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Feeding sows and growing swine in hot climates 
Luciano Rappa, Veterinary Doctor 
iroppa@dginet.com.br 

Introduction 

The nutritional demands of swine are influenced by count
less factors, among which we can consider genetics, sex, 
age, sanitary conditions, and climate. In this work I will 
discuss the influence of climate, with special emphasis 
on the problems caused by high environmental tempera
tures. We know that swine grow more efficiently in con
ditions of thermal comfort, where the environment allows 
animals to keep corporal temperature under control. How
ever, as most swine farms in South and Central America 
are equipped with only natural cooling resources, it is 
difficult to assure thermal comfort in situations of high 
temperatures. As a result, producers in those areas face 
the challenge of achieving the best possible performance 
despite the economic constraints of developing countries. 
The purpose of this work is to discuss the nutritional al
ternati ves that can contribute to the improvement of pro
ductivity indexes under such constraints. 

Maintaining corporal temperature 

The swine is an homeothermic animal; this means it can 
keep its corporal temperature relatively constant, around 
39° C, in a wide band of environmental temperatures. To 
maintain this constant temperature, swine spend 80% of 
their total energy obtained through the foods, leaving only 
20% for the productive processes (i.e., meat and milk pro
duction). They obtain that energy through complicated 
chemical reactions, the most important of which is the 
combination of carbon (coming of the foods) with oxy
gen (coming from the air, through breathing). The vital 
processes of life and physical activity generate energy, 
which has to be eliminated from the organism so that the 
corporal temperature doesn't rise. In spite of this being a 
natural function of the organism, eliminating this heat 
represents an additional effort, which translates into pro
ductivity loss. In high temperatures, swine have difficulty 
maintaining the balance between the heat produced by its 
organism and the heat released to the environment. Also, 
under higher temperatures there is a decrease of consump
tion; this further complicates the problem. 
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Routes of heat loss 

The exchange of heat between the swine and the environ
ment happens in the following ways: 

• Conduction: Contact between the skin of the swine 
and a solid surface (step, wall, etc.) allows the heat 
to flow between them. In general, the skin of the swine 
is hotter and loses heat to the surface. 

• Convection: This process extracts heat from the sur
face of the skin through the flow of air (natural or 
artificial). This air is usually cooler and it absorbs 
the heat of the skin. 

• Radiation: This is the exchange of heat between the 
swine and the surfaces that surround it. 

• Evaporation of water on the surface of the skin: The 
low efficiency of swine's soporiferous glands mini
mizes evaporation through the skin, but evaporation 
happens when mechanisms are used to refresh (via 
aspersion, nebulizers, or a sheet of water); here heat 
is removed from the swine by transforming the liq
uid water into steam. 

• Drinking water: Heating of the ingested water con
tributes to the decrease of the corporal temperature, 
because the swine spends corporal heat to do that. 

• Evaporation through breathing: The expired air is 
usually warmer and more humid than the inspired air. 
This method of elimination of heat becomes more 
important with increasing environmental tempera
tures. See Figure 1. 

Physiological mechanisms of 
homeothermy 

The swine detects thermal changes through nerve recep
tors located in its skin and in the brain. The ones in the 
skin are less efficient and can only detect variations greater 
than 1°C; the cerebral ones, however, are much more 
sensitive and detect variations of one-thousandth of a 
degree Celsius. These receivers are located in the hypo
thalamus, in the base of the brain. The receivers that re
spond to cold are in the posterior hypothalamus, while 
those that respond to heat are in the anterior. When they 
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Figure 1: Routes of heat loss by swine under different temperatures (CSIRO, 1990). 
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are activated, they stimulate hypophysis which begins to 
release the hormone ACTH into the blood. This stimu
lates the suprarenal glands which start to release adrena
line and noradrenalin. These substances are responsible 
for the physical and metabolic changes essential to main
tain a constant corporal temperature (Guyton, 1992). In a 
moment of caloric stress, there is a rise in the production 
of adrenaline and the decrease in the production of nora
drenalin by the suprarenal glands. This will cause a de
viation in the corporal blood flow; in an effort to cool the 
body, the swine will increase the flow of blood to the ex
ternal parts (i.e., its skin) and reduce the flow to the inter
nal organs. This flow of reduced visceral blood will hinder 
the digestion of food and the generation of energy for the 
productive processes (weight gain or milk production). 
During a period of caloric stress, the following also occur: 

• There is an increase in the production of cortical 
which affects the macrophage production via the in
hibition of interleukin production (Kelley, 1984). This 
lowering of immune system efficiency explains why 
swine are more susceptible to illness during caloric 
stress. 

• Another characteristic of the swine in growth pro
duced in high temperatures is that they produce a 
higher percentage of fat. This happens due to the 
higher metabolism of lipids that are stored mainly in 
the abdominal area that are readily available in times 
of need (Le Dividich et aI., 1998). 

• The animals become apathetic because of reduced 
activity of the thyroid gland. 

Signs of discomfort 

By observing swine behavior and other outward signs, 
we can detect discomfort from heat stress. We can ob
serve the following: 
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An increase in superficial temperature: The increased flow 
ofb100d nearthe body's surface (outlying vasodilatation) 
allows the swine to lose more corporal heat through the 
skin. Fagundes et al. (1999) measured the back tempera
tures of swine exposed to environmental temperatures in 
the ranges of either 17.6-26.6° C or 22.5-33.2° C. In swine 
exposed to the higher temperature range, the back tem
perature of was 11.3% higher at 7:00 am (28.3 versus 31.5° 
C) and 6.9% higher at 3:00 pm (33.2 versus 35.5° C) than 
in swine exposed to the lower temperature range. This 
vasodilatation increases the transfer of heat from the skin 
up to eight times (Guyton, 1992) with an associated loss 
of water of 30 g/m2/hr. This loss of heat can be increased, 
taking advantage of the fact that swine have few hairs, 
with the use of water nebulizers; the evaporation of water 
from the skin can reach up to 800 g/m2/hour. 

Behavioral thermoregulation: To lose heat through the 
skin, the animal makes an effort to seek more humid and 
cooler places. It increases the consumption of water and 
it tries to put the largest possible part of its surface in 
contact with the floor. 

Decrease of ration consumption: To reduce the produc
tion of corporal heat. the swine limits its consumption of 
foods, because the digestive processes generate metabolic 
heat. According to O'Grady et al. (1985), in nursing sows 
there is a reduction in the consumption of 0.1 kg/day for 
each degree of environmental temperature above the maxi
mum of comfort. Physiologically, the decrease in the con
sumption is associated with the lower activity of the thy
roid in animals exposed to high temperatures. 

