144
MEETING THE NUTRI TI ONAL REQUI REMENTS OF PIGS IN HOT CONDI TI ONS
WH CLOSE
SUMVARY

The thermal conponents of the environment, through their effect on the
animal 's heat exchange, influence growh, metabolismand voluntary feed intake.
The environnental conponents with the bi ggfest effect on voluntary feed intake
are air tenperature, either constant or fluctuating, relative humdity, group
size, stocking density and aerial pollution. For growing pigs a 1°c change in
tenperature reduces Me i ntake by 0.76 MJ/day, Whereas for the other conponents
it I's between 0.36 and 0.65 M)/ day. Various management and husbandry devices
may be enployed to maintain voluntary feed intake and mani pul ati on of the
specification and conposition of the ration may help to ensure that the energy
and protein needs of all classes of pigs for optinum performance are achieved.

| NTRCDUCTI ON

It has been denonstrated in many species that the environment within
whi ch the aninmal lives has a maLor influence on its productivity since it
i nfluences both feed intake and the use that the animal makes of the nutrients
in the feed for both maintenance and production. These effects are nediated
through the animal’s heat exchange and are best illustrated in relation to
environmental tenperature at a fixed energy intake. under cold conditions the
animal’s rate of heat loss is high and since nore dietary energy is used for
thermoregulation, less is available for retention within the body. Asthe
environnental tenperature is reduced, heat output is also reduced until a range
of tenperatures is reached where it is at a mninum This ran?e is called the
thermoneutral range, wWith the lower andupper limts called the [ower and upper
critical tenperatures, respectively. Wthin this zone energy retention is
optional. Above the zone, and as environmental tenperature is increased, the
animal's body tenperature begins to rise with a concomtant increase in heat
production, resulting in incif)i ent hypotherma. 1If steps are not taken to cool
the animal, it will eventually die (Fig. 1).

ME intake

1 Energy retention

Critical temperature

Lower Upper

]

Hypothormal Hyperthermal

Heat production (MJ/day)

Thermoneutral zone
Cold Hot

Environmental temperature (°C)

Fig 1. Diagranmatic representation of the influence of environmental
temperature on the rates of heat production and energy retention in grow ng
pigs at a fixed metabolizable energy (M) intake
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The therinal neutral zone is analogous to the zone of optinum productivity
and estimates of the |ower and upper critical tenperature represent estinmates
of the mninmum and maxi mum tenperature at which optinmum efficiency of feed
utilisation occurs. It is therefore inportant to know what factors influence
critical tenperature, to establish how animals adapt to varying environmental
circunstances and to determ ne the consequences for the nutrition and
production of pigs if kept outside their zone of thermal neutrality

The purpose of this paper is therefore to review the primry factors
which influence the zone of thermal neutrality, to examne those environnenta
factors which influence voluntary feed intake and to assess the consequences
for the animal's growth and metabolism when the bal ance between energy intake
and energy expenditure varies according to both the nutritional and
environnental denands,

FACTORS | NFLUENCI NG rower CRI Tl CAL TEMPERATURE

(i) Animal These include body weight, thermal insulation, grouB size and
animal conditions. For exanple, the newborn piglet has little subcutaneous
fat to act as insulation and has an LCT of around 34°C. as the aninm

increases in size and fatness its Tc decreases to about 28°c at weaning, to
21°c at 20 kg and 18°c at 100 kg body weight, respectively. These val ues refer
to pigs kept individually; for groups of pigs theK woul d be some 2°to 5°C
| ower . Pre?nant sows under normal feeding conditions have Tcs of 20°c when kept
individually in stalls or 15°C when kept in groups.

(i) Nutrition Level of feeding is the nost inportant nutritional
characteristic influencing Tc so that the higher the dietary energy intake the
lower the Tc.  Thus pigs fed to appetite have a |ower Tc than those fed
restr|ctedly. To reduce the Tc by 1°c, feed intake should be increased by
approximtely 4 g and 2 g per day per kg body weight, for pigs of 20 and 100 kg .
body weight, respectively. Type of feed may also be inportant, with diets
containing more energy as fat inducing a lower heat increment of feeding and
hence necessitating a higher Tc than those with high fibre content where heat
arising fromthe digestion of fibre my be used to conpensate for sone of the
extra thernnriaulatory heat demanded and hence result in a reduction in Tc.
The extent to which dietary energy i ntake influences the thernoneutral zone for
all classes of pigs is presented in Table 1

