pigs at different temperatures, and provides a ref-
erence for future research on establishing comfortable environmental parameters
for pigs and scientifically regulating the thermal environment in pig houses.
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Abstract: Environmental temperature and humidity are critical factors affect-
ing the welfare, growth, and health of finishing swine. As homeothermic animals,
pigs can adjust various thermoregulatory indicators—including heat production,
feed intake, respiratory rate, skin temperature, and core body temperature—to
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maintain thermal balance and constant body temperature within a certain range
when ambient conditions change. This paper summarizes and analyzes the se-
quential patterns of abrupt changes in thermoregulatory indicators of finishing
pigs under different thermal-humidity conditions, assesses their comfort status
at various temperatures, and provides references for establishing comfortable
environmental parameters and scientifically regulating thermal-humidity condi-
tions in pig housing.
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High-temperature environments inflict substantial economic losses on the swine
industry, with global damages estimated in the billions of dollars annually [1].
In recent years, as pig production in China has become more intensive and large-
scale, most facilities have been equipped with cooling systems such as fans, wet
curtains, and misting devices, which significantly improve the thermal environ-
ment [2]. However, temperature control in pig barns often relies on producers’
experience, and even large-scale facilities with automated monitoring systems
lack sufficient scientific basis for regulating thermal-humidity conditions. Appro-
priate environmental control directly affects pig growth and health [3-4] while
also influencing energy consumption and production costs [5-6]. As homeother-
mic animals, pigs can adjust their heat production and dissipation to maintain
constant body temperature within a certain range when environmental tem-
perature and humidity change [7]. Consequently, changes in thermoregulatory
indicators serve as important measures of pig comfort.

This review summarizes the patterns of how thermal-humidity environments
affect swine thermoregulation, providing references for future research on estab-
lishing comfortable environmental parameters and scientifically regulating barn
conditions.

1 Thermoregulation of Heat Production and Dissipation in
Swine
Like other mammals, pigs primarily collect information about ambient tem-
perature changes through peripheral temperature receptors located in the skin
[8], which transmit signals via the nervous system to thermoregulatory centers.
While these centers span the entire nervous system from the spinal cord to the
cerebral cortex, the fundamental regulation hub resides in the preoptic anterior
hypothalamus [9]. After processing by the thermoregulatory center, signals are
transmitted through neural and endocrine pathways to various effectors [8,10]
that modulate heat production and dissipation.

Total heat production (THP) in pigs comprises four components: basal
metabolic heat production, heat increment from feeding, activity-related heat
production, and production-related heat production. The heat increment
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from feeding can be further subdivided into heat from feed ingestion and heat
from digestion and absorption [11]. In intensive production systems where
pig activity is minimal, changes in feed intake primarily reflect alterations in
heat production through neural regulation of nutrient metabolism, though
respiration chambers can also directly measure heat production changes. Heat
dissipation occurs through sensible and evaporative pathways [12]. Pigs
regulate sensible heat loss by altering cutaneous blood flow to adjust skin
temperature, making skin temperature a useful indicator of sensible heat
dissipation changes. Cutaneous evaporative heat loss is temperature-dependent;
when ambient temperature rises from 16°C to 29°C, cutaneous evaporative
heat loss doubles. Another evaporative heat loss pathway is panting, with
the correlation coefficient between respiratory rate and evaporative heat loss
reaching 0.7–0.8 at 30°C [13]. Evaporative heat loss can be measured directly
by determining water vapor content changes in respiration chamber inlet and
outlet gases or estimated indirectly from respiratory rate changes.

2.1 Effects on Heat Production
Due to limited capacity for cutaneous evaporative cooling [14], pigs primarily
maintain constant body temperature by reducing heat production when ambient
temperature exceeds the upper limit of the thermoneutral zone. Consequently,
the temperature at which heat production begins to decline rapidly is generally
used to determine the upper critical temperature. Quiniou et al. [15] found that
for 60–90 kg pigs, heat production remained essentially constant between 16–
22°C, decreasing by only 0.02 MJ/d per 1°C increase. However, in the 12–16°C
and 22–29°C ranges, heat production decreased significantly by 0.42–0.47 MJ/d
per 1°C increase, suggesting the thermoneutral zone for 60–90 kg pigs likely lies
between 16–22°C. Huynh et al. [16] housed 61.7 kg pigs at 16°C and increased
temperature by 2°C daily until reaching 32°C. Nonlinear regression analysis
revealed an inflection point for THP at 22°C, indicating that heat production
began declining rapidly above this temperature and suggesting the upper critical
temperature for 60 kg pigs is approximately 22°C—consistent with the aforemen-
tioned results. In contrast, Brown-Brandl et al. [17] measured THP in 83 kg
pigs at 18, 24, 28, and 32°C, observing a slow decline between 18–24°C but
a rapid decrease between 24–28°C, leading them to conclude the upper criti-
cal temperature is near 24°C. Similar findings in other studies [18-19] may be
attributable to relatively large temperature intervals in experimental designs.
Overall, research indicates the upper critical temperature of the thermoneutral
zone for finishing pigs, based on THP measurements, ranges from 22–24°C.

