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EFFECTS OF H GH TEMPERATURE ON THE BI OLOGI CAL
PERFORMANCE OF GROAN' NG PI GS

D.J. FARRELL*
Summarv

The physiol ogi cal response by pigs to high tenmperature and the
effects of plane of nutrition on the thermoneutral zone are discussed.
Gowh rate and food utilization are both influenced in the heat by age
and feed intake, and less clearly by protein concentration in the diet

Mai nt enance energy requirenent is increased and efficiency of
utilization of netabolizable energy is reduced in the heat. Carcass
length is increasedbut eye-muscle appears to decline and therefore
carcass quality at high tenperatures. There is however very little
data to show what dietary nanipulations could be undertaken to inprove
bi ol ogi cal performance in a hot environnent.

I. 1 NTRODUCTI ON

Investigations into the nutrition of the pig in Australia have
occurred only in recent years largely due to a lack of financial support
Because of the wide fluctuation in anbient tenperature and its influence
on biological perfornmance, many of these studies may be of only limted
val ue. It is rather strange that nmore attention has not been paid to
pig performance particularly at very high tenperatures. Although
attenpts are generally made to modify fluctuations in shed tenperature
there are occasions when pigs are exposed to tenperatures such that sone
degree of stress is inposed. This is an area of research which nust
command high priority in this country. As will be seen later very little
research has been undertaken in any country in this area, and nuch of
the results from the few published studies is conflicting

II. PHYSIOLOG CAL CONSI DERATI ONS

The pig does not enjoy living in a warm environment. Heat |ost
t hrough noi sture evaporation fromthe skin is nuch | ess than for any
donestic species so far measured (lngram 1974) largely because it does
not have sweat glands. Under conditions of high hunmidity and high
tenperature there may be a net gain of water by the skin. It is for
this reason that pigs allowed outdoors wallow in water, or preferably
inonud, to dissipate body heat at high tenperatures. At tenperatures of
35°Cc and above, the pig, like other species, relies alnmost entirely on
respiratory evaporation of nmoisture to | ose body heat (Holmes & O ose
1977) by changing liquid water into vapour using 2.5 kJ/g of water
Furthernore the pig conpared with other species such as the sheep can
change its mnute volune only to a limted extent, thus heat |ost by
evaporative means is restricted. The partition of heat loss into
evaporative and sensible neans is given in Table 1 (Hol nes. & O ose 1977).

When exposed for long periods to high tenperature anatom ca
changes often occur; these probably help pigs to | ose heat by sensible
means.  Fuller (1965) noted that pigs raised in a hot environnent had
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TABLE |. The partition of total heat loss froma pig pen into sensible
and evaporative conponents (Holmes & O ose 1977).

% of Total
Temperature °c) Sensible Evaporative

5 85 15

10 84 16

15 80 20

20 71 29
25 ' 58 42

30 43 57

35 20 80

less hair, large ears (see also Straub et al. 1975) and longer linbs than
controls raised in the cold. Subcutaneous back-fat is of considerable
importance; it reduces rate of heat transfer from the body "core" to the
environment. As pigs age they tend to fatten and consequently becone
less tolerant of heat. Overall thermal conductance by the skin and coat
of pigs of various livewights is given in Table 2. Comparisons are made
with sheep and cattle. Cearly the young pig requires warmth, but
rapidly acquires a thick skin which is sonewhat deceptive in its

capacity to transfer heat.

TABLE 2. Overall thermal conductance of various donestic aninals
(Ful'ler 1969).

Pig Species & breed Weight (kg) Overall Coat type
conductance

Large white 1.5 133 }
Large white 4 to 10 100 } N 1
Landrace 23 48 } orma
Large white 150 36 }

Sheep Merino 5 58 Fine
Merino 5 43 "Coarse
Down 45 81 Clipped
Down 45 31 5 cm

In Australia anmbient temperature within pig houses is frequently
above that which is considered confortable for growing pigs. Although
insul ation of buildings, use of exhaust fans and in sone cases
installation of evaporative coolers will reduce, significantly, shed
tenperature, cost of these installations may be considerabl e and
constant-tenperature houses nmay be unecononical

The upper critical tenmperature may be defined as that tenperature
above which the pig shows signs of stress. This may be the point at
which netabolic rate, rectal tenperature or evaporative heat |oss as a
percent of the total, starts to increase. Upper critical tenperature
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is influenced by the plane of nutrition, age or weight of pig, and the
nunber of pigs in a group. Since feeding level may be unrestricted for
pigs up to about 40 kg, and thereafter at a controlled rate, upper
critical tenperature nay increase during the latter phase of growh.
Normal |y, however, this effect of feeding is nullified by the increasing
deposition of subcutaneous fat. Holnmes & Close (1977) calculated the
thermoneutral zone of pigs at various liveweights. These data are shown
in Table 3, and are theoretical values for individually-housed aninals.