Thermal pant: As they don't have efficient soporiferous 
glands to lose water, swine begin to breathe with more 
intensity to facilitate cooling through evaporation of wa
ter via the airway. It is the most efficient form of elimina
tion of heat in high temperatures; in temperatures up to 
38° C, it is responsible for 90% of the eliminated heat 
(CSIRO, 1990). Fagundes et al. (1999) measured the dif
ference of the breathing tax between swine exposed to 
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. the temperature ranges listed above. In the higher tem
perature regime, the breathing tax was 18.9% higher at 
7:00 am (35.4 versus 49.3 movements per minute) and 
70.5% at 3:00 pm (63.8 versus 108.8 mov/min). Pregnant 
sows, when exposed to temperatures above 30° C in en
vironments with poor ventilation, increased their breath
ing frequency by almost 20 movements per minute (Nlilis, 
1989). 

Electrolytic imbalance: With the increase of the breath
ing tax, there is a great loss of carbon dioxide (CO); this 
is called "breathing alkalosis." The organism, in response, 
alters the urinary excretion of bicarbonate, causing "meta
bolic acidosis" to maintain a stable relationship between 
carbonic acid and the bicarbonate. 

Hyperthermia: If caloric stress continues long enough, the 
result is an imbalance of water, electrolytes, and hydro
gen ions in the organism. The swine then goes into the 
hyperthermia phase, initially presenting itself as exhaus
tion; this will eventually lead to death. 

Acclimatization: There are several works, however, that 
show a certain degree of acclimatization of the swine to 
high temperatures. At the beginning of the stress the symp
toms are more intense, but if the swine resists, it starts to 
adapt to this new condition. Verhagen (1987) showed that 
swine need five days to adapt to temperatures of 25° C, 
seven days to adapt to 15° C, and six days for tempera
tures ranging between 15 and 25° C. 

An interesting work by Giles et al. (1990), with four 89 
kg sows exposed to different environmental temperatures 
(from 22.7-31.4° C) for a period of 48 hours, shows in 
detail the physical and behavioral variations that happen 
under periods of caloric stress (Table 1). These include 
increases in the skin and body temperatures and the breath
ing rate, and a decrease in food consumption and heart 
rate. These same variations can also be seen in the work 
of Quiniou and Noblet (1999), Table lA, using nursing 
sows. 

Range of thermal comfort 

It is difficult to determine the exact temperature of com
fort for swine due to the variables of age, facilities, etc. 
Therefore, researchers always refer to comfort range-a 
zone of "thermo-neutrality"-where productivity tends 
to the maximum (Figure 2, region A - A'). In this range, 
about 75% of the heat is eliminated through the skin by 
transport, convection, or radiation. When the temperature 
increases slightly (Figure 2, region A' - B'), swine begin 
to change behavior, looking for colder places, drinking 
more water, leaving their skin more in contact with the 
floor, etc. By doing this they can double the zone without 
expending much energy and without incurring losses in 
the productive processes. As the environmental tempera
ture increases, it increases the breathing tax and the mus
cular activity (through a larger contraction of the abdomi
nal and heart muscles). The swine enters a new area 
(Figure 2, region B' - C') where it gives up the metabolic 
processes that result in production (weight gain) to spend 
more energy for the dissipation of corporal heat. In spite 
of the continued loss of heat through the skin, in this phase 
the breathing process is the main form of elimination of 
heat. The limits of the B - B' region are known as "supe
rior critical temperature" (in the case of excess of heat) or 
"inferior" (in the case of extreme cold). In this area, the 
swine can maintain its constant corporal temperature 
(homeothermy); however, it can do this only by using a 
lot of energy, thus harming its weight gain or production 
of milk. In the case of heat, this reduction in weight gain 
is due to the decrease in ration consumption, done to re
duce the production of metabolic via digestion of foods. 
The critical temperatures are not fixed; they vary from 2-
7° C, depending on interactions with the other climatic 
conditions such as humidity and the degree of air move
ment (Young et al., 1989). If the temperature of the atmo
sphere continues rising, combined with unfavorable con
ditions of humidity and ventilation, the swine crosses the 
critical temperatures and reaches the area of hyperther
mia, (Figure 2, region C' - D'). In that area, death from 
caloric stress becomes a serious probability. 

Table 1: Effect of environmental temperature above 22
0 

C for 48 hours in sows of 89 kg (Gilles et aI., 
1990). 
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Enviro. temp. (0 C) 22.7 25.9 28.5 31.4 
Skin temperature C C) 33.9 35.1 37.0 37.9 
Body temperature (' C). 39.0 39.1 39.5 40.4 
Breathing (mov/min) 27 51 85 112 
Cardiac rate (Umin) 9.3 9.5 8.4 7.5 
Consumption (g/d) 2846 2340 1888 900 

Table 1 A: Effect of environmental temperature on nursing sows (Quiniou and Noblet, 1999). 

Enviro. temp. ( C) 
Temp. of skin C C) 
Temp. no reto C C) 
Breathing (mov/min) 

18 
34.6 
38.6 
26 

22 
35.8 
38.6 
46 

25 
36.6 
39.0 
81 

27 
37.2 
39.1 
84 

29 
37.4 
39.4 
124 
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Figure 2: Responses of homeotherms to environmental temperature (Naas, 1989). 
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The area of thermal comfort for sows and swine in growth 
is shown in Table 2, and it depends on the age of the 
animal. As swine get older, they become more and more 
sensitive to high temperatures; this is due to their diffi
culty in eliminating the heat generated by their metabolic 
processes. Anatomically, with the increase of the age and 
of weight, there is an increase in the thickness of the skin 
and subcutaneous fat; this hinders the dissipation of heat. 
Besides, the relationship between the weight and the cor
poral surface decreases, so there is a progressively smaller 
area for heat exchange with the environment. For this rea
son, the older the swine, the more important the losses of 
heat from evaporation through the breathing. 

Bioclimatic demands 

The temperature shown on a thermometer inside of an 
installation is not always a reliable indicator of the atmo
sphere where the swine actually are. The environmental 
temperature should be analyzed together with the humid
ity, the speed of the air, size of the group, and with the 
type of the installation (floor, walls, etc.). This group of 
factors is called "effective environmental temperature." 
When the effective environmental temperature is out of 

Table 2: Temperatures of comfort for swine, with 
an air speed of 0.2 m/s (Adapted from Naas, 

1989). 

Category 

Pigs 20 a 30 kg 
Pigs 35 to 60 kg 
Pigs 60 to 100 kg 
Sows 

Temperature of 
comfort eC) 
18 to 20 
16 to 18 
12 to 18 
12 to 25 
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the area of thermal comfort, behavior and the use of the 
foods can be affected. 

