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ABSTRACT: Swine housing must promote an adjusted environment for thermal comfort and high
animal productivity without negatively affecting the sow performance and reproductive response.
This study evaluated the use of distinct environmental cooling equipments on sow performance, both
on the gestation and on nursing in open sided housing. Two treatments were tested in the gestation
building: natural ventilation and mechanical ventilation associated to fogging; while in the nursing
rooms three treatments were tested: natural ventilation; mechanical ventilation; and evaporative cooling
with forced ventilation. Sows were randomly chosen from the same genetic lot form six combined
treatments. The evaporative cooling system in the farrowing room differed for piglet performances, at
birth (4% higher) and on daily weight gain (15% higher), and also for sow physiological response
improving the respiratory rate (8%) and back fat thickness (3%), without influencing skin temperature.
The use of evaporative cooling directed to the sow head during nursing improved the physiological
and productive results.
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RESPOSTAS FISIOLÓGICAS E PRODUTIVAS DO CONTROLE
AMBIENTAL EM FÊMEAS SUÍNAS ALOJADAS

RESUMO: As instalações suínicolas devem promover um ambiente adequado para o conforto térmico,
sem afetar negativamente o desempenho produtivo e reprodutivo das porcas. O presente trabalho
avaliou a influência do uso de diferentes equipamentos de climatização, em ambas as instalações
abertas de gestação e maternidade, no desempenho das matrizes suínas. Na instalação de gestação
foram testados dois tratamentos: ventilação natural e resfriamento; enquanto nas salas de maternidade
foram aplicados três tratamentos: ventilação natural, ventilação mecânica e resfriamento adiabático
com ventilação forçada. Matrizes escolhidas aleatoriamente, com a mesma genética, foram expostas
a seis tratamentos combinados. O sistema de resfriamento adiabático na maternidade foi
diferencial para o desempenho dos leitões ao nascer (4% superior) e no ganho de peso diário
(15% superior), e também para as respostas fisiológicas das porcas com melhorias nos resultados de
freqüência respiratória (8%) e espessura de toucinho (3%). Não houve influência na temperatura de
pele dos animais. O uso de resfriamento evaporativo direcionado para a cabeça das porcas na
maternidade demonstrou ser um procedimento positivo com melhorias nos resultados fisiológicos e
produtivos.
Palavras-chave: matrizes suínas gestantes, matrizes suínas em aleitamento, estresse térmico

INTRODUCTION

Since the 1960’s there have been significant
changes in swine housing and management to improve
production related to restrictions on animal movement,
social interactions, thermal comfort, and welfare
(Esmay, 1969; Pinheiro et al., 2002; Tolon, 2002). Cur-
rent knowledge states that appropriate housing should
meet the physiological needs of sows (Rapp et al.,
1988; Turner et al., 1998; Bridges et al., 1998; Nääs,
2000).

High temperatures affect swine performance,
which can be evaluated by physiological response
(Curtis, 1983; Perdomo, 1994; Banhazi et al., 2000).
When subjected to heat stress sows tend to decrease
productivity by reducing feed consumption; reduce
reproductive efficiency (Love, 1978; Love, 1981); de-
liver less piglets (Domínguez, et. al., 1996), and present
low performance of piglets at weaning (Mount, 1974;
Quiniou & Noblet, 1999; Sousa, 2002; Tolon, 2002;
Brown-Brandl & Eigenberg, 2000). Adult sows are
more resistant to cold than to excessive heat exposure,
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benefiting from the use cooling acclimatization in hous-
ings (Curtis, 1983; Nääs, 2000; Barbari & Guerri,
2005).