TABLE 1 The calculated ranges of tenPeratures appropriate to the
thermoneutral zone of pigs of several body weights and different
feed intakes (Holnmes and C ose, 1977)

ME Intake
M ‘ 2M 3M
Body weight (kg) Thermoneutral zone (°C)

Growing pig 2 31-33 29-32 29-31
20 26-33 21-33 17-30
60 24-32 20-30 16-29
100 23-32 19-30 14-28

Pregnant sow (140) '
Thin 20-30 15-27 11-25

Fat 19-30 13-27 7-25
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(iii) Environment Many environnental factors influence Tc, the nost inportant
"being the rate of air novement, radiant tenperature, relative humdity and
floor type.  The extent to which variations in any one of these factors
influence the environmental requirement, and hence Tc, are presented in Fig. 2.
In this exanple for a group of 60 kg pigs kept under different hushandry and
management conditions, at constant feed intake, the range in Tc is between 8
and 25°c; for groups of early-weaned piglets at nornal feed intake, the
equival ent range i1s between 23 and 33°c. Since the magnitude of the aninmals'
response to the various thermal conponents of the environment is known it may
be used to calculate the critical tenperature of animals living under different
housing conditions (Table 2). 1f the air tenperature for each particular set
of housing conditions is less than that indicated then energy fromthe feed is
used to conpensate for the tenperature deficit. This leads to a reduction in
growh rate and a deterioration in feed conversion efficiency. Mor e
conprehensive reviews on the regulation of heat exchange and factors
influencing the critical tenperature of pigs are provided by Munt (1968),
Close (1981, 1987), and Hol mes and O ose (1977).

TABLE 2 The lower critical tenperature of groups of pigs in relation
to differing housing conditions. values appropriate to a feeding
| evel of 3M (M= 440 kJ ME/kg°-75 perday)*

Body weight (kg)

20 60 100

Summer - Insulated house - no draughts 14 12 7
— Uninsulated house - no draughts 17 15 11

Winter - Insulated house - no draughts 18 16 13
— Uninsulated house - no draughts 23 20 17

Summer - Insulated house - straw bedding 10 8 2
Winter - Uninsulated house - cold/wet concrete 29 25 22

* A value of 3M corresponds to feed intakes of 1.0, 2.2 and 3.3 kg/day for
pigs of 20, 60 and 100 kg body weight, respectively. (1 kg feed = 13.5 MJ DE)

Feeding 3M

Air movement Still air Draught

Radiant

Dry straw Wet concrete

Floor Dry straw
Wet concrete

o} 5 10 L) 20 25 30

Critical temperature (°C)

Fi (}; 2. Adiagrammatic representation of nutritional and environmental factors
intluencing the critical tenperature of a group of 60kg pigs (From Cl ose, 1981,
courtesy of Butterworths)
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ENVI RONVENT AND FEED | NTAKE

i) Tenperature Wthin the zone of thermal neutrality, the inplication is
t(hzzt aagltlonal energy is not required to maintain body tenperature and hence
feed intake is relatively stable. Below the zone, where heat |o0ss increases
linearlywith decrease in environnental tenperature, feed intake also increases
linearly with the additional energy consumed conpensating for the increased
thermal demand of the cold environment. Above the zone, body tenperature
begins to rise, and in order to avoid hypertherma, feed intake declines
steeply with increase in tenperature and in some instances may fall to zero in
animal s subjected to thermal stress. As a result of these varying netabolic
needs, voluntary feed intake tends to decrease linearly with increase in
environnental tenperature. For the grow ng-finishing pig, Verstegen, Brascamp
and van der mel (1978) concluded that feed intake declined at the relatively
uniformrate of 21 g/day per 1°C increase in tenperature between 5 and 20°C and
this represented a 0.8% decrease in feed intake for each 1°c increase in
tenperature. Between 20 and 25°c, the rate of decline was only 7 g/day per
1°c, equivalent to a 0.3%change per 1°c change in tenperature. NRC (1987)
included additional data sets, thereby extending the original tenperature range
of Verstegen_ et al. (1978) to 30°c, and determned that feed intake decreased
b?/ 1.65% for each 1°c change in tenperature between 5 and 30°c. From a series
of experiments, Cose (1989) has determined the rel ationshiB bet ween vol untary
feed intake, environnental tenperature and body weight to be:

Y = 9.61 + 0.0(75x, + 0.52x, - 0.012%, X, (R=0.93) (1)
where y is the calcul ated M intake (MJ/day), x is the environnental
tenperature (°c) and x, is the animal's body weight (kg). Thus the animal's
voluntary feed intake was both temperature- and weight-dependent and over
simlar tenperature ranges decreased by 0.16, 0.64 and 1.12 M3 ME/ day |per
1°c increase in tenperature atbodyweights of 20, 60 and 100 kg, respectively

Tenperature has a greater effect on the voluntary feed intake of the
lactating sow than on the growing pig. Lynch (1977) exposed lactating sows to
environmental tenperatures of 21 and 27°C over a 4-week period and found that
feed intake was reduced by 21% at the higher tenperature, equivalent to 1.5 M
ME/ day per 1°c change in tenperature, More recently Stansbury, McGlone and
Tribble (1987) reported that |actating sows consuned less feed and |ost nore
bodywei ghtat 30°c than at either 25 or 18°c, 4.20 conparedwith 6.46 and 6.13
kg/ day, respectively. The calculated rate of dietary energy change between 18
and 30°c was 2.3 M3y ME/day per 1°c. 1In both exFeri ments the reduced feed
intake not only resulted in a greater body weight |oss of the sows but also a
| ower piglet weaning wei ?ht even though creep feed was avail able. This
suggests a reduction in mlk yield of the sow at the higher tenperatures.

unlike the ol der aninal, the newborn piglet cannot increase its energy
intake if it becomes cold, even though a high intake of colostrumis vital to
ensure sufficient energy supply for thernogenesis. At an anbient tenperature
of 18-20°c, newborn piglets consumed 37% | ess colostrumthan their litternates
at 30-32°c (Le Dividich and Noblet, 1981). The cold conditions therefore
I npai red the devel opment of thernostability and induced hypotherma in the
piglets. This, in turn, dimshed the vigour of the piglets leading to |ess
aggressive nursing behaviour. Passive antibody protection was al so reduced as
a result of the reduction in colostrumderived inmunogl obulin and both
nortality and the incidence of diarrhoea were increased (Blecha and Kell ey,
1982). This denonstrates the conplexity of arranging the environnent within
the farrowing house to meet the needs of both the sow and the suckling piglet
and has lead to the devel opment of localised, thermally-controlled creep areas
for the piglets.

The above values relate to environmental tenperatures which have been
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mai nt ai ned constant throughout each experinent. In practice, tenperatures may
‘fluctuate and itisinportant to know to what extent voluntary feed intake may
vary under these conditions. The results of Bond, Kelly and Heitman (1963) and
Morrison, Heitman and G vens (1975) woul d suggest that aninals can tolerate
reasonabl e tenperature variations when the nmean of the tenperature variation
is at their LCT. when the mean tenperature is naintained above the animl's
Oﬁtl mal tenperature, then both feed intake and performance was reduced. It is
therefore suggested that too large tenperature fluctuations are detrimental and
although it is desirable to keep aninals within thermal neutrality,
fluctuations more than +5°c around the nean should be avoided especially at the
| ower end of the thermoneutral zone. Youn?er animals are nore sensitive to
tenperatute fluctuations than larger animals.  Tenperatures as high as the
higher critical tenmperature are tolerable, but behavioural characteristics may
change and may lead to an increase in vices and in poor pen facilitation.

Since pigs have a marked diurnal pattern of heat production (MCracken
and Cal dwell, 1980) with the |owest heat production rates occurring at night,
it has been suggested that they can tolerate and, indeed, prefer cooler
surroundings at night (Carter and Mrris, 1982). The practice of reducing
night time tenperatures has therefore been used in an attenpt to stinulate the
intake and growth of piglets. Brumm Shelton and Johnson (1985) exposedweaned
piglets to either a constant tenperature reginme or one where the tenperature
from 1900 h to 0700 h each day was reduced by 5°c bel ow the daytinme
tenperature. oOver the S-week period of the investigation they recorded a 10%
i nprovement in both the voluntary feed intake and performance of the piglets
kept at the reduced nocturnal tenperature conpared with the constant
tenperature. The varying tenperatures appeared to inpose an additional stress
on the animals since there was a hi ?her I nci dence of dead or sick animals. In
a subsequent trial Brum and Shelton (1988) confirnmed this increase in
voluntary feed intake with reduced nocturnal tenperatures. The |ack of
difference in the overall feed:gain ratio in both experiments my indicate that
the diurnal tenperature variations did not alter the weaned piglets' need for
metabolic heat fromdietary sources. Possibly the diurnal tengerature regi nes
may have matched nore closely the pig's diurnal variation in body tenperature
and hence its tenperature preferences.