The speed of the air is a very important factor to consider 
when assessing effective environmental temperature be
cause air movement facilitates the loss of heat through 
the skin. For example, at 30° C an increase of the speed 
of the air from 0.05 rnIs to 1.58 mls facilitates a 25% 
increase in heat loss (Bauza and Petrocelli, 1986). The 
effect of air movement, however, is linked to the envi
ronmental temperature. For example, a speed of 0.8 rnIs 
is desirable in temperatures around 30° C, but this speed 
is not desirable at 10° C because this would chill the ani
mals. For swine in finishing, the low-end requirement for 
ventilation is from 0.1 to 03 rnIs (Benedi, 1986). For sows 
in temperatures of 30° C, however, the ideal is ventila
tion from 2 to 5 rnIs (Niiiis, 1989). Under conditions of 
forced ventilation, finishing swine can have their supe
rior critical temperature increased in up to 2° C. 

The relative humidity seems to have little effect on the 
growth efficiency of swine when temperatures stay be
low the superior critical. Swine, however, have difficulty 
dissipating heat in atmospheres of high temperature and 
high humidity. This is because the excess humidity re
stricts the refreshing effect of evaporation from breath
ing and it contributes to reduced appetite. Several authors 
demonstrated that the elevation of the relative humidity 
from 45 to 90% at a temperature of 21 ° C is responsible 
for an 8% reduction in heat loss. The ideal for swine in 
normal temperature conditions is a relative humidity be
tween 60 and 80% (Bauza and Petrecelli, 1986). 

With respect to the size of the group, the more animals 
that are in the stall per square meter, the higher the gen
eration of heat will be. That is good in the cold, but it is 
bad in the summer. Swine in groups of four animals can 
mitigate the cold down to a minimum critical tempera-
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ture of 12° C, and groups of nine can mitigate down to 
10° C (Naas, 1989). 

High temperatures and the nursing sow 

The great problem of modern females is that they don't 
eat the enough ration to avoid losing corporal weight while 
feeding their pigs sufficiently. They have a smaller appe
tite and a smaller stomach capacity, which hinders ration 
ingestion, even under normal conditions of environmen
tal temperature. A modern female that gives birth to 11-
13 pigs and produces 10 Lid milk, on average, for the 7-
20 days of nursing, should consume approximately 8 kg/ 
d ration. As the conventional consumption rates under 
normal temperatures vary from 5-6 kg/d, the females make 
up the difference using body reserves. As ingestion rate 
decreases, loss of corporal weight decreases, as we can 
see in Table 3. The progressive loss of corporal weight 
affects the reproduction of the females, because with 
greater weight loss we see a decrease in the number of 
females that enter into rut in the first eight days post-wean
ing, as demonstrated in Table 4. This fact is related to a 
progressive atrophy of the ovary and to the decrease of 
cholesterol, which is a fundamental nutrient for the syn
thesis of the necessary hormones. 

The weight losses are more drastic in the first-delivery 
females because they eat a smaller amount of ration, they 
possess smaller stomach capacity, and they are still in 
growth phase, which demands additional need for food. 
When a first-delivery sow loses more than 7.5% of it 

Table 3: Influence of the amount of ration 
ingested in the nursing phase on the loss of 

corporal weight of the sows (Nelson et aI., 1985). 

Ration consumption 
(kg) 
3.2 
4.1 
5.0 

Corporal weight loss 
(kg) 
22 
14 
10 

weight during nursing, there is likely to be an increase in 
the wean-rut interval (Table 5). Older sows are less af
fected because they eat more ration and they don't have 
the growth needs. 

As we know, the number of pigs produced increases until 
the sixth or eighth childbirth. However, in many systems 
the number of pigs produced in the second childbirth is 
smaller than in the first. The cause of this decrease is re
lated to the weight loss and corporal fat loss during the 
first nursing-this weakens the female considerably, to 
the point of harming its fertility. This fact is shown in 
Cromwell's work (1988), summarized in Table 6. This 
research shows that first-delivery modern females, capable 
of producing more pigs (11-13), are being prejudiced in 
their performance in the second childbirth due to larger 
weight loss and corporal fat loss. On the contrary, if they 
produced (and thus fed) fewer pigs, their losses would be 
smaller, and they would produce more pigs in the second 
childbirth. With this in mind, rations with higher levels 
of nutrients for first gestation and nursing sows have been 
developed to satisfy the animals' needs. 

In short, we can say that the current females possess a 
high genetic capacity to produce pigs and a low capacity 
to consume appropriate amounts of food. This problem 
can be worsened by increases in the environmental tem-

Table 6: Effect of first litter size on body fat loss 
and productivity of second litter (Cromwell, 1988). 

No. animals 
First litter 
Consumption (kg) 
Body fat loss (%) 

Second litter 
No. pigs born alive 
No. weaning pigs 

No. weaning pigs 
in the 1 at litter 

6-8 9-11 
41 50 

4.8 4.8 
-3.3 -8.7 

10.3 9.7 
8.5 8.3 

Table 4: Relationship between ration consumption during nursing and the duration of wean to rut interval 
(King and Dunking, 1996). 

Consumption ration (kg/d) 
Sows' weight loss (kg) 
Bacon thickness loss (mm) 
Sows in the rut within 8 days after weaning 

2.9 
27 
6.4 
50.0 

3.6 
19 
5.7 
58.3 

4.3 
16 
4.2 
58.3 

5.0 
9 
4.0 
83.8 

Table 5: Influence of weight loss during nursing on the duration wean to rut (WTR) period (Vesseur et aI., 
1994). 
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Parity 
1 sl delivery ( WTR days) 
2nd delivery (WTR days) 
2nd _3rd delivery (WTR days) 

Weight loss in nursing (kg) 
0-5 5-7.5 7.5-12.5 > 12.5 
9.5 10.0 11.7 14.7 
6.7 6.7 8.0 8.5 
6.0 6.3 6.5 6.5 
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peratures that further decrease consumption. Environmen
tal temperature is, without a doubt, one of the most im
portant factors that causes the reduction in the ration con
sumption. As we know, the ideal temperature for the sows 
is from 18-25° C. Temperatures above this ideal band 
cause a drastic fall-off in ration consumption, with the 
consequent drops in milk production and corporal weight, 
as we can observe in the work of Tribble et al. (1988), 
summarized in Table 7, and Quiniou and Noblet (1999), 
in Table 7 A. As we can see, when the environmental tem
perature increases, there is a larger loss in the corporal 
weight and a drop in the ration consumption. 

Reproduction in hot climates 

A modern sow should be served when it reaches a reserve 
of fat of 18 mm of bacon thickness, measured at point P2. 
As few producers have the appropriate equipment to mea
sure this, Figure 3 displays a practical way to relate this 
measure to the weight of females. As we can see, as far as 
females of modern genetics are concerned (mainly hy
brid), the ideal weight for serving is between 120 and 
140 kg. Formerly we served the females of 100 kg at 6 
months of age; however, these sows had from 30-40 mm 
of back-fat, because they had not gone through the mod
ern processes of genetic improvement. Now, to serve the 
females with less than 18 mm represents a serious risk 
for the female's future reproductive life in countries of 
hot climate, because they will lose a lot of their resources 
during the first nursing, due to their large litters and high 
production of milk. 