Environmental control alleviates heat stress
improving productive responses (Müller, 1982;
Bortolozzo et al., 1997; Hannas, 1999). Reduction of
the heat load can be achieved by properly designed ven-
tilation and cooling systems, in both gestating and
nursing housing (Bull et al., 1997; Gates et al., 1991a).
Room evaporative cooling and head ventilation systems
help reducing the negative effects of high temperatures
in farrowing rooms (Dong et al., 2001; Barbari &
Guerri, 2005). Misting systems are lower in efficiency
when compared to conventional pad systems (Roller
& Goldman, 1969; Bottcher et al., 1991) but the equip-
ment noise may cause animal agitation (Barbari &
Guerri, 2005). Thermal index evaluation in swine con-
finement has been used to identify regions suitable for
a particular housing design (Turner et al., 1998).

This research aimed to identify and measure
physiological and productive responses of sows ex-
posed to distinct environmental cooling systems both
in gestating and farrowing houses.

MATERIAL AND METHODS

This study was carried out from October 2004
to March 2005 in a commercial swine farm near
Campinas, São Paulo State, Brazil (47°05' W, 22°54'
S, altitude of 640 m), with SE prevailing winds. Lo-
cal daily average summer dry bulb temperature was
27.5°C and 83% relative humidity, while winter mean
values were 13.3°C and 68% respectively.

The open sided gestating building was 10 m
wide, 50 m long, 3 m high, and the long axis was East-
West oriented, having natural ventilated opened
sidewalls, with a fiber-cement roof painted white in-
side and outside, and the floor and walls were made
of masonry. Sows were kept in metallic crates from
pregnancy to seven days prior to delivery. In this build-
ing the sows were exposed to two treatments: T1 =
natural ventilation and T2 = cooling system (mechani-

cal ventilation with two axial 372.8 J s-1 fans, associ-
ated to fogging with ten fogging nozzles operating with
6.9 106 Pa pressure and 7 L h-1 distributed in two pipe-
lines). The temperature for the fans to initiate was 25ºC
and for the fogging systems was 27ºC.

The nursing room in the building was 12.5
m long, 10 m wide and 3 m high, covered with me-
tallic tile roof painted white with walls made of con-
crete bricks covered with mortar and painted white,
and had fourteen individual pens (each 1.7 m wide
and 2.8 m long). In this housing three environment
control treatments were evaluated: T3 = natural ven-
tilation (the walls were 1.7 m high with lateral open-
ings of 1.3 m width and 12.5 length); T4 = mechani-
cal ventilation (one axial 372.8 J s-1 fan); T5 = evapo-
rative pad cooling with forced ventilation equipment
(745.7 J s-1). The equipment pumped the cooled air
through a 0.15 m PVC pipe directly 0.40 m above
sow heads.

The sows used for the experiment had the
same genetics. At gestation, the animals were treated
two times per day with a balanced feed (16% of brute
protein and 3.2 kCal of metabolized energy). At far-
rowing the sows were under a standard lactation diet.
The maximum feed intake was 6 kg day-1. One hun-
dred and twenty six sows that were previously un-
der treatments T1 or T2 were randomly chosen.
These sows were equally distributed to three farrow-
ing rooms (T3, T4 or T5). Table 1 shows the treat-
ments Ti-j combined where i represents the treatment
in the gestation phase and j the treatment in the nurs-
ing stage.

Climatic data inside both gestation and nurs-
ing rooms were collected using data loggers. Skin tem-
perature (ST) on the back of the sows was daily mea-
sured at 10h00 using an infra red thermometer, and
the back fat thickness (BFT) was measured using a
digital equipment, approximately at the 10th rib, 6 cm
from the middle back line, in all sows at entering and
leaving each treatment in the nursing house. The res-
piration rate (RR) was recorded for the nursing sows
through the observation of the number of flank move-

*)jT(sgnidliuBgnisruN

*)iT(sgnidliuBgnitatseG )3T(noitalitnevlarutan )4T(noitalitnevlacinahcem )5T(gniloocevitaropave