When ambient temperature continues rising beyond the thermoneutral zone
upper limit, the rate of heat production decline slows and may even reverse.
Brown-Brandl et al. [17-18] reported that THP in 80 kg finishing pigs began
increasing above 28°C. Similarly, Brown-Brandl et al. [20] found THP in 60–120
kg finishing pigs showed little further decline beyond 28°C. This phenomenon
likely results from increased muscular activity from rapid panting and the van’
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t Hoff effect. When ambient temperature reaches this threshold, pigs exhibit
clear signs of heat stress.

2.2 Effects on Feed Intake
Pigs can adjust THP by regulating feed intake to maintain body temperature,
making feed intake changes indicative of thermal adaptation while also being
closely linked to production performance. Nichols et al. [21] investigated feed
intake changes across 0–35°C, finding that for 72.6 kg pigs, feed intake decreased
by 272 g per 1°C increase between 0–5°C, changed slowly (36 g per 1°C) between
5–20°C, and declined rapidly (113 g per 1°C) between 20–35°C, suggesting a ther-
moneutral zone of 5–20°C. Quiniou et al. [15] examined metabolizable energy
intake across 12–29°C, observing that 60–90 kg pigs maintained relatively con-
stant intake between 14–22°C (decreasing only 0.16 MJ/d per 1°C), but showed
rapid reductions of 0.76 and 1.70 MJ/d per 1°C in the 12–14°C and 22–29°C
ranges, respectively, suggesting a thermoneutral zone of 14–22°C for 60–90 kg
pigs. These two studies employed wide temperature ranges with large intervals
and extended experimental periods, resulting in less precise thermoneutral zone
estimates. Brown-Brandl et al. [20] studied feed intake changes in 60–120 kg
pigs across 16–32°C, noting slow decline between 16–24°C but rapid decrease be-
tween 24–32°C, suggesting 24°C as the likely upper critical temperature. Huynh
et al. [16] used nonlinear regression analysis to identify an inflection point for
feed intake at 25.6°C in 61.7 kg pigs, above which intake declined rapidly—
consistent with other studies [18-22]. These findings indicate the upper critical
temperature of the thermoneutral zone for finishing pigs, based on feed intake,
likely ranges from 24–26°C.

3.1 Effects on Evaporative Heat Loss
When ambient temperature exceeds the thermoneutral zone, evaporative heat
loss becomes the primary cooling mechanism [13], making it a key indicator for
determining the upper critical temperature. Huynh et al. [16] used respiration
chambers to study evaporative heat loss across 16–32°C, with nonlinear regres-
sion analysis revealing that evaporative heat loss began increasing rapidly above
21°C, suggesting the upper critical temperature for 60 kg pigs is approximately
21°C. However, Brown-Brandl et al. [20] found that evaporative heat loss in 60–
120 kg finishing pigs increased slowly between 16–24°C but rose rapidly between
24–32°C, suggesting the upper critical temperature is near 24°C. Brown-Brandl
et al. [17] similarly observed that evaporative heat loss in 80 kg pigs increased
significantly above 24°C. These discrepancies may stem from large temperature
intervals in experimental designs. Overall, research indicates the upper critical
temperature for finishing pigs, based on evaporative heat loss, ranges from 21–
24°C.
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3.2 Effects on Respiratory Rate
Due to poorly developed sweat glands and limited cutaneous evaporative cooling
capacity [14], pigs rely primarily on panting to enhance evaporative heat loss
above the thermoneutral zone upper limit, making respiratory rate a valuable
indicator for determining this threshold. Brown-Brandl et al. [18] found that
respiratory rate in 80 kg finishing pigs showed little change between 18–24°C
(increasing only 0.46 breaths/min per 1°C) but rose rapidly between 24–32°C
(increasing 3.0–3.3 breaths/min per 1°C). Brown-Brandl et al. [17] similarly ob-
served that respiratory rate in 83 kg pigs followed an exponential curve across
18–32°C, increasing sharply above 24°C. These results suggest the upper critical
temperature is near 24°C. Huynh et al. [16] used nonlinear regression analysis
to identify an inflection point for respiratory rate at 22.6°C, above which it
increased rapidly. Collectively, these studies indicate the upper critical temper-
ature for finishing pigs, based on respiratory rate, ranges from 22.6–24.0°C.