Therefore, to begin reproduction correctly in hot climates, 
it is essential that the sow 

• has reached the third rut. 

• is at least seven months old. 

Feeding sows and growing swine in hot climates 

Figure 3: Relation between body weight and 
bacon thickness in modern females. 
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• weighs at least 120 kg. 

• has at least 18 mm of bacon thickness. 

The observation of these conditions together allows the 
producer to obtain the maximum genetic potential of 
modern sows, as displayed in Table 8. 

Nutrition in hot climates 

The nutritional requirements of swine have been well 
determined for production under good environmental con
ditions; however, the requirements for production in hot 
climates can be quite different. In high environmental tem
peratures, swine decrease ration consumption to reduce 
the production of metabolic heat and to maintain 
homeothermy. In the case of sows, it is important to re
member that the nutritional requirements during nursing 
are two to three times greater than during gestation. A 
sow of high milk production can express up to 9-10 Lid 
milk. This milk is composed of 8l.2% water, 6.8% fat, 

Table 7: Effect of the environmental temperature on the nursing sows (Tribble et aI., 1988). 

No.breeding 
No. weaning pigs 
Weight weaning pigs (kg) 
Mortality (%) 

18 

Environmental 
temperature (0 C) 

25 30 
29 30 
8.9 8.3 
6.9 6.4 
12.0 18.8 

Ration consumption (pigs / period) 
Ration consumption (sows / day) 
Sows' weight loss (kg) 

29 
8.1 
7.8 
20.4 
3.1 
6.5 
3.1 

3.0 2.6 
6.1 4.2 
7.9 24.2 

Table 7 A: Effect of the environmental temperature on nursing sows (Quiniou and Noblet, 1999). 

Consumption (g/d) 
Weight loss (kg) 
Bacon thickness loss (mm) 
GPD of breeding (g/d) 
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Environmental temperature (0 C) 
18 22 25 27 29 
5.66 5.42 4.95 4.52 3.08 
23 22 25 30 35 
2.1 1.9 2.7 3.5 3.5 
244 245 233 212 189 
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Table 8: Influence of the weight at serving in the reproductive life of the sows after five childbirths. 

Weight at 1st 

serving (kg) 
Bacon thickness 
(mm @ P2) 

No. born alive 
atter5 
childbirths 

< 120 
121-130 
131-140 
141-150 
151-160 

14.6 
15.8 
17.7 
21.7 
22.2 

5.0% protein, 5.5% lactose, and 1 % of ash (Larson et al., 
1985). This means that, during a phase of high produc
tion, a sow can produce 570 g of fat and 440 g of protein 
a day. These amounts should be restored daily by feed
ing, otherwise, the sow removes these nutrients from her 
own body. In times of high temperature, this task is ex
tremely difficult because of the decrease of consumption. 
Based on current knowledge, however, there are nutri
tional measures producers can take to improve the pro
ductivity of swine in hot climates and during periods of 
high temperature. 

Nutritional profile of rations 

Rude protein 
In periods of heat, swine reduce their consumption, so an 
obvious tendency would be to increase all the nutrients 
of the ration to compensate for the loss. However, it has 
been observed that swine exposed to high temperatures 
have lower weight gain when they receive rations with 
higher protein (19.8%), when compared to those treat
ments with lower protein (16%) formulated to the ideal 
and supplemented with synthetic lysine (Stahly et al., 
1991). One of the explanations for this is that during di
gestion, the proteins generate more metabolic heat than 
the fats (26% versus 9%) due to the complex reactions 
required for the metabolism of the amino acids that com
pose them (Church and Pond, 1982). 

Le Bellego et al. (2001) used two rations with different 
levels of rude protein for growing swine (13.9 and 17.4%). 
The lower protein ration generated a production of heat 

51.0 
59.2 
60.4 
63.0 
50.7 

of 1.379 MJ per kilo of body weight, while the higher 
protein mix generated 1.417 MJ/kg. 

As diets are formulated to meet the demands of the first 
limiting amino acid (lysine), usually the other amino ac
ids are above the demands of the animals. Therefore, it is 
suggested synthetic amino acids be supplemented (lysine 
HCI, DL methionine, L threonine, and DL tryptophan) 
when feeding a lower rude protein (Lopez et al., 1994). 
In that way, when substituting part of the soy protein with 
the synthetic amino acids, we are reducing the produc
tion of metabolic heat and contributing to the decrease of 
the caloric stress. 

A nursing sow secretes from 400-500 g of protein through 
its milk daily. This means that, in 8-10 days of nursing, a 
sow secretes the same amount of protein that a gestating 
sow commits to pig development over the 114 days of 
gestation. In the case of the nursing sow, the consump
tion of insufficient amounts of protein adversely affects 
its reproduction. Mullan and Williams (1988) demon
strated that low protein consumption during nursing can 
cause a decrease in the number of sows that enter in the 
rut in the first seven days post-weaning. Stahly et al. 
(1990) showed that the best level of lysine for modern 
sow of high milk capacity is 0.92%. This work, summa
rized in Table 9, shows that, when increasing the level of 
lysine progressively, there was improvement in the loss 
of weight of the sow, in the weight of the pigs at weaning, 
and in the percentage of served sows up to 14 days after 
they wean. The percentage of protein during nursing, how
ever, should not be excessive, especially in high tempera-

Table 9: Effect of the lysine level in the diet on reproductive parameters (Stahly et aI., 1990). 

Grams of Iysine/d 
25 35 45 55 P-value 

% of lysine in diet 0.42 0.58 0.75 0.92 
Consumption of lysine (g/d) 19.90 28.90 36.60 46.70 X 
Consumption of energy (Mcal EM/d) 17.40 17.90 17.50 18.20 X 
Loss of weight of sows in nursing (kg) 19.60 13.00 7.00 4.50 0.01 
Median weight of pigs after weaning 5.70 5.84 6.09 6.35 0.01 
(kg) 
Weight gain breeding (kg) 40.10 41.70 44.60 50.10 0.01 
% of sows in rut until 14 day after 80.80 84.80 88.50 83.80 0.20 
weaning 
Weaning-rut interval (d) 5.30 5.00 5.20 4.60 0.20 
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Table 10: Effect of protein level of ration on nursing sows in atmospheres of thermal comfort and caloric 
stress (Noblet et aI., 2000). 