TABLE 3. Thernoneutral zone (°c) of individual pi gs of different
liveweights and fed at nmaintenance (M, 2M and 3M
(Hol nes & O ose 1977)

Liveweight Metabolizable energy intake
(kg)
M 2M 3M
2 31-33 27-32 27-31
20 26-33 21-31 17-30
60 24-32 20-30 16-29
100 23-32 17-30 14-28

The nunber of pigs in a group will obviously change these
temperatures (Munt 1975). Effect of daily variation in tenperature
on biological performance of pigs is virtually unknown. But one woul d
suppose that such variation would nodify responses and may not
necessarily be the summation of perfornmances predicted fromthe nean
t enperature.

Verstegen et al. (1978) summarised data from several experinments
in Table 4 to show the effects of tenperature on varlous perfornmance
parameters of pigs during the fattening period taking 15°C as the
"standard" tenperature. It would seemthat for feed-intake and feed
conversion ratio nmaxi mum val ues occur at tenperatures above 20°c.

Al t hough under conditions of a draughty, uninsul ated house wth wet
floors, the critical tenperature may be as high as 29%¢ (Mount 1975).

TABLE 4. Performance of fattenl ng pigs summarised by Verstegen et al.
(1978), taking 15°c as the "standard" t enper at ure.

Ambient temperature QC

15 20 25
Intake % 100 96.1 94.7
Rate of gain
40-70 kg 100 105.4 105.4
70-100 kg 100 103.4 96.2
Feed conversion 100 95.8 94.4

I1l. GROMH RATE AND FEED UTI LI ZATI ON

As indicated in Table 4, feed intake declines as house-tenperature
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i ncreases above 15°c, while rate of gain increases and feed conversion
al so inproves. But clearly 15°C is below the critical temperature of
growi ng pigs except perhaps at 70 to 100 kg where rate of gain at 25°C
declined (Table 4). Mich of the information presented here is drawn

fromthe work of Holmes carried out in New Zeal and (Hol mes 1971, 1973,
1974) where the upper experinental tenperature was 32 to 34 °c,
Difficulty frequently arises in that the feeding scal e adopted, although
appropriate for pigs housed in a warm environment, may result in feed

refusals at high tenperatures particularly when pigs exceed about 50 kg
in liveweight (Holnes 1971). Data drawn from various studies are shown
in Table 5. In some of the studies feeding level was often ad |ibitum

which clearly inposed a greater stress on pigs in the warnth conpared
with controlled feeding. 1In the work of Tonks et al. (1972), although
carried out at a high relative humdity, showed that pigs at the |ower
liveweight fed on a restricted basis gave sinilar performance irrespec-
tive of house tenperature. Holmes (1974) made a sinilar observation

TABLE 5. Effect of tenperature on performance at different |evels of

f eedi ng.

Feed regimen
El Source and comments

Restricted Ad libitum
Temperature (°C) 21 29 21 29
Liveweight (kg) Gain (g/d)
23 to 45 486 477 682 527 Tonks et al. (1972)
45 to 68 627 609 741 600 Mixed sexes, group
68 to 91 650 591 795 691 pens, high humidity
23 to 91 572 440 736 582
Feed conversion ratio
(23-91 kg) 3.55 3.72 3.33 3.43
Temperature (°c) 23 33 Sughara et al.(1970)
Liveweight (kg) Humidity 50%, cast-
9 to 31 610 400 rates, housed in
Feed conversion ratio 2.2 2.3 pairs
Experiment o II Holmes (1974) .
Temperature ( C) 23 34 24 33 Individually-housed,
Liveweight (kg) castrates
42 to 77 660 620
60 to 77 720 540
Feed conversion ratio
42 to 77 kg 3.07 3.10
3.07 3.61
Plane of feeding Low High Holmes (1973)
Temperature ) 24 34 24 34  Individually-housed,
Liveweight (kg) castrates
20 to 70 kg 335 356 487 433
Feed conversion ratio 3.46 3.30 3.28 3.73
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when feeding pigs (31 to 78 kg) at two different planes of nutrition
when there was an igteraction of tenperature x level of feeding. The
hot tenperature (33 °C) decreased growth rate by 14% at the high |eve