3.3 Effects on Body Surface Temperature
Within the thermoneutral zone, pigs rely primarily on sensible heat loss, reg-
ulating cutaneous blood flow to adjust skin temperature and control sensible
heat dissipation. Bond et al. [23] reported that skin temperature increased
linearly with ambient temperature across 21.1–42.5°C. Huynh et al. [16] simi-
larly observed a linear increase in skin temperature with ambient temperature
for 60 kg pigs across 16–32°C. Renaudeau et al. [24] found that skin temper-
ature increased linearly with ambient temperature between 24–32°C but the
rate of increase slowed above 32°C. Brown-Brandl et al. [25] used thermal imag-
ing to measure skin temperature changes in production environments ranging
from 21.3–36.6°C, revealing a cubic curve relationship with relatively stable skin
temperatures in the 20–23°C and 38–41°C ranges. These studies demonstrate
that skin temperature generally increases linearly with ambient temperature,
though inflection points may exist—requiring detection of large datasets under
undisturbed conditions.

4 Effects of Ambient Temperature on Core Body Temper-
ature
When ambient temperature is excessively high and pigs cannot maintain thermal
balance through heat production and dissipation adjustments, core body tem-
perature rises [26-28]. Brown-Brandl et al. [18] found that rectal temperature
in 80 kg finishing pigs increased by only 0.013°C per 1°C ambient temperature
increase between 18–28°C, but rose by 0.118°C per 1°C between 28–32°C, indi-
cating that core temperature began increasing rapidly near 28°C. Renaudeau
et al. [29] similarly observed that rectal temperature in 50 kg pigs began rising
sharply around 28°C. Huynh et al. [16] studied rectal temperature changes in
60 kg pigs across 16–32°C (increasing by 2°C daily), with nonlinear regression
analysis revealing an inflection point at 27.08°C. These findings suggest the up-
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per critical temperature of the thermoneutral zone for finishing pigs, based on
core body temperature, ranges from 27–28°C.

5 Effects of Ambient Humidity on Swine Thermoregulation
The influence of humidity on swine thermoregulation is temperature-dependent.
At low temperatures, humid air’s high thermal conductivity may increase sensi-
ble heat loss, whereas at high temperatures, high humidity impairs evaporative
cooling efficiency [30-31]. Most research has focused on high-temperature con-
ditions. Morrison et al. [26] investigated humidity effects at 22.0, 27.5, and
33.0°C, finding no significant impact on weight gain at 22.0°C but significantly
reduced gain at 27.5°C and 33.0°C under high humidity. The study detected no
significant effects on core or surface temperatures, suggesting pigs may mitigate
humidity impacts by reducing feed intake. Other studies have shown that at
temperatures above 30°C, high humidity (90% vs. 30%) significantly increases
respiratory rate, skin temperature, and rectal temperature [30,32], with similar
findings reported by Lopez et al. [33]. Huynh et al. [34] examined the effects of
increasing temperature under different humidity levels (50%, 65%, 80%), finding
that high humidity shifted the inflection points for respiratory rate and rectal
temperature to lower temperatures. This indicates that high humidity reduces
evaporative cooling efficiency, causing respiratory rate and rectal temperature
to increase at lower ambient temperatures.

In summary, as ambient temperature gradually increases, thermoregulatory in-
dicators in finishing pigs—including heat production, feed intake, evaporative
heat loss, and respiratory rate—exhibit sequential abrupt changes. The inflec-
tion points where these indicators change dramatically can be used to determine
the upper critical temperature of the thermoneutral zone. However, because
most studies have employed few temperature points, estimates of the upper crit-
ical temperature lack precision. Additionally, as temperature continues rising,
some indicators such as heat production and skin temperature exhibit second
inflection points, indicating entry into severe heat stress. Based on these pat-
terns, temperature ranges corresponding to comfortable, safe, and dangerous
conditions can be established.

Notably, most research on temperature effects has used constant temperatures,
whereas production environments rarely maintain stable conditions for extended
periods. Physiological data obtained under strictly controlled stable tempera-
tures cannot predict pig responses to continuously changing temperatures in
practice. Therefore, further research is needed on thermoregulatory responses
to diurnal temperature variations to guide scientific regulation of barn thermal
environments.
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