Temperature r C) 20 29 
Ration protein (%) 17.6 14.2 17.6 14.2 
Consumption (kg/d) 6.71 6.51 3.56 4.05 
Pigs after weaning 10.5 10.3 10.4 10.3 
Milk production( kg/d) 10.0 9.6 7.4 7.7 
Weight gain breeding (kg/d) 2.93 2.87 2.15 2.24 
Loss weight of sow (kg) 16 

tures so as not to produce an excess of metabolic heat 
during digestion. Noblet et al. (2000) demonstrated that 
diets with low protein (14.2%), where the ideal profile of 
amino acids was maintained, decreases the consumption 
problem in sows under caloric stress (Table 10). 

Additionally, the reduction of the rude protein in the ra
tion reduces the emission of nitrogen by 8-10% and of 
ammonia by 10-13% (Canh, 1998). 

Lysine 
The supplemental lysine in rations of growing and fin
ishing swine in high temperatures (28° C) propitiated good 
results of weight gain (Le Dividich and Rinaldo, 1988). 
These authors claimed the lysine can be one of the fac
tors influencing swine condition produced at high tem
peratures. The reason for this positive effect of the supple
mental lysine during periods of high environmental 
temperatures is shown in the work of Fialho and Cline 
(1991) where a lower digestibility was demonstrated for 
the amino acids at 35° C compared to 23° C. In heat, the 
swine ingest more water; with that it increases the diges
tive traffic, and, thus, it reduces digestibility. According 
to Friesen et al. (1993), for the maximum deposition of 
protein in sows, consumption of lysine should be at least 
22 g/d for swine of 34 to 75 kg of body weight. 

Ideal protein 
The ideal protein is defined as one with a ratio of digest
ible amino acids that is capable of providing for maxi
mum protein deposition without any surplus amino ac
ids. Because there is a fixed proportional relationship 
among amino acids in the ideal protein, if we know the 
nutritional demand for just one of the amino acids, the 
others can be calculated through those known proportions. 
For this reason, most of the research tries to determine 
animals' needs for lysine, the limiting amino acid. By 
knowing the lysine requirements, the amounts of the other 
amino acids can be calculated using the known propor
tions. The NRC's (National Research Council, 1998) rec
ommended ideal proportions of amino acids for swine are 
shown in Table 11. As lysine is the basis of the calcula
tion, it is assigned an index of 100 and the other amino 
acids receive the value of their proportion relative to it. 
For instance, if the best lysine level is 0.9%, the level of 
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methionine + cystine for finishing swine will be 0.54% 
(in other words, 0.9% of lysine multiplied by 0.60). 

Reducing the amount of protein in feed ration while main
taining the ideal levels of amino acids represents one of 
the ways to optimize the performances of the swine in 
conditions of caloric stress (Dale, 1985). In the final phase 
of finishing, even in modern lineages with weight gains 
of 900 g/d, it is possible to lower the protein up to 12% 
while maintaining the appropriate profile of amino acids 
and without affecting growth. 

Fat in the place of starch and rude protein 
Fats are excellent sources of energy for swine and they 
are used in periods of high environmental temperatures 
to compensate for the decrease of ration consumption. 
The most frequently used types are the animal fats 
(chicken, bovine, and swine) and the vegetable fats (soy, 
coconut, etc.). The fact that swine reduce ration consump
tion under heat stress doesn't mean that we should el
evate the level of all nutrients proportional to the decrease. 
It means that we should supply more digestible ingredi
ents that generate less metabolic heat during digestion. In 
this way, by adding fat we do not increase the total meta
bolic energy of the ration, but we increase the proportion 
of energy originating from the vegetable or animal fat. 
As these fats are more digestible than starch and proteins, 
they generate less metabolic heat in the digestion pro
cess; thus, they are a suitable substitute in high environ
mental temperatures. 

Van Milgen et al. (200 I) showed that fat substituted for 
starch reduced the heat generated in the digestion. They 
used two rations for growing swine with different fat and 

Table 11: Ideal proportions of total amino acids for 
swine (NRC, 1998). 

Amino acids 

Lysine 
Histidine 
Triptophan 
Isoleucine 
Valine 
Methionine + Cystine 
Threonine 

Category 
Grow Finish 
100 100 
32 32 
18 18 
55 56 
68 68 
58 60 
63 68 

129 



Luciano Rappa 

starch levels. One ration had 2% fat and 56% starch while 
the second had 8% fat and 48% starch. The lower fat treat
ment generated more heat (1.322 MJ/kg of body weight) 
than the ration with the higher fat percentage (1.263 MJ/ 
kg). 

According to Noblet and Etienne (1987), nursing sows 
weighing 160 kg and producing from 8-9 liters of milk a 
day need 17.5 Mcal of metabolic energy to satisfy their 
daily needs of maintenance and production. When ration 
consumption doesn't provide the total of daily energy 
needs, there is a mobilization of the reserves of corporal 
fat to complement this deficiency. Therefore, the lower 
the energy of the ration, the greater is the weight loss and 
the greater are problems with reproduction, as demon
strated by Reze et al. (1982) (Table 12). Low levels of 
energy caused larger loss of body weight, larger loss of 
fat reserves, and a smaller number of females entering 
into rut in the first seven days post-weaning. 

Table 12: Effect of amount of energy ingested 
during nursing on performance of sows and pigs 

(Reze et aI., 1982). 

Diets (energy, mcal) 8 16 
Sows 
Weight change/nursing (kg) -18.0 +0.6 
Bacon change/nursing (mm) -4.4 -0.5 
Sows in rut at 7 days (%) 70.8 96.30 
Sows in rut at 14 days (%) 87.5 100.0 
Sows in rut at 21 days (%) 87.5 100.0 
Sows in rut of at days (%) 100.0 100.0 

Pigs 
No of weaning pigs 7.5 7.8 
Median weight of weaning pigs 6.7 6.7 

Another work that shows the beneficial effect of raising 
levels of ration energy on the performance of nursing sows 
was done by Eastham et al. (1988), summarized in Table 
13. According to the authors, high levels of energy in ra
tion decrease weight loss during nursing (even avoiding 
it in case of rations with 20.3 Mcal), decrease the loss of 
fat reserves, and increase weight of breeding to 28 days, 
due to larger production of milk. 

Supplementary fat 
In temperatures above 29° C, the efficiency of the reten
tion of energy for the swine is reduced (Fialho and Cline, 
1988). Therefore, the need for energy of the swine pro
duced at high temperatures can be higher than those in 
comfort temperatures (Coffey et aI., 1982). This is the 
conceptual basis for the work presented in Table 14. It 
compares the use of supplemental fat in three different 
temperature situations: IO° C (cold), 22.5° C (normal) 
and 35° C (hot). The results are expressed through an in
dex whose base is 100, found in the 22.5° C temperature 
column and 0% of addition of supplemental fat. As we 
can see, the supplemental use of 5% fat improves weight 
gain and alimentary conversion in high temperatures. 

In the case of nursing sows there is also a similar effect. 
Increasing the ration energy through the use of vegetable 
fats maintains a satisfactory production of milk, in spite 
of smaller ration consumption (Table 15). The increase 
of the caloric density also has the advantages of compen
sating for the decrease in consumption, of altering the 
composition of milk (more fat), and of improving the per
formance of the pigs. 