(ii) Qher environnental variables An increase in air novement increases heat
| oss through convection and Increases critical tenperature. At fixed levels
of feeding it has been cal cul ated that each 5 cm/sec increase in w ndsFeed
above the boundary layer of air surrounding the animal has the equivalent
effect on an individually-housed 30 kg pig as a 1°c decrease in tenperature
(Munt and Ingram 1965;  Cose, Heavens and Brown, 1981). For an
i ndi vi dual | y-housed 60 kg pig the equivalent thermal effect was 10 cm/sec
whereas for groups of pigs it was 20 cm/sec (Verstegen and van der Hel, 1974).
Fromthe results of Bond, Heitman and Kelly (1965), who exposed ad-libitumfed
groups of pigs to different temperature/windspeed cOnbinations, 1t may be
calculated that each 1 cm/sec increase in windspeed at 20°c resulted in a 4 g
increase in voluntary feed intake, that is 52 ks ME/day. Applying the thernal
equi val ent of 20 em/sec per 1°c change in tenperature (Verstegan and van der
Hel , 1974), this equates to a 1.04 M/day increase in ME intake and conpares
with the mean increase of 0.65 M/day per 1°c decrease in tenperature
previously cal cul ated.

Because the pig relies to a great extent on evaporation at high anbient
tenperatures, relative humdity becomes increasingly inportant under hot
conditions. Ingram (1965) has shown that under hot conditions the rate of
evaporative heat loss fromthe skin of a pig wetted with nud or water was
increased to a rate at which all the heat produced by the pig could have been
di ssi pated by evaporation fromonly a part of the pig's total surface.
Morrison, Heitman and Bond (1969) exposed ad-libitum fed, group- housed, 68 kg
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pigs to various conbinations of environmental tenperatures and relative
"hum dity and showed that at an environnental tenperature of 22°c an increase
inrelative humdity between 50 and 95% had no effect on voluntary feed intake
or growh. However, both feed intake and performance decreased wth increasing
relative humdity at both 28 and 33°c, with the effects becomng greater as
environmental tenperature. atthese tenperatures each 10% increase in relative
hum dity increased feed intake by 36 g/day, that is 0.47 M/day. Hol nes and
Cose (1977) suggested that with respect to its thermal effect, an 18%increase
inrelative humdity was equivalent to a 1°c increase in tenperature. On this
basis a 1°c change in tenperature associated with a change in relative humdity
woul d decrease voluntary feed intake by 0.84 M/ day.

There are many reports in the literature indicating the extent to which
both group size and space allocation influence voluntary feed intake and
performance of pH?s. These have been reviewed by Kornegay and Notter (1984)
and NrC (1987). Kornegay and Notter (1984) established quadratic equations to
determne the relationship between daily feed intake and space allocation for
weanling, growing and finishing pigs. Fromthis it my be calculated that each
0.1 m reduction in space allocation results in 50 g/day reduction in feed
intake, and assuming a conventional diet containing 13 M3 ME/kg, this is
equivalent to a 0.65 M/ day reduction in Me intake. The space al[owance for
optimum feed utilisation was 0.4 = for weaned piglets, 0.6 m* for grown
pigs and 1.0 m for fattening pigs (NRC, 1987). It was simlarly calculate
that for weaned piglets each additional pig in the pen decreased feed intake
by 0.92% the corresponding val ues for grow ng and fattening pigs were 0.25
and 0.32%, respectively.

1t is generally recognised that the high |evels of obnoxious gases and
dust may have detrinental effects upon pig performance, sone of which may be
medi at ed through effects associated with a reduction in voluntary feed intake
Stonbaugh, Teague and Roller (1969) found significant depressions in the food
intake of pigs as ammnia in the air was increased up to 145 ppm The nean
reduction in intake was 3.0 g feed/| ppmincrease in concentration, equivalent
to 0.36 MJ ME/10 ppm ammonia. Simlar results were reported by Drummond,
Curtis, Simon and Norton (1980) except that the percentage depression in growh
was about double that neasured by Stombaugh et al. (1969). Curtis, Anderson
Sinmon, Jensen, Day and Kel ly (1975), on the other hand, enployed | ower
at mospheric concentrations of ammnia and hydrogen sul phide more appropriate
to those found in practice, but were unable to detect any difference in either
rate of gain or change in tissue structure of the respiratory tract

Although it is possible that other environmental factors such as the type
of floor, absence or presence of bedding, feed receptacle, feed presentation
radi ant environnent and pen design may Influence voluntary feed intake there
is little information available to allow their effects to be quantified. The
extent to which the n%'or thermal conponents of the environnent influenced
voluntary feed intake of the growing pig is summrised in Table 3.