)1T(noitalitnevlarutan 3-1T 4-1T 5-1T

)2T(metsysgnilooc 3-2T 4-2T 5-2T

*i represents the treatment in the gestation phase and j in the nursing stage.
T1-3 = Natural ventilation both in the gestation stage (T1) and in the nursing stage (T3); T1-4 = Natural ventilation in the gestation stage
(T1) and mechanical ventilation in the nursing stage (T4); T1-5 = Natural ventilation in the gestation stage (T1) and evaporative cooling
in the nursing stage (T5); T2-3 = Cooling system in the gestation stage (T2) and natural ventilation in the nursing stage (T3); T2-4 =
Cooling system in the gestation stage (T2) and mechanical ventilation in the nursing stage (T4); T2-5 = Cooling system in the gestation
stage (T2) and evaporative cooling in the nursing stage (T5).

Table 1 - Treatments distribution in the experiment.
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ments per minute, with three replicates between 10h00
e 11h00. The piglets were weighed at birth and wean-
ing (21 days).

Descriptive and statistical analysis of mean
comparison using the Tukey test was performed us-
ing the Minitab® software.

RESULTS AND DISCUSSION

A direct correlation was found between piglet
live weight and the heat loss to the environment by
the sows in the nursing building. The more comfort-
able the sows were the better the piglet performance
was, as already pointed in the literature (Mount, 1974;
Hannas, 1999; Nääs, 2000; Pinheiro et al., 2002).

The best result of total weight gain at wean-
ing (6.27 kg) as well as the average daily gain (0.32
kg day-1) were found for sows housed under natural
ventilation at the gestation building (T1) and had evapo-
rative cooling in the nursing house (T5) (Table 2).
Similar results were found by Nunes et al. (2003), who
registered a better environmental condition at the ges-
tation housing with a forced ventilation system. Nev-
ertheless this system was not sufficient to change sow
reproductive efficiency. The evaporative cooling sys-
tem in the farrowing room was determinant for piglet
performance. These results are in accordance with
Wagenberg et al. (2006), who showed that cooling the

floor under the sow shoulder using a farrowing crate
increased piglet performance (22 g day-1 per piglet, 9%
higher than in the ordinary system). Similar results
were found by Tavares et al. (2000) who recorded
lower weight gain under heat stress, even though the
carcasses were not affected, as well as Nääs (2000)
got analogous results when observing the increase of
productivity of sows housed in the same region dur-
ing the cooler months of the year.

Even though expected from literature data, the
best performance of the combined treatment T2-5, in-
dicates that the forced ventilation system (T2) used
during the gestation housing did not influence piglet
performance (Table 2). Probably the position of the
fans and consequently the air flow distribution had
negative effect on the forced ventilation system effi-
ciency in the gestation room. The treatment using natu-
ral ventilation (T1-3) produced the lowest piglet weight
gain (Table 1), in agreement with Wagenberg et al.
(2006).

Mean values of ST, RR and BFT are shown
in Table 3, which were measured in order to estimate
thermal comfort. The sensible thermal losses decrease
with heat stress exposure, and a change in skin tem-
perature was expected as mentioned by Brown-Brandl
& Eigenberg (2000), Yan & Yamamoto (2000), and
Brown-Brandl et al. (2004). This fact was however
not observed, probably due to the fact that all authors

*tnemtaerT gninaewtathgiewnaeM niagthgiewtelgipnaeM
gk yadgk 1-

3-1T 10.6 b 772.0 c

4-1T 64.5 c 592.0 b

5-1T 72.6 a 023.0 a

3-2T 29.5 b 992.0 b

4-2T 49.5 b 482.0 b

5-2T 08.5 b 403.0 b

Table 2 - Results of piglet performance during lactation.

a, b, cdistinct letters mean statistical difference (α = 0.05). T1-3 = Natural ventilation both in the gestation stage (T1) and in the nursing
stage (T3); T1-4 = Natural ventilation in the gestation stage (T1) and mechanical ventilation in the nursing stage (T4); T1-5 = Natural
ventilation in the gestation stage (T1) and evaporative cooling in the nursing stage (T5); T2-3 = Cooling system in the gestation stage
(T2) and natural ventilation in the nursing stage (T3); T2-4 = Cooling system in the gestation stage (T2) and mechanical ventilation in
the nursing stage (T4); T2-5 = Cooling system in the gestation stage (T2) and evaporative cooling in the nursing stage (T5).