Table 13: Effects of growing levels of energy on nursing sows (Eastham et aI., 1988). 
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Sow weight after delivery (kg) 
Sow weight after weaning (kg) 
Sow weight variation (kg) 
Bacon before delivery (mm) 
Bacon after weaning (mm) 
Bacon variation (mm) 
Weight of breeding-to-born (kg) 
Weight of breeding-to-28 days (kg) 

6,262 
196 
165 
-31 
16.8 
7.8 
-9.0 
13.0 
49.8 

Daily energy consumption 
(kcal ED/d) 

10,958 15,655 
184 190 
169 188 
-15 -2 
15.0 14.5 
8.9 10.7 
-6.1 -3.8 
14.1 13.8 
55.4 52.4 

20,351 
200 
213 
13 
14.4 
11.5 
-2.9 
14.4 
65.2 

Table 14: Effect of supplemental fat on swine submitted to three different environmental temperatures 
(Stahly and Cromwell, 1979). 

Enviro. temp. r C) 10 22.5 35 
Supplemental fat (%) 0 5 0 5 0 5 
Ration consumption 114 112 100 103 72 77 
Weight gain 99 98 100 109 66 75 
Feed conversion 116 116 100 94 114 106 
Bacon thickness 93 97 100 106 85 92 
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Table 15: Effects of supplemental energy on nursing sows ( Lima et aI., 1988). 

Diet 
Control C+5% SE P-value 
(C) soy oil 

Ration consumption (kg/d) 6.75 6.18 0.19 P < 0.0001 
Energy consumption (kcal EM/d) 21624 21011 
Change in sow weight during nursing (kg) -20.70 -18.75 1.40 NS 
Wean-rut interval (d) 4.81 50.05 0.14 NS 
Milk production (kg/d) 5.94 6.51 0.39 NS 
Milk protein (%) 4.40 4.51 0.05 NS 
Milk fat (%) 6.85 7.13 0.12 P < 0.09 
Number of weaning pigs 9.40 9.23 0.14 NS 
Weight of weaning breeding 67.83 70.73 1.02 P < 0.04 

NS = Not significant 

Table 16: Coefficient of digestibility of the energy of some ingredients used in rations for sows and growing 
swine (Noblet and Le Goff, 2000). 

Fiber 

Ingredient 

Corn 
Whole Soy 
Soy meal 
Wheat meal 
Rice meal 

Gross 
fiber (%) 
2.8 
5.6 
7.2 
10.0 
10.2 

Fibrous foods induce heat production; therefore, they 
should not be used in periods of high environmental tem
peratures. They are suitable, however, for periods of cold 
as a way of generating a high amount of heat for the ani
mal. As the percentage of fiber in a ration increases, the 
digestibility decreases, and heat production also increases 
(Table 16). This happens because the undigested fiber 
goes to the large intestine where it stimulates the growth 
of microorganisms that will generate heat in fermenta
tion processes. Ramonet et al. (2000) showed the rela
tionship between fiber digestion and heat production. They 
compared the heat produced of two rations with different 
fiber levels (12 versus 34%) in pregnant sows with cor
poral body weights of 260 kg. The diet with 12% fiber 
produced 0.455 MJ of heat per kilogram of body weight, 
while the 34% fiber ration produced 0.479 MJ/kg. 

Electrolytic balance 
The normal pH of the blood of swine is 7.4 and can vary 
from 6.8-8.0. The mechanisms for maintenance of that 
pH are the systems that control the relationships between 
the acid component ( CO

2
, carbon dioxide) and the alka

line component (HCO" bicarbonate). With the increase 
of the breathing tax, there is a great loss of carbon diox
ide that causes "breathing alkalosis." The organism, in 
response, alters the urinary excretion of bicarbonate, pro
voking "metabolic acidosis" to maintain a stable relation
ship between carbon acid and bicarbonate. That can be 
worsened by lowering the rude protein of ration because, 
when reducing the soy meal, which is rich in potassium, 
we can cause a subliminal acidosis (Martinez et al., 1998). 
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Digestibility of energy (%) 
Grow/Finish Sows 
88.9 91.6 
73.2 81.7 
84.5 89.4 
58.5 64.6 
56.2 63.7 

Nutritionally speaking, we can help to maintain the bal
ance among the electrolytes (K, Cl). For finishing swine 
in conditions of high temperature, the value of electro
lytic balance (DEB) of250 meq/kg in the ration improves 
the homeostatic regulation (Haydon et al., 1990). For 
nursing sows it is common to use sodium or potassium 
bicarbonate (5 ration kg/ton) with the intention of lessen
ing the problem during caloric stress. DEB from 250-300 
is recommended during gestation and from 170-200 in 
during nursing. 

Physical state of rations 

Pelletized rations 
In a ration based on corn and soy, pelletization improves 
the digestibility of the fat by 61-77%, in relation to a ra
tion of meal (Noblet, 2001). If there is better digestion of 
foods, there is consequently a smaller generation of meta
bolic heat during the digestion. It also improves the ali
mentary conversion and weight gain of swine, as is shown 
in Table 17. As the pelletization process makes a more 
expensive ration, we should evaluate its economic viability 
with respect to the size of the farm and to the improve
ment of results. 

Table 17: Effect of the physical state of rations on 
fattening swine ( 35 to 87 kg ) (Walker, 1990). 

Ration consumption (kg) 
Weight gain (g/d) 
Feed conversion 
Bacon thickness (mm) 

Meal 
2.29 
754 
3.08 
14.5 

Pellet 
2.17 
781 
2.82 
14.4 
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Wet rations 
One of the most efficient practices to increase the con
sumption of swine during periods of heat is wetting the 
ration with water. When swine are fed with moistened 
ration, consumption improves, less waste is generated, 
alimentary conversion increases, and more weight is 
gained (Table 18). With these advantages and with the 
current use of automated feeding, feeding with moistened 
or wet ration is starting to be adopted by a larger number 
of producers. As we can see, the only factor that presents 
some disadvantage is the increase in the thickness of ba
con; this, however, can be controlled through the use of 
animals with better genetics. In spite of the excellent ad
vantage demonstrated in weight gain in this experiment, 
several works of other authors show that an average im
provement in the daily weight gain is from 5-6%. 

Nursing sows consume 12% more ration in wet form than 
dry ration (Table 19). As a result, they improve their con
sumption of energy and they lose less weight during 
nursing. 