of feeding but increased, it by 24% at the lower level of feeding. Feed
conversion ratio tended to follow the sanme pattern although at ad
libitumintake there was little difference in feed conversion at the two
tenperatures (Table 5). But clearly the effect of high tenperature on
performance is nodified by the reduced plane of feeding and is accen-
tuated as pigs approach slaughter weight

The data of Fuller (1965) determined with pigs grown from 15
to 72 days, fed ad libitum and housed in individual cages are illus-
trated in Fig. 1. In many respects the response by pigs for the three

paraneters neasured from 10 to 30°C summarises nuch of the information
presented in Table 5.
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Food consumption (kg/8 weeks), weight gain (kg/8 wecks)
and food conversion efficiency (°})

Environmental temperature (°C)

Fig. 1. Total food consumption per pig (4, a), weight gain per p%g (o, ®) afxd overall food con-
version efficiency (0, ®) of four pigs at each temperature with low air movement (open
symbols) and of two pigs at 10° with high air movement (closed symbols). The values are the
means with standard errors shown as vertical bars. Fuller (1965)

I'V. DIETARY PROTEIN LEVEL

Few experinents have set out to study the effect of manipulation
of nutrients in order to modify the effect of high tenperature on
pig performance. Seyrmour et al. (1964) fed ad libitum tw diets contain-
ing 20% and 16% crude protein at 16° and 32°C. Results are shown in
Tabl e 6.

Al though there was a response to additional crude protein in the
diet at both tenperatures, there was no indication from growh data that
the high-protein diet was any nore advantageous at the high than at the
| ow tenperature. However, feed conversion at the high tenperature was
better on the high protein diet by a greater percentage than when the
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same conparison is made at the lower tenperature from7 to 57 kg only.
Overall feed conversion was simlar at the two different tenperatures
when conparisons were nmade at the sane dietary protein |evel. I n many
ways this experiment is unconvincing; a diet of 16% crude protein was
insufficient to maxinmise performance. There should have been no
difference in growth rate or feed conversion at 16 c on the two diets
had both diets contained optinum nutrient concentrations.

TABLE 6. The effects of diets of high (20% and |low (16% crude protein
on growth and feed conver3|on when fed ad libitumto pigs
housed at 16 and 32°c. Relative advant age (3) is given in
parent heses (Seymour et al. 1964)

Temperature (OC)

Protein level High 16 Low High 32 Low
Liveweight (kg)

7 to 57 N
Weight gain (g/d) 636, (18%) 541 572 (20%) 477
Feed conversion ratio 2.55 (11%) 2.84 2.40(17%) 2.81
Liveweight (kg)

7 to 89 , *
Weight gain (g/d) 736, (24%) 595 686 (20%) 573
Feed conversion ratio 3.15 (19%) 3.76 3.05(21%) 3.68

*
Difference between high and low protein significant (P<0.05)

v. ENERGY AND NI TROGEN METABCLI SM AND HI GH TEMPERATURES

Al'though there is evidence to the contrary (Holmes 1973) it
appears that digestible energy of pig diets increases with increasing
ambi ent tenperature. Fuller & Boyne (1972) noted that for the same pi g
dlet an increase of 0.12% increase per 1°Cc in tenperature from5<cCto
23°c.  Fuller & Cadenhead (1969) summarised data to support this
observation not only for pigs but for some other species.

A logical place to start in any discussion of the interrelationship
between anbient tenperature and energy requirement is at maintenance.
Data are given in Table 7. It is evident that there is an |ncrease in
nai ntenance energy requirement of growing pigs at 30 and 34°c conpar ed
with 25°c. Oose & Munt (1976a,b) showed that for pigs between 20
and 50 kg nmi ntenance energy requirement at 20° C was 5% hi gher than at
25° C, which in turn was 14.5% | ower than at 30°¢ (Table 7).