TABLE 3 The extent to which some thermal conponents of the environnent
influence the voluntary feed intake of 60 kg grow ng pigs
(Close, 1989)

Environmental component Change in ME intake (MJ/day)
Air temperature (1°C) 0.65
Air movement (10 cm/sec) 0.52
Relative humidity (10%) 0.47
Ammonia concentration (10 ppm) 0.36

Space allocation (0.1 m? /pig) 0.65




150
TEMPERATURE, ENERGY METABOLI SM AND GROWTH

Environmental tenperature influences the extent to which ME intake is
utilised within the body;, for naintenance, on the one hand, and energy
retention or growth, on the other. At any given intake, exposure to
tenperatures outside the zone of thermal neutrality increases the animal's
energy requirements for maintenance, and when energy intake is fixed, reduces
the energy available for retention. However, under ad-libitum feeding
conditions, it is possible that the extra energy consuned under cold conditions
may more than conpensate for the extra thermorequlatory heat demanded. In 35
kg pigs, Close, Munt and Brown (1978) showed that the maxinmum rate of energy
retention, and both protein and fat deposition, was attained at 10°c, the
| owest tenperature they investigated (Fig. 3). Between 10 and 30°c, ME intake
was reduced by 38 k@&g“75Per day, but heat loss by only 12 ki/kg®-7°per day,
so that the mninumrates of energy retention, and protein and fat deposition
were recorded at 30°c. Thus maxinum and mninum growh rates were attained at
10°c and 30°c, respectively. under these ad-libitum feeding conditions the net
efficiency of energy utilisation, that is aEr/aME, Wwas 0.68, a value simlar
to that determined within the zone of thermal neutrality for pigs (ARC, 1981).
The maxi mal gross efficiency of energy utilisation (ERME) was measured as 0. 49
at 10°c, and this value is simlar to that determned by Fuller and Boyne
(1972) and N enaber, Hahn and Yen (1987). It is therefore interesting to note
that the maximum gross efficiency of energy utilisation in the pig does not
exceed 50%and this is only obtained under conditions of ad-libitum feeding and

IS independent of environmental tenperature
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Fig. 3. The influence of environmental temperature on the partition of ME
intake in 35 kg pigs fed ad-libitum (Close, 1988)
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The changes in the rates of protein and fat deposition Wich occur as a
' consequence of exposure to di ffering environnmental tenﬁerat ures are naturally
reflected in the growth and body conposition of the aninals. Since the
deposition of protein is proportionately |less retarded by environmental factors
than that of fat, it is to be expected that animals will be fattest in a
t hernmoneutral environment and that departures fromthe zone of thermal
neutrality will result in leaner aninmals. Thus Fuller (1965) showed that after
8 weeks of exposure to different air tenperatures, young pigs had maximumrates
of both fat and fat-free tissue within the range 20-30°c. Over the growth
period 40-90 kg, N enaber, Hahn and Yen (1987) found under ad-libitum feedin
conditions that the carcase fat and protein reached respective m nimum an
maxi num val ues at 30°c. Conversely, highest fat and |owest protein in the
carcase Was achi eved at 15°c. In this experinment environmental tenperature was
al so shown to significantly influence the weight of the various body organs,
and this finding is in accordance with those of Dauncey and |ngram {1983 :
Canpbel | and Taverner (1988), on the other hand, have suggested that protein
retention is only independent of tenperature when pigs are given a protein-
deficient diet. Under conditions of Prot ei n adequacy, protein deposition is
a function of energy intake and theretore dependent upon the extent to which
energy is needed for thermoregulatory purposes.

Wth pigs, the relation between environnental tenperature, feed intake
and growth rate is of considerable economc inportance. Buildings are designed
to maintain tenperatures which allow the nost rapid growth rate consistent with
acceptabl e carcase quality. Figure 4 shows the results of the 4 experinents
used to establish the relationship between body weight, voluntary feed intake
and ME intake, presented in equation (1). The results of Verstegen, Brascamp
and van der Hel (1978) are provided for comparison. In each trial there was
a clearly defined range of tenperatures within which the pigs grew nost
rapidly. For the younger animals, the range was between 20 and 25°c; for the
ol der animals it was between 10 and 20°C. It is interesting to note that the
| ower the tenperature at which maxi mum growth rate occurred, the higher the
animals' feed intake, indicating a |owering of the thermoneutral zone with
increasing feed intake. Below the optinumthere was a varied response in the
growth rate of the pigs fromthe different experinments to environnental
tenperature. At tenperatures above the optinum growh rate decreased at a
rate independent of the body weight of the pigs.
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of ad-libitum fed pigs (C ose, 1989)
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MEETING THE NUTRI TI ONAL, REQUI REMENTS OF THEANI MAL