tnemtaerT TS RR TFB

C° nimshtaerb 1- mm

)3T(noitalitnevlarutan 9.63 a 51.0± 4.45 b 77.1± 5.41 b 90.0±

)4T(noitalitnevlacinahcem 8.63 a 02.0± 8.75 c 24.2± 9.41 a 21.0±

)5T(gniloocevitaropave 0.73 a 61.0± 2.05 a 19.1± 9.41 a 01.0±

Table 3 - Sow skin temperature (ST), respiratory rate (RR), and back fat thickness (BFT) for all nursing treatments (Mean ±
 standard deviations).

a, b, cdistinct letters mean statistical difference (α = 0.05) for each column.
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worked in controlled environments, while this present
study was carried out in a swine farm; exposed to the
local climatic parameters (Table 4). The difference was
not in favor of the evaporative cooling system (37°C,
higher average of skin temperature). These results
were representative of the animal back, while the
evaporative cooling system was directed to the sow
head.

The lowest value in respiratory rate was found
for the nursing treatment T5 (50.2 breaths min-1) and
the highest for T4 (57.8 breaths min-1), showing a dis-
tinct effect on the respiratory rate of the animals as a
function of the environmental conditions, as suggested
by Yan & Yamamoto (2000). The results also differ
in part from Hannas (1999), who found that the res-
piratory rate is the first response of animals when ex-
posed to thermal stress. The respiratory rate for the
forced ventilation system (T4) in the farrowing room
were probably affected by the high restlessness of the
animals associated to a high noise level of the fan in
this treatment, when compared to the natural ventila-
tion system treatment (T3). The results were similar
to those obtained by Gates et al. (1991b) and Bull et
al. (1997) who found that growing-finishing swine as
well as sows present highest performance when
housed in an environment with evaporative cooling,
when compared to both misting and mechanical ven-
tilation systems.

When exchanging heat by conduction swine
reach the thermal neutral balance and their respiratory
rate tends to become normal, even after exposure to
acute heat stress (Bridges et al., 2000; Brown-Brandl
& Eigenberg, 2000). Under treatments T3 (natural ven-
tilation) and T4 (mechanical ventilation) the sows pre-
sented a certain degree of heat stress exposure, in
agreement to Esmay (1969). Tavares et al. (2000),
evaluating the effect of heat stress on swine perfor-
mance concluded that the respiratory rate increased
considerably when the environmental temperature was
above 26°C, which is above the thermal comfort zone.

Results on back fat thickness (Table 3) point
to difference between treatments, and both treatments
T4 and T5 presented the best result (14.9 mm), in

which the evaporative cooling system (T5) had the
lowest variation. These results follow the same trend
found by Derno et al. (1995), they however conflict
with the results found by Quiniou et al. (2000), who
did not find variations in back fat thickness due to
change in environmental conditions. This indicates the
possibility that the most effective acclimatization sys-
tems used during nursing were those that used forced
ventilation. In this study there was no change in the
room temperature, however the wind speed had a posi-
tive effect in alleviating heat stress by increasing the
upper limits of the critical temperature during the nurs-
ing stage, and influencing the results of back fat thick-
ness, as pointed out by Aherne & Foxcroft (2000).

CONCLUSIONS

Considering piglet performance at weaning as
well as the measured physiological response of the
sows, the treatment that presented the most effective
combination for alleviating heat stress was the use of
natural ventilation in gestating buildings, associated to
evaporative cooling directed to the sow head during
nursing. The use of this type of cooling device repre-
sents a positive investment since it results in both the
highest piglet mean daily weight gain and total weight
at weaning.
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