Al'so shown in Table 7 is the net efficiency of utilization of
met abol i zabl e energy deternmined at various centres. The efficiency
normal ly reported is in the range 68 to 72% (Thorbek 1975). Thus the
val ue of 68% obtained by C ose & Mwunt (1970a) at tenperatures between
20and 25 T is acceptable. While the coefficients of Holnmes (1973, 1974)
are doubtful val ue.

Cl ose & Mount (1976a,b) cal cul ated partial efficiencies of formation



TABLE 7. Maintenance energy requirements of pigs and net efficiency of
utilization of netabolizable energy (ME) of growing pigs at
marn1(2§3C) and hot tenperatures (34 C). Values (%) in
parentheses are the relative increnents

Liveweight Environment Maintenance Energy Reference
(kg) ' energy retention
requirement % ME)

(kJ/kgO-75)

37 to 45 Hot 410 ( 79) 65.7 )
Warm 383 63.5 )
59 to 64 Hot 433 (23%) 61.8 ) Holmes (1973)
Warm 353 67.7 )
31 to 78 Hot 523 ( 9%) 75.1 )
Warm 481 82.5 ) Holmes (1974)
20 to 50 2o§c 442 ( 53) )
250C 420 ) 68.0 Close & Mount
30°¢c 481 (15%) ) (1976a,b)

of protein and fat of 63 and 70% respectively at tenperatures

between 20 and 25°c. These efficiencies declined to 60 and 65% at 30°c.
When pigs are stressed by high tenperature not only is maintenance energy
requirement (kJ/kqC- -75) increased but the energy required to effect
protein and fat synthesis is also increased

Nitrogen retention will vary with the quantity and qualitv of
the protein in the diet, as well as level of feeding and the |iveweight
of the pig. It is evident fromdata in Table 8 that nitrogen retention
(%) declines at high tenperatures conmpared with a thernoneutra
environnment (20 to 25°c). Level of feeding appears to have a nore
pronounced effect at a high tenperature (Holmes 1973, 1974)

VI.  CARCASS CHARACTERI STI CS

Hi gh tenperature usually increases the length of the pig carcass
compared with that at lower tenperatures (Straub et al. 1976). There
is less certainty as to the effect’ of high tenperature on the degree
of fatness. Increased fatness (Houghton et al. 1964; Holnes 1971,
1973, 1974), to either no effect (Tonks et al. 1972), or tending
towards a | eaner carcass in a hot environment (Fuller 1965; Sughara
et al. 1970) nay be associated with differences in feeding |level, sex
and age of pig at slaughter. The recent work of Straub et al. (1975)
with pigs (70 to 110 kg) fed ad |ibitumshowed a significant effect of
hi gh tenperature in reduci ng back-fat thickness and eye nuscle area
(Tonks et al. 1972). This might suggest an inferior carcass although
this is difficult to assess objectively.

Hol nes (1974) observed that at the high Ievel of feeding the
ratio of energy retained as fat to protein was 3.72 at the warm
temperature and 3.16 in the hot. In a previous experinent (Holmes 1973)



TABLE 8. Ntrogen (N) retained by growing pigs neasured at different
environnmental tenperatures.

Liveweight Temgerature Nitrogen Level of Reference
(kg) ( Q) retention feeding
(3 dietary N)

4 to 40 20 50 Ad libitum ) Fuller (1965)
25 _ 51 )
30 46 )
20 to 65 25 36 High ) Holmes (1974)
35 : Low )
34 27 High )
36 Low )
25 to 65 25 37 High ) Holmes (1973)
36 Low )
34 24 High )
29 Low )
25 to 50 20 46 Four Close & Mount
25 46 levels (1976a, b)
30 39

the conparable ratios were 3.10 and 2 .07 respectively, indicating that
nore fat was deposited in the hot than in the warm environment. At the

lower levels of feeding differences associated with tenperature were
| ess clear.

VI1. OTHER NUTRI ENTS

Water intake of pigs in a thernoneutral environnent is nornally
two parts to one part of feed dry matter. Tenperature increases water
consunption to a ratio of 5:1 at 34°¢ (Mount et _al. 1971). Sone
of the apparent increase in water consunption was due to spillage by
pigs to cool themselves (Straub et al. 1976); this is an inportant
means of increasing heat loss (Ingram 1974).