It S ?fnerally accepted that nost nodern pig genotypes can be fed to
appetite w thout na%or del eterious effects upon carcase fatness, although the
propensity to over-tfatness in the later periods of growh can be overcone by
restriction of feeding. However, it has been established that the therna
components Of the environnent influence the voluntary feed intake of all
classes of pigs to a considerable and variable degree. In practice, the
question arises as to how voluntary feed intake may be increased and what are
the consequences for productivity should it be limted. This is not a problem
under cold conditions, where the animal has the capacity to consume additiona
feed intake to neet the its extra thernmoregul atory denmand. under hot
conditions, on the other hand, when the air tenperature exceeds the upper
critical tenperature, the primary reaction of the animal is to reduce its feed
intake. Since the requirenent is to increase evaporative heat |oss, the use
of such practices as shades, wallows, hoses, automatic sprinklers and the
control of relative huniditg have been enpl oyed under tropical conditions to
i mprove both voluntary feed intake and productivity (Culver, andrews, Conrad
and Noffsinger, 1960; Garrett, Bond and Kelly, 1960; Hsia, Fuller and Koh
1974; Morrison and Heitman, 1982; Morrison, Heitman, Gvens and Bond, 1972
Vajrabukka, Thwaites and Farrell, 1987). Increasing the rate of air novenent
may al so be beneficial since the effect of the high“rate of air novement will
be to increase the animal's critical tenperature to that of its surrounding
envi ronment . The beneficial effects of some of these practices on the
voluntary feed intake of sows is presented in Table 4.

TABLE 4 The effect of management Frocedures on the voluntary feed intake
and body weight change of lactating sows during heat stress on
partially slatted concrete floors
(McGlone, Stansbury and Tribble, 1988)

Water drip Snout cooler Feed intake Body weight change
(kg/day) (kg/28 day)
OFF OFF 3.99 -19.8
OFF ON 4.86 -14.3
ON OFF 5.29 -10.8
ON ON 5.84 -2.0

Nutritionally it may also be possible to influence the voluntary feed intake
of pigs under hot conditions varying dietary conposition and there is
evi dence to suggest that the higher the DE content of the ration, the higher
the animal's energy intake. Thus fat has been included in pig diets to inprove
not only energy concentration, but, since it has a |ower heat increnent of
feeding than carbohydrate, to reduce metabolic heat production, inprove intake
and indeed increase animal confort (Britt, 1976, Coffey, Seerley, Funderburke
and McCampbell, 1982; Pettigrew, 1981; Stahly and Cromwel |, 1979: Stahly
Cromel | and Aviotti, 1979). Fibrous diets, on the other hand, have a high
heat increnment of feeding and this themnore suitable for feeding under cold
conditions since the additional heat may be used to conpensate for some of the
extra thernoregul atory heat demanded of the animal (noblet, Le Dividich and

Bi kawa, 1985).

Adj ustnents nust be nade to the diet to ensure an adequate protein intake
by the animal, but there are indications that too high a dietary protein
content may also reduce intake. For exanple, Lynch (1989) fed lactating sows
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diets containing 160 and 200 g protein/kg diet at both 16 and 28°c and observed
"that sows ate less of the high-protein diet at 28°c but nore at 16°C. These
results are consistent with those reported bg Stahly, Cromell and Aviotti
(1979).  This suggests that only highly available sources of protein or the
inclusion of synthetic sources of amino acids should be used in diets for pi gs
in hot environments. Sinmilarly, levels of vitamns and mnerals have to be
increased if the animl's needs for good growth and reproduction are to be net.

The behavioral responses of animals change to living in a hot environnent.
Feedi ng behaviour al so changes and in an attenpt to reduce the additional
energy associated with the digestion and assimlation of nutrients, and
activity, animals may eat on a 'little and often’ basis rather than a few
di screet neals throughout the day. \Whatever the circunstances and under
conditions where feed intake is variable, the objective nust be to sustain as
high a |evel of animal performance as is possible. This may necessitate the
formul ation of nutritional packages’ dependent upon the environnental
conditions to which the animals are exposed.
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