Feeding regime 

Multiple diets 
One ofthe best opportunities to improve performance and 
profitability during the growing and finishing period is 
by adopting a program of multiple diets. Many producers 
use only two rations during these phases. The principle 
of using multiple diets admits the possibility of using as 
many rations as possible, with the goal of best meeting 
the nutritional demands of each phase of the life of the 
swine. When we use only one type of ration, we tend to 
be deficient in meeting nutritional demands early in de-

velopment and then feed to excess when the swine is older. 
By doing this, we are optimizing neither performance nor 
profitability, and the excess ration will generate more 
metabolic heat. With feeding automation, automatic dis
tribution has become a reality for large producers, allow
ing the use of as many rations as necessary since the com
puter can do the necessary work. Table 20 shows the 
benefits in performance of swine produced using I, 2, or 
3 ration phases, with different lysine levels. With these 
results it becomes evident that, in the future, the tendency 
will be using weekly rations in the growing and finishing 
phases, reducing both the cost and the metabolic heat gen
erated in digestion. 

In Tabl~ 21 the comparative results of the system of mul
tiple diets are presented as applied to castrated male swine 
from 26-10 I kg of corporal weight. In this work, the ad
vantages of weight gain, alimentary conversion, and ex
creted nitrogen are shown. 

Number of meals per day and night feeding 
An interesting study by Lima et al. (1990) showed that 
females fed in semiautomatic troughs that allowed a con
stant ration supply had similar consumption during the 
day and the night (Tables 22 and 23). Traditional day
time-only feeding represents a human habit imposed upon 
swine. If sows can choose, they would eat many times 
during the day and night. This is the reason why auto
matic troughs are recommended for sows in maternity. 
The use of these troughs allows easy access to ration, 
stimulating night consumption when temperatures are 
more mild. For producers who don't have automatic 
troughs, it is recommended that the frequency of meals 

Table 18: Effect of dry or moist ration in the performance of swine of 35-87 kg (Walker, 1990). 

Type of trough 
Type of ration 
Feed consumption (kg/d) 
Weight gain (g/d) 
Feed conversion 
Bacon thickness (mm) 

Collective 
Dry 
2.19 
764 
2.88 
13.10 

Individual 
Dry Moist 
2.18 2.35 
764 852 
2.86 2.79 
12.80 14.00 

Difference (%) for 
Individual troughs 
7.8 
11.5 
2.5 
9.3 

Table 19: Effect of feeding system in the performance of nursing sows ( O'Grady and Linch,1978). 

Consumption (kg/d) 
Consumption energy (kcal) 
Weight loss (kg) 

Dry ration 
ad libitum 
4.72 
14.890 
29.8 

Moist ration 
twice daily 
5.28 
16.563 
23.2 

Table 20: Effect of the multiple diets on growing and finishing swine (Univ. of Kentucky Research, 1991). 
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# rations 
1 
1 
2 
3 

Lysine total (%) 
0.80 
0.95 
0.95 - 0.80 
0.95 - 0.80 - 0.65 

Days to 110 kg 
102 
100 
98 
96 
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Table 21: Comparison between a one ration diet and a program of multiple diets for castrated swine of 26-
101 kg (Bourdon et aI., 1995). 

Starting protein (%) 
Ending protein (%) 
Lysine/protein 
Ration consumption (kg) 
Weight gain (g/d) 
Feed conversion 
N excreted, g/kg weight gain 

One 
ration 
16.7 
16.7 
0.5 
2.26 
847 
2.68 
46.8 

Multiple 
diets 
17.8 
14.5 
0.5 
2.24 
885 
2.63 
42.8 

Table 22: Effect of parity on consumption during the day and night (Lima et aI., 1990). 

AP < 0.01 

Parity 

1 
2 
3 
4 
5 
EffectA 

MSEB 

Time of day (Total hours) 
8-17:00 17-8:00 8-8:00 
(9) (15) (24) 
2.42 2.42 4.84 
2.69 2.65 5.33 
2.69 2.65 5.34 
2.67 2.74 5.40 
2.79 2.85 5.64 
Linear 
0.07 

Linear 
0.07 

Linear 
0.11 

No. sows 
observed 
38 
59 
28 
12 
16 

BMaximum average mistake pattern 

Table 23: Effect of nursing on the consumption during the day and night (Lima et aI., 1990). 

A 153 observed sows 
BP < 0.0001 

Parity 

1 
2 
3 
4 
5 
6 
EffectB 

MSEc 

CMaximum average mistake pattern 

Time of day (Total hours) 
8-17:00 17-8:00 8-8:00 
(9) (15) (24) 
2.17 2.25 4.42 
2.61 2.61 5.21 
2.72 2.69 5.41 
2.78 2.70 5.48 
2.83 2.83 5.66 
2.91 2.84 5.75 
Linear 
0.07 

Linear 
0.07 

Linear 
0.07 

be increased to four times a day and some feeding be done consumption of water automatically, as we can see in Fig-
at night during times of high heat. ure 4. 

Water 
Water is an essential nutrient for swine. If it is not given 
in appropriate amounts and of sufficient quality, there will 
be a drop in performance. It constitutes 75% of the or
ganism of swine, and it is vital for countless biological 
processes-from the regulation of corporal temperature 
to growth and reproduction. The swine uses drinking water 
to reduce its corporal heat; because water works as a cool
ing mechanism, it effectively increases the superior criti
cal temperature up to 0.5° C. For this reason, as the envi
ronmental temperature increases, swine increase their 
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The best water temperature for consumption by swine is 
from 12-18° C. In hot climates, the warmer the water, the 
lesser the consumption. Studies have demonstrated that 
when the environmental temperature was greater than 25° 
C, swine consumed 63% less 30° ethan 12° C. 

Lower water consumption is also associated with lower 
ration consumption. Libbrandt (1989) studied the effects 
of the reduction of the flow in sows' drinking troughs on 
ration consumption in the first three weeks of nursing. 
The drinking trough was rigged to present a flow of 70 or 
700 mL per minute. The reduction in the flow caused a 
fall in ration consumption on the order of 13.0,14.7, and 
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Figure 4: Increase in water consumption as function of environmental temperature (Ritchie Industries, 
1993). 
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16.6% in the first, second, and third weeks of nursing, 
respectively. As a consequence, the sows under water re
striction lost three times more weight during the 21 days 
of nursing. 

Sows in gestation should have free access to drinking 
water to protect them against cystitis (inflammation fol
lowing infection of the bladder). This illness has been 
considered the main cause of death and discards of sows 
during that phase. The decrease in the consumption of 
water increases the concentration of urine in the bladder, 
mainly if they are not lifted up several times a day in 
confinement systems. This concentration makes the min
erals of the urine reach the point of saturation, causing 
the formation of small solid sediments that irritate and 
create lesions on the mucous membrane of the bladder. 
These sediments can be formed whenever the consump
tion of water is less than 80% of consumption at free ac
cess. In normal conditions, at 200 C, the consumption of 
water is of 10-12 liters a day. 

gravity by the principle of "communicating vases." This 
system avoids the concern with blockage or pressure prob
lems which are so common in the pacifier- or glass-type 
drinking trough. As we can see in Table 24, the correct 
consumption of water improves ration consumption and, 
consequently, the production of milk and the weight of 
the pigs at weaning. 