It has been suggested that thiam n requirenent may increase for
pigs at high tenperatures, but the evidence is unconvincing (Peng &
Hui tman 1974). Potassium and cal ciumrates of excretion were increased
in the urine of pigs exposed to a high tenperature (Hol mes & Grace
1975). Frequently these pigs showed sone degree of |aneness which may
have influenced these high excretions

VI1I. CONCLUDI NG REMARKS

It is unsatisfactory to end a review such as this one with the
statement that there are insufficient data to delineate the actua
influence of tenperature 'on many aspects of biological performance
However, there are no published studies designed to examine the effect
of increasing the concentration of dietary energy, particularly through
the incorporation of dietary fat, on perfornmance in a hot environnent.
This may reduce the heat increment of the diet and thus allow pigs to
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becone nore tolerant to the heat. Frequency of feeding, the effect of
variation in daily tenperature, and the significance of tine of feeding
in relation to variation in tenperature nust provide scope to inprove
bi ol ogi cal performance of pigs in the warnth. The effects of protein
concentration in the diet at various tenperatures has been tested in

an unconvincing study (Seynour et al. 1964) and requires further
exam nati on.

One thing is abundantly clear, as pigs age they becorme |ess
tolerant of high tenperature, and as pigs increase their intake at any
given age they becone less tolerant of high tenperature. Maintenance
energy requirement increases and net efficiency of utilization of
met abol i zabl e energy for gain declines in the hot clinmate. Mdification
of these responses present a challenge to researchers and form a basis
for future investigations.

IX. REFERENCES

CLOSE, WH. and MOUNT, L.E. (1976a). In "Energy Metabolismof Farm
Ani mal s", p. 343. E.A.A.P. Publ. No. 19.

CLOSE, w.H. and MOUNT, L.E. (1976). Proc. Nutr. Soc. 35: 60A.

FULLER, M.F. (1965). Br. J. Nutr. 19: 531.

FULLER, MF. (1969). In "Aninmal Growth and Nutrition", p. 98. Lea and
Febi ger, Phil adel phi a.

FULLER, MF. and BOYNE, A.w. (1972). Br. J. Nutr. 28: 373.

FULLER, M.F. and CADENHEAD, A. (1969). In "Energy Metabolism of Farm
Ani mal s", p. 455. E.A AP. Publ. No. 12.

HOLMES, C.W (1971). Anim Prod. 13; 521.
HOLMES, C.W (1973). Anim Prod. 16: 117.
HOLMES, c.w. (1974). Anim Prod. 19: 211.

HOLMES, c.w. and CLOSE, W.H. (1976). In "Nutrition and the dimtic
Environnent", ch. 4. Butterworths, London.

HOLMES, c.w. and GRACE, w.D. (1975). Anim Prod. 21: 341.

HOUGHTON, T.R, BUTTERWORTH, MH., KING D. and GOODYEAR, R (1964).
J. agric. Sci. (Camb.) 63: 43.

I NGRAM D.L. (1974). In "Heat Loss from Aninals and Man", ch.11
Butterworths, London.

MORRI SON, S.R and MOUNT, L.E. (1971). Anim Prod. 13; 51.

MOUNT, L.E. (1968). "The Oimate Physiology of the Pig". Edward Arnold,
London.

MOUNT, L.E. (1975). Liv. Prod. Sci. 2: 381.

MOUNT, L.E., HOLMES, C W, CLOSE, w.M., MORRISON, S.R and START, |.R
(1971). Anim Prod. 13: 561.

PENG C. L. and HEITMAN, H (1974). Br. J. Nutr. 32: 1

SEYMOUR, E.W, SPEER, V.C., HAYS, V.W, MANGOLD, D.W. and HAZEN, T.E.
(1964). 3. Anim Sci. 23: 375.

STRAUB, G., WEINGER, J.S., TAWFIK, E.S. and STEI NHAUF, D. (1976).
Liv. Prod. Sci. 3: 65.

SUAGHARA, M., BAKER, D.H, HARMON, D.G and JENSEN, A.H. (1970).
J. Anim_ Sci. 31: 59.

THORBEK, G. (1975). "studies on Energy Metabolismin Gow ng Pigs"
Beretn. Forggslab, Kobehavn, 424.

TONKS, H.M., SMTH, WC. and BRUCE, J.M. (1972). Vet. Rec. 90: 531.

VERSTEGEN, M WA., BRASCAMP, E.W and VAN DER HEL, W (1978).
Can. J. Anim Sci. 58: 1.




	contents_1978