Koketsu (1994) showed that the glass-type drinking trough 
should be the favored over the pacifier-type for nursing 
sows because they allow an additional consumption of 
one-half kilogram of ration a day. If the drinking trough 
of the farm is of pacifier- or glass-type, the producer 
should pay close attention to the flow of water that leaves 
them. The demands of water and the flow of the drinking 
fountain for sows and growing swine are shown in Table 
25. 

Other forms of controlling heat in 
growing and finishing 

In the case of nursing sows, one of the main techniques 
that we use to allow an appropriate consumption of water The problem of high temperatures in facilities can be less-
is a drinking trough system automatically supplied by ened through natural or artificial systems. As for natural 
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Table 24: Effect of drinking trough type on the ration consumption of nursing sows (Gadd 1997). 

Farm Pacifier Trough in Difference 
trough CoCho (%) 
(kg/d) (kg/d) 

1 4.8 6.5 35.4 
2 5.0 5.9 18.0 
3 4.1 6.0 46.6 

Table 25: Demands of water (Lanimal/d) and drinking trough flow (I/min) for sows and growing and 
finishing swine (Bodman, 1994). 

Phase 

Swine 25-50 kg 
Swine 50-100 kg 
Gestating sows 
Nursing sows 

Minimum 
demand 
4.0 
5.0 
15.0 
20.0 

Maximum 
demand 
7.0 
10.0 
23.0 
35.0 

Minimum 
flux 
0.7 
1.0 
2.0 
2.0 
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options, producers can look to lateral openings in build
ings, roof types, the handling of curtains, and shade and 
covering of adjacent areas. Artificial systems include fans, 
nebulizers, refrigerators for drinking water, thermal iso
lation of water conduits, insulation of water tanks, etc. 
Some of these and others will be considered in more de
tail below. 

Roofs 
Roofs that transmit high thermal loads from solar radia
tion into the interior of barns should be avoided. Roof 
exteriors should be painted with reflective paint (prefer
ably white). Roofs interiors should also be heavily insu
lated. Mud tiles are most suitable for roofs in hot climates, 
followed by asbestos cement ones (which are forbidden 
in some countries because of the carcinogenic properties 
of asbestos), followed by aluminum roofs (Sevegnani, 
1994). The lateral height of the roof should be from 3.5-4 
m. Buildings should be separated by at least 20 m to fa
cilitate the circulation of air. 

Forestation and shading 
Trees reduce the radiation of the sun (they absorb 90% of 
visible radiation and 60% of the infrared) They also re
duce the environmental temperature (they can reduce the 
temperature by 6-8° C through the photosynthesis). Trees 
can, however, increase the humidity of the air (they pro
duce from 300-450 mLlm2 of water via transpiration). 
They consume carbon dioxide and they produce oxygen. 
In Brazil, the most recommended trees are the acacia 
snake, the sanction of the field, grevilhas, and the 
eucalyptuses. 

Natural or artificial ventilation 
Ventilation is important to remove humidity, gasses, and 
excess heat. The ideal speed of the artificial air for sows 
in high temperatures is from 180 to 230 meters per hour 
(NiUis, 1989). However, when room temperature is high, 
it is necessary to increase the ventilation rate to eliminate 
the heat produced by the swine. In this case, forced venti
lation is recommended (to dissipate the heat via convec
tion and evaporation) along with the use of the nebulizers 
(to reduce the temperature of the atmosphere). 

Nebulizers 
Nebulizers can help reach comfort conditions since they 
efficiently reduce the internal temperature of the installa
tion. Wet skin increases the resistances of the swine to 
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the superior critical temperatures by up to 7° C (Naas, 
1989). Pedersen et al. (1998) recommended a nebulizer 
flow of 35 liters of water per hour, for 30 seconds every 
30 minutes, for 8-21 hours per day whenever the envi
ronmental temperature rises above 22° C. 

Application of water on the roof 
This technique reduces the temperature of the internal 
quarters by 4 or 5° C. It is very efficient because the tem
perature of the area that irradiates the solar heat decreases. 

Lighting 
It is better to use shaded, directed light for pigs instead of 
open heating lamps in the maternity facility. The ideal 
temperature for the pigs is from 30 to 34° C during the 
first week with a 1 to 2° C decrease in the following weeks. 
This temperature, however, is very high for sows. For this 
reason, the heating lamps should be shaded and directed, 
not free in the stall where they can increase the tempera
ture of the sows. 

Water drippers 
Water drippers can be used in cases of extreme heat. This 
use is limited to cases of excessive temperature, other
wise it wets and increases the humidity of the maternity 
facility, which can favor the development of diarrhea in 
the pigs. Nichols (1983) evaluated a system of water drip
pers used to refresh nursing sows; they were triggered 
automatically whenever the temperature exceeded 18° C. 
The flow of water was two liters per hour, directed onto 
the neck or the sow's palette. The results of this work are 
summarized in Table 26, and they show a smaller weight 
loss and a larger consumption of ration of sows that were 
refreshed. 

Sheets of water 
Access to water is important in hot areas or during peri
ods of hot weather to help the swine reach its thermal 
comfort. The evaporation system of the swine is deficient. 
however, and reductions of body heat only happen when 
water has contact with its skin. To facilitate these ex
changes of heat, fattening stalls with a sheet of running 
water were constructed. Depressions for the sheets of 
water are built in the bottom of the stall, in the side oppo
site the trough, with a width of 1 m and a depth of 8 to 10 
cm. This depression is filled with water to a height of 5 
cm, regulated by a thief-valve that removes the excess to 

Table 26: Effect of refreshing nursing sows (Nichols, 1983). 

Number of sows 
Weight loss (kg) 
Consumption feed/d (kg) 
Weight weaning-breeding (kg) 
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Control 
14 
17.5 
4.8 
51.0 

Refreshed Difference 
14 
3.8 -13.7 
5.8 +1.0 
56.3 +5.3 
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Table 27: Benefits of sheets of water in hot periods for swine 70-115 days of age (Reis and Naas, 1996). 

Construction type Conventional stall 
with cement floor 

Stall with water 
laminates 

Weight of animal at 115 days (kg) 
Feed conversion 
Temperature variation (0 C) 

59.80 
1.66 
27.9-32.3 

62.29 
1.46 
28.1-32.3 

an external canal outside the stall. UsuaIIy the water runs 
in a continuous flow supplied by a faucet. It is drained 
once a week for cleaning and coIIecting of residues. If 
the water is not flowing constantly, it should be changed 
every two days. The use of this technology improves the 
weight gain and alimentary conversion, as we can see in 
Table 27. 
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